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1. Summary of CDR Report 

1.1 Team Summary 
The University of Hawai’i: Community Colleges (UHCC) team is a collaborative effort across 
different campuses within the University of Hawai’i (UH) System. The mailing address for the 
team is as follows: 
 

University of Hawai’i – Windward Community College (WinCC)  
45-720 Kea’ahala Rd. 
Kane’ohe HI, 96744 
 

The team mentor is Dr. Jacob Hudson, an experienced rocketeer. He is a current member of both 
the National Association of Rocketry (NAR #82342 and L3CC member) and the Tripoli 
High-Powered Rocketry Association (TRA #05343 and TAP member). His contact information 
is as follows: 
 

Phone Number: (808) 347-8246 E-mail: jacobh@hawaii.edu  

1.2 Launch Vehicle Summary 
The UHCC team is designing and constructing a launch vehicle that is 116 inches in length with 
a 4 inch diameter. The breakdown of these dimensions are further elaborated in Section 3. The 
estimated weight of this design is 32.2 lbs with a an estimated mass of 1 slug, or 14.5 kilograms. 
The rocket will be launched from a 12 foot 1515 rail system and will fly on an Aerotech 
K1050W motor to a target altitude of 4700 ft where, at apogee, a drogue chute will deploy. At a 
500 ft altitude, the main chute will deploy, ensuring a safe, but distance-restricted descent and 
recovery. The nosecone/payload section will utilize an inverted-Y harness to ensure proper 
orientation of the payload upon landing.  

1.3 Payload Summary  
The UHCC team has split the payload section into two main parts: the nosecone and the payload 
tube. The nosecone will contain the deployment system, tracker, and the electronics needed to 
communicate with the ground station. The payload tube will contain the retention system, the 
inverted-Y harness, and the rover. Upon ejection, the rover will autonomously travel a distance 
of 10 feet from the rocket and proceed to collect at least a 10 mL soil sample. The rover will be 
designed and tested to ensure its ability to perform the mission in numerous environments. 
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2. Changes Since PDR 

2.1 Changes to Vehicle Criteria 
There have been no changes to the Vehicle Design. However, the Vehicle Team has further 
elaborated upon the choice of parts they intend to use for construction of the Launch Vehicle.  

2.2 Changes to Payload Criteria 
As the payload team progressed in the testing and design of each subsystem, certain areas of 
concern were identified. From these concerns, the team changed the payload design criteria to 
increase the likelihood of a successful mission. 
 
For the rover subsystem, there have been changes to the number of sensors, motor type, and 
microcontroller. The design now only includes one Ultrasonic sensor instead of the original four 
to reduces the amount of data that the rover microcontroller has to process simultaneously. The 
Payload Team will now be using DC motors as opposed to servo motors. By doing so, it allows 
the team to utilize a Tamiya educational Twin Motor Gear Box in conjunction with the Tamiya 
Track and Wheel Set that will be modified to better suits the mission objectives. Lastly, due to 
the use of DC motors, the Payload Team has decided to switch to the Adafruit Feather 
microcontroller as it has a Featherwing motor shield attachment. 
 
For the retention and ejection subsystem, the Payload Team has designed a support system. This 
will be used to mount the retention system and further stabilize the payload throughout flight. 
For the soil sample recovery system, the team has modified the design to include less points of 
actuation. Now, the design is similar to that of an upside down umbrella that will be opened by 
the weight of the dirt around it as the collector is retracted For the deployment trigger subsystem, 
the design has been modified due to the results of testing further discussed in section 7.5.2. It has 
been determined that the XBee operates depending on the amount of current it receives. 
 
The nosecone now houses the tracker while the payload tube houses the deployment trigger. 
These systems will have separate microcontrollers and power supplies. The deployment system 
will utilize an Arduino Uno, Xbee Shield, and motor shield as well as two power supplies, one 
for the microcontroller and one for the motor. For the tracking system, a Metro Mini 328, 
Adafruit Ultimate GPS, and a Xbee transmitter will be utilized with its own independent power 
supply. 

2.3 Changes to Project Plan 
The student roster associated with the UHCC has incurred a few alterations. Due to students 
moving on to other professional opportunities, the members associated with the team have 
changed in addition to the re-assignment of one leadership position and a few of the jobs on the 
team. Notable of these is the placement of Mia Fong as the Payload Team Lead. Mia is an 
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experienced team member of the UHCC team. During the 2018 ARLISS Comeback 
Competition, she was an instrumental team member in the design and construction of the team’s 
ASEP payload. The updated student roster and organizational chart will be in the Team 
Overview section (Section 3).  
 
In addition, the team has made updates to the budget and requirements sections, to reflect 
changes incurred by the final design choices for both the payload and the vehicle. Despite 
changes to the budget, the team still remains well under-budget. 

2.4 PDR Action Items 
While no PDR Action Items were presented to the team by NASA, the UHCC team identified all 
sections scored with any designation of ‘Improvement Necessary’ or ‘Not Included’ as the 
Action Items to be addressed for the CDR. The following items fell under this distinction: 
 

● Vehicle Design 
● Personnel Hazards 
● Environmental Concerns 
● Team Requirements Derivation & Verification 

 
To account for a lack of detail in the Vehicle Design, the Vehicle Design Section has been 
expanded out and elaborated upon in Section 4.1 (Launch Vehicle Design). The team provided a 
more detailed description of both the design and product that will be used for each part of the 
design.  
 
In regards to the Safety Section, the entire section was reorganized by the team to be more 
pursuant to the Hazards Analysis identified by NASA as used within the industry. The Personnel 
Hazards Analysis was reformatted into risk assessment tables. The Environmental Concerns that 
the team missed in the PDR Report have been identified and summarized in Section 5.2.6 
(Environmental Hazards Analysis). In this section, the team identifies hazards that the launch 
environment could have on the mission in addition to hazards that the mission could have on the 
environment. For all safety sections, mitigations and verifications were identified by the team.  
 
To address issues with the Team Requirements, a unique section has been created for them, 
separating them from the NASA Requirements. More team requirements have been identified 
and elaborated upon. The UHCC team has independently derived the requirements with full 
explanation of why the team must adhere to these constraints. In addition, the team has improved 
the verifications of these requirements in order to ensure attainable mission success.  
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3. Team Overview 
Project Imua (“to move forward” in Hawaiian) is a multi-campus, joint faculty-student enterprise 
within the University of Hawai‘i Community College system dedicated to designing, fabricating, 
and testing small payloads and high-power rockets. The team consists of thirteen students and 
five faculty mentors than span four campuses: Windward Community College (WinCC), 
Honolulu Community College (HonCC), Kapiolani Community College (KapCC), and the 
University of Hawai’i at Manoa (UHM). Undergraduate students involved in Project Imua are 
engaged in aerospace-related projects such as the development and launch of small sub-orbital 
payload at the Wallops Flight Facility. Project Imua students also collaborate across UH 
campuses on high-power rocketry projects by participating in competitions, such as A Rocket 
Launch for International Student Satellites (ARLISS) in Nevada, CanSat, and Student Launch 
Project (SLP) launches.  
 
The UHCC team is organized into four main teams, with respective leaders for each team. The 
Vehicle Team is responsible for the design, construction, and testing of both a sub-scale and 
full-scale launch vehicle that meets the SLP project requirements. The Safety Team is 
responsible for the creation and implementation of safety policies in addition to being 
well-informed on pre-existing safety regulations. The Website Team is responsible for the 
creation and maintenance of the team website and social media accounts. In addition, this team is 
responsible for the overseeing the process of documentation, graphic creation, and editing. The 
Payload Team is responsible for the design, construction, and testing of a soil-collecting rover 
that satisfies the SLP project requirements. For the purpose of this document, the Payload Team 
shall refer to the students from the HonCC campus, while the Vehicle Team shall refer to the 
students from WinCC, KapCC, and UHM campuses.  
 
The assignment of positions on these four teams are summarized on the next page in Figure 3.1. 
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[Figure 3.1 - UHCC Team Organizational Chart ] 
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3.1 Team Leads 
The Team Leads, Katherine Bronston and Mia Fong, will be responsible for leading the team, 
managing risks and issues, and ensuring the team is successful during Launch Week. The Team 
Leads will also perform the duties of Engineering team members as needed. The Rocket Team 
Lead will serve as the Team’s student Point of Contact (POC) with NASA.  
 
WinCC Rocket Team Lead - Katherine Bronston ( kb420@hawaii.edu) is the WinCC Rocket 
Team Lead and the overall Team Lead. Katherine is a Level 2 certified member of the Tripoli 
Rocketry Association and a returning member of the UHCC ARLISS team.  
 
HonCC Payload Team Lead - Mia Fong ( miafong@hawaii.edu ) is the HonCC Payload Team 
Lead. A returning Project Imua student, Mia is experienced with designing and constructing 
payloads. She played an instrumental role in the creation of the UHCC team’s ASEP payload for 
the 2018 ARLISS Competition.  

3.2 Safety Officers 
There will be at least one Safety Officer for each of the Engineering teams. Leomana Turalde 
(rhon@hawaii.edu ) is the Safety Officer for the Rocket Team and the overall Team Safety 
Officer. Adrianna Saymo (afsaymo@hawaii.edu ) and Knyte Bennet-Jeremiah 
(knyte@hawaii.edu) are the Safety Officers for the Payload team. The Safety Officers will be 
responsible for the creation and implementation of the safety plan. The Safety Officers will also 
perform the duties of their respective Engineering teams.  

3.2.1 Range Safety Officer 
The Range Safety Officer (RSO) for the team is Matthew Nakamura (mtdsn@hawaii.edu ). The 
Range Safety Officer is responsible for overseeing the team’s CAELUS launches. As such, the 
RSO ensures the team is aware of and adheres to all NAR and TRA Safety Codes, in addition to 
the Safety Codes of the launch site.  

3.3 Vehicle Engineers 
The vehicle engineers are responsible for the development, construction, and testing of the 
rocket. To make sure that the vehicle fulfills the desired mission criteria, 
 

A.  The rocket will reach an altitude between 4000’ to 5500’ AGL. 
B. The rocket will be single stage using a dual deploy recovery system. 
C. The rocket will have a pad stay time in excess of 2 hours. 
D. The rocket will have separate and redundant avionic units. 
E. The rocket will use a standard 12 V direct current firing system 
F. Any additional mission criteria from Section 7.2. 
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These are designated as Energetics, Avionics, Recovery and Construction on our Organization 
Table. In addition, the Vehicle Engineers are responsible for designing, constructing, and flying 
a successful sub-scale model vehicle of the intended full-scale vehicle.  

3.4 Payload Engineers 
Payload Engineers are responsible for the development, analysis and testing of the Deployable 
Rover/Soil Sample Recovery system. The payload team is responsible for:  

 
A. Completion of the payload experiment requirements. 
B. Integration of the payload and electronics into the launch vehicle  
C. Testing of wireless communication from the payload to the remote deployment station.  

 
These are designated as Retention and Ejection, Deployment Trigger, Rover, and Soil Collection 
on our Organization Table.  

3.5 Social Media Officers 
The Social Media Officers for the team are the Team Leads, Katherine Bronston and Mia Fong. 
The Social Media Officers are responsible for the creation and maintenance of the social media 
accounts associated with the UHCC team. 

3.6 STEM Engagement Officer 
The STEM Engagement Officer for the team is Michael Andrews (mka7@hawaii.ed ). The 
STEM Engagement Officer is responsible for coordinating STEM Engagement Opportunities as 
well as preparing lesson plans and interactive activities for these opportunities. In addition, the 
STEM Engagement Officer is responsible for documentation of these events and the creation and 
maintenance of the STEM Engagement Plan (Section 7.7). The STEM Engagement Officer will 
also help perform the duties of their respective Engineering team.  

3.7 Website Developer 
The Website Developer for the team is Team Lead Katherine Bronston. The Website Developer 
is responsible for the creation and maintenance of the UHCC team’s Project Imua website. The 
Website Developer will also help perform the duties of their respective Engineering Team.  
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3.8 Faculty and Staff Team Members 
The faculty and staff assisting with the project are from the WinCC and HonCC campuses.  

3.8.1 Dr. Joseph Ciotti 
WinCC Faculty - Principal Investigator.  
Dr. Joseph Ciotti is a Professor of Physics, Astronomy, and Mathematics at Windward 
Community College (WinCC). He is the founder and director of WinCC's Center for Aerospace 
Education (CAE), and acts as the college's Associate Director for the Hawai‘i Space Grant 
Consortium (HSGC). He designed WinCC's Lanihuli Observatory as well as the planetariums at 
both WinCC (Hokulani Imaginarium) and UH-Hilo ('Imiloa Astronomy Center). He also 
established the college's NASA AEL and serves as a NASA Space Ambassador.  

3.8.2 Dr. Jacob Hudson 
WinCC Faculty - Co-Investigator & Rocketry Mentor 
Dr. Jacob Hudson Jr. is a lecturer of Physics and Astronomy at Windward Community College. 
After receiving his Ph.D. in High Energy Particle Astrophysics, Dr. Hudson has maintained an 
active interest in aerospace studies and, in particular, rocket propulsion. Dr. Hudson is the 
Coordinator for the NASA Aerospace Education Laboratory (AEL), part of the Center for 
Aerospace Education, and is the Associate Director for Rocketry in the Hawai‘i Space Grant 
Consortium. An experienced rocketeer, Dr. Hudson is a current member of both the National 
Association of Rocketry (NAR #82342) and the Tripoli Rocketry Association (TRA #05343). He 
is an L3CC member in the NAR and a TAP member in the TRA. Dr. Hudson has been certified 
Level 3 in High Power Rocketry for decades.  

3.8.3 Dr. Shidong Kan 
HonCC Faculty - Co-Investigator & Payload Mentor 
Dr. Shidong Kan is an Assistant Professor of Physics at Honolulu Community College (HonCC). 
He is the college's Associate Director of the Hawai‘i Space Grant Consortium (HSGC). Dr. Kan 
has taught various Physics courses at the University of Hawai‘i at Manoa and HonCC, including 
introductory physics, algebra based and calculus based physics. He is also the Principle 
Investigator of a Federal Grant Pre-Engineering Education Collaborative II (PEEC II).  

3.8.4 Mevan Ranasinghe 
HonCC Staff - Assistant Payload Mentor 
Mevan Ranasinghe is a lecturer who has been teaching Electrical Electrical, Civil Engineering 
and Physics classes at Honolulu Community College since January 2018. He has a BS in 
Mechanical Engineering and a Masters in Electrical Engineering (Signal Processing) and has 
been working in industry as an engineer for more than 10 years. He is involved as a mentor in 
HonCC MAG as well as other student projects on campus. 
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3.8.5 Helen Rapozo 
HonCC Staff - IT & Payload Advisor 
Helen Rapozo is an Information Specialist at Honolulu Community College. Helen helps the 
team with using the University of Hawaii collaboration software tools and public web page, and 
also assists by taking photographs and advising on controller programming. 

3.9 Student Team Members 
As a collaborative multicampus effort, the UHCC teams consists of students from Windward 
Community College (WinCC), Honolulu Community College (HonCC), Kapiolani Community 
College (KapCC), and the University of Hawai’i at Manoa (UHM).  
 

 
[The UHCC Team shortly before the PDR presentation] 

3.9.1 Michael Andrews 
WinCC - STEM Engagement Officer & Vehicle Engineer (Avionics) 
Mike Andrews is currently pursuing a B.S. in Astrophysics with a minor in Philosophy at UH 
Manoa and is an alumnus of WinCC, where he received an A.A. in Liberal Arts. Mike is 
currently a dual-enrolled student across both of these campuses. His current academic interests 
include stellar and galactic astronomy, and he has an intellectual curiosity in acoustics and the 
physics of sound. Mike is one of the STEM Engagement Officers for the team and is a Vehicle 
Engineer for the team, working on the rocket’s avionics and performing the subscale rocket 
testing.  
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3.9.2 Knyte Bennett-Jeremiah 
HonCC - Payload Engineer (Retention and Ejection) & Payload Safety Officer 
Knyte Bennett-Jeremiah has just completed a degree in Audio Engineering and is now working 
to graduate with an Electrical Engineering degree. He has been a part of the Honolulu 
Community College MAG program for four semesters and it has only added to his interest in the 
field. During his tenure with the program, Knyte has become an integral member of the payload 
team. During the UHCC team’s 2018 ARLISS Competition effort, he performed crucial work on 
the electrical payload design. Knyte is a Payload Engineer for the team, working on the landing 
correction for the rover. In addition, Knyte serves as the team’s Payload Safety Officer.  

3.9.3 Katherine Bronston 
WinCC - Team Lead, Rocket Team Lead, Website Development, & Social Media Officer 
Katherine Bronston is a level 2 certified member of the Tripoli High Powered Rocketry 
Association (TRA#18439). Katherine was a member of the UHCC team that attended the 2018 
ARLISS Competition in 2018, where she assisted with the creation of an autonomous drone’s 
GPS system. Katherine has a B.A. in Mathematics from the University of Hawai’i at Manoa and 
is currently a WinCC student, seeking a certificate in Web Support. Katherine is the Team Lead 
and also maintains the team’s Project Imua website.  

3.9.4 Cody Feliciano 
HonCC - Payload Engineer (Rover) 
Cody Feliciano is a dual-campus enrolled student at both Honolulu Community College and 
Leeward Community College. He is currently working towards attaining a degree in Electrical 
Engineering. He is experienced in fabrication, coding in C, and Arduino. Cody serves as a 
Payload Engineer for the team where he assists with construction of the rover, mounting of 
subsystems, and review of code. In addition, his hobbies include photography and 
cinematography, among other thing, and he will help document the team’s progress. 

3.9.5 Mia Fong 
HonCC - Payload Team Lead, Payload Engineer (Soil Collection), & Social Media Officer 
Mia Fong is currently pursuing an A.S. in Natural Science with a concentration in Engineering 
from HonCC. Mia was a member of the UHCC team that attended the ARLISS competition in 
2018. She plans to pursue a B.S. in Electrical Engineering from UH Manoa. Mia is very 
interested in combining modern science with Hawaiian culture to further connect sustainability 
practices. By utilizing ancestral knowledge and scientific processes in conjunction, she hopes to 
bring out the best in both. Mia is the Payload Team Lead and a Payload Engineer. Mia played a 
crucial role in the design of the Soil Collection subsystem.  
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3.9.6 Lauren Grzegorczyk 
KapCC - Vehicle Engineer (Construction) & Document Editor 
Lauren Grzegorczyk is a level 1 certified member of the National Association of Rocketry  
(NAR #105109) and is currently pursuing a degree in Astrophysics. Combining her background 
in microbiology and love of space, she hopes to study and work in the field of Astrobiology and 
be a part of a team that finds life on other planets. Lauren was a member of the UHCC team that 
attended the ARLISS competition in 2018. Lauren is a Vehicle Engineer for the team, working 
on the rocket’s construction. In addition, Lauren serves as the team’s Document Editor. 

3.9.7 Adam Macalalag 
UHM - Vehicle & Payload Engineer (Energetics, Recovery, & Retention and Ejection) 
Adam Macalalag is currently working towards a B.S. in Mechanical Engineering from UH 
Manoa. He currently works with Dr. Joseph Brown. Adam is collecting index and refraction 
measurement data on thin films. He previously interned with Stanley Consultants, a consulting 
engineering firm on Guam. Adam plans to attend graduate school to pursue a career in 
engineering. Adam is the Vehicle Engineer responsible for the rocket’s recovery system and 
assist with energetics. In addition, Adam is one of the STEM Engagement Officers and works as 
a Payload Engineer, focusing on the Payload’s Upright Rail Landing Support System. 

3.9.8 Bradley May 
HonCC - Payload Engineer (Rover) 
Bradley May is a Honolulu Community College student working towards an A.S. in Computing, 
Electronics & Networking Technologies. He is is hoping to work towards a B.S. in Computer 
Science at the University of Hawai’i at Manoa within the next year. He is proficient in Python 
and Java coding languages, and is currently building up his skills in C/C++. Bradley is a Payload 
Engineer for the team, currently developing code for the various Rover subsystems. Specifically, 
he is developing code for ultrasonic sensors and motors, and interfacing them to allow for 
seamless travel and collision avoidance.  

3.9.9 Matthew Nakamura 
UHM - Range Safety Officer & Vehicle Engineer (Energetics) 
Matthew Nakamura is a level 2 certified member of the Tripoli High Powered Rocketry 
Association. Matthew was a member of the UHCC team that attended the 2018 ARLISS 
competition. He is currently working towards a B.S. in Mechanical Engineering from UH 
Manoa. Matthew works with Dr. Joseph Brown, an Assistant Professor at UH Manoa, on an 
environmental sensory project in collaboration with ARL (Advanced Research Laboratories). 
Matthew is the team’s Range Safety Officer and a Vehicle Engineer, primarily focused on 
energetics.  

  

18 
 



 

3.9.10 Adrianna Saymo 
HonCC - Payload Safety Officer & Payload Engineer (Rover) 
Adrianna Saymo is currently pursuing an A.S. in Natural Science with a concentration in 
Computer Science from HonCC. She has previously worked with the Hawaii Space Grant 
Consortium, developing a half U payload for the NMSR CAT-Sat project in 2015. Adrianna is 
one of the Payload Safety Officers and the Payload Engineer responsible for the rover’s design.  

3.9.11 Eric Takahashi 
UHM - Graphics & Vehicle Engineer 
Eric Takahashi is currently working towards a B.S. in Mechanical Engineering from UH Manoa. 
Eric is currently employed at Hawaii Natural Energy Institute, researching battery materials, and 
at the Mechanical Engineering department at Holmes Hall, where he manages the 3D printing 
lab space. Eric has experience with Computer Aided Drafting and additive manufacturing. He 
teaches students how to operate and maintain 3D printing machines. Eric is the team’s Graphics 
Designer and also assists as a Vehicle Engineer.  

3.9.12 Leomana Turalde 
WinCC - Safety Officer & Vehicle Engineer (Construction) 
Leomana Turalde is currently pursuing a B.S. in Astrophysics at UH Manoa and is an alumnus of 
WinCC. Leomana is currently a dual-enrolled student across both of these campuses. He is a 
Marine Corps veteran, where he served with the Force Reconnaissance special operation forces. 
He was a recipient of the PEEC II Grant during summer of 2018. Leomana is the UHCC team’s 
Safety Officer and is a Vehicle Engineer for the team, working on the rocket’s construction. 

3.9.13 Johnathan York 
HonCC - Payload Engineer (Deployment Trigger) 
Johnathan York from Baltimore, Maryland is a veteran of the United States Navy. His hobbies 
include playing basketball, watching movies, reading books and comics, working on cars, and 
volunteering. After separating from the Navy he chose to remain in Honolulu to utilize his GI 
Bill for his Bachelor’s degree in an engineering field. He is also interested in pursuing a graduate 
degree. He is currently attending HonCC for his A.A. in Liberal Arts. Jonathan was a member of 
the UHCC team that attended the ARLISS competition in 2018. Jonathan is designing the 
Payload’s Deployment Trigger.  

3.9.14 Ryan Young 
HonCC - Former Payload Team Lead 
Ryan Young is a Honolulu Community College Student currently working towards completing a 
degree in Computing, Electronics, and Networking Technologies with an estimated graduation in 
Fall 2020. Previously, Ryan triple majored in Finance, Accounting, and Marketing, graduating in 
2015. Ryan is interested in cyber security. Ryan was the Payload Team Lead for the first half of 
the SLP endeavor and worked on the code for the rover. 
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3.10 Team Members Attending Launch Week 
The UHCC team has budgeted and planned for the team to bring two faculty and ten students to 
launch week (April 4-7). The team has selected the following faculty to attend.  

● Dr. Jacob Hudson (Team Mentor; Rocketry Mentor) 
● Dr. Shidong Kan (Adult Educator; Payload Mentor) 
● Mevan Ranasinghe (Adult Educator; Assistant Payload Mentor) 

 
The following students will be attending launch week.  

● Michael Andrews  
● Knyte Bennett-Jeremiah 
● Katherine Bronston 
● Cody Feliciano 
● Mia Fong 
● Lauren Grzegorczyk 
● Adam Macalalag 
● Bradley May 
● Matthew Nakamura 
● Adrianna Saymo 
● Leomana Turalde 
● Johnathan York 

 
The team is trying to secure funding for one additional Vehicle Engineer to attend Launch Week. 
Should the team secure proper funding, Eric Takahashi will also be attending Launch Week. 
 
There is a possibility that the adult educators attending Launch Week may change. The team will 
make all decisions on this matter in a timely fashion before the January 30th due date.  
 
Pursuant to the requirements laid out in the NASA SLP Student Handbook, the team members 
intending to attend Launch Week have been surveyed for their citizenship status; one has been 
identified as a Foreign National. The information on this Foreign Citizen has been properly 
reported to NASA in a timely manner. 
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4. Vehicle Criteria  

4.1 Vehicle Summary 
The UHCC team is designing and constructing a launch vehicle that is 116 inches in length with 
a 4 inch diameter. The breakdown of these dimensions is further elaborated on in Section 3. The 
estimated weight of this design is 32.2 lbs with a an estimated mass of 1 slug, or 14.5 kilograms. 
The rocket will be launched from a 12 foot 1515 rail system and will fly on an Aerotech 
K1050W motor to a target altitude of 4700 ft where, at apogee, a drogue chute will deploy. At a 
500 ft altitude, the main chute will deploy, ensuring a safe, but distance-restricted descent and 
recovery. The nose cone/payload section will utilize an inverted-Y harness to ensure proper 
orientation of the payload upon landing.  

4.1.1 Mission Success Criteria 
For the vehicle designed by the UHCC Project Imua Team, a flight will be designated as 
successful if  
 

1. The rocket reaches an altitude between 4000’ to 5500’ AGL, ideally at 4700’AGL. 
2. The rocket launched is a single stage using a dual deploy recovery system. 

a. The drogue chute deploys at apogee (4700’ AGL). 
b. The main chute deploys at 500’ AGL. 

3. The rocket has a pad stay time in excess of 2 hours. 
4. The rocket has separate and redundant avionic units. 
5. The rocket uses a standard 12 V direct current firing system. 
6. Any additional mission criteria from Section 7.2 (NASA Requirements). 

4.1.2 Vehicle Design Overview 
The design of the Launch Vehicle for this year’s project was designed to meet the Vehicle 
Requirements from the NASA SLP Student Handbook (2019). This vehicle’s dimensions and 
major components are summarized in Figure 4.1 on the next page.  
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Length 116 inches 

Weight 32.2 lbs 

Mass 1 slug 

Motor Selection Aerotech K1050W 

Number of Independent Sections 2 - Nosecone/Payload Section & Forward/Booster Section 

Target Altitude 4700 feet AGL 

Altitude of Main Chute 
Deployment 

500 feet AGL 

Main Chute Diameter 12 feet (Rocketman) 

Payload Section Chute Diameter 5 feet (Rocketman) 

Drogue Chute Diameter 3 feet (Rocketman) 

[Figure 4.1 - Vehicle Design Overview ] 
 

4.2 Launch Vehicle Design 
The goal of the UHCC team is to design and build a rocket that is is capable of carrying a 
payload to a predetermined altitude and returning it to the ground safely in a fixed orientation. 
The design detailed below not only satisfies the SLP criteria but can be used for future 
engineering endeavors. The rocket was originally designed to carry a non-specific payload of 
limited weight and size, to a specific altitude of 4700 ft. To ensure that NASA Requirements are 
met, the team has dedicated Vehicle Engineers whose task is to ensure a safe and distance 
restricted recovery. To ensure re-usability, the rocket will deploy a drogue chute at apogee, and 
two larger main chutes at a lower altitude (500 ft) – high enough for a safe landing, yet low 
enough to ensure retrieval in a limited area. It must also deposit the payload section to the 
desired landing orientation, in order to allow for deployment of the payload. Upon landing, the 
launch vehicle should be completely intact and flight ready as if it were to undergo normal 
preflight preparations.  
 
Moving forward with the design of the rocket, the team has determined that the size, length, and 
overall shape of the rocket detailed in the Preliminary Design Review will remain unchanged, 
yet further elaborated upon. Our previous successes have served as useful prototypes for this 
rocket and have heavily influenced our design decisions. As such, our current design has come 
about because of previous alternative designs and experiences with what works and what does 
not. The current design consists of a 4-inch diameter rocket approximately 116 inches in length. 
It has four trapezoidal fins, each having a span of 5 inches. The overall view of this design can 
be seen in Figure 4.2 on the next page.  
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[Figure 4.2 - Launch Vehicle ] 

 
The rocket design began with a choice of body diameter. A 4-inch diameter body tube was 
chosen because it gave the team a good flexibility in determining the payload volume, a 
reasonable chute packing volume, and a wide range of motors that could be used for various 
altitude flights. The team decided upon using fiberglass for the airframe tubing; commercially 
available double spiral wound 60 degree angle, G10 fiberglass. The Vehicle Engineers made this 
decision because fiberglass was deemed both extremely sturdy as well as cost-efficient. In 
addition, many members of the team already had experience with constructing rockets with 
fiberglass sections. The team decided to use Hawk Mountain airframe components. This decision 
was two-fold, for one, the Vehicle Engineers were familiar with this vendor, and two, Hawk 
Mountain Enterprises is a well-established and reliable vendor for fiberglass airframe tubing.  
 
The overall length of the rocket was determined by considering the payload needs and the 
logistics required by the dual deployment recovery system. The length of the nosecone/payload 
section was determined by considering the probable volume that the actual payload would 
occupy. The length of the forward section of the rockets was determined by considering the 
volumes of the folded main chute and the payload chute, as well as the placement and size of the 
Avionics section of the rocket. The booster section length took into account possible motor 
lengths and the volume for a folded drogue chute.  

23 
 



 

4.2.1 Nosecone/Payload Section 
Once the diameter of the airframe was set, the nosecone of standard ogive 1:5.16, yielded a 
nosecone length of 21 inches – which is convenient because this shape is commercially 
available. The Vehicle Engineers wanted to ensure that the nosecone would fit into the airframe 
with ease. For this reason, the Vehicle Engineers selected a nosecone from Hawk Mountain 
Enterprises, the same vendor as the airframe tubing. For similar reasons of costs, reliability, and 
familiarity, the team selected a fiberglass nosecone, which has a shoulder length of 4 inches. For 
the nosecone customizations, the team will drill a small hole near the tip of the nosecone. This 
hole will be secured with a grommet, to ensure integrity of the nosecone. This customization will 
serve as one of the mounts for the inverted-Y harness. 
 

 
[Figure 4.3 - Payload Assembly Overview ] 

 
The interior of this section consists of a single fiberglass bulkhead located at the bottom of the 
nosecone shoulder. This nosecone/tube section, referred to as the payload carrier unit, will 
descend separately from the rest of the rocket when the main chute is deployed. 
 
The nosecone will contain most of the payload electronics, and directly aft of it, the payload 
package itself. Attached firmly to the shoulder of the nosecone is the payload carrier section of 
the rocket. The length of this section was determined by estimating the length of the payload, 
which is 11 inches. The combination nosecone/tube section, referred to as the payload carrier 
unit, will descend separately from the rest of the rocket when the main chute is deployed.  
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[Figure 4.4 - Payload Assembly with Dimensions] 

 
As seen in Figure 4.4 above, the payload section which is attached to the nosecone, is 4 inches in 
diameter and 11 inches long, made of the Hawk Mountain Enterprises fiberglass airframe tubing. 
At the bottom of the payload section, a small hole will be drilled, identical to the hole on the 
nosecone tip to serve as the other mount for the inverted-Y harness. This hole will also have a 
grommet to ensure structural stability of the payload section. The details of the inverted-Y 
harness are further elaborated upon in Section 4.3 (Recovery System).  

4.2.2 Forward Section 
The next section contains the rocket avionics, the stowed main chute, along with its deployment 
pyrotechnics, and the avionics container (6 inches in length). The length of this section is 42 
inches, and is referred to as the Forward or Fore section. An overview design of this fore section 
can be seen in Figure 4.5 on the next page.  
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[Figure 4.5 - Fore Section Overview] 

 
The avionics section, contained within the Fore section, is defined by the two ½” thick bulkheads 
that are held together by a 6.5” X 5/16th” steel eyebolt, and 1.5” steel U-bolt. Both the eyebolt 
and U bolt will act as anchors for the shock cords of our recovery system. The avionics 
electronics will consist of an Altus Metrum TeleMega with GPS tracking and telemetry, and a 
PerfectFlite StratologgerCF as a form of redundancy. Both of these units were flight tested at the 
2018 ARLISS prototype launch. These components will be elaborated upon in Section 4.4 
(Avionics System). 
 
Due to an error in deployment of the main chute during the ARLISS launch of our prototype, the 
team has determined that the implementation of a piston deployment system will be used to 
ensure that the main chute is deployed successfully. This piston system consists of a plywood 
plate, fixed within a free-sliding coupler section, installed between the chutes and the 
pyrotechnic charge. This should provide the required force to deploy the chutes. In addition, a 
better seal will be installed between the avionic section and the pyrotechnic section. From this 
previous launch, it was found that the pressure from the deployment charge deformed the 
bulkhead at the top of the Avionics section, and the ejection gas was allowed to leave the rocket 
through the arming switch holes. 
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[Figure 4.6 - Fore Section with Dimensions ] 

4.2.3 Booster Section 
The section after the fore section is the Booster section, which houses the motor, the motor 
mount, the Aero Pack quick change 54-mm motor retainer, the fin can and 4 fins, the drogue 
chute, drogue deployment pyros, and the Variable Drag Assembly (VDA). The fin assembly is a 
4-fin aluminum unit manufactured by Max Q Aerospace. The fins are machined from 0.125 inch 
6006-T6 aluminum plate, and each fin is held to a can assembly using 11 hex bolts. Having fins 
that are removable has proven to be convenient for shipping purposes - previous SLP entries 
have shown that having the fins fixed made the cost of shipping exorbitant. The final assembly is 
one solid integrated structure that can be disassembled for transport. An overview of this section, 
including dimensions of each component, can be found on the next page in Figure 4.7. 
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[Figure 4.7 - Booster Assembly] 
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4.2.3.1 Fin Can and Fin Assembly 
The UHCC Team, while participating in previous SLP, ARLISS and RockSat-X attempts, has 
compiled a litany of ways that the postal delivery systems can damage a rocket before delivery to 
Huntsville. Additionally, fins that are permanently attached to the body tube cause an 
exponential cost in the shipping. As such, the UHCC team has purchased from Max-Q 
Aerospace a CNC machined aluminum fin can made for 4” diameter body tubes. The fins are 
machined from 0.125” 6061-T6 Aluminum plate, and then beveled. The four fins are held in 
place by four shaped plates that are bolted to the body tube. Each fin has the edge of two shaped 
plates, one on each side of the root chord, and bolted together with 12 bolts. The final assembly 
is one solid integrated structure that can be disassembled for transport. The schematics of the fins 
can be seen below in Figure 4.8. 
 

 
[Figure 4.8 - Fin Can and Fin Assembly] 

 
Of interest, but not really a major concern, was of the fin flutter speed. The fin flutter speed, or 
the speed that yields an extraction of energy from the air stream flowing over the fins, could 
result in deformation of the fin while in flight. This deformation, usually a transient 
phenomenon, could in turn (if sustained) transform any rotational motion about a principal axis 
to rotation about a minor axis. In effect, fin flutter can transform rotation about the long axis into 
tumbling about the minor axis. 

 
Determining the velocity of the onset of fin flutter is not hard, and was done as a NACA exercise 
back in 1958 [“Summary of Flutter Experiences as a Guide to the Preliminary Design of Lifting 
Surfaces on Missiles ” NACA article TN4197, D. J. Martin 1958], and more recently a magazine 
article in Sport Rocketry [Sport Rocketry Magazine (March/April 2012 p. 18-22)]; 
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Where v f is the flutter speed, and a is the acoustical speed in air (speed of sound). GE is the 
effective shear modulus for 6061 T-6 Aluminum plate, and this can be found on-line and has a 
value of 28.0 GPa. The rest of the terms are based on the geometry of the fin shape. The ratio of 
the fin thickness to the root chord length is… 
  

  
 
The Aspect Ratio A, is the ratio of the span length and the median chord length. 
  

  
 
The taper ratio 𝜆, is the ratio of the tip chord length to the root chord length. 
  

  
 
Lastly, P atm is the atmospheric pressure 101.3 kPa at sea level, but 100 kPa is used to correspond 
to about 600 feet elevation, the average for Huntsville. 
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The rocket would have to reach Mach 1.4 before the onset of fin flutter. Since the rocket does not 
ever become sonic, this is not an issue. 

4.2.3.2 Variable Drag Assembly 
The overall strategy for obtaining a precise altitude is to slightly over-power the rocket for an 
apogee above the desired target height. The Variable Drag Assembly (VDA) consists of 2 hinged 
flaps (shoes) that will be deployed to preset angles prior to launch. Since the drag force acting on 
the rocket depends (to first order) directly on the cross-sectional area of the rocket, the VDA 
serves to reduce the overall apogee to the desired height. This method of drag assembly has been 
chosen because it allows the team to achieve the most accurate variation in altitude for the price 
of the system. The dimensions of the VDA can be seen below in Figure 4.9 
 

 
[Figure 4.9 - Variable Drag Assembly] 

 
As has been already mentioned, the overall strategy for obtaining a precise altitude is to slightly 
over power the rocket for an apogee above the desired target height. The Variable Drag 
Assembly consists of 2 hinged flaps (shoes) that will be deployed to preset angles prior to 
launch. Since the drag force acting on the rocket depends (to first order) directly on the 
cross-sectional area of the rocket, the VDA acts to vary the drag force to reduce the overall 
apogee to the desired height.  

 
 
A simple calculation shows that the cross-sectional area varies as… 
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…where D is the main body tube diameter (4”), b is the tip chord width of the variable brake 
shoe (0.5”), h is the length of the brake shoe (4.25”), and 𝛳 is the deployment angle. The percent 
change Δ% in the cross-section area due to the deployment of the drag shoes becomes… 
 

 
 
…which means that if the shoes are deployed to 90 degrees (full extension), the drag force could 
be increased as much as 50%. The team is aware that this is extremely simplistic in approach; the 
drag coefficient has been treated as a constant in this analysis – the drag coefficient is 
non-linearly related to the Reynold’s number, and the Reynold’s number is a function of the fluid 
flow. That being stated, the team does not expect to deploy the drag shoes at an angle greater 
than 30 degrees, which corresponds to an optimistic maximum altitude loss of 25%. 

4.3 Recovery System Design 
The recovery system designed by the UHCC team will deploy a total of three parachutes at two 
different altitudes. When the rocket reaches apogee (intended for 4700 ft), the forwards and 
booster section will separate, but the two sections will still be tethered with a shock cord. At this 
point, the 3 ft diameter drogue chute will deploy and carry the rocket down another 4200 ft. At 
500 ft AGL, the TeleMega within the Avionics section will trigger the deployment of the main 
chutes. At this point, the nose cone/payload section and the forwards/booster section 
permanently separate from each other for the rest of the vehicle’s descent. Attached to the 
nosecone/payload section will be a 5 ft diameter parachute that is connected to the section with a 
inverted-Y harness to allow for horizontal orientation of the section. Attached to the 
forward/booster section will be a 12 ft diameter parachute. These chute sizes were determined 
necessary to ensure a safe recovery that adheres to the NASA Student Launch Requirements.  

4.3.1 Determination of the Black Powder for Pyrotechnic Charges 
Determining the amount of Black Powder (BP) to deploy a chute, or separate a section of the 
rocket, is a delicate balancing of pushing hard enough to deploy the unit while not causing 
permanent damage to the rocket. There is a semi-empirical, linear relationship between the 
amount of BP to be used and the product of the required ejection force (Eeject) and the length (L) 
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of the section that the produced gas must expand into. The relationship is outlined by J.H. 
Wickman (“How to Make Amateur Rockets” 2nd Edition, section 18.5-6) and is based on several 
simple assumptions: the tube is instantly pressurized, no heat is lost to the rocket body tube, and 
the gas acts nearly ideal. 
 

V  nRT  m(22.14 )TP =  k =  f t·lbf
 R·lbm R  

 
Where m is the mass of the gas produced (~the mass of the BP in lbs), P is the gas pressure, V is 
the volume the gas will occupy, and T R is the Rankine burning temperature of BP (which is 3307 
R – the Rankine scale is the Fahrenheit scale that is calibrated to Absolute zero). The expansion 
volume is A CSL, where ACS is the cross-sectional area of the gas volume, and the pressure is the 
ratio of the desired ejection force to the cross-sectional area (Feject/ACS). As such, 
 

V  ( )(A L) LP =  ACS

F eject
CS = F eject   

 
 
After rearranging, 
 

L m(1934.7 )F eject =  g
in·lbf

 
 
Solving for the mass, and after some experimentation, Wickman found that the addition of a 1.25 
g offset was needed. The final semi-empirical relationship is… 
 

(g) (5.17 0 )F L .25gm =  × 1 −4 g
in·lbf eject + 1  

 
The determination of the ejection force is specific to the unit being deployed and is equal to the 
sum of the external aerodynamic forces acting on that section rocket (which can be set to the 
weight of the part of the rocket) being deployed, the force of friction between the coupler and the 
booster (assumed to be ~2 lbs), and the force required to overcome the number of shear pins. So, 
for the drogue deployment, this force works out to be 27.3 lbs + 2 lbs + (2 pins)(46 lbs/pin) = 
121.3 lbs. Insertion of this, along with a gas expansion length of 19”, into the above expression 
yields a deployment charge of 2.44 g ~3g. Following the same procedure, the main chute 
deployment and separation of the payload section requires an ejection force of 17.8 lbs + 2 lbs + 
(6 pins)(46 lbs/pin) = 295.8 lbs. This, and an expansion length of 21.5”, yields a deployment 
charge of 4.54 g ~ 5g. 
 
The inherent assumptions used to come up with these estimates can be questioned, but because 
deployment of the chutes is of utmost importance to the safety of the team and anyone else in the 
vicinity, these values first need to be tested. Ground testing of these charges, detailed in Section 
7.4.5, will be performed to confirm that these values do indeed have enough force to separate the 
pinned units, and adequately deploy the chutes. 

33 
 



 

4.3.2 Determination of the Chute Sizes 
The UHCC team has chosen parachutes over streamers because parachutes will slow the rocket 
enough to meet the safety requirements. A streamer would cause the rocket components to 
descend too fast. Beyond the fact that this high descent speed would be against the Student 
Launch Project Requirements, it would be an unsafe choice that risks permanently damaging the 
rocket and payload. After it was determined that the recovery system would utilize parachutes, it 
was then necessary to determine the chute sizes. 
 
The actual determination of the chutes sizes is a relatively simple process; the weight of the 
suspended descending unit is set equal to the drag force that the chute must supply at terminal 
velocity. 
 

 mg C ⍴A W =  = 2
1

D r
2  

 
where m is the mass of the descending unit, CD is the drag coefficient (usually taken to be ~0.8), 
ρ is the density of air (1.27 kg/m 3), A is the area of the chute, vt is the terminal velocity of the 
descending unit. Assuming a circular shape for our chute, and solving for the diameter (D), 
yields… 
 

rogue 4.96 )  D =  √ 8g
πC ⍴D vt

√m = ( m2

s·kg1/2 vt

√m  
 
For the drogue chute, m = 13.3 kg and v t= 25 m/s, which yields D = 0.72 m, ~2’ 4”. 
  
Our project will have one phase where the entire rocket will be descending at 25 m/s (~80 ft/s), 
and the second phase will have two units descending at 7 m/s and 5 m/s. The former is assigned 
to the payload section, and the latter is for the rest of the rocket and will determine the main 
chute size. The descending speeds are determined from the NASA Requirement that no 
descending unit should have a kinetic energy greater than 75 lb ft (~102 J). 
 

E mv  .31  K P ayload = 2
1 2 ⇒ v =  √ mP ayload

2KEP ayload = √ 3.81 kg
2(102 J) = 7 s

m  

E mv  .64  K Main = 2
1 2 ⇒ v =  √ mMain

2KEMain = √ 9.45 kg
2(102 J) = 4 s

m  
 
So, for the main chute, m = 9.45 kg and vt = 4.64 m/s, which yields D = 3.3 m ~ 10’8”. Based on 
this calculation, the next available commercial chute for purchase is a 12’ chute from Rocketman 
Enterprise Inc. 
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For the payload section, m= 3.81 kg and vt =7.31 m/s, yields D = 1.32 m ~ 4’3”. Likewise for the 
payload section, the next available commercial chute for purchase is a 4’6” chute from Public 
Missiles Ltd. or a 5’ chute from Rocketman Enterprise Inc. 
 
Our final decision on chute size were the 12’ chute for the main, 5’ chute for the payload, and 3’ 
chute for the drogue. We will be purchasing all our chutes from Rocketman Enterprise Inc. We 
have chosen Rocketman because these chutes are cost effective and the team is familiar with 
their chutes. 

4.3.2.1 Attachments 
The main and drogue chutes will be attached to the rocket with nylon web harnesses. The 
payload chute will have a inverted-Y harness to ensure that the payload will land gently in a 
horizontal orientation. The chute harness will be made of paracord. The selected Paracord, 550 
Paracord from Paracord Planet, is Type III certified. This paracord will have a 4mm diameter 
(0.157 in) and is made of 32 stands of interwoven kernmantle (nylon). Within the 32 strands are 
7 nylon inner strands, which help contribute to the durability of the paracord. This paracord has 
550-pound tensile strength, which should be more than enough to ensure durability of the 
inverted-Y harness.  
 
A small hole will be made near the tip of the nosecone and towards the bottom of the payload 
section to string and tie the paracord. The paracord will be knotted and secured with grommets at 
each end. The grommet will help reinforce the airframe structural integrity as well has aid in 
preventing fraying of the Paracord. The fasteners will secure the harness to the payload section 
and mitigate the harness failure.  
 
Bulkheads will be used to protect the internals of the vehicle from the pyrotechnic deploy. Two 
½ inch plywood bulkheads will be purchased from Hawk Mountain. One with a U-bolt connector 
and the other end with a Eye-bolt that goes through the entire avionics section. The 1 inch kevlar 
webbed shock cord will be connected to the Eye-bolt and U-bolt with ½ inch oval screw lock 
carabiners.  
 
The Altus Metrum Telemega has an onboard GPS tracking and will constantly send the GPS 
location of the rocket back to the ground station during the duration of the flight. In order to do 
this, it utilizes the 70cm ham-band which translates to 440 MHz. Once the team is ready to 
recover the rocket after it has safely landed, they only need to go to the last transmitted GPS 
location. The technicalities of this and the rest of the avionics section will be elaborated upon in 
the next section, 4.4 Avionics System.  

4.4 Avionics System 

4.4.1 Primary Component: Altus Metrum TeleMega V3.0 
The primary component of our avionics system is the Altus Metrum Telemega V3. This device 
has dedicated main and apogee deployment ignitor channels, with an additional four pyro 

35 
 



 

channels which can be programmed to ignite under a variety of conditions. The main ignition 
channels can be used to control chute deployments, and the four additional channels can be used 
as redundancy or to control additional deployment events as needed. The device has a built-in 
rechargeable battery assembly and telemetry antenna, and with a footprint of 1¼ inch by 3¼ 
inch, it easily fits in our avionics section of our vehicle. 
 

 
[Figure 4.10 - Telemega V3.0 ] 

 
The Telemega V3 is also equipped with a GPS receiver, an altimeter, and a flight computer 
capable of logging flight data at 100 samples per second during ascent. Up to 40 minutes of 
flight data can be recorded and stored in non-volatile memory on the flight computer, and this 
flight data can later be exported to a computer. Telemetry data can be transmitted via radio link 
and received and logged on a smartphone or computer with the appropriate equipment. 
Additional information such as location or event completions can be live-fed to the user if 
configured.  

4.4.2 Secondary Component: PerfectFlite Stratologger CF 
The secondary component of our avionics system is the PerfectFlite Stratologger CF (SLCF). 
Though less sophisticated than the Telemega, this device still provides all the functionality 
needed to ensure that drogue and main chutes are successfully deployed, with configuration 
options for both drogue and main chute deployment heights. 
 

 
[Figure 4.11 - Stratologger CF ] 
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Primarily designed as an altimeter, the SLCF can record altitude and temperature data at 20 
samples per second for up to 18 minutes. Similarly to the primary avionics component, this 
device can store flight data without a power-source and transmit telemetry information via RF 
link.  

4.4.3 Recovery and Redundancy 
The Telemega can be programmed so that its additional pyro channels provide redundancy 
should the dual-deployment channels fail, and the presence of the SLCF provides further 
redundancy. The SLCF’s drogue and main chute deployments allow for a fair amount of 
configuration, and these deployments triggers can be configured such that they activate either 
simultaneously with or soon after the Telemega’s set deployments. In the case of a successful 
deployment, this backup deployment ignition signal will not do anything. 
 

 
[Figure 4.12 - Avionics Wiring Diagram] 

 
The Telemega greatly improves ease and speed of recovery when linked to an appropriate 
smartphone or computer. The device is able to provide bearing and location information of both 
the vehicle and the user on the user’s smartphone, and it can provide voice guidance and 
directions to the vehicle’s location. To a lesser extent, the SLCF also aids in recovery with its 
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post-flight locator siren. This siren will not be audible over great distances and will be damped 
by the walls of the vehicle, but it can continuously sound for months before depleting its battery.  

4.5 Mission Performance Predictions 

4.5.1 Flight Profile 
Our team has determined that the rocket must have a safe and stable ascent to an apogee altitude 
of 4700 ft. It must then deploy its recovery system properly. This recovery system consists of the 
deployment of a drogue chute at apogee and a larger main chute at a lower altitude at 500 feet, 
however this may be varied if conditions demand. It must also deploy the payload section at the 
desired altitude. Upon landing, the launch vehicle should be completely intact and flight ready if 
it were to undergo normal preflight preparations. 
 

 
[Figure 4.13 - Flight Profile ] 

4.5.2 Motor Selection 
Proper motor selection requires several considerations: a suitable thrust to weight ratio, a 
predicted maximum altitude that is close to the desired altitude, and the physical constraints of 
the designed motor retention. After reviewing the data of our full-scale flight at the ARLISS (A 
Rocket Launch for International Student Satellites) launch, we came to the conclusion that the 
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Aerotech K1050W fits our needs and can power our rocket, and the requisite payload, to the 
desired altitude of 4700 feet. 
  
In the absence of air resistance, the maximum height a rocket will ascend to under a vertical 
launch situation is given by summing the height at motor burn-out and the height the rocket will 
coast to thereafter. A height determination can be found from knowing the mass of the rocket 
and the mass of the un-burned motor and then burned motor. If M o is the initial lift-off mass of 
rocket, M is the mass of the rocket at burn-out, and = (Mo – M)/t bo is how quickly the motor is 
ejecting mass at an assumed constant speed of v ex.  

 
 
Whereas this method appears to give us all the information that we would require to make a 
proper motor selection, it does however neglect air friction, which we have found to be 
especially significant. Comparing our flight data from ARLISS to a theoretical height 
determination using the relationship described above, a sense of the impact of air friction can be 
gained. Our ARLISS rocket (using a K1050W motor) had a pad mass of 12.40 kg, a propellant 
mass of 1.261 kg, a motor burn time of just over 2 seconds, and a given impulse of 2451 Ns. 
These values combine to yield a mass-loss rate of 0.63 kg/s, an average thrust of 1225.5 N, and 
an exhaust velocity of 1945.2 m/s. Computing these values in the above equation yields an 
estimated altitude of 9836 feet. The actual height was 5807 feet, roughly only 59% of the 
estimated height. 
  
A much more realistic way to establish a height determination, one which incorporates air 
resistance, is one which deals with discrete time elements in determining motor mass loss, the 
average acceleration for that time interval, the instantaneous velocity at the end of that time 
interval, and the drag force at the end of the time interval. These values are then used to 
determine the next time interval’s average acceleration, and the whole process is iterated until a 
maximum height (corresponding to a zero vertical velocity) is reached. For these calculations, 
the software utilities OpenRocket and RocSim were used. 
  
Numerous simulations were run using both RocSim and OpenRocket on a list of certified 
Aerotech motors. All simulations had no payload mass, yielding the following data table: 
 
OpenRocket  Pad Mass: 12.053 kg CP: 164 cm CG: 116 cm 
Motor Altitude vmax  a max 
K1050W 1566 m 190 m/s 109 m/s/s 
K700W 1359 m 162 m/s 78.9 m/s/s 
K1275R 1258 m 168 m/s 123 m/s/s 
K828FJ 1231 m 160 m/s 96.1 m/s/s 
K1100X 1024 m 147 m/s 131 m/s/s 
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RocSim 9.0 Pad Mass: 12.386 kg CP: 164 cm CG: 118 cm 
Motor Altitude vmax  a max 

Aerotech Motors 
K1050W 5290.5 ft 608.1 ft/s 350.1 ft/s/s 
K700W 4451.5 ft 517.6 ft/s 249.9 ft/s/s 
K1275R 4124.1 ft 530.6 ft/s 386.6 ft/s/s 
K828FJ 4032.7 ft 509.6 ft/s 312.5 ft/s/s 
K1100T 2695.8 ft 415.7 ft/s 424.7 ft/s/s 
Cesseroni Motors 
K570 3793.0 ft 462.6 ft/s 216.1 ft/s/s 
K660 4982.9 ft 549.3 ft/s 258.1 ft/s/s 
K650-SS 2740.6 ft 402.6 ft/s 174.4 ft/s/s 
K1200WT 3861.6 ft 516.4 ft/s 346.9 ft/s/s 
K1440 5005.1 ft 606.5 ft/s 554.8 ft/s/s 
K500-RL 2340.6 ft 352.9 ft/s 137.3 ft/s/s 
K530-SS 1858.5 ft 317.9 ft/s 140.4 ft/s/s 
K590-DT 4918.7 ft 520.5 ft/s 455.0 ft/s/s 
K635-RL 3554.4 ft 452.6 ft/s 179.5 ft/s/s 
K750-RL 4719.4 ft 547.9 ft/s 228.7 ft/s/s 
K2045-Vmax 2241.5 ft 391.4 ft/s 610.5 ft/s/s 
L730 5999.2 ft 613.5 ft/s 288.0 ft/s/s 
L1030-R  6114.4 ft 661.9 ft/s 369.9 ft/s/s 
K1720-ST 1540.0 ft 316.2 ft/s 519.1 ft/s/s 
 
Motor Information (provided by Thrustcurve.org) 
 
AeroTech K1050W-P 
 
Manufacturer: AeroTech     

Entered: Apr 2, 2009 

Last Updated: Apr 2, 2009 

Mfr. Designation: K1050W      

Brand Name: K1050W     

Common Name: K1050W      

Motor Type: Reload     

Diameter: 54.0mm     

Length: 63.5cm     

Total Weight:  2203g     
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Prop. Weight: 1265g     

Cert. Org.: Tripoli Rocketry Association, I     

Cert. Date:       

Average Thrust: 1132.9N     

Maximum Thrust: 2172.0N     

Total impulse: 2426.4Ns     

Burn Time:  2.1s     

Case Info: RMS 54/2800     

Propellant Info: White Lightning 
 

    

 
 

4.5.3 Determination of Center of Gravity 
One of the defining points for fixed-wing rocket flight stability is the Center of Mass, or for 
sufficiently small objects (where the acceleration due to gravity over its vertical length does not 
change appreciably), the Center of Gravity (CG). The CG is the point where the force due to 
gravity is said to act on our rocket and is the weighted average distribution of the mass elements 
that make up the rocket. In flight, the rocket will experience external torques, which will cause 
rotations about the CG. 
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Component Part Component Mass ( ) g  
 = Vertical Locationiy  

(in) Product  ( -in)i yi  m  g  

    
Payload Tube (10") 280 26 7280 
Nosecone 467 14 6538 
Payload 3000 22 66000 

BulkHead (fiberglass) 31 27 837 
Eyebolt 32 27 864 
Forward Body (42") 960 53 50880 
Coupler 268 32 8576 
AV Section 463 66.3 30697 
Chutes (payload & 
main) 2230 48 107040 
Coupler 268 74 19832 
Booster Tube (42") 960 95 91200 
Drogue Chute 865 85 73525 
Fin Assembly 1311 111 145521 
VDA (2) 220 109.5 24090 
Motor Tube 394 104.5 41173 
Motor Retainer 110 105.5 11605 
Motor (loaded) 2565 116 297191 

Centering Ring (fore) 35 93 3255 

Centering Ring (mid) 35 105 3675 
Centering Ring (aft) 35 116 4060 
    

  = 14,529 mi  Σ  g   
=mi yi  Σ  

 993,839.9 -in g  
[Figure 4.14 - Mass of Vehicle Components]  

 

 So;                
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The Center of Gravity for our rocket will be 68.4” down from the tip of the nosecone, or 47.6” 
up from the bottom. For comparison, RocSim has estimated the CG being located at 63.97” from 
the nose tip, about a 7% difference. The difference is due to RocSim estimating the mass of the 
component parts via the use of installed data tables and estimated densities for given materials, 
whereas our data table was built up of actually measured values of the components. Of interest is 
the location of the CG should no payload be launched; the modified value of the CG location 
becomes 80.5” from the nose tip. 

4.5.4 Determination of Center of Pressure 
The Center of Pressure (CP) is the point on a rocket where all the external aerodynamic forces 
are said to act. Unlike the center of mass, which depends on mass distribution, and can change 
with the flight of the rocket, the center of pressure depends only on the external shape of the 
rocket. There are several ways to calculate this point; one could estimate its location by 
determining the center of area of a two-dimensional representation of the final rocket. Another 
way is to follow the Barrowman method, which is very similar to calculating the center of mass 
only instead of mass elements, one considers the drag coefficients (CN) and their effective lever 
arm distances (X). Because it is standard practice among rocket enthusiasts to follow the 
Barrowman method, this is the method that the team shall follow. 
 
For our ogive nosecone: 
 

 
 
where LN = 20”, is the length of our nosecone. 
  
For our four-fin rocket: 
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where the radius of the body (R) is 2.0”, the fin semi-span (S ) is 4.75” (which we have taken to 
equal the length of the mid-chord of fin LF), the body diameter (d) is 4”, the fin root chord (CR) 
is 13”, the fin tip chord (CT) is 2”, the length of the rocket from nose tip to fin root chord leading 
edge (XB) is 103”, and the distance between the fin root leading edge and fin tip leading edge 
parallel to the body (XR) is 10.5”. 
With these four results, the distance from the nose tip to the center of pressure can now be 
determined: 
 

 
 
This corresponds very closely to the CP value of 96.22” given by RocSim, and corresponds to a 
distance of 19.7” from the base of the rocket. 

4.5.5 Determination of Stability 
The Stability Margin is defined as the ratio of the difference between the locations of the Center 
of Gravity and the Center of Pressure to the rocket diameter. 
 
Our rocket is over-stable. With the CP is located 96.3 inches below the nosecone tip, while the 
CG is located 68.4 inches below the nosecone tip. With an absolute difference of 27.9 inches. 
This yields a stability margin of 6.98 ~7.  Having a stability margin this large this is a concern 
for the team; while not a direct stability problem, we must be aware of the surface cross-winds. 
An overstable rocket, due to a longer lever-arm, is prone to weather-cocking into the wind. 
 
The question of whether our rocket is inherently stable without a payload mass being flown can 
also be determined, the value for the center of pressure does not change but the center of gravity 
has a new value of 80.5”.  
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4.5.6 Calculation for Kinetic Energy 
As to insure that the kinetic energy will not exceed 75 lb ft (~102 J) we used this values in our 
calculations and worked backwards to determine the specifications of all our components. This 
calculation is shown in our determinations of chute size. This was shown with the following 
equations. 
 

  
 
where m is the mass of the descending unit, CD is the drag coefficient (usually taken to be ~0.8), 
ρ is the density of air (1.27 kg/m 3), A is the area of the chute, vT is the terminal velocity of the 
descending unit. Assuming a circular shape for our chute, and solving for the diameter (D), 
yields… 
 

  
  
For the drogue chute, m = 13.3 kg and v T = 25 m/s, which yields D = 0.72 m, ~2’ 4”. 
  
Our project will have one phase where the entire rocket will be descending at 25 m/s (~80 ft/s), 
and the second phase will have two units descending at 7 m/s and 5 m/s. The former is assigned 
to the payload section, and the latter is for the rest of the rocket and will determine the main 
chute size. The descending speeds are determined by the fact that no descending unit should have 
a kinetic energy greater than 75 lb ft (~102 J). 
  

  
 
So, for the main chute, m = 9.45 kg and vT = 4.64 m/s, which yields D = 3.3 m ~ 10’8”. 
For the payload section, m= 3.81 kg and vT=7.31 m/s, yields D = 1.32 m ~ 4”3”. 

4.5.7 Descent Time 
For the descent time, the team is assuming that the rocket will deploy its drogue chute at apogee, 
4700 feet, and the rocket will descend at 75 feet/s to 500 feet, where the main chute will then be 
deployed. Thereafter, the rocket will descend at 15 feet/s. Due to the team being restricted on the 
chute size to conventional standard sizes, the team has chosen a 3 ft chute, in assuming this it 
decreases our drogue decent speed to 64.9 feet/s, in turn this will increase our descent time to 
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64.7 sec. Due to similar restriction we increased the size of our main chute to 12 ft which will 
decrease the descent velocity to 4.95 feet/s, and increase the descent time to 30.8 sec. this means 
that we have a total decent time of 95.7 seconds. We understand that this number is above the 
maximum 90 second decent time however based on our drift calculation we are still within 
landing within the designated range. This is shown in our drift calculation shown in the next 
section.  

4.5.8 Drift 
In order to calculate the estimated drift of the rocket upon descent, the team needed to first 
assume that the only change in horizontal velocity is due to the wind impinging on the rocket in a 
horizontal direction only. It is also assumed that this speed is constant and independent of 
altitude. The last assumption is that apogee is reached directly above the launch pad. Based on all 
of these assumptions, the drift was calculated for five wind speeds: no wind, 5 mph, 10 mph, 15 
mph, and 20 mph. 
 
Furthermore, the team derived two equations for drift estimate; a pessimistic estimate and an 
optimistic estimate. The pessimistic estimate assumes that the descending rocket is moving 
horizontally with exactly the same speed as the wind speed, for the entire duration of the descent.  
 

Pessimistic drift distance: 
 

T  D = vwind descent  
 

Whereas this will give us a first order estimate, it does overestimate the drift distance because it 
inherently assumes that the wind loading on the rocket brings the impinging air speed to zero 
with respect to the ground. The optimistic equation includes the effects of wind loading on the 
rocket and makes the assumption that the wind speed impinging on the rocket does not come to 
an exact stop, but instead continues on at some relative speed with respect to the rocket (wind 
speed less the horizontal speed of the rocket is the relative speed). The net result is that the 
descending rocket is moving at a slower speed than the wind speed. By balancing the wind 
loading force with a horizontal drag force, an equation for the horizontal component of the 
descending rocket emerges.  
 

Optimistic drift distance: 
 

v (v )P wind = ⍴ 2
rel = ⍴ wind − vrocket

2  
 

v A C ⍴A vF wind = ⍴ 2
rel CS = 2

1
D CS

2
rocket  

 
(1 )  vwind = vrocket + √ 2

CD  
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...where C D is the standard coefficient of drag (~0.9). Solving for the horizontal drift speed of the 
rocket (v rocket), and knowing the descent time (Tdescent), then the optimistic drift distance is found 
simply by… 
 

T  Do = vrocket descent  
 

 

Wind Velocity 
(ft/sec) 

Wind Velocity (mph) D optimistic (ft) D pessimistic (ft) 

0 0 0 0 

7.33 5 561.2 701.8 

14.6 10 1117.8 1397.2 

22 15 1684.3 2105.4 

29.3 20 2343.2 2804 

[Figure 4.15 - Calculated Drift Distances ] 
 
By our calculations, as shown in the table above, we are aware that there is one case where the 
drift exceeds the given distance of 2500 ft. Because of this, the team determined that the greatest 
maximum wind speed that the rocket can fly in without exceeding the 2500 ft recovery zone is 
19 mph, or 27.87 ft/s. Therefore, the team has two options if the wind speed exceeds 19 mph on 
the launch day; the first option is that the team does not launch. The second option is that the 
team could adjust the height of the main deployment to 300 ft, at which height the vehicle would 
land in the recovery zone. The team acknowledges that this decision would require NASA 
personnel and RSO approval, as one of the NASA requirements is that the main chute deploys at 
no lower than 500 feet AGL.  
 
The team also ran multiple simulations in RocSim and determined the simulated drift of the 
rocket under different wind speeds.  
 

Wind Speed (ft/sec) Simulated Drift (ft) 

3.00-7.33 214 

7.34-14.66 1010 

14.67-22.00 1263 

22.01-29.33 2323 

[Figure 4.16 - Simulated Drift Distances ] 
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As shown in the figure above, the drift derived from the simulation is within the range of our 
optimistic and pessimistic calculations. Given that the simulated data all falls within the 
boundary of the recovery zone, it will be up to the team to decide whether the conditions require 
changing the parameter to ensure the rocket lands within the recovery zone.  

4.5.9 Drag Flow Study Based on Computational Fluid Dynamic Model 
In order to better understand what the drag effect of the VDA will be, a Computational Fluid 
Dynamics (Solidworks CFD) analysis was done on a single drag brake at various degrees of 
deployment up to 30o. The initial fluid flow value was determined by the maximum speed of the 
rocket obtained by simulations. In all cases, the flow showed no extreme stress, nor was the unit 
showing any pressure stress, that required concern. What was a clear result of this was the 
formation of a vortex in the flow corresponding to a low-pressure zone just under the base of the 
drag shoe – exactly what is needed to reduce altitude. 

 

 
[Figure 4.17 - Control Fluid Dynamic Model ] 
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Routines were run for deployment angle settings from 0 o to 30 o, in 5o increments, and a drag 
coefficient for each case was then determined. These values of the drag coefficient were 
multiplied by two (for each drag brake) and added to a base of 0.75 (the standard drag coefficient 
used by OpenRocket). These values were then used in an OpenRocket simulation (as a C D 
override) to estimate the altitude the rocket would obtain with the VDA set to that deployment 
angle. Assuming a maximum payload mass, the following values were obtained: 
 

q C D Est. Altitude   +/- 

0o 0.89 4109.3’ 20.3’ 

5o  0.89 4110.0’ 20.2’ 

10o 0.92 4067.8’ 20.1’ 

15o 0.97 3997.8’ 20.0’ 

20o 1.07 3865.7’ 19.7’ 

25o 1.12 3804.2’ 19.5’ 

30o 1.18 3735.7’ 19.3’ 

[Figure 4.18 - VDA Altitude Estimations] 
 

 
[Figure 4.19 - Effect of VDA Angle on Altitude ] 

 
This shows that with a deployment angle between zero and 5 degrees, there is essentially no 
effect, and a measurable decrease in altitude thereafter. To first order, taking a linear function in 
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decrease, we estimate a 0.36% loss in altitude for every degree of angle deployment above 5 
degrees. 

4.5.10 Flight Simulation 

 
[Figure 4.20 - A Typical Simulation of the Design ] 

4.6 Subscale Flight Results 
It is important to note that our subscale testing was limited due to unexpected difficulties, 
including one of our mentors undergoing a medical emergency. However, we had planned to do 
two days of testing, and so were able to complete one day of subscale testing. This limited the 
number of our subscale flights to five flights. 

4.6.1 Flight Description 

4.6.1.1 Jolly Logic Altimeter 3 
The altimeter selected for the subscale flight was the Jolly Logic Altimeter 3. This device was 
chosen because it has a small profile that could easily fit in the nosecone of the subscale rocket 
and because data can be wirelessly sent to the user’s smartphone and is immediately logged after 
flight completion. It is able to withstand up to 24G and has a battery life of 6 hours, both of 
which are very suitable to our needs. 
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[Figure 4.21 - A typical flight recorded using the Jolly Logic Altimeter 3 ] 

4.6.1.2 Flight Conditions, Scaling Factors, and Parameters 
Due to the island of O’ahu, Hawai’i being one of the most densely populated places in the United 
States, the team’s launch site options were limited. As the UHCC team’s CAELUS launches are 
hosted at Windward Community College, the team’s recovery zone is extremely restricted. For 
this reason, the Vehicle Engineers designed and built the subscale rocket at a smaller scale, 1:4.  
 
Our scaling factor was chosen to be one-fourth (1/4 th) of the final design, with a length of 29” 
and diameter of 1”, and a weight of 4.0 oz with motor, approximately 1/64th of the full-scale 
design. An Estes Motors B6-4 Motor was chosen to power the flight. This motor has a 
0.9-second burn time with a max thrust of 12.1 N and a 4-second delay before ejection. The date 
of flight was Saturday, January 5 th, and weather conditions were clear with intermittent gusts of 
up to 15 mph at our launch site on the Windward Community College campus in Kāneʻohe, 
Hawaiʻi.  
 
For subscale testing, the major variable not kept constant was the orientation of the Variable 
Drag Assembly (VDA), which was flown at deployment angles of 0, 11, 45, and 90 
degrees-off-axis. The effect of the the VDA deployment angle on both apogee height and flight 
stability were the primary concerns in this subscale testing, and so was the only component 
actively chosen to not be held constant. 
 
The mass and dimensions of the rocket were held constant as these will not be changing in the 
full-scale. The B6-4 motor was chosen for all flights to provide consistent propulsion at different 
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VDA orientations. The payload descent mechanism (i.e. the inverted-Y harness) was kept 
constant in all flights as this component is integral to our design, and the demonstration of this 
component’s consistent proper functioning was a secondary goal of subscale testing. 
 
Several difficulties were encountered during the subscale design and testing process. The testing 
was limited to only one launch day instead of two due to a medical emergency, and some slight 
vehicle damage occurred during the third flight of testing, which may have slightly impacted test 
results. However, we determined that this wear, which was minimal and limited to the aft section 
above the fin can, did not cause the rocket to become unsafe or unusable, and testing proceeded.  

4.6.2 Flight Data 
Although we were limited to only one cycle of testing due to time constraints and unexpected 
events, we were able to test several VDA deployments and collect flight data. The final flight 
was to test the vehicle’s stability during an unlikely drag shoe failure, which we simulated using 
one shoe deployed at 90° and the other at 0° as an analog for a free-hanging, broken shoe.  
 

VDA Deployment Angle  0° 11° 45° 90° Failure Mode 
(0°/90°) 

Apogee Height (ft) 182 205 179 142 145 

[Figure 4.22 - Subscale Apogees and VDA Deployment Angles] 
 

From this limited set of data, it was seen that drag shoes at greater deployment angles do 
decrease the apogee altitude of the vehicle. We account for the somewhat unexpectedly low 
apogee of the 0° deployment as a result of the relatively gusty flight conditions. We believe that 
the vehicle became weathercocked at launch as it traveled more horizontally than the following 
launches. More data points would of course have been useful but unfortunately were not 
possible. A similar gust-at-launch was experienced during the Failure Mode flight, resulting in a 
similarly low altitude. 
 
If the 0°-deployment flight is rejected as having been blown off-course, then a clear, nearly 
linear trend between deployment angle and max altitude is seen, as was expected from our 
calculations above.  
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[Figure 4.23 - Subscale Test Flight Altitude vs Deployment Angle ] 

4.6.3 Results and Developments 
As seen in the data above, greater drag-shoe deployment angles did result in lower apogee 
altitudes, as was expected. Additionally, though we were not able to collect flight stability data 
other than through visual assessment, the vehicle remained stable, safe, and functional during the 
Failure Mode test. This reassures that even in the unlikely scenario of drag-shoe failure, the 
vehicle will remain stable.  

4.6.3.1 Simulation Results 
Simulations were run using the RocSim program. The program’s flight condition parameters 
were set to match those of the actual flight day as accurately as possible; specifically the launch 
conditions were set to those detailed in Figure 4.24, on the next page. 
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Altitude above sea-level: 90 m 

Relative humidity: 50% 

Temperature: 80 F 

Latitude: 21 

Wind: 8-14 mph 

Variability: Some (0.04) 

Weather: Partly Cloudy 

[Figure 4.24 - RocSim Flight Conditions ] 
 

Multiple simulations were run using the subscale vehicle’s dimensions and mass, with various 
drag coefficient override (C D) values and the simulated flights’ maximum altitudes were 
compared to the real-flight data. At each CD value, three simulations were run and their average 
along with an uncertainty was calculated. This is detailed in Figure 4.25 on the next page.  
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C D Altitude (ft) +/- (ft) 

0.75 206.5 4.79 

0.8 204.37 4.77 

0.85 202.14 4.74 

0.9 201.95 4.74 

0.95 200.52 4.72 

1 199.03 4.70 

1.05 198.63 4.70 

1.1 196.43 4.67 

1.15 194.83 4.65 

1.2 191.93 4.65 

1.25 190.79 4.62 

1.35 191.24 4.62 

1.4 189.21 4.61 

1.45 186.79 4.59 

1.5 187.01 4.56 

1.55 185.44 4.56 

1.6 183.67 4.54 

1.65 183.83 4.52 

1.7 182.67 4.51 

1.75 180.18 4.47 

1.8 180.8 4.48 

1.85 178.23 4.45 

1.9 177.66 4.44 
[Figure 4.25 - Subscale Simulation Results ] 

 
It was found that using RocSim’s standard drag coefficient of 0.75, the simulated apogee was 
206.5 (+/- 4.79) feet. This value was taken to be representative of the subscale vehicle launching 
with the VDA at a minimal drag, 0° deployment.  
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4.6.3.2 Analysis and Finding Drag Coefficient 
From the simulation results, a nearly linear trend was fit and this was compared to the recorded 
actual flight data. The graph below shows our simulated flight heights compared to our actual 
recorded apogees in dotted lines.  

 

 
[Figure 4.26 - Simulated Apogees varying with C D, Overlaid Actual Flight Heights ] 

 
 
At 0° VDA deployment, our subscale vehicle attained a height of 182 feet, but as noted earlier 
this flight might have been skewed. If this flight is rejected and a slope is plotted from our other 
recorded flights, we expect an apogee of roughly 214 feet. This estimated apogee corresponds 
very closely to the simulation flight data, which showed an apogee at minimum drag of 
approximately 206 feet. 
 
From fitting our recorded and expected altitudes to our simulated data, we estimate that at 0°-11° 
VDA deployments, our vehicle will have a CD of approximately 0.7. At 45° VDA deployment, 
we estimate a CD  of approximately 1.8, and lastly at a 90° (maximum) deployment, we estimate 
a CD of greater than 3. 
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4.6.3.3 Conclusions and Design Considerations 
The VDA system performed successfully and a clear correlation between greater deployment 
angles and lower apogees was seen in our limited testing. The VDA will remain a critical 
component of our design and in ensuring that our vehicle is constrained to go no higher than the 
intended apogee. At this time, the system seems to function as intended and no immediate design 
considerations are needed. 
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5. Safety 

5.1 Safety Officers 
The Safety Officer for the team is Leomana Turalde ( rhon@hawaii.edu). He has been briefed about standard safety procedures by both 
Dr. Jacob Hudson, who has years of experience with the construction and launching of high powered rockets, and also holds a level 3 
certification from both NAR and TRA, and by Lisa Hayashi, the Laboratory Director on the Windward Community College Campus. 
 
As Leomana is primarily associated with the Rocket Team, Knyte Bennet-Jeremiah (knyte@hawaii.edu) and Adrianna Saymo 
(afsaymo@hawaii.edu ), of the Payload Team, will be assisting him as the Payload Safety Officers.  
 
Overseeing the team’s conduct during launches will be Matthew Nakamura (mtdsn@hawaii.edu ), the team’s Range Safety Officer. 
Matthew holds a level 2 certification in TRA and is familiar with the safety codes and launch procedures from both NAR and TRA.  

5.1.1 High Power Rocketry Certifications 
The UHCC team contains four members who are certified in high power rocketry - one mentor and three students. As certified and 
experienced rocketeers, these team members will assist the Safety Officers in ensuring that safety procedures are adhered to during the 
construction, testing, and launching of the rocket. These certified members are: 
 
Dr. Jacob Hudson (Rocketry Mentor) - Level 3 certified in both NAR and TRA. (NAR #82342 and TRA #05343) 
Katherine Bronston (Student Team Lead) - Level 2 certified in TRA. (TRA #18439) 
Matthew Nakamura (Range Safety Officer & Vehicle Engineer) - Level 2 certified in TRA. (TRA #18095) 
Lauren Grzegorczyk (Vehicle Engineer) - Level 1 certified in NAR. (NAR #105109) 
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5.2 Hazards Analysis  
The Safety Team has identified a number of safety risks that could take place throughout the duration of the project. The Team 
identified Failure Modes for the both the Vehicle and the Payload during launch, Environmental Hazards, and risks to personnel 
during the construction of the Vehicle and Payload. The Safety Team identified a Risk Assessment Code by which to categorize what 
types of risks are acceptable for the team and how to mitigate any necessary risks.  

5.2.1 RAC Classifications  
The following table explains the Risk Assessment Codes (RAC) used to determine the hazard level of actions, equipment, and design 
choices within the UHCC team’s project.  
 

TABLE 5.1 RISK ASSESSMENT CODES 

 
Probability 

Severity 

1 
Catastrophic 

2 
Critical 

3 
Marginal 

4 
Negligible 

A - Frequent 1A 2A 3A 4A 

B - Probable 1B 2B 3B 4B 

C - Occasional 1C 2C 3C 4C 

D - Remote 1D 2D 3D 4D 

E - Improbable 1E 2E 3E 4E 
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The severity definitions for the hazard analyses will naturally change with each section of hazards. The definitions of severity for each 
hazard section will be defined at the beginning of its respective subsection. However, the probabilities for each section will remain 
constant and as defined below in Table 5.2. 
 

TABLE 5.2 DEFINITION OF PROBABILITIES 

Description Qualitative Definition Quantitative Definition 

A - Frequent High likelihood to occur immediately or expected to be continuously 
experienced. 

Probability is > 0.1 

B - Probable Likely to occur or expected to occur frequently within time.  0.1 ≥ Probability ≥ 0.01 

C - Occasional Expected to occur several times or occasionally within time. 0.01 ≥ Probability ≥ 0.001 

D - Remote Unlikely to occur, but can be reasonably expected to occur at some point 
within time.  

0.001 ≥ Probability ≥ 0.000001 

E - Improbable Very unlikely to occur; an occurrence is not expected to occur within time.  0.000001 ≥ Probability 

 
The team acknowledges that there are certain safety risks that are unacceptable for the nature of the NASA Student Launch Project, 
and high power rocketry in general. To ensure that the Launch Vehicle does not pose high risks and failure modes, the team has 
determined the following levels of acceptable risk acceptance. In addition, the team has detailed for each type of risk level what the 
necessary management approval level would be for the vehicle to still be launched. These are summarized on the next page in Table 
5.3. 
 
 
 
 
 

60 



TABLE 5.3 RISK ACCEPTANCE AND MANAGEMENT APPROVAL LEVEL 

Severity-Probability Acceptance Level/Approving Authority 

High Risk Unacceptable. Will not seek approval from any  authority.  

Medium Risk Undesirable. Requires approval from the launch facilities’ RSO and the Student Launch Team. 

Low Risk Acceptable with approval. Requires approval from the Team Mentor. 

Minimal Risk Acceptable. Requires approval from the Team Lead.  

5.2.2 Hazards Analysis Overview 
The following table summarizes the number of hazards identified before mitigations were applied. This chart contains the identified 
hazards from the Failure Modes and Effects for both Vehicle and Payload, Personnel Hazards, and Environmental Hazards.  
 

TABLE 5.4 SUMMARY OF HAZARDS PRE-MITIGATION 

 
Probability 

Severity 

1 
Catastrophic 

2 
Critical 

3 
Marginal 

4 
Negligible 

A - Frequent     

B - Probable 1   1 

C - Occasional 8 4 4 1 

D - Remote 14 11 4  

E - Improbable     
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The following table summarizes the number of hazards identified after mitigations were applied. This chart contains the identified 
hazards from the Failure Modes and Effects for both Vehicle and Payload, Personnel Hazards, and Environmental Hazards.  
 

TABLE 5.5 SUMMARY OF HAZARDS POST-MITIGATION 

 
Probability 

Severity 

1 
Catastrophic 

2 
Critical 

3 
Marginal 

4 
Negligible 

A - Frequent     

B - Probable     

C - Occasional     

D - Remote  1 1  

E - Improbable 18 14 9 5 
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5.2.3 Failure Mode and Effects Analysis for the Launch Vehicle 
Based off of previous experience within the field of rocketry and the knowledge of the team mentor, the Safety Team identified 
possible risks and failure modes for the designed launch vehicle. The safety officers determined how probable these failures modes 
were in addition to the level of severity each risk posed. The definitions of severity for these risks are unique to this section and are 
defined below in Table 5.6. The proposed mitigations and their methods of verification are summarized in Table 5.7 below. 
 

TABLE 5.6 DEFINITIONS OF SEVERITY FOR LAUNCH VEHICLE HAZARDS 

Severity Description 

1 Catastrophic Complete loss 

2 Critical Major damage to launch vehicle, severe deviation from flight plan, loss of payload data 

3 Marginal Minor damage to launch vehicle, deviation from flight plan, small loss of payload data 

4 Negligible Minor deviations from flight plan, discrepancies in data 

 

TABLE 5.7 IDENTIFIED HAZARDS AND MITIGATIONS FROM THE VEHICLE 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Vehicle motor 
does not ignite 

Poor contact 
between ignitor 
and propellent 

Retry launch with a 
new ignitor 

4B Insert a backup 
igniter when 
preparing for 
launch, use 
thermite igniter if 
allowed 

Inspection. This 
is a step in the 
Launch 
Procedures, see 
5.4.1. Student and 
Mentor 
verification is 
required.  

4E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Motor Failure Improper assembly 
of motor, clogging 
of nozzle, 
manufacture defect 

Complete loss of 
launch vehicle 

1D The team members 
who assembles the 
motor at launch 
will have 
experience in 
assembling rocket 
motors and be 
certified in HPR. 

Inspection. Motor 
assembly shall be 
done under the 
supervision of 
mentor and will 
be inspected on 
every step. This a 
requirement in the 
Launch 
Procedures in 
Section 5.4.1. 

1E 

Motor 
retaining ring 
failure 

Stress due to 
deployment charge 
of drogue chute 

Motor ejected from air 
frame, failure of 
drogue chute 
deployment, hazard to 
ground personnel, 
severe deviation of 
flight pattern 

2D Deployment charge 
will be conducted, 
improved plywood 
aft plate for added 
strength. Motor 
retaining ring will 
be made from high 
quality materials to 
withstand force of 
deployment charge.  

Demonstration. 
The ability of the 
motor retaining 
ring to handle the 
stress of 
deployment 
charge will be 
demonstrated in 
the Motor 
Retainer Stress 
Test, elaborated 
upon in Section 
7.4.7. 

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Fins shearing 
from airframe 

Fin flutter, drag, 
landing impact 
causing stress 

Loss of rocket 
stability, complete loss 
of launch vehicle 
(ascent), failure of 
reusable criteria 
(ground impact) 

1D The team will not 
allow the vehicle to 
travel at Mach 
speed. 

Analysis. The 
motor selection, 
discussed in 
Section 4.5.2, will 
not allow the 
vehicle to travel at 
this speed.  

1E 

Failure of 
motor retainer 

Stress due to force 
of motor thrust, 
stress due to shock 
of drogue chute 
deployment 

Motor plows through 
payload compartments 
and destroys launch 
vehicle, booster section 
free falls to ground 

1D Forward bulkhead 
will be stress tested 
to well exceed 
expected loads, 
held in place by 
multiple screws 
going through aft 
centering ring  

Demonstration. 
Motor retainer 
will be stress 
tested and built to 
standards or the 
force of motor on 
frame. This is 
elaborated upon in 
Section 7.4.7 

1E 

Failure of 
forward or aft 
bulkhead 

Stress due to 
deployment of 
drogue and main 
chute, Improper 
assembly of 
avionics section 

Booster section 
free-falls to ground, 
possible failure of 
main chute deployment 

2D Section will be 
stress tested to well 
exceed expected 
loads, An eye-bolt 
will carry majority 
of expected load. 

Demonstration . 
This will be 
demonstrated in 
the Parachute 
Deployment 
Tests, elaborated 
upon in Section 
7.4.5. 

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Deployment 
charge fails to 
ignite 

Loose connection, 
moisture in black 
powder, loss of 
power to avionics 

No chutes deploy, 
launch vehicle 
free-falls to ground, 
complete loss of 
launch vehicle 

2D Two completely 
separate avionics 
systems will be 
used for 
redundancy, all 
batteries will be 
secures using 
zip-ties 

Demonstration. 
Avionics and 
charges will be 
demonstrated for 
proper function 
prior to launch. 
This is 
summarized in 
Section 7.4.6. 

2E 

Payload chute 
anchor failure 

Stress due to 
deployment of 
main chute 
coupled with 
payload chute 
deployment 

Payload section free 
falls to ground, 
complete loss of 
mission 

2D Anchor will be 
stress tested to well 
exceed expected 
loads, held in place 
by multiple screws 
going through the 
body tube into the 
bulkhead 

Demonstration. 
Achor will be 
stress tested prior 
to launch. This is 
summarized in 
Section 7.4.4 
Drop Tests  

2E 

Main or 
drogue chute 
shredding 

Singeing from 
deployment 
charges, stress due 
to shock of 
deployment 

Faster than expected 
descent rate, damage to 
launch vehicle on 
landing 

3C Flame guards will 
be used when 
packing chutes, six 
chords are being 
use on chutes to 
provide 
redundancy, HPR 
certified member 
will pack the 
chutes 

Inspection. 
Mentioned in 
Section 5.1.1, the 
team has three 
HPR certified 
members. One of 
them will assist 
with packing the 
chutes 

3D 

66 



 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Premature 
separation of 
booster/ 
avionics 
section 

Pressure difference 
inside and outside 
of rocket pushing 
sections apart 

Drogue chute deploys 
at high velocity and 
possible shreds, 
possible flight 
deviation 

3D Nylon shear pins 
will be used to hold 
sections together 
until deployment 
charge is fired 

Demonstration.  
The team is using 
the calculated 
amount of shear 
pins that a 
previous UHCC 
team determine 
necessary. This 
will be confirmed 
with the Drop 
Tests, elaborated 
upon in Section 
7.4.4. 

3E 

Premature 
separation of 
avionics/ 
payload 
section 

Pressure difference 
inside and outside 
of rocket pushing 
sections apart, 
deceleration from 
drogue deployment 

Main chute deploys at 
high altitude, lateral 
drift exceeds estimates 

2D Nylon shear pins 
will be used to hold 
sections together 
until deployment 
charge is fired 

Demonstration.  
The team is using 
the calculated 
amount of shear 
pins that a 
previous UHCC 
team determine 
necessary. This 
will be confirmed 
with the Drop 
Tests, Section 
7.4.4 and at the 
VDF, discussed in 
Section 7.6.3. 

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Main or 
Drogue chute 
getting stuck 
in airframe 

Chutes improperly 
packed 

Launch vehicle free 
falls to ground, 
complete loss of 
vehicle 

1C Deployment test 
will verify 
deployment of 
drogue and main 
chutes; main chutes 
will be packed in a 
push pull 
configuration  

Inspection. All 
chutes will be 
packed by a 
designated team 
member who has 
experience in 
packing to ensure 
best possible 
deployment. As in 
Section 5.1.1, the 
team has 3 HPR 
certified team 
members. One of 
these team 
members will 
inspect the chutes. 

1E 

Y-invert 
harness snaps 

The material used 
to construct the 
harness is not 
strong enough to 
withstand multiple 
launches 

Failure of the payload 
chute, payload section 
free falls, possible 
destruction of payload 
section and payload. 

2C The y-invert 
harness will be 
constructed with 
durable material 
intended to endure 
through launches 
without damage.  

Inspection. The 
Vehicle Engineers 
selected 550 lb 
tensile strength 
paracord to 
construct the 
y-invert harness. 
This is discussed 
in Section 4.3.2.1. 

2E 
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5.2.4 Failure Modes and Effects Analysis for the Payload 
The Payload Team in conjunction with the Safety Team determined the unique modes of failure to this year’s payload experiment. 
The definitions of severity for these risks are unique to this section and are defined below in Table 5.8. The Safety Team determined 
the causes of these risks and identified mitigations. These are summarized in Table 5.9 below.  
 

TABLE 5.8 DEFINITIONS OF SEVERITY FOR PAYLOAD HAZARDS 

Severity Description 

1 Catastrophic Damage to major and minor components.  The rover is unable to move  or perform any of its indicated 
actions. 

2 Critical Damage to major or minor components.  The rover can move but loses motor function and is unable to 
direct itself or fulfill the necessary requirements.  

3 Marginal Damage to minor components.  The rover can complete its functions but not in its entirety . 

4 Negligible Damage to minor components.  The rover is barely damaged and can operate at nearly full-efficiency. 

 

TABLE 5.9 IDENTIFIED HAZARDS AND MITIGATIONS FROM THE PAYLOAD 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Battery leaking Insulation for 
batteries break 

Chemicals leak and 
battery becomes 
unusable  

2D Document the date 
each battery has 
been opened and 
ensure the rover is 
only powered by 
new batteries at 
launch 

Inspection. 
Verify battery 
voltages before 
launch. 

3E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Short circuiting Wires are placed 
incorrectly or 
unsafely 

Short circuit damages 
rover components and 
leaves them either 
malfunctioning or 
broken 

2D Have schematic of 
proper wiring. 

Inspection. 
Ensure PCB is 
connected 
properly.  Ensure 
wires are soldered 
between the 
appropriate 
components by 
comparison to the 
schematic. 

3E 

Rover wheels 
break off 

Rover comes into 
contact with 
environmental 
factors such as 
rocks or pitfalls  

Rover will be unable to 
traverse ten feet or data 
collected will be 
affected 

2D Extensive field 
testing to ensure 
rover drive design 
is robust to handle 
terrain 

Inspection. 
Ensure rover 
wheels are 
attached securely 
prior to launch 

3E 

Disrupted 
rover 
communication 

Radio is disrupted Rover will be unable to 
communicate during 
mission 

1B Extensive field 
testing to ensure 
rover will be able 
to consistently 
communicate with 
ground station 

Test. Determine 
the optimum and 
minimum 
conditions for the 
radio to operate. 
Ensure radio will 
be able to work 
for mission 
conditions. 

1E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Rover breaks 
free 

Severe damage to 
the retention 
system 

Rover may be 
damaged during 
flight/landing, is not 
oriented properly, 
rover is not able to 
deploy 

2C Extensive testing to 
determine most 
effective way to 
mount subsystems. 

Test.  Determine 
best method of 
mounting 
retention system, 
support system, 
and motor to 
secure all systems 
and mitigate the 
risk of any 
singular 
component 
coming loose. 

2E 

Rover cannot 
deploy 

Obstruction of 
rover exit path 

Rover path blocked, 
ejection of rover fails 

1D Ensure no parts 
come loose with 
extensive testing to 
determine most 
effective way to 
mount subsystems. 
Subscale test 
flights to 
demonstrate 
successful 
deployment. 

Demonstration. 
Subscale and 
fullscale flights to 
demonstrate 
design of payload 
and nose cone 
performs as 
intended. 

1E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Retention and 
ejection system 
failure 

Damage to 
support system 

Support system no 
longer locks retention 
and ejection system in 
place, possible shifting 
or damage to retention 
and ejection system 
during flight or landing 

3C Ensure that the 
material chosen for 
each part is able to 
withstand 10 Gs of 
force, the 
calculated 
maximum 

Analysis. Perform 
calculations to 
ensure each 
component will be 
able survive flight 
forces. 

3E 

Rover does not 
land in proper 
orientation 

Extreme wind 
conditions, 
damage to 
y-invert harness 

Lands in an unwanted 
orientation, rover 
deploys 
unsuccessfully, 
mission fails. 

1C Determine 
maximum 
windspeed that still 
has high margin of 
success. 

Test. Determine 
configuration and 
conditions that 
increase 
likelihood of 
successful 
orientation 
through test 
flights and 
experimentation. 

1E 

Turns 
indefinitely 

Ultrasonic Sensor 
oversensitive 

Detects obstruction 
continually, keeps 
turning and never 
clears the obstruction. 

2C Code rover 
microcontroller to 
only allow up to a 
90 degree turn, 
after which point it 
will resume 
moving forward. 

Demonstration. 
Show that even in 
an environment of 
high stimulation, 
the rover is still 
able to carry out 
the mission. 

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Collision Ultrasonic Sensor 
under sensitive 

Does not detect 
obstruction early 
enough to allow 
avoidance, rover 
collides with 
obstruction and 
becomes damaged. 

2D Rover will run at a 
slow enough speed 
to minimize 
damage.  If 
collision occurs, 
the rover will 
reverse, turn, and 
then carry on with 
the mission. 

Test. Determine 
maximum speed 
for the rover to 
travel with 
minimal damage 
even if collision 
does occur 
through testing the 
rover at 
incremental motor 
speeds. 

2E 

Axles jam Not enough 
clearance for axles 

Damage to axles, 
damage to wheel 
system, rock gets stuck 
between axles and 
causes wheel system to 
jam 

3D Modify wheel 
system to allow 
more space & 
height to allow for 
more clearance. 

Demonstration. 
System is able to 
perform during 
other tests of 
rover. 

3E 

Motor failure Motor Gearbox 
jams due to 
sediment getting 
stuck in exposed 
gears 

Partial or complete loss 
of rover movement, 
unable to travel 
minimum distance of 
10 feet 

2D Custom fabricate a 
panel that covers 
all exposed gears. 

Test.  Test rover 
on various soil 
types, ensure 
design of gearbox 
prevents jamming 
by particles. 

3E 
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5.2.5 Personnel Hazards Analysis 
As the team will interact with and utilize many different types of tools and equipment during the construction of both the vehicle and 
payload, the Safety Officers identified all tools and possible injuries stemming from the use of these. These risks are summarized in 
Table 5.11 on the next page. The Safety Officers for the team identified mitigations and methods of verifications for these protocols. 
As the mitigated risks are mostly with the protocols for using tools, the layed out protocol can be found in Section 5.3 (Team Safety 
Code). The definitions of severity for these risks are unique to this section and are defined below in Table 5.10. 
 

TABLE 5.10 DEFINITIONS OF SEVERITY FOR PERSONNEL HAZARDS 

Severity Description 

1 Catastrophic Loss of life for any team member or any team member sustains serious injuries that would cause life-long 
disability.  

2 Critical Any member of the team sustains a serious injury that requires medical attention and a prolonged healing 
process. 

3 Marginal Any member of the team sustains a minor injury that may require medical attention 

4 Negligible Any member of the team sustains a minor injury that does not require medical attention 
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TABLE 5.11 IDENTIFIED HAZARDS AND MITIGATIONS FROM THE VEHICLE 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Severe burns 
from soldering 
iron or molten 
solder 

Skin contact with 
the soldering iron 
or heated solder 

Possible severe skin 
burns, up to third 
degree skin burns, 
possible permanent 
nerve damage. 

1D Team members 
will adhere to the 
team safety code 
when using a 
soldering iron. 
They will use heat 
resistant gloves at 
all time while using 
the soldering iron. 

Inspection. All 
team members 
will read and 
agree to the Team 
Safety Code and 
the Safety 
Officers and/or 
Team Mentors 
will oversee all 
use of the 
soldering iron. 

2E 

Eye damage 
from soldering 
iron use 

Sparks or smoke 
from soldering 
iron getting into 
eye 

Possible vision damage 
that would require 
medical attention 

1D Pursuant to the 
Team Safety Code, 
all students will 
wear protective 
eyewear while 
using the soldering 
iron and will only 
solder in 
well-ventilated 
areas.  

Inspection. All 
team members 
will read and 
agree to the Team 
Safety Code and 
will be overseen 
by a Safety 
Officer or Team 
Mentor while 
using the 
soldering iron.  

4E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Poisoning 
from solder 
fumes 

Personnel inhale 
fumes from heated 
solder 

Possible poisoning 
from lead inhalation.  

3D All team members 
will only solder in 
well ventilated 
areas and will not 
solder continuously 
for a time period 
longer than half an 
hour. Leadless 
solder cannot be 
used for our 
purposes. 

Inspection. All 
team members 
will read and 
agree to the Team 
Safety Code. 
Safety Officers 
and/or Team 
Mentors will 
ensure that 
students are in 
well ventilated 
areas and take 
proper breaks.  

4E 

Injuries from 
Improper Use 
of Drill Press 

Improper 
stabilization and 
use of the drill 
press; lack of PPE. 

Bruising injuries 
caused by drill press 
possibly tipping over 
or falling off of 
platform and on to 
user. Cuts and possible 
broken fingers from 
user’s hands coming 
into contact with 
spinning drill. Cuts or 
potentially severe eye 
damage from snapping 
drill bits.  

3C Any use of a drill 
press will be done 
on a stable 
platform with the 
user and any 
nearby team 
members wearing 
the appropriate 
PPE (safety glasses 
without gloves, 
rings, or other 
jewelry which may 
become snarled in 
drill). 

Inspection. All 
team members 
will read and 
agree to the Team 
Safety Code. The 
Safety Officer and 
Mentor will 
inspect the 
stabilization of the 
drill press before 
authorizing team 
member use; all 
members will 
ensure proper use 
of other members.  

3E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Injuries from 
Hand/Wood 
Saw use 

Loss of control 
and/or lack of 
attention while 
using a hand saw 

Minor cuts and 
abrasions from the 
hand saw blade or 
rough cut materials 

3D All team members 
will wear 
protective gloves 
when using the 
hand saw and will 
be overseen by a 
Safety Officer 
during use. All 
sawing will be 
performed on a 
stable platform 
with items secured 
with clamps. 

Inspection. All 
team members 
will read and 
agree to the Team 
Safety Code. One 
of the team’s 
Safety Officers 
will oversee all 
Hand/Wood saw 
use.  

4E 

Injuries from 
Table Saw use 

Improper handling 
of the table saw, 
mostly caused by 
inexperience 

Possible loss of limbs, 
cuts, and abrasions 

1C All team members 
will wear the 
appropriate PPE 
for the table saw, 
elaborated on in the 
Team Safety Code. 
Only Team 
Members with 
table saw 
experience will use 
the table saw and 
this must be 
overseen by both a 
Team Mentor and 
Safety Officer.  

Inspection. These 
safety 
requirements for 
the table saw are a 
part of the team 
safety code that 
all team members 
are required to 
read and agree to. 
The Team 
Mentors will be 
responsible for 
verifying that the 
student has table 
saw experience.  

1E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Injuries from 
belt sander 

Lack of proper 
PPE, improper use 
of tool (i.e., 
touching the belt 
sander) 

Inhalation of dust, eye 
irritation and damage, 
burns, lacerations, cuts, 
abrasions, and possible 
severe permanent hand 
injuries. 

1D All team members 
using a belt sander 
will wear 
protective eyewear 
and gloves when 
using the belt 
sander. Face masks 
will be worn.  

Inspection. All 
team members 
will agree to the 
proper protocols 
in the Team 
Safety Code. 
Usage will be 
overseen by a 
Team Safety 
Officer and/or a 
Team mentor. 

2E 

Injuries from 
hand sander 

Lack of proper 
PPE, inexperience 
with/improper use 
of the tool 

Splinters, inhalation of 
dust, cuts, lacerations.  

2D All team members 
will wear 
protective gloves 
and eyewear while 
using the hand 
sander. The Safety 
Officer will 
determine if a face 
mask is necessary 
depending on the 
material being 
sanded. 

Inspection. All 
team members 
will agree to the 
proper protocols 
in the Team 
Safety Code. 
Usage will be 
overseen by a 
Team Safety 
Officer and/or a 
Team mentor. 

3E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Injuries from 
any other 
power tools 

Incorrect use of the 
tool, such as 
improper handling 
or lack of proper 
PPE.  

Possible cuts, 
lacerations, and 
overextension, the 
severity of which 
depend on the type of 
power tool.  

1C Wearing proper 
PPE equipment and 
following 
designated safety 
protocols in the 
Team Safety Code.  

Inspection. The 
Safety Officer will 
designate proper 
protocols to 
follow for any 
power tools in the 
Team Safety 
Code. If the power 
tool is not in the 
Code, the Safety 
Officer and Team 
Mentors will 
establish protocols 
for the tool and 
inform team 
members of 
protocol before 
allowing use.  

2E 

Injuries from 
3D printer 

Installation of laser 
on the machine 
and improper 
handling of the 
machine. 

Possible burns from 
the heat mechanism in 
the printer and possible 
eye damage from the 
laser in the printer.  

1D The laser is not 
installed on the 3D 
printer and team 
members will wear 
heat resistant PPE 
while using (such 
as heat resistant 
gloves) as well as 
proper eyewear.  

Inspection. Only 
a Team Mentor 
may approve the 
installation of the 
laser. The proper 
PPE and protocols 
are outlined in the 
Team Safety 
Code.  

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Injuries from 
Milling 
Machine 

Lack of experience 
or knowledge of 
machine and 
improper PPE. 

Severe lacerations and 
cuts to limbs 

1D All students will 
wear protective 
eyewear and 
gloves. Only 
experienced user 
will use the Milling 
Machine. 

Inspection. The 
Team Safety Code 
will outline the 
necessary PPE 
and protocols for 
use of the Milling 
Machine.  

1E 

Injuries from 
Welding 

Improper use of 
welding machine, 
lack of proper 
PPE, operating in a 
poorly ventilated 
or unsafe area. 

Exposures to toxic 
fumes and radiation, 
burns, eye damage, 
electrical shock, cuts, 
and loss of limb. 

1D All students will 
wear heat 
protective gloves 
and will wear a 
face shield while 
welding. Must be 
wearing closed 
toed shoes and 
fully covered 
clothing.  

Inspection. Any 
student who welds 
is mandated to 
undergo 
professional 
welding training 
and to be overseen 
by both a Safety 
Officer and Team 
Mentor.  

1E 
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5.2.6 Environmental Hazards Analysis 
The team has acknowledged that launching a vehicle of this size with a payload increases the risk of environmental damage. The 
Safety Officers identified both risks that the environment will pose to the launch vehicle and payload’s success as well as the risks that 
the launch vehicle and payload will pose on the environment. These risks are summarized in Table 5.13 on the next page. The Safety 
Officers for the team identified mitigations and methods of verifications for these protocols. These mitigations are also summarized 
below and have been included into the design and construction of the vehicle and payload. In addition, when applicable, these 
mitigations have also been included in Section 5.4 Launch Procedures, which serves as the team’s launch day checklist.  
 
The definitions of severity for these risks are unique to this section and are defined below in Table 5.12. 
 

TABLE 5.12 DEFINITIONS OF SEVERITY FOR ENVIRONMENTAL HAZARDS 

Severity Description 

1 Catastrophic Complete loss or severe damage of launch vehicle, irreparable environmental damage 

2 Critical Minor damage to launch vehicle, severe deviation from flight plan, loss of payload data, or long lasting 
environmental damage 

3 Marginal Deviation from flight plan, small loss of payload data, or short lasting environmental damage 

4 Negligible Minor deviations from flight plan, discrepancies in data, or small littering of environment 
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TABLE 5.13 IDENTIFIED HAZARDS AND MITIGATIONS FROM THE VEHICLE 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Vehicle lands 
outside of 
recovery zone 

High winds Vehicle could be 
damaged by the terrain 
outside of the recovery 
zone or be entirely 
unrecoverable.  

1D Ensuring the 
vehicle does not 
traverse more than 
2500 ft 
horizontally during 
flight. 

Analysis . The 
Vehicle Engineers 
have performed 
calculations in 
Section 4.5.8 to 
ensure that the 
vehicle’s drift is 
under 2500 ft.The 
team will ensure 
this by only 
launching in 
winds under 
19mph.  

1E 

Vehicle parts 
do not fit 
together as 
designed 

Exposure to 
extreme humidity 
and temperature in 
Huntsville, AL 

Possible incorrect 
assembly that could 
lead to increased 
friction and possible 
separation of vehicle 
components which 
could lead to severe 
vehicle damage. 

1D All parts will be 
test assembled in 
humidity levels 
similar to that of 
launch day. 

Inspection. All 
parts will be 
test-fitted the day 
before launch, at 
the same time of 
day that the 
intended launch is 
at.  

1E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Unsuccessful 
deployment of 
recovery 
system 

Insufficient 
deployment 
charges or a failure 
of these charges to 
ignite. 

Vehicle descending 
much faster than 
intended, causing 
possible danger to 
human life, destruction 
of vehicle, and debris 
from wreckage.  

1C The Vehicle 
Engineers will 
perform 
calculations to 
determine the 
amount of 
deployment charge 
needed. The 
Vehicle Engineers 
will demonstrate 
their findings.  

Demonstration. 
The Vehicle 
Engineers have 
performed 
calculations to 
ensure the correct 
level of charge, in 
Section 4.3.1. 
This shall be 
demonstrated at 
the Parachute 
Deployment 
Tests, Section 
7.4.5.  

1E 

High wind 
speed  

Storm, rain, 
natural event 

Altered flight pattern, 
extended drift, 
possible, outside of the 
recovery zone.  

1C Will not launch if 
wind exceeds 19 
mph or, if 
approved by 
NASA and the 
facility’s RSO, will 
deploy the main 
chute at 300 ft 
AGL. 

Analysis.  The 
Vehicle 
Engineers, in 
Section 4.5.8, 
determined the 
vehicle would 
land within 
recovery zone so 
long as the 
sustained wind 
speed is no higher 
than 19 mph. 

1E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Rain Natural Event Change in flight 
patterns.  Damage to 
avionics. Severe 
damage to payload. 

1C Will not launch in 
rainy weather 
conditions  

Inspection. 
Weather will 
checked on launch 
site. 

1E 

Low visibility Low clouds, fog, 
vog, dust 

No visibility, unable to 
track launch vehicle 
and payload, unable to 
recover sections 
quickly or deploy 
payload quickly. 

3C Each independent 
section of the 
vehicle has a GPS 
tracker that would 
allow recovery. 
The team may 
consider not 
launching in these 
conditions if the 
visibility is 
difficult for 
navigation of 
recovery zone. 

Demonstration. 
The team will 
ensure success of 
the GPS trackers 
by testing their 
functionality in 
the Avionics and 
Electronics 
Performance 
Tests, which are 
summarized in 
Section 7.4.6. 

4E 

Fire Motor ignites near 
near natural 
flammable 
material. 

Fire causes damage to 
environment and 
creates a dangerous 
setting.  Smoke 
minimizes visibility. 

2C Clear launch area, 
use blast shields, 
follow NAR and 
TRA launch 
regulations  

Inspection. Prior 
to launch, the 
team will ensure 
the area around 
the launch pad is 
clear.  

2E 
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Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Launch 
vehicle or 
payload 
impacts with 
building, 
structure, or 
personnel  

Vehicle drifts 
outside of recovery 
zone. Irregular 
flight pattern, 
excessive drift, 
early deployment 
of the parachutes.  

Injury or death to 
personnel, damage of 
structure, vehicle, or 
launch equipment 

1D Test avionics and 
launch only when 
weather permits  

Analysis/ 
Demonstration. 
The Vehicle 
Engineers 
performed 
calculations in 
section 4.5.8 to 
determine how far 
the vehicle will 
drift in certain 
conditions. The 
functionality of 
the Avionics will 
be tested, shown 
in Section 7.4.6. 

1E 

Failure to 
recover launch 
vehicle or 
payload 

Team is unable to 
locate the launch 
vehicle after it has 
landed. 

Loss of vehicle, data, 
and financial 
investment. Debris left 
in recovery zone.  

1D The team has three 
trackers within the 
launch vehicle. 
One for the 
independent 
nosecone/payload 
section and two for 
the forward/booster 
section. 

Demonstration. 
The Vehicle 
Engineers will 
ensure that the 
trackers/GPS units 
work in an 
Avionics 
Performance Test, 
summarized in 

1E 
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Section 7.4.6. 

 
 
 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Failure of 
pyrotechnic 
charges 

Pyrotechnic 
charges prepared 
in high humidity 

Pyrotechnic charges do 
not ignite, failure of 
chutes, risk to 
personnel, launch 
vehicle damage due to 
hard landing 

1C The team will 
assemble the 
pyrotechnic 
charges in the 
lowest-humidity 
option available. 

Inspection. The 
team will 
assemble these 
charges in the 
team’s car, with 
the AC running. 
This is a step on 
the launch 
procedures, in 
Section 5.4.1.  

1E 

Motor Failure Motor is packed in 
high humidity 

Motor does not ignite, 
team has to replace 
motor 

4C The team will 
assemble the motor 
in the 
lowest-humidity 
option available. 

Inspection. The 
team will 
assemble the 
motor in the 
team’s car, with 
the AC running. 
This is a step on 
the launch 
procedures, in 
Section 5.4.1.  

4E 
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5.3 Team Safety Code 

5.3.1 General 
In addition to general education on safety codes and safety regulations, team members on both the Vehicle and Payload Teams have 
been informed to clarify any concerns or to acknowledge any inexperience in the following: 

● Equipment 
● Personal Protective Equipment (PPE) 
● Tools 
● Procedures 
● Materials Handling  
● Other concerns  

 
The Safety Officers have further worked on ensuring Team Safety by asking all team members to: 

● Point out any possible risks  
● Propose mitigations for risks 
● Review procedures and relevant MSDS before commencing potentially hazardous actions  

 
Team Members have been briefed on the importance of adhering to the following safety regulations 

● Team members will wear close-toed shoes while working in the lab 
● Team members will always wear goggles or appropriate eyewear when using tools that present safety risks 
● Team members will use respiratory protection equipment when necessary, i.e. face masks, respirators, etc, where applicable 
● Team members will always wear gloves where applicable, e.g. when handling epoxy and other chemicals 
● Team members will always remove all jewelry, timepieces, and anything that might present a hazard when working in the lab 
● Team members will ensure to tie up loose fitting clothes, long hair, and any attire that could get caught in tools, impede 

vision, or obstruct ability to work safely.  
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5.3.1.1 Shop Customs and Courtesies  

● Don’t move any part of the vehicle or payload without checking with team engineers.  We are often testing parts or 
components and sometimes have to leave them on shop table overnight. 

● Keep tables clean and clear of food or drinks.  Drinks usually leave moisture on the tables.  We work with chemicals and 
electronics that could be affected. 

● Put personal items such bags, books, etc under desks or in computer cubbies.  A clear work environment is a safe work 
environment. 

● Clean your area and return tools and equipment used before you walk out the door.  Everything has a home and the team 
operates efficiently when we can always find the things we need where they belong. 

● Remember to smile and have a good day.  We are team. We are all here for the same reason and same goal. Lets have fun and 
enjoy our time together.  

● When working in the lab please remind others what you are doing.   We are all focused on our own work and we don't really 
know what everyone else has planned on their daily agenda. 

5.3.2 Personal Protection Equipment  
To ensure personnel safety all team members are required to use the respective personal protective equipment (PPE) while performing 
any hazardous tasks such as building, cutting, soldering, etc.  Team safety officers have identified which PPE should be used during 
which tasks. 
 
Eye Protection 
Safety glasses or goggles will be worn while while building launch vehicle and payload or any of its components.  All eye protection 
shall meet safety standards and guidelines and have ballistic rating.  Eye protection is always available and can be located in the 
laboratory. Eye protection must be worn when operating belt sanders, drill presses, soldering irons, welding machines, and hand and 
power tools.  
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Hearing protection 
Hearing protection should be worn while operating power tools or any activity exceeding 85 decibels.  Hearing protection reduces 
loud noise exposure and helps to prevent hearing loss.  Hearing protection is always available and can be located in the laboratory. 
 
According to OSHA safety standards these are there definitions of “too loud”: 

● 85 Decibels (dB) - the "Action Level" where hearing protection is required.  
● 90 dB - the OSHA, 8 hour average exposure limit.  
● 100 dB - exposures longer than 15 minutes are not recommended.  
● 110 dB - regular exposure of more than 1 minute risks permanent hearing loss. 

 
Therefore, hearing protection should be worn when operating table saws, belt-sanders, and during the use of any other “loud” power 
tools or when working in any loud environments. 
 
Face Mask and Respirator  
A mask or breathing apparatus shall be used when working with particulates or materials that produce dust, chemicals, or toxic 
inhalants.  Refer to MSDS to find filters needed for various toxins or air pollutants.  
 
The three main types of air filters are  

● Particulate — Capture particles in the air, such as dusts, mists, and fumes. 
● Gas and Vapor — Normally used when there are only hazardous gases and vapors in the air. 
● Combination — Normally used in environments that contain hazards of both particulates and gases and vapors. 

 
An appropriate face mask or respirator must be worn when welding, sanding, operating a table saw, or whenever working in a dusty or 
poorly ventilated area. 
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Gloves  
Gloves should be worn when working with tools, equipment, etc. that cause hazards to hand.  Different types of gloves shall be worn 
for appropriate types of hazards. 
 
Glove types  

● Leather gloves protect against sparks, moderate heat, blows, chips, and rough objects. 
● Aluminized gloves provide reflective and insulating protection against heat and require an insert made of synthetic materials to 

protect against heat and cold.  
● Aramid fiber gloves protect against heat and cold, are cut- and abrasive-resistant, and wear well.  
● Synthetic gloves of various materials offer protection against heat and cold, are cut- and abrasive-resistant, and may withstand 

some diluted acids. These materials do not stand up against alkalis and solvents. 
 
Cut- and abrasive-resistant gloves must be worn when operating sanders and saws, when handling sharp or rough objects, or in any 
other situation in which the Safety Officers or Team Mentor deem it necessary. Heat-resistant gloves must be worn whenever 
soldering, welding, or handling hot materials (i.e. recently welded or sanded materials). Gloves SHALL NOT be worn when operating 
a drill press, and any other jewelry or hand- or wrist-adornments must be removed prior to operating a drill press. 

5.3.3 Chemicals  
The Safety Team has identified the following risks associated with handling chemicals: 

● Irritation of skin, eyes, and respiratory system  from  contact  and/or  inhalation of  hazardous fumes.  
● Secondary exposure from chemical spills 
● Destruction of lab materials and property 

 
The following mitigations are recommended. 

● Whenever using chemicals, refer to MSDS sheets for proper  handling 
● Always wear appropriate safety gear and clothing 
● Keep workstations clean  
● Keep ventilation pathways clear  

90 



5.3.4 Equipment and Tools  
A basic understanding of tools used for this project is important for mission success.  Improper handling and misuse of tools may 
result in vehicle damage or bodily harm.  Well maintained tools and shop area will ensure a safe work environment and contribute to 
completing the mission. 
 
The most severe and probable risks that are encountered when working with equipment and tools: 

● Cuts  
● Burns 
● Surface wounds (abrasions, scratches, blisters) and bruises 

 
The following mitigations are recommended. 

● Wearing appropriate clothing, e.g. closed-toed shoes. 
● Wearing appropriate Personal Protective Equipment  
● Speaking to the Safety Officers if unsure of any risks or mitigations 

3.3.5 Composites Safety  
When handling carbon fiber, fiberglass, epoxy, and other composite materials require special care must be made to ensure safety 
precautions are taken to mitigate a variety of safety risks.  

 
The following are risks composites handling: 

● Respiratory irritation  
● Skin irritation  
● Eye irritation 
● Splinters 
● Secondary exposure 
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The following mitigations are recommended. 
● Wearing face masks/respirators when sanding, cutting, grinding, etc., layups. 
● Wearing gloves when handling pre-cured composite. 

5.3.6 Facilities and Areas of Operation 
Team Imua will be utilizing room 112 in Hale ‘Imiloa as our team lab, classroom, and engineering facility.  Room 112 has three main 
exists.  One into the main hallway and the other two into conjoining rooms. Each room have multiple exits out of the building.  The 
room is equipped with an emergency wash station mark with signs and placards.  There is a fire extinguisher locate by exists marked 
with a sign and next to them a fire alarm.  
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[Figure 5.1: Hale ‘Imiloa Room 112 Team Lab ] 

 
 
 
 

93 



 
  

 
[Figure 5.2 - Campus map, Great Lawn launch zone] 

5.3.7 NAR Safety Code 
 

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. 
 

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. 
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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. 
 

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 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. If my rocket has onboard ignition systems for motors or 
recovery devices, these will have safety interlocks that interrupt the current path until the rocket is at the launch pad. 
 

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. 
 

Launch Safety. I will use a 5-second countdown before launch. I will ensure that no person is closer to the launch pad 
than allowed by the accompanying Minimum Distance Table, and that a means is available to warn participants and spectators 
in the event of a problem. I will check the stability of my rocket before flight and will not fly it if it cannot be determined to be 
stable. 
 

Launcher. I will launch my 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 I 
will use a launcher length that permits the rocket to attain a safe velocity before separation from the launcher. I will use a blast 
deflector to prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around each launch pad 
in accordance with the accompanying Minimum Distance table, and will increase this distance by a factor of 1.5 if the rocket 
motor being launched uses titanium sponge in the propellant. 
 

Size. My rocket will not contain any combination of motors that total more than 40,960 N-sec (9208 pound-seconds) of 
total impulse. My 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. 
 

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 
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in my rocket. I will not launch my rockets if 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, 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. 
 

Launcher Location. My launcher will be 1500 feet from any inhabited 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. 
 

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. 
 

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 recover in spectator areas or outside the launch site, nor attempt to catch it as it 
approaches the ground. 

5.3.8 Tripoli Safety Code  
The following is a condensed version of the TRIPOLI HIGH POWER SAFETY CODE. The complete code can be found in the 
TRIPOLI handbook. The Tripoli High Power Safety Code is based on NFPA 1127.  
 
Only a person who is a certified flyer shall operate or fly a high power rocket. 
 
Must comply with United States Code 1348, "Airspace Control and Facilities", Federal Aviation Act of 1958 and other applicable 
federal, state, and local laws, rules, regulations, statutes, and ordinances. 
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A person shall fly a high power rocket only if it has been inspected and approved for flight by a Safety Monitor for compliance with 
the applicable provisions of this code. 
 

Motors .  Use only certified commercially made rocket motors. Do not dismantle, reload, or alter a disposable or expendable 
high power rocket motor, will not alter the components of a reloadable high power rocket motor or use the contents of a reloadable 
rocket motor reloading kit for a purpose other than that specified by the manufacture in the rocket motor or reloading kit instructions. 
A high power rocket shall be constructed to withstand the operating stresses and retain structural integrity under conditions expected 
or known to be encountered in flight.  A high power rocket vehicle intended to be propelled by one or more high power solid 
propellant rocket motor(s) shall be constructed using lightweight materials such as paper, wood, plastic, fiberglass, or, when 
necessary, ductile metal so that the rocket conforms to the other requirements of this code.  A person intending to operate a high 
power rocket shall determine its stability before flight, providing documentation of the location of the center of pressure and center of 
gravity of the high power rocket to the Safety Monitor, if requested. 
 

Weight and Power Limits.  Ensure that the rocket weighs less than the rocket motor manufacturer's recommended maximum 
liftoff weight for the rocket motor(s) used for the flight. During pre-flight inspection, The Safety Monitor may request documentary 
proof of compliance.  Do not install a rocket motor or combination of rocket motors that will produce more than 40,960 
newton-seconds of total impulse (4.448 newtons equals 1.0 pound). 
 

Recovery . Fly a high power rocket only if it contains a recovery system that will return all parts of it safely to the ground so that 
it may be flown again.  Install only flame resistant recovery wadding if wadding is required by the design of the rocket.  Do not 
attempt to catch a high power rocket as it approaches the ground. Do not attempt to retrieve a high power rocket from a place that is 
hazardous to people. 
 

Payloads.  Do not install or incorporate in a high power rocket a payload that is intended to be flammable, explosive, or cause 
harm.  Do not fly a vertebrate animal in a high power rocker.  
 

Launching Devices. Launch from a stable device that provides rigid guidance until the rocket has reached a speed adequate to 
ensure a safe flight path.  Incorporate a jet deflector device if necessary to prevent the rocket motor exhaust from impinging directly 
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on flammable materials. A launching device shall not be capable of launching a rocket at an angle more than 20 degrees from vertical. 
Place the end of the launch rod or rail above eye level or cap it to prevent accidental eye injury. Store the launch rod or rail so it is 
capped, cased, or left in a condition where it cannot cause injury. 
 

Ignition Systems.  Use an ignition system that is remotely controlled, electrically operated, and contains a launching switch that 
will return to "off" when released. 
The ignition system shall contain a removable safety interlock device in series with the launch switch.  The launch system and igniter 
combination shall be designed, installed, and operated so the liftoff of the rocket shall occur within three (3) seconds of actuation of 
the launch system. If the rocket is propelled by a cluster of rocket motors designed to be ignited simultaneously, install an ignition 
scheme that has either been previously tested or has a demonstrated capability of igniting all rocket motors intended for launch 
ignition within one second following ignition system activation. 
Install an ignition device in a high power rocket motor only at the launch site and at the last practical moment before the rocket is 
placed on the launcher. 
 

Launch Site. Launch a high power rocket only in an outdoor area where tall trees, power lines, and buildings will not present a 
hazard to the safe flight operation of a high power rocket in the opinion of the Safety Monitor.  Do not locate a launcher closer to the 
edge of the flying field (launch site) than one-half the radius of the minimum launch site dimension. The flying field (launch site) shall 
be at least as large as the stated in Table 1. or Not less than one-half the maximum altitude expected, calculated, or simulated, or as 
granted by an FAA waiver or the authority having jurisdiction. 
 

Launcher Location.  Locate the launcher more than 1,500 feet from any occupied building. Ensure that the ground for a radius 
of 10 feet around the launcher is clear of browngrass, dry weeds, or other easy-to-burn materials that could be ignited during launch 
by the exhaust of the rocket motor. 
 

Safe Distances .  No person shall be closer to the launch of a high power rocket than the person actually launching the rocket and 
those authorized by the Safety Monitor. 
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Launch Operations.  Do not ignite and launch a high power rocket horizontally, at a target, or so the rocket's flight path goes 
into clouds or beyond the boundaries of the flying field (launch site).  Do not launch a high power rocket if the surface wind at the 
launcher is more than twenty (20) miles per hour.  Do not operate a high power rocket in a manner that is hazardous to aircraft.  
 

Launch Control. Launch a high power rocket only with the immediate knowledge, permission, and attention of the Safety 
Monitor.  All persons in the launching, spectator, and parking areas during a countdown and launch shall be standing and facing the 
launcher if requested to do so by the Safety Monitor.  
Precede the launch with a five (5) second countdown audible throughout the launching, spectator, and parking areas. This countdown 
shall be given by the person launching the rocket, the Safety Monitor, or other flying site operating personnel. 
Do not approach a high power rocket that has misfired until the safety inter-lock has been removed or the battery has been 
disconnected from the ignition system, one minute has passed, and the Safety Monitor has given permission for only a single person to 
approach the misfired rocket to inspect it. 
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5.4 Launch Procedures and Checklists 

5.4.1 Sub Assemblies: 
● Assemble the Avionics section. Include new 9V battery for the PerfectFlight StratologgerCF and fully charged 3.3V (and 850 

mA) battery for the Altus TeleMega. Zip tied to mounting board.  Rotatory switches OFF. 
○ Completion of this step must be verified by both the Team Mentor (Dr. Jacob Hudson) and the Vehicle Engineer for the 

Avionics section (Michael Andrews).  
Mentor Initial: 
Student Initial: 

 
● Assembled Aerotech K1050w motor. 

○ Completion of this step must be verified by both the Team Mentor (Dr. Jacob Hudson) and one of the Level 2 certified 
members of the team (Katherine Bronston or Matthew Nakamura).  

○ This step must be done in the lowest-humidity area available to the team.  
○ This step will NOT be complete until a second ignitor is prepared to be brought to the launch pad.  

Mentor Initial: 
Student Initial: 

 
● Pyros; two 3-gram Black powder, and two 5-gram Black powder. 

○ This step must be done in the lowest-humidity area available to the team. 
○ Completion of this step must be verified by both the Team Mentor (Dr. Jacob Hudson) and one of the Vehicle 

Engineers for Energetics (Matthew Nakamura or Adam Macalalag).  
Mentor Initial: 
Student Initial: 
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● Chutes; One 12-foot diameter chute (forward/booster main), one 5-foot diameter (payload main), and one 3-foot diameter 
(drogue) packed to fit in the 4-inch diameter tube. 

○ Completion of this step must be verified by both the Team Mentor (Dr. Jacob Hudson) and one of the Vehicle 
Engineers for Recovery (Adam Macalalag or Michael Andrews).  

Mentor Initial: 
Student Initial: 

 
● Prepare Deployment Subsystem for Launch.  Include new 12V battery to power the motor and 1 new 9V battery for the 

microcontroller and XBee receiver.  Do a test transmission to ensure system is operational. 
○ Completion of this step must be verified by the Team Mentor (Dr. Jacob Hudson) and the Payload Team Lead (Mia 

Fong).  
Mentor Initial: 
Student Initial: 

 
● Prepare Payload for Launch.  Include 4 new 12V A23 batteries to power the motor and 1 new 9V battery for the 

microcontroller. 
○ Completion of this step must be verified by the Team Mentor (Dr. Jacob Hudson) and the Payload Team Lead (Mia 

Fong).  
Mentor Initial: 
Student Initial: 

 
● Assemble the Payload section with chute packed, and attached to its respective harness. 

○ Completion of this step must be verified by the Team Mentor (Dr. Jacob Hudson), the Payload Team Lead (Mia Fong), 
and one of the Vehicle Engineers for Recovery (Adam Macalalag or Michael Andrews).  

Mentor Initial: 
Student Initials: 
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5.4.2 Pre-Pad Assembly: 
● Feed one end of a 20-foot shock cord through the Fore section, fore to aft. 
● Attached one end of the fed through end of the 20-foot shock cord to the U-bolt at the forward bulkhead of the AV section, via 

quick-link. 
● Attach two 5-gram pyros into the respective 2-pin junctions  (screwed) at the top of the forward AV bulkhead. 
● With one person gently pulling the other end of the 20-foot shock chord, slide the AV section (with attached 5-gram pyros) 

into the aft end of the Fore section until flush with the stop ring. 
● Slide and bolt the aft coupler into the aft end of the Fore section, flush against the bottom of the AV aft bulkhead, using two 

no. 6 X ½” nuts and bolts. 
● Attach two sets of splice wires to the respective 2-pin junctions  (screwed) at the bottom of the Aft AV bulkhead. 
● Attach one end of a 20-foot shock cord to the central screw-eye using a quick-link. 
● Attach the main chute, with its 20-foot shock chord, to the forward shock chord of the Fore section using a quick-link. 
● Attach the drogue chute, with its 20-foot shock chord, to the aft shock chord of the Fore section. 

Mentor Initial: 
Student Initial: 

● Attach one end of 40-foot shock cord to the eye-bolt at the top of the prepared K1050W motor. 
● Pass the other end of the 40-foot shock cord through the motor mount of the Booster section. 
● With one person gently pulling the other end of the 40-foot shock chord, insert the prepared K1050w motor into the motor 

mount of the Booster section, and secure using the Aeropac motor retaining system.  
● Attach the end of the 40-foot shock cord to the quick-link that the drogue chute is attached to. 
● Tape two 3-gram pyros to the inside of the Booster section, low, near the top of the motor mount. 
● Pack the Drogue chute, with its Nymex flameproof patch, into the booster section. 
● Splice both sets of the 3-gram pyros to the two sets of splice wires (2 to 2) attached to the bottom bulkhead of the AV section. 
● Integrate Booster section to aft end of the Fore section, and secure using two 4-40 Nylon screws as shear pins. 

 
Mentor Initial: 
Student Initial: 
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● Insert the Payload chute, with its Nymex flameproof patch, into the fore end of the Fore section of the rocket.  Make sure it is 
well attached to the Payload section. 

● Insert the Main chute into the fore end of the Fore section of the rocket. 
● Integrate the Payload section to the Fore section of the rocket, and secure it using six 4-40 Nylon screws as shear pins. 
● Perform a hang test to confirm the location of the rocket CG.  Confirm that the CG is at least two body diameters above the CP 

(marked on the body). 
● Mark the location of the CG. 
● The integrated rocket is ready for transport to the pad. 
● Tape the igniter to the outside of the rocket. 
● Carry the rocket to RSO station, and if satisfactory, then onto LCO. 
● Wait for proper authorization, and then carry the rocket to the appointed pad.  

Mentor Initial: 
Student Initial: 
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5.4.3 At the pad: 
● With the rail in a horizontal position, slide the rocket onto the rail being careful to properly guide the 15-15 rail buttons onto 

the rail. Push to the bottom stop. 
● Remove the igniter from the body of the rocket (and any tape that may remain), and insert it into the aft end of the K1050W 

motor.  Tape the leads of the igniter wires to the side of the rocket in such a way as to secure the igniter remains in the motor 
during the raising of the rail. 

● Raise the rail to the vertical position. 
● Arm the Altus TeleMega Avionic Unit by inserting a standard ¼” screw driver through the right portal and turn counter 

clockwise.  Confirm all signals are consistent for being armed (w/2pyros), and ready. 
● Arm the PerfectFlight Avionic unit by inserting a standard ¼” screw driver through the left portal and turn ¼ of a turn counter 

clockwise. Confirm all audible signals are consistent with being armed (w/2 pyros), and ready. 
 

Mentor Initial: 
                  Student Initial: 

● IF ALLOWED: attach one of the power leads to one igniter lead.  
● IF ALLOWED: attach the other power lead to the other igniter lead, making sure no power leads or igniter leads are 

inadvertently touching. 
● Perform a continuity test, if successful leave the launch area. 
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6. Payload Criteria 

6.1 Payload Summary  
For SLP 2019, the payload team has designed a deployable rover that will autonomously collect 
a 10 mL soil sample. Upon receiving clearance from the RSO, the UHCC team will send a signal 
to the deployment trigger from the ground station that will begin the ejection of the rover. The 
rover wheel system design utilizes tank treads and a twin motor engine with an RPM of 12300 to 
better navigate various types of terrain. For obstacle avoidance, the rover utilizes one ultrasonic 
sensor per side to determine what is within proximity and needs to be navigated around. Once 
the rover has traveled a distance of 10 feet, the soil collector will deploy and collect 10 mL of 
sample. 

6.1.1 Mission Success Criteria 
In order for the mission to be deemed successful, the payload must satisfy the requirements from 
NASA’s Student Launch Handbook, as well as the derived requirements pertaining to the rover. 
This has been identified and discussed by the UHCC team in section 7.3.1. 
 

Requirement 
No. 

Requirement 

4.3.1 Teams will design a custom rover that will deploy from the internal 
structure of the launch vehicle. 

4.3.2 The rover will be retained within the vehicle utilizing a fail-safe active 
retention system. The retention system will be robust enough to retain 
the rover if atypical flight forces are experienced. 

4.3.3 At landing, and under the supervision of the Remote Deployment 
Officer, the team will remotely activate a trigger to deploy the rover 
from the rocket. 

4.3.4 After deployment, the rover will autonomously move at least 10 ft. (in 
any direction) from the launch vehicle. Once the rover has reached its 
final destination, it will recover a soil sample. 

4.3.5 The soil sample will be a minimum of 10 milliliters (mL). 
4.3.6 The soil sample will be contained in an onboard container or 

compartment. The container or compartment will be closed or sealed to 
protect the sample after collection. 

4.3.7 Teams will ensure the rover’s batteries are sufficiently protected from 
impact with the ground. 

[Figure 6.1 - Payload Criteria ] 
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6.1.2 Subsystems Overview 
The payload has been further broken down into four main subsystems: Retention and Ejection, 
Deployment, Rover, and Soil Sample Recovery. The requirements have been divided up amongst 
each subsystem to ensure that the rover meets all of the requirements. 
 

 
[Figure 6.2 - Subsystem Overview ] 

 
The Retention and Ejection subsystem is responsible for containment and release of the rover, 
during and after flight respectively. This subsystem is responsible for requirement 4.3.2. The 
Deployment subsystem is responsible for the remote activation of the rover and satisfies 
requirement 4.3.3. The Rover subsystem is comprised of all rover systems, such as the wheel 
system and obstacle avoidance system. This subsystem satisfies requirements 4.3.1 ,4.3.4, 4.3.7, 
and 4.3.8. The Soil Sample Recovery subsystem is comprised of the soil collector and verifies 
requirements 4.3.5 and 4.3.6. 

6.1.3 Dimension Overview for the Rover 
 

Length 7 9/16 inches 

Width 3.4 inches 

Height 2.7 inches 

Mass 14.1 ounces 

[Figure 6.3 - Rover Dimension Overview ] 

106 
 



 

6.2 Design of Payload Equipment  
Since PDR, the team has worked on component testing, subsystem testing, and the finalization of 
the payload design. Below, the Payload Team identifies the components they will be using, their 
unique features, and the role the component plays within the subsystem. 

6.2.1  Retention and Ejection Subsystem Overview  
The Upright Rail Landing (URL) subsystem is in charge of retaining the rover during flight and 
landing. Upon activation, the URL will activate its motor in order to provide the appropriate 
linear propulsion needed to expel the rover from the URL subsystem. There are 3 main 
components that the URL subsystem is composed of which will work in tandem to ensure 
mission success. 

6.2.1.1 Open X-Rail 
The rail component plays an important role in the retention and ejection of the rover. The rail is 
responsible for retaining the screw nuts which the rover is mounted on, and the drive thread, 
which is responsible for converting the rotational movement of the motor into linear movement 
so the rover can deploy. The URL Design utilizes the open x-rail depicted below in Figure 6.4, to 
combine all of the major components.  
 

 
[Figure 6.4 - Open X-Rail ] 

 
For the URL design, the rover will be mounted to two 6mm lead screw nuts that are specifically 
designed to fit within the U-shaped cavity of the Open X-Rail. These screw nuts are shown on 
the next page in Figure 6.5. 
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[Figure 6.5 - 6mm Lead Screw Nut for Open X-Rail ] 

 
The drive thread will be attached to the motor and threaded through the above screw nuts, 
locking the rover in place until ejection when the motor begins to rotate and initiate deployment. 
The drive thread chosen is a 6mm lead screw, shown below in Figure 6.6. 
 

 
[Figure 6.6 - 6mm Drive Thread ] 

6.2.1.2 Motor 
The Payload Team selected the 303 RPM Gear Motor to rotate the drive thread and begin the 
ejection of the rover. Both the front and side view of the motor are depicted below. This motor 
was chosen due to its compatibility with the previously discussed components, high RPM, and 
flexible voltage range. 
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[Figure 6.7 - 303 RPM Gear Motor Front View] 

 
Depicted above, it is shown that the output shaft diameter of 6mm corresponds to that of the 
drive thread and lead screw nuts discussed previously. 

 

 
[Figure 6.8 - 303 RPM Gear Motor Side View ] 

 
This motor operates within the range of 3V to 12V and allows the team flexibility when 
powering the motor. The nosecone of the launch vehicle will contain the motor and the tracking 
mechanism.   The batteries being used to power all of the independent systems within the 
nosecone must not cause interference, making the range of voltages even more beneficial. 

6.2.1.3 Upright Rail Landing Support System (URLSS) 
For the custom URLSS design, two ½ inch thick centering rings will be made from plywood and 
used to support the payload rail. These rings will have female cut outs with the rail dimensions 
so that the rail can be slid into place. The rail will be secured to the centering rings with screws. 
Then, the centering rings will be secured to the air frame with epoxy.  
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[Figure 6.9 - Centering ring top down view ] 

6.2.2 Deployment Trigger Subsystem Overview 
The deployment trigger subsystem will be located within the payload tube of the rocket. Upon 
receiving the signal from the ground station, the receiver will send a command to the 
microcontroller which will in turn start the 303 RPM Gear Motor of the Retention and Ejection 
Subsystem, beginning the deployment of the rover.  Below, is a diagram of the major 
components and their connections. 
 

 
[Figure 6.10 - Deployment Trigger Diagram ] 

 
The above diagram is a colored image that depicts the actual components and their connections 
as they would be done physically.  The Arduino Uno, Arduino Motor Shield, and Arduino XBee 
Shield would be stacked atop one another.  As such, the above image does not allow the viewer 
to see how all of the components are wired together.  Figure 6.11 on the next page is a wiring 
schematic and provides a more spread out view of the components and their connections for 
visibility.  The layout below is not how the actual components will be arranged. 
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[Figure 6.11 - Deployment Trigger Wiring Schematic ] 

6.2.2.1 Receiver and Transmitter 
The team’s primary goal is to be able to communicate with the receiver after landing, for it is not 
necessary that the Payload Team be able to interface with the deployment trigger mid-flight. 
Since there is a restriction of 2,500 feet on the radius of drift, the Payload Team’s minimum 
communicable distance is set to 2,500 feet. 
 

 
[Figure 6.12 - Xbee Pro 900HP ] 
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As a result, the team chose to use the Xbee Pro 900HP, depicted on the previous page in Figure 
6.12. This was a logical choice because it is able to not only transmit and receive for up to 4 
miles, but can be easily integrated with Arduino boards and code as well. 

6.2.2.2 Microcontroller 
As this system needs to interact with both the Xbee and the motor, the most reliable design 
would utilize a motor shield, as opposed to designing a unique system of relays and voltage 
regulators. For the team’s unique design needs, the Arduino Uno, pictured below in Figure 6.13, 
offers the preferred add-ons for easier integration of the components to form a cohesive 
subsystem.  
 

  
[Figure 6.13 - Arduino Uno] 

 
For control of the 303 RPM Gear Motor, the team will be utilizing the Arduino Motor Shield 
pictured below in Figure 6.14. 
 

 
[Figure 6.14 - Arduino Motor Shield ] 
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The Arduino Uno also offers an Xbee carrier, which is shown in Figure 6.15 below. 
 

 
[Figure 6.15 - Xbee Shield Stacked ] 

 
Due to their design, the motor shield and Xbee shield are capable of being stacked directly on top 
of the Arduino Uno and only requires an independent power source for the motor itself. This 
allows the Payload Team to focus on the development of code and the testing of the Xbee’s 
range, both obstructed and unobstructed. 

6.2.3 Rover Subsystem Overview  
The rover subsystem itself can be further broken down into four major components: the chassis, 
wheel system, motor, and sensors. To meet the specific requirements of the SLP competition, the 
Payload team has modified a commercially available wheel system and chassis. Below, you will 
find a diagram of the major rover components. 
 

 
[Figure 6.16 - Diagram of Major Rover Components] 
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Each of the four components above plays an integral role in satisfying requirements 4.3.1, 4.3.4, 
4.3.7, and 4.3.8. Below, you will find a table discussing the role of each component and how it 
contributes to furthering the rover design. 
 

Rover Component Purpose 

Chassis The chassis is responsible for ensuring that all components of the 
rover are housed securely while providing structural support for the 
duration of the mission. 

Drive Train: Motors The motors are responsible for advancing the rover ten feet away 
from the payload bay. 

Drive Train: Wheel 
Design 

The wheel system is to ensure that the rover can effectively traverse 
the terrain. 

Sensors The purpose of the sensors is to allow the rover to react to the 
environment for mission success. 

[Figure 6.17 - Description of Rover Component Purpose] 
 
The rover utilizes the Adafruit Feather M0 as the microcontroller, the DC Motor + Stepper 
FeatherWing as the motor shield, DC Hobby motors for the actuation, and the HC-SR04 
Ultrasonic Sensor for obstacle avoidance.  Below, is a colored diagram, illustrating the 
connections between the major electrical components for the rover. 
 

 
[Figure 6.18 - Rover Breadboard Diagram ] 

 
On the next page, in Figure 6.19, there is a more detailed wiring schematic that is focused on the 
connections between each component. 
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[Figure 6.19 - Rover Wiring Diagram ] 

6.2.3.1 Chassis 
The Rover chassis will be constructed out of sheets of 1/10” thick aluminum welded together and 
drilled appropriately for mounting components. Aluminum was chosen for the material of the 
rover chassis because it is lightweight and durable.  
 

 
[Figure 6.20 - Pre-cut aluminum plates mounted on top of drive train prototype] 

6.2.3.2 Wheel Design and Component 
For the rover wheel design, the Payload Team has modified a commercially available Tamiya 
Track and Wheel Set. This set contained the major components for the team’s desired tank tread 
design. Pictured on the next page in Figure 6.21 is the prototype wheel system that the team has 
been utilizing for testing.  
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[Figure 6.21 - Prototype drive train made using the Tamiya Track and Wheel set] 

 
The rubber belt drive was chosen over standard wheels due to its higher traction, making it more 
suitable for various terrain navigation. In order to fit within the dimensions, the axles were 
shortened by ⅓” on each side.  

6.2.3.3 Motor 
For the rover, the two drive motors chosen were DC Hobby motors. These motors run on 6V 
with 1800 RPM and a starting torque of 20 g*cm. These motors are being utilized due to the 
gearbox chosen by the team. The Payload Team chose to also utilize a commercially available 
gearbox, also manufactured by Tamiya, that is compatible with the track and wheel set 
previously discussed in section 6.2.3.2. In Figure 6.22 below, the DC Hobby Motor is pictured 
next to a quarter to provide a sense of scale. 
 

 
[Figure 6.22 - DC Hobby motor for drive]  

 
The drive motors will be mounted in the gearbox shown on the next page in Figure 6.23. The 
gearbox will then be mounted on the bottom of the rover.  
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[Figure 6.23 - DC Hobby motor in gearbox] 

 
Many of the design choices made by the Payload Team are due to either the size or mass 
constraints imposed by the vehicle design which is discussed further in section 7.3.1 as derived 
requirements Payload 1 and Payload 3. Below, in Figure 6.24, the weight and size of the motor is 
listed. 
 

Total Weight (g) 17.5 

Shaft Dimensions (mm) 8 x 2 diameter 

Motor Dimensions (mm) 27.5 x 20 x 15 

[Figure 6.24 - Technical dimensions for drive motors] 

6.2.3.4  Ultrasonic Sensor 
While traveling forward, the rover may sense obstacles and alter its path accordingly. To allow 
the rover to sense obstacles, the Payload Team is utilizing the HC-SR04 ultrasonic sensor. This 
sensor is pictured on the next page in Figure 6.25. 
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[Figure 6.25 - HC-SR04 Ultrasonic Sensor] 

 
This sensor can sense an object anywhere between the range of 2 cm and 4 m, and the code 
currently has the rover rotate when it senses an object within 4 cm of it. The ultrasonic sensor 
runs on 5V with a current of 15 mA. This sensor works by sending an ultrasonic wave that 
reflects back when it encounters an object. By measuring the time elapsed, the sensor is able to 
determine the distance traveled by the ultrasonic wave. 

6.2.3.5 Distance Sensor 
In order to ensure that the rover will travel the required 10 ft away from the rocket, it was 
decided that a wheel encoder would be used instead of a GPS unit, due to its minimal power 
requirements. The rover employs a DAGU RS030 magnetic wheel encoder to track the angular 
motion of the wheel. Rather than an optical encoder which uses light to track the unique 
positions of the encoder medium, a magnetic encoder uses the Hall Effect to track magnetic 
fields. The magnetic encoder is a ferromagnetic wheel containing four separate north poles and 
four separate south poles installed onto the axle, directly in line with the wheel. A 
magneto-resistive transducer is then placed near the encoder, varying it’s output voltage in 
response to the alternating magnetic field.  

 
In order to turn, the rover will have one tread rotating backward and the other tread rotating 
forward. The measured wheels will indicate opposite rotations, indicating that rover is turning. 
This will cause the microcontroller to begin using the associated backwards/forwards rotation to 
calculate the angle away from the original vector of travel. This angle is in turn used to calculate 
the new bearing and distance away from the payload via vector addition. 

6.2.4 Soil Sample Recovery Subsystem (SSRS) Overview 
For the SSRS, a Linear Servo Punch design was created. This design utilizes a micro linear servo 
and custom designed soil collector. The collector operates similarly to an umbrella. While idle, it 
will be folded in and compressed, with the linear servo attached to the vertex shared by each 
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equilateral triangle. This design is favorable because it removes two points of actuation and 
decreases the surface area, making contact with the soil initially upon beginning collection. This 
decrease in surface area results in an increase of pressure, allowing the SSRS to more easily 
displace the soil. Once the actuator has fully extended, polarity will be switched and the actuator 
will retract. The weight of the soil above the top of the umbrella shaped collector will cause the 
panels to spread, allowing for soil collection. 

6.2.4.1 Linear Actuator Component 
For the SSRS, the PQ12-R micro linear servo by Actuonix was chosen for the actuator. This 
actuator comes in a variety of gear ratios which allows the payload team to select the actuator 
that generates the necessary amount of force. The PQ12-R is specifically designed to be 
compatible with Arduino and RC, allowing for easier integration into UHCC’s project. This 
actuator runs on 6V DC and a stroke of 20 mm. 
 

 
[Figure 6.26 - PQ12-R Micro Linear Servo ] 

6.2.4.2 Soil Collector Umbrella Design 
The component that collects the soil is a custom designed, square pyramid that will compress and 
expand dependant on the force applied to it. The square pyramid is comprised of four isosceles 
triangles with legs of 16 mm and a base of 12 mm. This umbrella design in its closed position is 
pictured on the next page, in Figure 6.27. 
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[Figure 6.27 - Soil Collector Closed ] 

 
This collector will be joined at the inverted apex by the linear actuator. The other vertices will be 
connected via 4mm cables through the remaining vertices of each triangle. The interior will be 
lined such that upon the retraction of the actuator, the soil collector will be able to retain the soil 
even as the square pyramid expands. Depicted below is the soil collector open. 
 

 
[Figure 6.28 - Soil Collector Open ] 
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7. Project Plan 

7.1 Funding and Budget Plan 
The UHCC Team has prepared preliminary funding and budget plans. The team receives a 
majority of their funding from the Hawai’i Space Grant Consortium. A budget has been 
prepared, detailing the intended use of this funding in addition to other funding sources. The 
team has also prepared line item budgets for the vehicle construction, payload construction, and 
general operational costs (fellowships and travel costs). At this point, with a finalized design, the 
team does not foresee any changes to the vehicle or payload costs. However, the team 
acknowledges that there may be changes to the general operational costs. 

7.1.1 Funding Sources  
The fund sources for the UHCC team’s SLP endeavors are provided by a supplemental grant 
awarded to Project Imua by the Hawaii Space Grant Consortium (HSGC) and the 
Pre-Engineering Education Collaborative (PEEC) grant, locally referred to as the Indigenous 
Knowledge of Education (IKE) project, awarded by National Science Foundation (NSF) to 
several UHCC campuses (including WinCC and HonCC). 
 
Below is  an overview of the funding sources for the Project Imua Team.  
 

Source Funding 

Hawai'i Space Grant Consortium $65,931 

National Science Foundation $7,718 

Total $73,649 

[Figure 7.1 - Project Imua Funding Sources ] 
 
It is the team’s plan to work off of the budget of $73,649, which was provided by HSGC and 
NSF. 

7.1.1.1 Hawai’i Space Grant Consortium 
The Hawai’i Space Grant Consortium is dedicated to promoting and assisting with educational 
opportunities for students to engage in STEM research. The intention of HSGC is to provide 
students with opportunities for vertical integration into STEM projects and provide the students 
with valuable hands-on experience for their intended career pathway.  
 
The team received funding from the Hawai’i Space Grant Consortium, which totals $65,931. 
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7.1.1.2 National Science Foundation 
With its designation as a Minority Institution, the UH system has been awarded two consecutive 
NSF PEEC (IKE) grants that are designed to encourage underrepresented groups of Native 
Hawaiians, Pacific Islanders, Asian, and female students to pursue studies in engineering fields 
with a strong hands-on project-based component. This grant is an outgrowth of the Tribal 
Colleges and Universities Program (TCUP). 
 
The team received funding from the National Science Foundation, which totals $7,718. 

7.1.2 Allocation of Funds 
The project expenses, which totals $71,394, is broken down into construction, travel, and 
fellowships costs. Construction costs account for $4,230 of the budget, travel costs account for 
$28,164 of the budget, and fellowship costs account for $39,000 of the budget. These expenses 
are summarized in Figure 7.2 below. 
 

Expense Amount 
Fall Fellowships $19,500 

Spring Fellowships $19,500 

Student Travel $20,040 

Faculty Travel $8,124 

Vehicle Construction $1,956 

Payload Construction $2,274 

Total Expenses $71,394 

[Figure 7.2 - Project Imua Expenses ] 
 

The team’s HSGC grant of $65,931 covers the costs of all of the student fellowships for the 
duration of the Student Launch Project ($39,000). In addition, the HSGC grant will be used to 
cover all of the expenses incurred for the construction of both the vehicle and the payload 
($4,230) The remainder of the HSGC grant will be used to pay for the team mentor, one adult 
educator, and nine students to travel to and attend Launch Week ($20,446).  
 
The grant from the NSF will be used for the travel expenses of three more students and one 
additional adult educator for the team ($7,718).  
 
The allocation of the team’s funding is summarized on the next page in Figure 7.3. 
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[Figure 7.3 - Allocations of Funds] 

 
Noting that the Project Imua Team’s overall funding is $73,649, the team has $2,255 of 
un-allocated funding. This amount accounts for 3.1% of the team’s overall budget. This is just 
about half of the total construction costs. As we are well under-budget, we are able to allocate 
funding to any unforeseen expenses that may arise between the CDR milestone and Launch 
Week. 
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7.1.3 Vehicle Construction Line-Item Budget 
 

Description Vendor Quantity Cost per Unit Shipping Total 

Payload Section Airframe 

Hawk 
Mountain 
Enterprises 

1 $16.69 

$15.00 $254.29 

Forward & Booster Airframe 1 $66.75 

Nose Cone 1 $75.00 

Motor Mount 1 $27.00 

Coupler 3 $13.75 

Centering Rings (fore, mid, aft) 3 $4.20 

Primary Altimeter 
Altus Metrum 

1 $400.00 
$0.00 $410.00 

Primary Altimeter Power 1 $10.00 

Secondary Altimeter PerfectFlite 1 $49.46 $4.75 $54.21 

Secondary Altimeter Power Amazon 2 $6.59 $0.00 $13.18 

Fore Section Main Chute 

RocketMan 

1 $155.00 

$0.00 $246.00 Fore Section Drogue Chute 1 $40.50 

Payload Section Chute 1 $50.50 

Motor 

Aerotech 

1 $217.73 

$0.00 $547.28 Motor Casing 1 $194.21 

Motor (Low Powered) 1 $135.34 

Fin Can and Fins 
Max Q 
Aerospace 

1 $294.99 $19.00 $313.99 

VDA Hinges City Mill 1 $11.25 $0.00 $11.25 

Paracord 
Paracord 
Planet 1 $5.99 $0.00 $5.99 

Ancillary Expenses   $100.00  $100.00 

Total $1,956.19 

[Figure 7.4 - Vehicle Construction Expenses ] 

124 
 



 

7.1.4 Payload Construction Line-Item Budget 
 
Description Vendor Quantity Cost per Unit Shipping Total 

For Rover Retention 

ServoCity 

2 $7.99 

$6.99 $108.71 
Rail For Rover Deployment 2 $12.99 

Thread For Rover Deployment 2 $4.89 

Motor for Rover Deployment 2 $24.99 

Motor Shield for Rover 

Adafruit 

4 $19.95 

$24.00 $245.20 

DC Motor for Rover 4 $1.95 

Microcontroller for Rover 4 $19.95 

Stacking Headers; Connect motor 
shield and microcontroller 4 $0.95 

Microcontroller for Tracker 4 $12.50 

Distance Sensor Breakout board 

SparkFun 

4 $21.95 

$22.24 $387.44 

Ultrasonic Proximity Sensor for 
Obstacle Avoidance 4 $3.95 

Tank Treads for Rover 2 $9.95 

Engine for Rover 2 $10.95 

Xbee Shield 4 $15.95 

Xbee Pro 4 $39.00 

Linear Actuator for SSRS Actuonix 2 $70.00 $16.99 $156.99 

Custom Fabrication for Rover  4 $250.00  $1,000.00 

Microcontroller for Deployment 
Arduino 

4 $22.00 
$0.00 $176.00 

Motor Shield for Deployment 4 $22.00 

PCB for Rover Advanced 
Circuits 

4 $17.00 $31.98 
$199.96 

PCB for Tracker 4 $17.00 $31.98 

Total $2,274.30 

[Figure 7.5 - Payload Construction Expenses] 
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7.1.5 Material Acquisition Plan  
The launch vehicle’s airframe, nosecone, motor mount materials, couplers, and bulkhead were 
purchased from Hawk Mountain Enterprises in late October. At this point, the Vehicle Team has 
received these parts and is preparing to begin construction of the vehicle.  
 
The Primary Altimeter, the TeleMega V 3.0 and its battery were purchased from CS Rocketry in 
early November. The Secondary Altimeter, the PerfectFlite Stratologger CF has already been 
purchased directly from PerfectFlite. The Stratologger’s power source, a standard 9V dry cell 
battery, was purchased from Amazon during November. Spare batteries were purchased as well. 
These parts have been received by the Vehicle Team.  
 
The aluminum Fin Can and Fins were purchased from Max Q Aerospace in mid-November. The 
Variable Drag Assembly hinges were purchased from City Mill in November. These parts have 
also been received by the Vehicle Team.  
 
The Main and Drogue Parachutes were purchased from RocketMan, in early January. At that 
time, the team also purchased the paracord for the inverted-Y harness from Paracord Planet.  
 
The K1050W motor and its motor casing will be purchased from Aerotech. Due to high shipping 
costs, the motor used for launch week will be purchased in the continental United States, shortly 
before the competition and will thus incur no shipping costs. 
 
The team has not yet purchased the motor for the Vehicle Demonstration flight, due to 
uncertainty about where the Flight will be done. If the flight is performed in California, a second 
K1050W motor will be purchased from a local Aerotech vendor in the area. If the flight is 
performed in Hawai’i, an Aerotech K695 motor will be purchased and rush shipped to the island 
in time for the Demonstration Flight. As we are well under budget, we are able to pay for rush 
shipping in this event.  
 
Any additional ancillary construction costs for the vehicle construction (screws, epoxy, etc.) will 
be purchased locally from City Mill as needed.  
 
The Payload Team purchased all the hardware for the rover retention system from ServoCity. 
These materials were received on November 9, 2018. At this point, the team has almost finished 
assembly of the URL. The team still needs to acquire a set screw so that the motor can be 
converted to be able to rotate the drive thread. 
 
From Adafruit, the Payload Team purchased the majority of the electronics for the rover as well 
as the motors for the rover wheel system and microcontroller for the tracker. This order was 
placed in early November. This includes the microcontroller, motor shield and female header 
pins to allow for stacking. The team will be utilizing the Adafruit Feather M0 and the DC Motor 
+ Stepper FeatherWing Add-On for the rover. For the tracker, the team will be using the Metro 
Mini 328 as the microcontroller. 
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The Payload Team purchased the remainder of the rover components as well as the XBee Pro 
and it's shield from Sparkfun. This order was placed mid-November and received in late 
November. 
 
From Actuonix, the team purchased the PQ12-R linear actuator that will be used in the SSRS in 
late November. 
 
From Arduino, the team purchased the remaining electronics for the Deployment Trigger in 
mid-November. The Payload Team will be using the Arduino Uno and Arduino Motor Shield. 
 
The team has has allocated $1000 to be used throughout the custom fabrication process of the 
rover and its subsystems. 
 
Lastly, the team has allocated $199.96 dollars to be spent at Advanced Circuits on the production 
runs of the PCB for the rover and tracker. 

7.1.6 General Operational Costs Budget 
The operational costs for the team can be sorted into fellowship stipend costs and travel costs. 
The student team members each receive a stipend of $1,500 per semester. For the fall semester, 
there were thirteen students working on the team, which amounts to $19,500 in fellowship 
stipend costs for fall. For the spring semester, there will be thirteen students working on the 
team, which amounts to $19,500 in fellowship stipend costs for spring. The travel costs for 
students and mentors have been estimated below. 
 
 

Expense Mentor Cost Student Cost 
Airfare $1,100 $1,100 

Auto Rental $440 n/a 

Room $720 $360 

per diem $448 $210 

Total per $2,708 $1,670 

[Figure 7.6 - Travel Costs for Team Members ] 
 

Taking into account that the team intends to bring twelve students and two mentors (one official 
mentor and two adult educators), this brings the travel costs for the team to $28,164. 
 
The general operational costs for the project will be $67,164 and are summarized on the next 
page in Figure 7.7. 
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Expense Cost Number of Subtotal 

Fall Fellowship Stipend $1,500 13 $19,500 

Spring Fellowship Stipend $1,500 13 $19,500 

Student Travel Cost $1,670 12 $20,040 

Mentor Travel Cost $2,708 3 $8,124 

  Total $67,164 

[Figure 7.7 - Operational Costs] 

7.2 NASA Requirements Compliance 
The team has thoroughly reviewed the requirements laid out for the SLP project in the Student 
Handbook. The proposed solutions are provided below, by their respective section. In addition, 
the solutions are annotated with their completion status. Of the many proposed solutions, many 
of them are through simulations, testing of the vehicle, assigning responsibility of certain 
requirements to specific team members, following safety protocols, ensuring vehicle and payload 
designs meet the criteria of the project, and providing identifying tests that need to be performed 
by the team.  

7.2.1 General Requirements Verification 
The team has thoroughly reviewed the requirements laid out for the SLP project in the Student 
Handbook. For the general requirements, the team organized the student team members into four 
teams: the Vehicle Team, the Payload Team, the Media Team, and the Safety Team. Beyond 
this, the certain responsibilities for each role within the teams were determined and discussed in 
Section 3. The assignments of responsibilities are summarized in the Organizational Chart 
(Figure 3.1). 
 

Item Requirement  Method of Verification Status 

1.1 Students on the team will do 
100% of the project, including 
design, construction, written 
reports, presentations, and flight 
preparation with the exception of 
assembling the motors and 
handling black powder or any 
variant of ejection charges, or 
preparing and installing electric 
matches (to be done by the team’s 
mentor) 

Inspection. To ensure that 
this is student performed 
project, a formal 
organizational chart has 
been created which 
identifies all 
responsibilities and assigns 
them to a specific student. 
This can be found in 
Section 3 (Team 
Overview). 

Complete 
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Item Requirement  Method of Verification Status 

1.2 The team will provide and 
maintain a project plan to include, 
but not limited to the following 
items: project milestones, budget 
and community support, 
checklists, personnel assignments, 
STEM engagement events, and 
risks and mitigations 

Inspection. A project plan 
was created and individual 
students were assigned 
responsibility to monitor 
and alert the team of 
updates to these fields. The 
project plan and timelines 
can be found in Section 7.8 
(Timeline). The 
assignments of student 
responsibilities are 
summarized in Section 3 
(Team Overview). 

Complete 

1.3 Foreign National (FN) team 
members must be identified by the 
Preliminary Design Review 
(PDR) and may or may not have 
access to certain activities during 
launch week due to security 
restrictions. In addition, FN’s may 
be separated from their team 
during certain activities.  

Inspection. The team has 
surveyed and determined 
which members of the team 
are Foreign Nationals. This 
information has already 
been sent to the appropriate 
NASA personnel. 

Complete 

1.4 The team must identify all team 
members attending launch week 
activities by the Critical Design 
Review (CDR). Team members 
will include: 

Inspection. To ensure that 
the team will be able to 
identify all active 
members, its mentor, and 
adult educators, this 
responsibility of tracking 
said participants has been 
assigned to the Team Lead. 
The Team Lead identified 
the team members 
attending launch week in 
Section 3.10. 

Complete 

1.4.1 Students actively engaged in the 
project throughout the year. 

1.4.2 One mentor (see requirement 
1.13) 

1.4.3 No more than two adult educators. 
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Item Requirement  Method of Verification Status 

1.5 The team will engage a minimum 
of 200 participants in educational, 
hands-on science, technology, 
engineering, and mathematics 
(STEM) activities, as defined in 
the STEM Engagement Activity 
Report, by FRR. To satisfy this 
requirement, all events must occur 
between project acceptance and 
the FRR due date and the STEM 
Engagement Activity Report must 
be submitted via email within two 
weeks of the completion of the 
event. A sample of the STEM 
Engagement Activity Report can 
be found on page 33 of the 
handbook.  

Inspection. The team 
identified a STEM 
Engagement Officer, Mike 
Andrews, who has been 
briefed on his requirements 
and created a STEM 
Engagement Plan and 
Timeline. The 
responsibilities of the 
STEM Engagement Officer 
are detailed in 3.6. The 
STEM Engagement Plan is 
detailed in Section 7.7. 

Complete 

1.6 The team will establish a social 
media presence to inform the 
public about team activities.  

Inspection. The team 
identified two Social 
Media Officers, Katherine 
Bronston and Mia Fong, 
who are responsible for the 
team’s social media 
presence. This role is 
elaborated upon in Section 
3.5. 

Complete 

1.7 Teams will email all deliverables 
to the NASA project management 
team by the deadline specified in 
the handbook for each milestone. 
In the event that a deliverable is 
too large to attach to an email, 
inclusion of a link to download 
the file will be sufficient.  

Inspection. The Point of 
Contact (POC) for the 
team, the Team Lead, is 
assigned responsibility of 
ensuring that emails of 
deliverables are sent by 
their respective deadlines. 
The Website Developer for 
the team is responsible of 
preparing links for 
download, if the document 
size requires it. These 
responsibilities are detailed 
in Section 3.1 and 3.7. 

Complete 
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Item Requirement  Method of Verification Status 

1.8 All deliverables must be in PDF 
format. 

Inspection. The team 
established a Document 
Editor, Lauren 
Grzegorczyk who is 
informed on the required 
document format for 
submission. This is noted 
in the team’s Organization 
Chart in Section 3. 

Complete 

1.9 In every report, teams will 
provide a table of contents 
including major sections and their 
respective sub-sections.  

1.10 In every report, the team will 
include the page number at the 
document of the page. 

1.11 The team will provide any 
computer equipment necessary to 
perform a video teleconference 
with the review panel. This 
includes, but it not limited to, a 
computer system, video camera, 
speaker telephone, and a sufficient 
Internet connection. Cellular 
phones should be used for 
speakerphone capability only as a 
last resort.  

Inspection. Proper video 
equipment (computer, 
video camera, speaker 
telephone, and internet 
connection) have already 
been procured by the team 
and set up in the room used 
for presentations and 
teleconferences.  

Complete 

1.12 All teams will be required to use 
the launch pads provided by 
Student Launch’s launch services 
provider. No custom pads will be 
permitted on the launch field. 
Eight foot 1010 rails and 12 foot 
1515 rails will be provided. The 
launch rails will be canted to 5 to 
10 degrees away from the crowd 
on launch day. The exact cant will 
depend on launch day wind 
conditions.  

Inspection. This 
information has been 
relayed to the Rocket Team 
and the rocket was 
designed accordingly with 
1515 rail buttons and will 
be able to utilize the 1515 
rail. The team will verify 
this by inspecting the rail 
button size prior to Vehicle 
Demonstration Flight.  

Complete 
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Item Requirement  Method of Verification Status 

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

Inspection. The team 
mentor has been 
established as Dr. Jacob 
Hudson, a Level 3 certified 
member of both TRA and 
NAR. In addition, Dr. 
Hudson is a member of 
L3CC in the NAR and a 
TAP member in the TRA. 
His qualifications are 
summarized in Section 
3.8.2. 

Complete 

7.2.2 Vehicle Requirements Verification 
To ensure adherence to the Vehicle Requirements laid out in the NASA Student Launch 
Handbook, the Vehicle Team has created the following verification plan. Of the verification 
methods, many were done so with careful planning of the Vehicle Design (Section 4.2), to ensure 
that the design aligned with the requirements and nature of the Student Launch Project. Many 
requirements have been verified through analysis and simulations performed in the Mission 
Performance Predictions (Section 4.5). In addition, many of the requirements will be satisfied by 
demonstration at the Vehicle Demonstration Flight (Section 7.6.3) which is tentatively scheduled 
for February 17, 2019 at Kaneohe Marine Corps Base.  
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Item Requirement Method of Verification Status 

2.1 The vehicle will deliver the 
payload to an apogee altitude 
between 4,000 and 5,500 feet 
above the ground level (AGL). 
Teams flying below 3,500 feet or 
above 6,000 feet on Launch Day 
will be disqualified and receive 
zero altitude points towards their 
overall project score.  

Demonstration.  The 
design of the rocket (i.e., 
the choices of sizing, 
choice of chute 
deployment altitudes, 
motors, etc.) is intended to 
place apogee in this range. 
This will be formally 
demonstrated during the 
Demonstration Flight, 
scheduled for February 17, 
2019, detailed in Section 
7.6.3. 

In progress 
 

2.2 Teams shall identify their target 
altitude goal at the PDR 
milestone. The declared target 
altitude will be used to determine 
the team’s altitude score during 
Launch Week. 

Analysis.  The target 
altitude of the vehicle was 
identified in the PDR 
report to be 4700 ft AGL. 

Complete 

2.3 The vehicle will carry one 
commercially available 
barometric altimeter for recording 
the official altitude used in 
determining the Altitude Award 
winner. The Altitude Award will 
be given to the team with the 
smallest difference between their 
measured apogee and their 
official target altitude on launch 
day.  

Inspection. The vehicle 
was designed to include 
two commercially 
available barometric 
altimeters, the Altus 
Metrum TeleMega V 3.0 
(primary) and the 
PerfectFlite Stratologger 
CF Altimeter (secondary). 
This is detailed in Section 
4.4 (Avionics System). 

Complete 

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

Demonstration.  The 
rocket was designed to 
have separate dedicated 
mechanical arming 
switches for each altimeter. 
This will be demonstrated 
at the Vehicle 
Demonstration Flight, 
detailed in Section 7.6.3. 

In progress 
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Item Requirement Method of Verification Status 

2.5 Each altimeter will have a 
dedicated power supply. 

Inspection. The Altus 
Metrum TeleMega V 3.0 
that is being used as the 
primary altimeter will have 
a 3.7V (850 mA) S1 
JS-connected, battery as its 
dedicated power supply.  
The PerfectFlite 
Stratologger CF that is 
being used as the 
secondary altimeter will 
have a standard 9V dry cell 
as its dedicated power 
supply. These power 
supplies were included in 
the rocket’s design, in 
Section 4.4. 

Complete 

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

Demonstration. The 
arming switches were 
designed capable of being 
locked in the ON position. 
This function will be 
demonstrated at the Flight 
Demonstration, elaborated 
upon in Section 7.6.3. 

In progress 
 

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

Demonstration.  To ensure 
that the rocket is 
recoverable and reusable, 
the rocket has been 
designed to utilize proper 
recovery (i.e., drogue and 
main chutes deployed at 
different altitudes). The 
design was made so that all 
parts would remain intact 
after a launch. This will be 
demonstrated in the VPDF 
on February 17, 2019, 
detailed in Section 7.6.3. 

In progress 
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Item Requirement Method of Verification Status 

2.8 The launch vehicle will have a 
maximum of four (4) independent 
sections. An independent section 
is defined as a section that is 
either tethered to the main vehicle 
or is recovered separately from 
the main vehicle using its own 
parachute.  

Inspection. The vehicle 
was designed to have two 
(2) independent sections: 
the nosecone/payload 
section and the 
forward/booster section. 
These sections are detailed 
in Section 4.2 (Launch 
Vehicle Design). 

Complete 

2.8.1 Coupler/airframe shoulders which 
are located at in-flight separation 
points will be at least 1 body 
diameter in length.  

Inspection. This was 
satisfied in the rocket 
design. The coupler/ 
airframe shoulders are 11 
inches in length, more than 
twice the body diameter (4 
inches).  

Complete 

2.8.2 Nosecone shoulders which are 
located at in-flight separation 
points will be at least ½ body 
diameter in length. 

Inspection. The nosecone 
shoulder length is 4.5 
inches, which well over 
half of the vehicle’s 4 inch 
diameter.  

Complete 

2.9 The launch vehicle will be limited 
to a single stage. 

Inspection. The launch 
vehicle has been designed 
accordingly, as a single 
stage. 

Complete 

2.10 The launch vehicle will be 
capable of being prepared for 
flight at the launch site within 2 
hours of the time the Federal 
Aviation Administration flight 
waiver opens.  

Inspection. The Vehicle 
Engineers have taken this 
requirement into account 
and are planning 
accordingly. The team has 
made a Pre-flight checklist 
to ensure the vehicle 
satisfies this requirement. 
This is detailed in Section 
5.4 (Launch Procedures). 

Complete 
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Item Requirement Method of Verification Status 

2.11 The launch vehicle will be 
capable of remaining in 
launch-ready configuration on the 
pad for a minimum of 2 hours 
without losing the functionality of 
any critical on-board components. 

Demonstration. The 
Vehicle Engineers will 
demonstrate this capability 
in the Electronics 
Performance Test detailed 
in Section 7.4.6. 

In progress. 

2.12 The launch vehicle will be 
capable of being launched by a 
standard 12-volt direct current 
firing system. The firing system 
will be provided by the 
NASA-designated launch services 
provider.  

Demonstration.  The 
Vehicle Engineers have 
designed the rocket to be 
launched on a standard 
12-volt direct current firing 
system. The team will 
demonstrate this during the 
Demonstration Flight, 
detailed in Section 7.6.3. 

In progress 
 
 

2.13 The launch vehicle will require no 
external circuitry or special 
ground support equipment to 
initiate launch (other than what is 
provided by the launch services 
provider). 

Inspection. The launch 
vehicle has been designed 
to require no external 
circuitry or special ground 
support.  

Complete 

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

Inspection. The launch 
vehicle is designed to use a 
commercially available 
solid motor propulsion 
system meeting the 
requirements. The Vehicle 
Engineers will verify use 
of the correct motor before 
any flights.  

Complete 

2.14.1 Final motor choices will be 
declared by the Critical Design 
Review (CDR) milestone. 

Inspection. The team has 
selected the Aerotech 
K1050W motor, the 
motivation for this 
decision is detailed in 
Section 4.5.2. 

Complete 

 

136 
 



 

Item Requirement Method of Verification Status 

2.14.2 Any motor change after CDR 
must be approved by the NASA 
Range Safety Officer (RSO) and 
will only be approved if the 
change is for the sole purpose of 
increasing the safety margin. A 
penalty against the team’s overall 
score will be incurred when a 
motor change is made after the 
CDR milestone, regardless of the 
reason.  

Inspection. The team’s 
rocket engineers have been 
briefed on this requirement 
and do not intend on 
changing the motor 
selection after this 
milestone.  

Complete 

2.15 Pressure vessels on the vehicle 
will be approved by the RSO and 
will meet the following criteria: 

Inspection. The vehicle 
contains no pressure 
vessels. 

Complete 

2.15.1 The minimum factor of safety 
(Burst or Ultimate pressure versus 
Max Expected Operating 
Pressure) will be 4:1 with 
supporting design documentation 
included in all milestone reviews. 

Inspection. The vehicle 
contains no pressure 
vessels. 

Complete 

2.15.2 Each pressure vessel will include 
a pressure relief valve that sees 
the full pressure of the tank and is 
capable of withstanding the 
maximum pressure and flow rate 
of the tank.  

Inspection. The vehicle 
contains no pressure 
vessels. 

Complete 

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

Inspection. The vehicle 
contains no pressure 
vessels. 

Complete 
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Item Requirement Method of Verification Status 

2.16 The total impulse provided by a 
College or University launch 
vehicle will not exceed 5,120 
Newton-seconds (L-class). The 
total impulse provided by a High 
School or Middle School launch 
vehicle will not exceed 2,560 
Newton-seconds (K-class).  

Analysis. To ensure that 
the total impulse of the 
launch vehicle will not 
exceed 5,120 
Newton-seconds, the 
Aerotech K1050W motor 
was selected for the launch 
vehicle. This motor only 
supplies 2,426 
Newton-seconds of total 
impulse. The details of the 
motor are in Section 4.5.2. 

Complete 

2.17 The launch vehicle will have a 
minimum static stability margin 
of 2.9 at the point of rail exit. Rail 
exit is defined at the point where 
the forward rail button loses 
contact with the rail.  

Analysis.  We will ensure 
that the static stability 
margin of the launch 
vehicle is 2.9 or higher by 
finding the CG when the 
launch vehicle is fully 
ballasted and verify that 
this is more than 2 rocket 
diameter lengths below the 
CP.  

In progress 

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

Demonstration. The 
anticipated rail exit 
velocity of the rocket is 
75.5 fps. This number was 
found through simulations. 
This will be verified during 
the Vehicle Demonstration 
Flight, detailed in Section 
7.6.3. 

In progress 

2.19 All teams will successfully launch 
and recover a subscale model of 
their rocket prior to CDR. 
Subscales are not required to be 
high power rockets.  

Inspection. The Vehicle 
Engineers designed and 
constructed a subscale 
version of the launch 
vehicle. The details on this 
are summarized in Section 
4.6 and Section 7.4.2. 

Complete 

 

138 
 



 

Item Requirement Method of Verification Status 

2.19.1 The subscale model should 
resemble and perform as similarly 
as possible to the full-scale 
model, however, the full-scale 
will not be used as the subscale 
model.  

Analysis.  The Vehicle 
Engineers have designed 
and constructed the 
subscale model to be as 
similar to the full-scale as 
possible. The design was 
constructed at a 1:4 scale. 
This is described in 
Section 4.6 and 7.4.2. 

Complete 

2.19.2 The subscale model will carry an 
altimeter capable of recording the 
model’s apogee altitude.  

Inspection. The Vehicle 
Engineers installed an 
altimeter, the Jolly Logic 
Altimeter Three, into the 
subscale vehicle, 
elaborated upon in Section 
4.6 and 7.4.2. This 
altimeter is capable of 
recording apogee altitude. 

Complete 

2.19.3 The subscale rocket must be 
newly constructed rocket, 
designed, and built specifically 
for this year’s project.  

Inspection. Work on the 
subscale rocket began in 
October 2018. The 
subscale rocket was newly 
constructed, designed, and 
built specifically for the 
2018-2019 Student Launch 
Project. 

Complete 

2.19.4 Proof of a successful flight shall 
be supplied in the CDR report. 
Altimeter data output may be 
used to meet this requirement.  

Inspection. This 
requirement has been 
acknowledged and the 
Vehicle Engineers have 
selected an altimeter from 
which they can supply 
data. The results are 
summarized in Section 4.6 
and Section 7.4.2. 

Complete 

2.20 All teams will complete 
demonstration flights as outlined 
below.  

Demonstration. 
Acknowledged.  

In progress 
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Item Requirement Method of Verification Status 

2.20.1 Vehicle Demonstration Flight - 
All teams will successfully launch 
and recover their full-scale rocket 
prior to FRR in its final flight 
configuration. The rocket flown 
must be the same rocket to be 
flown on launch day. The purpose 
of the Vehicle Demonstration 
Flight is to validate the launch 
vehicle’s stability, structural 
integrity, recovery systems, and 
the team’s ability to prepare the 
launch vehicle for flight. A 
successful flight is defined as a 
launch in which all hardware is 
functioning properly (i.e. drogue 
chute at apogee, main chute at the 
intended lower altitude, 
functioning tracking devices, 
etc.). The following criteria must 
be met during the full-scale 
demonstration flight: 

Demonstration.  The 
scheduled Vehicle 
Demonstration Flight will 
occur on February 17, 
2019. This is elaborated 
upon in Section 7.6.3. 

In progress 

2.20.1.1 The vehicle and recovery system 
will have functioned as designed.  

Demonstration. The team 
will test this at the Vehicle 
Demonstration Flight, 
detailed in Section 7.6.3. 

In progress 

2.20.1.2 The full-scale rocket must be a 
newly constructed rocket, 
designed and built specifically for 
this year’s project.  

Inspection. 
Acknowledged. The 
team’s full-scale rocket is 
newly designed and will be 
newly constructed 
specifically for the 
2018-2019 Student Launch 
Project. 

Complete 

2.20.1.3 The payload does not have to be 
flown during the full-scale 
Vehicle Demonstration Flight. 
The following requirements still 
apply: 

Inspection. 
Acknowledged. 

Complete 
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Item Requirement Method of Verification Status 

2.20.1 Vehicle Demonstration Flight - 
All teams will successfully launch 
and recover their full-scale rocket 
prior to FRR in its final flight 
configuration. The rocket flown 
must be the same rocket to be 
flown on launch day. The purpose 
of the Vehicle Demonstration 
Flight is to validate the launch 
vehicle’s stability, structural 
integrity, recovery systems, and 
the team’s ability to prepare the 
launch vehicle for flight. A 
successful flight is defined as a 
launch in which all hardware is 
functioning properly (i.e. drogue 
chute at apogee, main chute at the 
intended lower altitude, 
functioning tracking devices, 
etc.). The following criteria must 
be met during the full-scale 
demonstration flight: 

Demonstration.  The 
scheduled Vehicle 
Demonstration Flight will 
occur on February 17, 
2019. This is elaborated 
upon in Section 7.6.3. 

In progress 

2.20.1.1 The vehicle and recovery system 
will have functioned as designed.  

Demonstration. The team 
will test this at the Vehicle 
Demonstration Flight, 
detailed in Section 7.6.3. 

In progress 

2.20.1.2 The full-scale rocket must be a 
newly constructed rocket, 
designed and built specifically for 
this year’s project.  

Inspection. 
Acknowledged. The 
team’s full-scale rocket is 
newly designed and will be 
newly constructed 
specifically for the 
2018-2019 Student Launch 
Project. 

Complete 

2.20.1.3 The payload does not have to be 
flown during the full-scale 
Vehicle Demonstration Flight. 
The following requirements still 
apply: 

Inspection. 
Acknowledged. 

Complete 
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Item Requirement Method of Verification Status 

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

Inspection. The team 
intends to fly the payload 
during the Vehicle 
Demonstration Flight. In 
the event this does not 
happen, the Vehicle 
Engineers will supply a 
mass simulator and the 
Payload Engineers will 
supply the exact mass that 
needs to be simulated.  

Complete 
 
 

2.20.1.3.2 The mass simulators will be 
located in the same approximate 
location on the rocket as the 
missing payload mass.  

Inspection. In the event of 
a separate Payload 
Demonstration Flight, the 
Payload Engineers will 
supply the Vehicle 
Engineers with the correct 
placement and orientation 
of their payload.  

 Complete 

2.20.1.4 If the payload changes the 
external surfaces of the rocket 
(such as with camera housings or 
external probes) or manages the 
total energy of the vehicle, those 
systems will be active during the 
full-scale Vehicle Demonstration 
Flight.  

Inspection. The designed 
payload does not change 
the external surfaces of the 
rocket or manage the total 
energy of the vehicle.  

Complete 

2.20.1.5 Teams shall fly the launch day 
motor for the Vehicle 
Demonstration Flight. The RSO 
may approve use of an alternative 
motor if the home launch field 
cannot support the full impulse of 
the launch day motor or in other 
extenuating circumstances.  

Inspection. The team 
intends to either use the 
Launch Day or motor or 
fly the design on a K695R 
motor. If the latter decision 
is made, the team will 
contact the RSO for 
approval. This is detailed 
in Section 7.6.3. 

In progress 
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Item Requirement Method of Verification Status 

2.20.1.6 The vehicle must be flown in its 
fully ballasted configuration 
during the full-scale test flight. 
Fully ballasted refers to the same 
amount of ballast that will be 
flown during the launch day 
flight. Additional ballast may not 
be added without a re-flight of the 
full-scale launch vehicle.  

Inspection. The team 
intends to fly both the 
entirely finished Vehicle 
and Payload during its 
February Vehicle 
Demonstration Flight. In 
the situation where the 
payload is not flown at that 
time, the Vehicle 
Engineers will be 
responsible for ensuring 
that the same ballast is 
flown. The Payload 
Engineers will be 
responsible for giving the 
necessary ballast 
information to the Vehicle 
Engineers.  

Complete 

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

Inspection. 
Acknowledged. 

Complete 

2.20.1.8 Proof of a successful flight shall 
be supplied in the FRR report. 
Altimeter data output is required 
to meet this requirement.  

Inspection. The Vehicle 
Engineers and Document 
Editor have been informed 
of and acknowledged this 
requirement. The Vehicle 
Engineers are responsible 
for supplying the 
Document Editor with the 
necessary data to include 
in the FRR. 

Complete 
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Item Requirement Method of Verification Status 

2.20.1.9 Vehicle Demonstration flights 
must be completed by the FRR 
submission deadline. If the 
Student Launch office determines 
that a Vehicle Demonstration 
Re-flight is necessary, then an 
extension may be granted. This 
extension is only valid for 
re-flights, not first-time flights. 
Teams completing a required 
re-flight must submit an FRR 
Addendum by the FRR 
Addendum deadline.  

Inspection. The scheduled 
Vehicle Demonstration 
Flight for our team is 
February 17, 2019, which 
well enough in advance of 
the FRR submission 
deadline.  

Complete 

2.20.2 Payload Demonstration Flight - 
All teams will successfully launch 
and recover their full-scale rocket 
containing the completed payload 
prior to the Payload 
Demonstration Flight deadline. 
The rocket flown must be the 
same rocket to be flown on 
launch day. The purpose of the 
Payload Demonstration Flight is 
to prove the launch vehicle’s 
ability to safely retain the 
constructed payload during flight 
and to show that all aspects of the 
payload perform as designed. A 
successful flight is defined as a 
launch in which the rocket 
experiences stable ascent, the 
payload is fully retained during 
ascent and descent, and the 
payload is safely deployed on the 
ground. The following criteria 
must be met during the Payload 
Demonstration Flight: 

Inspection. The scheduled 
Payload Demonstration 
Flight will be concurrent 
with the Vehicle 
Demonstration Flight on 
February 17, 2019. 

Complete 
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Item Requirement Method of Verification Status 

2.20.2.1 The payload must be fully 
retained throughout the entirety of 
the flight, all retention 
mechanisms must function as 
designed, and the retention 
mechanism must not sustain 
damage requiring repair. 

Demonstration. The 
Payload Engineers have 
been fully informed on this 
requirement. In the case 
where one of these is not 
met during the initial 
Vehicle Demonstration 
Flight, the payload will be 
modified and the 
Demonstration Flight 
re-done. This is further 
described in Section 7.6.3. 
Tests ensuring success of 
the retention mechanism 
are described in Section 
7.5.1. 

In progress 

2.20.2.2 The payload flown must be the 
final, active version. 

Inspection. 
Acknowledged.  

Complete 

2.20.2.3 If the above criteria is met during 
the original Vehicle 
Demonstration Flight, occurring 
prior to the FRR deadline and the 
information is included in the 
FRR package, the additional 
flight and FRR Addendum are not 
required. 

Inspection. 
Acknowledged.  

Complete 

2.20.2.4 Payload Demonstration Flights 
must be completed by the FRR 
Addendum deadline. No 
extensions will be granted.  

Inspection. The team 
intends to perform the 
Payload Demonstration 
Flight concurrently with 
the Vehicle Demonstration 
Flight in February, far 
before the FRR Addendum 
deadline. This allows for 
time to relaunch for a 
Payload Demonstration 
Flight if necessary.  

Complete 
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Item Requirement Method of Verification Status 

2.21 An FRR Addendum will be 
required for any team completing 
a Payload Demonstration Flight 
or NASA-required Vehicle 
Demonstration Re-flight after the 
submission of the FRR Report.  

Inspection. The team has 
been briefed on this 
requirement and intends to 
launch the vehicle with the 
fully finished payload for 
the FRR, so that an FRR 
Addendum will not be 
necessary.  

Complete 

2.21.1 Teams required to complete a 
Vehicle Demonstration Re-Flight 
and failing to submit the FRR 
Addendum by the deadline will 
not be permitted to fly the vehicle 
at launch week.  

Inspection. The team has 
been briefed on these 
requirements and has set 
its Vehicle Demonstration 
Flight for February 17, 
2019. This date allows the 
team time to retest before 
the FRR deadline. By 
doing this, the team hopes 
to have all Flight/Payload 
Demonstrations completed 
by FRR so that an 
addendum is not necessary. 

Complete 

2.21.2 Teams who successfully complete 
a Vehicle Demonstration but fail 
to qualify the payload by 
satisfactorily completing the 
Payload Demonstration Flight 
requirement will not be permitted 
to fly the payload at launch week.  

2.21.3 Teams who complete a Payload 
Demonstration Flight which is not 
fully successful may petition the 
NASA RSO for permission to fly 
the payload at launch week. 
Permission will not be granted if 
the RSO or the Review Panel 
have any safety concerns.  

Inspection. The payload 
team has been briefed on 
this requirement. The 
Payload Demonstration 
Flight has been set to be 
with the Vehicle 
Demonstration Fight on 
February 17, 2019. By 
having these flights with 
some spare time before the 
FRR deadline, this allows 
the payload team to make 
revisions (if necessary) to 
ensure that the team is able 
to submit a successful 
Payload Demonstration 
Flight.  

Complete 
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Item Requirement Method of Verification Status 

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

Analysis. The only 
protruding features on the 
vehicle above the center of 
pressure is the upper rail 
button. As the burnout 
center of gravity is to be 
well above the COP, we 
are confident that there is 
no structural protuberance 
on the rocket located aft of 
the burnout center of 
gravity.  

Complete 

2.23 The team’s name and launch day 
contact information shall be in or 
on the rocket airframe as well as 
in or an any section of the vehicle 
that separates during flight and is 
not tethered to the main airframe.  

Inspection. The Vehicle 
Engineers have been 
informed of this 
requirement and intend to 
put this information on all 
necessary sections once 
construction of the rocket 
has finished.  

In Progress 

2.24 Vehicle Prohibitions Inspection. The Vehicle 
Engineers have reviewed 
these prohibitions and 
ensured that the Launch 
Vehicle does not utilize 
any of these features.  

Complete 

2.24.1 The launch vehicle will not utilize 
forward canards. Camera 
housings will be exempted, 
provided the team can show that 
the housing(s) causes minimal 
aerodynamic effect on the 
rocket’s stability.  

Inspection. The launch 
vehicle does not utilize 
forward conards. 

Complete 

2.24.2 The launch vehicle will not utilize 
forward firing motors. 

Inspection. The launch 
vehicle does not utilize 
forward firing motors.  

Complete 
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Item Requirement Method of Verification Status 

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

Inspection. The designed 
launch vehicle does not 
utilize motors that expel 
titanium sponges; it 
utilizes the Aerotech 
K1050W motor, detailed in 
Section 4.5.2. 

Complete 

2.24.4 The launch vehicle will not utilize 
hybrid motors. 

Inspection. The designed 
launch vehicle does not 
utilize hybrid motors; it 
utilizes a solid-propellant 
motor, the Aerotech 
K1050W motor, detailed in 
Section 4.5.2.  

Complete 

2.24.5 The launch vehicle will not utilize 
a cluster of motors. 

Inspection. The designed 
launch vehicle does not 
utilize a cluster of motors; 
it utilizes a single Aerotech 
K1050W motor, detailed in 
Section 4.5.2. 

Complete 

2.24.6 The launch vehicle will not utilize 
friction fitting for motors.  

Inspection. 
Acknowledged. The 
launch vehicles does not 
utilize friction fitting.  

Complete 

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

Analysis. According to 
current simulations of the 
launch vehicle, the current 
vehicle design should not 
exceed Mach 0.62. 

Complete 

2.24.8 Vehicle ballast will not exceed 
10% of the total unballasted 
weight of the rocket as it would 
sit on the pad (i.e. a rocket with 
and unballasted weight of 40 lbs 
on the pad may contain a 
maximum of 2 lbs of ballast). 

Inspection. The vehicle 
does not have ballast. It 
utilizes a Variable Drag 
Assembly. 

Complete 
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Item Requirement Method of Verification Status 

2.24.9 Transmissions from onboard 
transmitters will not exceed 250 
mW of power.  

Inspection. The current 
design calls for 
transmitters with 40mW, 
50mW, and  of power from 
transmission. Combined, 
they total 90mW which is 
well below this 
requirement.  

Complete 

2.24.10 Excessive and/or dense metal will 
not be utilized in the construction 
of the vehicle. Use of lightweight 
metal will be permitted but 
limited to the amount necessary to 
ensure structural integrity of the 
airframe under the expected 
operating stresses.  

Inspection. 
Acknowledged. The 
vehicle does not utilize 
excessive or dense 
material.  

Complete 

7.2.3 Recovery Requirements Verification 
To ensure that the Launch Vehicle descends in a safe and distance restricted manner, the Vehicle 
Team designated specific Vehicle Engineers to work on the Recovery of the Launch Vehicle. 
The Recovery System Engineers thoroughly reviewed the the Recovery Requirements in the 
Student Launch Handbook and designed the Recovery System accordingly. A summary of the 
Recovery System can be found in Section 4.3 The Methods of Verification for these 
requirements are summarized below.  
 

Item Requirement Method of Verification Status 

3.1 The launch vehicle will stage the 
deployment of its recovery 
devices, where a drogue parachute 
is deployed at apogee and a main 
parachute is deployed at a lower 
altitude. Tumble or streamer 
recovery from apogee to main 
parachute deployment is also 
permissible, provided that kinetic 
energy during drogue-state descent 
is reasonable, as deemed by the 
RSO.  

Demonstration. The 
Vehicle Engineers have 
designed the rocket to 
satisfy this requirement. 
The drogue and main 
deployment mechanisms 
will be tested for in the 
Parachute Deployment 
Tests. The deployment of 
these parachutes at their 
correct altitudes (apogee 
and 500 ft) will be tested 
in the VPDF, Section 7.6.3 

Complete 
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Item Requirement Method of Verification Status 

3.1.1 The main parachute shall be 
deployed no lower than 500 feet.  

Analysis. The design of 
the rocket calls for 
deployment of the main 
parachute at 500 feet. In 
Section 4.3.1, the Vehicle 
Engineers calculated how 
much BP is necessary to 
ensure this event happens. 

Complete 

3.1.2 The apogee event may contain a 
delay of no more than 2 seconds.  

Inspection. The chosen 
altimeters and 
programming have delay 
on apogee events under 2 
seconds. This function of 
the altimeteres is 
discussed in Section 4.4 
(Avionics System). 

Complete 

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

Demonstration.  Due to 
the nature of the team’s 
subscale rocket, the team’s 
ejection test was done by 
test fitting the parts that 
separate and ensuring 
separation with ease. For 
the full-scale rocket, the 
ground ejection tests, 
detailed in Section 7.4.5, 
will be performed in early 
February.  

In progress 

3.3 At landing, each independent 
section of the launch vehicle will 
have a maximum kinetic energy of 
75 ft-lbf. 

Analysis. The team has 
ensured this with the 
selection of parachute 
sizes, in Section 4.3.2. The 
Vehicle Engineers 
assumed kinetic energy of 
75 ft-lbf or less and from 
there determine chute size.  

Complete 
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Item Requirement Method of Verification Status 

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

Inspection. The recovery 
system electrical circuits 
will be independent of and 
located in different 
compartments from 
payload electrical circuits. 
The recovery system 
electronics are detailed in 
Section 4.4 (Avionics 
System).  

Complete 

3.5 
 

All recovery electronics will be 
powered by commercially 
available batteries. 

Inspection. The recovery 
system was designed such 
that each electronic device 
will have its own 
independent power supply 
in the form of 
commercially available 
batteries. The TeleMega 
will be powered by a 3.7V 
battery and the 
Stratologger will be 
powered by a dry cell 9 V 
battery. 

Complete 

3.6 The recovery system will contain 
redundant, commercially available 
altimeters. The term “altimeters” 
includes both simple altimeters 
and more sophisticated flight 
computers.  

Inspection. The recovery 
system contains two 
commercially available 
altimeters: The 
PerfectFlite Stratologger 
CF and the Altus Metrum 
TeleMega V 3.0, which 
are detailed in Section 4.4. 

Complete 

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

Inspection. 
Acknowledged. The motor 
choice, K1050W, can not 
and will not function as a 
deployment.  

Complete 
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Item Requirement Method of Verification Status 

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

Analysis. The design has 
been included to use shear 
pins for both parachute 
compartments. The 
Vehicle Engineers used a 
prior UHCC team’s 
calculations to determine 
the ideal amount of shear 
pins to be used.  

Complete 

3.9 Recovery area will be limited to a 
2,500 ft. radius from the launch 
pads.  

Analysis. The Vehicle 
Engineers have performed 
drift calculations and 
simulations, all of which 
conclude that the vehicle 
will land within a 2,500 ft 
radius so long as wind 
speeds are below 19mph. 
The team will not launch 
the vehicle at wind speeds 
above 19mph. 

Complete 

3.10 Descent time will be limited to 90 
seconds (apogee to touch down).  

Analysis. The current 
calculated descent time is 
95 seconds. While this 
does not adhere to the 
requirement, the team 
performed drift 
calculations in Section 
4.5.8 and ensured the 
vehicle would still land 
within the recovery zone.  

Incomplete 

 
 
 
 
 
 
 
 
 

152 
 



 

Item Requirement Method of Verification Status 

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

Inspection. The launch 
vehicle design calls for the 
Altus Metrum TeleMega 
V 3.0 and PerfectFlite 
Stratologger altimeters, 
where the TeleMega also 
contains GPS functions. 
The TeleMega will be able 
to transmit the position of 
the tethered vehicle or any 
independent section to a 
ground receiver. The 
independent payload 
section will have its own 
tracking device, described 
on the Flysheet.  

Complete 

3.11.1 Any rocket section or payload 
component, which lands 
untethered to the launch vehicle, 
will contain an active electronic 
tracking device.  

Inspection. The Team has 
designed both 
sections/components to 
have active electronic 
tracking devices. These 
active tracking devices are 
described on the Flysheet. 

Complete 

3.11.2 The electronic tracking device(s) 
will be fully functional during the 
official flight on launch day. 

Demonstration. To 
ensure that the electronic 
tracking devices will be 
fully functional during the 
official flight on launch 
day, the team will 
demonstrate their 
functionality in the 
Avionics and Electronics 
Performance Tests, 
elaborated upon in Section 
7.4.6 as well as the 
Vehicle Demonstration 
Flight elaborated upon in 
Section 7.6.3. 

In progress 
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Item Requirement Method of Verification Status 

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

Demonstration. The team 
will ensure that the 
recovery system 
electronics are not 
adversely affected by any 
other vehicle electronics 
by designing the avionics 
section to be isolated. This 
includes ensuring the 
avionics section is sealed. 
This will be demonstrated 
at the Vehicle 
Demonstration flight, 
detailed in Section 7.6.3. 

In progress 

3.12.1 The recovery system altimeters 
will be physically located in a 
separate compartment within the 
vehicle from any other radio 
frequency transmitting device 
and/or magnetic wave producing 
device.  

Inspection. The recovery 
system altimeters are 
located in their own 
section, the avionics 
section, which is isolated 
from all other sections. 
This is detailed in Section 
4.4 (Avionics System). 

Complete 

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

Inspection. The recovery 
system electronics will be 
shielded from all onboard 
transmitting devices by 
their placement in the 
sealed, independent 
avionics section, described 
in Section 4.4. 

Complete 

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

Inspection. The recovery 
system electronics will be 
shielded from all onboard 
devices that generate 
waves due to their 
placement in their own, 
independent, sealed 
avionics sections, 
described in Section 4.4. 

Complete 
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Item Requirement Method of Verification Status 

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

Inspection. This will be 
ensured by the sealed-off 
avionics section, detailed 
in Section 4.4. 

Complete 

7.2.4 Payload Requirements Verification 
The Payload Engineers have thoroughly reviewed all the requirements laid out in the NASA 
Student Handbook and prepared methods to verify each requirements. The design of the rover 
was divided into four subsystem. Many of the verification methods are demonstrations or tests of 
the rover subsystems. These verifications are detailed below. 
 

Item Requirement Method of Verification Status 

4.3.1 Teams will design a custom rover 
that will deploy from the internal 
structure of the launch vehicle. 

Demonstration. The rover 
will be mounted to a rail 
that allows it to eject from 
the payload section through 
a motor powered lead screw 
system.  This demonstration 
is scheduled for late 
January. 

In progress 
 
 

4.3.2 The rover will be retained within 
the vehicle utilizing a fail-safe 
active retention system. The 
retention system will be robust 
enough to retain the rover if atypical 
flight forces are experienced. 

Test. The retention system 
will undergo a variety of 
testing to ensure it will 
retain the rover, detailed in 
Section 7.5.1.  Testing will 
be completed by late 
January. 

In progress 
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Item Requirement Method of Verification Status 

4.3.3 At landing, and under the 
supervision of the Remote 
Deployment Officer, the team will 
remotely activate a trigger to deploy 
the rover from the rocket. 

Test. The radio transmitter 
will be tested under a 
multitude of conditions to 
ensure communication 
between the team and the 
rover. Signal strength will 
be tested in increments of 
250 feet within the range of 
250 feet to 2,500 feet both 
nonobstructed and 
obstructed.  Testing will be 
completed by late January. 

In progress 

4.3.4 After deployment, the rover will 
autonomously move at least 10 ft. 
(in any direction) from the launch 
vehicle. Once the rover has reached 
its final destination, it will recover a 
soil sample. 

Test. After each turn or 
after 5 seconds the rover 
will determine the distance 
it has traveled. If it has 
travelled 10 ft, it will begin 
the soil collection process, 
if not it will proceed to 
drive for another 0.1 
seconds.  This test is 
scheduled for January 18, 
2019. 

In progress 
 

4.3.5 The soil sample will be a minimum 
of 10 milliliters (mL). 

Demonstration. The SSRS 
will be tested concurrently 
with the rover.  The 
collection mechanism will 
be marked to indicate the 
height that correlates with a 
volume of 10 mL.  After 
each test of the rover and 
SSRS, the team will 
visually verify that at least 
the 10 mL of soil has been 
collected. 

In progress 
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Item Requirement Method of Verification Status 

4.3.6 The soil sample will be contained in 
an onboard container or 
compartment. The container or 
compartment will be closed or 
sealed to protect the sample after 
collection. 

Inspection. To confirm 
proper storage, visual 
confirmation will be used to 
check closure and that no 
soil spills out.  This 
inspection is scheduled for 
late February, following 
receipt of the custom 
fabricated soil collector. 

In progress 

4.3.7 Teams will ensure the rover’s 
batteries are sufficiently protected 
from impact with the ground. 

Test. The battery will be 
securely mounted to the 
rover and circuit board to 
ensure the rover retains the 
battery and protects it from 
impact The final rover will 
undergo a drop test from a 
height of 19.7 cm.  This test 
is scheduled for January 25, 
2019. 

In progress 
 

4.3.8 The batteries powering the rover 
will be brightly colored, clearly 
marked as a fire hazard, and easily 
distinguishable from other rover 
parts 

Inspection. The batteries 
will be marked using a 
layer of brightly colored 
electrical tape, atop which 
the fire hazard symbol will 
be fixed. The color will be 
chosen such that it is 
visually different from all 
other rover parts, even from 
a distance. 

Complete 

7.2.5 Safety Requirements Verification 
Ensuring safety is the UHCC’s team first-most concern in the Student Launch Project. The team 
has ensured safety amongst the team during various aspects of the project by identifying a Safety 
Team responsible for creation and maintenance of the team’s Safety plan. This Safety plan, 
found in Section 5, includes Analysis and Mitigations of Failure Modes, Personnel Hazards, and 
Environmental Concerns. In addition, the team has created a Team Safety Code while also 
requiring all team members to be familiar with the NAR and TRA Safety Codes. To ensure 
compliance with launching safety protocols, the team contains three High Power Rocketry 
certified members. The team’s RSO is one of these certified members. 
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Item Requirement Method of Verification Status 

5.1 Each team will use a launch and 
safety checklist. The final 
checklists will be included in the 
FRR report and used during the 
Launch Readiness Review (LRR) 
and any launch day operations.  

Inspection. The Safety 
Officers have created a 
launch and safety checklist 
in Section 5.4 (Launch 
Procedures). 

Complete 

5.2 Each team must identify a student 
safety officer who will be 
responsible for all items in section 
5.3. 

Inspection. Leomana 
Turalde is the primary 
Safety Officer for the 
UHCC team. The rest of 
the Safety Team is detailed 
in Section 5.1 

Complete 

5.3 The role and responsibilities of 
each safety officer will include, 
but are not limited to: 

Inspection. The Safety 
Team has read these 
responsibilities and created 
a Safety Plan, detailed in 
Section 5, to ensure 
adherence to the safety 
requirements.  

Complete 

5.3.1 Monitor team activities with an 
emphasis on Safety during: 

Inspection. The Safety 
Team has read these 
responsibilities and created 
a Safety Plan, detailed in 
Section 5, to ensure 
adherence to the safety 
requirements.  

Complete 

5.3.1.1 Design of vehicle and payload Inspection. The Safety 
Officers worked closely 
with their respective 
Engineering teams to 
ensure safe vehicle and 
payload designs. The 
Safety Officers verified 
that all designs follow 
NASA requirements in 
addition to ensuring that all 
NAR and TRA Safety 
Codes are adhered to.  

Complete 
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Item Requirement Method of Verification Status 

5.3.1.2 Construction of vehicle and 
payload 

Inspection. The Safety 
Officers will ensure that 
the members of their 
respective Engineering 
Teams are wearing 
adequate personal 
protective equipment 
during construction and 
assembly of the vehicle and 
payload. These measures 
are detailed in Section 5.3 
(Team Safety Code). 

Complete 

5.3.1.3 Assembly of vehicle and payload 

5.3.1.4 Ground testing of vehicle and 
payload 

Inspection. The Safety 
Officers will ensure that 
their respective 
Engineering teams follow 
safety protocols when 
performing ground tests of 
the vehicle and payload. 
These protocols are 
detailed in the Team Safety 
Code in Section 5.3. 

Complete 

5.3.1.5 Subscale launch test(s) Inspection. The team’s 
primary Safety Officer and 
Range Safety Officer are 
both well-educated on 
NAR and TRA safety 
protocols. Both will ensure 
that the team adheres to 
these safety codes and any 
additional safety protocols 
imposed by the launch 
facilities.  

In progress 
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Item Requirement Method of Verification Status 

5.3.1.6 Full-scale launch test(s) Inspection. The Safety 
Officers from both teams 
will ensure safe protocols 
on the day of the full-scale 
launch. The Safety Officer 
from the Vehicle Team will 
be responsible for ensuring 
that the Vehicle is launched 
adherent to NAR and TRA 
safety codes, in addition to 
the launch facility safety 
requirements at KMCB. 
The Payload Safety Officer 
will ensure safety 
regulations for Payload 
safety concerns. At this 
time, the Safety Officers 
will have completed their 
Launch and Safety 
checklist, and will ensure 
the checklist is followed.  

In progress 

5.3.1.7 Launch day Inspection. The Safety 
Officers will follow the 
requirements for the 
full-scale launch tests in 
addition to following SLP 
safety requirements and the 
specific requirement of the 
launch-site facilities.  

In progress. 

5.3.1.8 Recovery activities Inspection. The Safety 
Officers have ensured 
safety during recovery 
activities by educating the 
team on relevant 
TRA/NAR Safety 
requirements and ensuring 
they are followed during 
recovery activities.  

Complete 

 
 

160 
 



 

Item Requirement Method of Verification Status 

5.3.1.9 STEM Engagement Activities Inspection. The Safety 
Officers will ensure that all 
selected STEM 
Engagements Activities are 
performed safely and will 
offer the STEM 
Engagement Officers 
mitigations to any safety 
concerns.  

Complete 

5.3.2 Implement procedures developed 
by the team for construction, 
assembly, launch, and recovery 
activities.  

Analysis. The Safety 
Officers created the Safety 
plan, detailing Team Safety 
Codes (Section 5.3) and 
mitigations of risks In 
addition, they created the 
launch procedures checklist 
(Section 5.4). They are 
responsible for its 
implementation. 

Complete 
 
 

5.3.3 Manage and main current 
revisions of the team’s hazard 
analyses, failure modes analyses, 
procedures, and MSDS/chemical 
inventory data.  

Inspection. The Safety 
Officers are managing and 
maintaining the current 
revisions of these 
documents.  

In progress 
  

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

Inspection. The Safety 
Officers were responsible 
for writing these sections 
and for any future 
maintenance to them.  

Complete 
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Item Requirement Method of Verification Status 

5.4 During the test flights, teams will 
abide by the rules and guidance of 
the local rocketry club’s RSO. 
The allowance of certain vehicle 
configurations and/or payloads at 
the NASA Student Launch does 
not give explicit or implicit 
authority for teams to fly those 
vehicle configurations and/or 
payloads at other club launches. 
Teams should communicate their 
intentions to the local club’s 
President or Prefect and RSO 
before attending any NAR or TRA 
launch.  

Inspection. The Safety 
Officers prepared to ensure 
the team follows all RSO 
rules and guidance for the 
test launches. The Safety 
Officers were trained for 
this during the subscale 
launch. The RSO at all 
subscale testing was the 
team’s RSO, a certified 
Level 2 TRA member, who 
gave the Safety Officers 
further guidance on this.  

Complete 

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

Inspection. The Safety 
Officers will maintain 
updated copies of FAA 
rules and regulation. They 
will give weekly safety 
presentations to their 
respective teams to ensure 
that the teams are 
well-knowledged on the 
rules and easily able to 
abide by them.  

Complete 
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7.3 Team Requirements  
The team has inspected and analyzed the designs for the launch vehicle and payload. Due to 
reasons such as financial, material availability, and team experience constraints, the team has 
identified certain requirements for the project. These requirements, compared to the ones in the 
SLP Student Handbook, are team-imposed requirements. Without successful adherement to these 
team derived requirements, the UHCC team would be unable to successfully meet the 
designation of a successful mission. These requirements are listed below in Figure 7.8.  
 

Name Requirement Description 

Vehicle 1 The launch vehicle must have detachable fins. 

Vehicle 2 The vehicle must fly on a motor with an average thrust of around 1100 N. 

Vehicle 3 The vehicle must contain a piston in the forward section. 

Vehicle 4 The bottom of the payload section must be clear of any obstructing materials. 

Vehicle 5 The forward section must be above 40 inches in length.  

Recovery 1 The nosecone/payload section must land with the nosecone tip parallel to the 
ground. 

Recovery 2 All parachutes utilized by the launch vehicle must be of standard sizes. 

Recovery 3 The launch vehicle must contain two active tracking devices. 

Recovery 4 The recovery system electronics must function at a frequency that does not 
require any licensing.  

Payload 1 The maximum weight of the payload cannot exceed 6.6 lbs. 

Payload 2 The payload section and its contents will be required to endure 6Gs during 
take-off and 10Gs during deployment of the recovery system. 

Payload 3 The combined dimensions of the rover and soil sample recovery system 
maximum size cannot exceed a height of 3.6”, a width of 3.6”, and a length of 
8.0”. 

Payload 4 The batteries to be used must be lithium ion. 

Payload 5 The microcontrollers for deployment and the rover must be motor shield 
compatible. 

[Figure 7.8 - List of Team Requirements] 
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7.3.1 Team Requirements Derivation 

7.3.1.1 Vehicle 1 
Requirement:  The launch vehicle must have detachable fins. 
 
Derivation: During previous rocketry endeavors, UHCC teams incurred very high shipping costs 
with launch vehicles designed with attached fins due to high dimensions of packaging being 
necessary. These shipping expenses have been determined as exhorbitant and out-of-budget for 
the team. As the fins protrude from the launch vehicle, it is also much more likely that damage 
occurs to the fins during shipping if they are attached. Thus, the team has decided that the launch 
vehicle must have removable, or detachable, fins.  

7.3.1.2 Vehicle 2 
Requirement:  The vehicle must fly on a motor with an average thrust of around 1100 N. 
 
Derivation: Simulations of the rocket design showed that only motors with an average thrust of 
around 1100N delivered the rocket to its target altitude. 

7.3.1.3 Vehicle 3 
Requirement:  The vehicle must contain a piston in the forward section. 
 
Derivation: During a test launch at the 2018 ARLISS competition, the prototype launch vehicle 
incurred an issue with the main chute deployment. This issue had also been noticed during the 
ground deployment tests of this prototype. To ensure main chute deployment, the team has 
included a piston in the forward section of the SLP launch vehicle. This will help ensure that the 
main chute deploys and provide the mission with safe recovery.  

7.3.1.4 Vehicle 4 
Requirement:  The bottom of the payload section must be clear of any obstructing materials. 
 
Derivation: Based upon the payload’s design, the team must have the bottom of the payload 
section clear of any obstructing materials. This allows the rover to deploy from this side of the 
payload carrier section. By doing this, the team does not need to focus on how to separate the 
nosecone from the payload section. 
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7.3.1.5 Vehicle 5 
Requirement:  The forward section must be above 40 inches in length.  
 
Derivation: As the team selected a 4’’ diameter for the rocket airframe, the Vehicle Engineers 
determined that the forward section needed to be above 40 inches in length in order to 
accomadate for the volume of packing both the payload and main chutes into this section.  

7.3.1.6 Recovery 1 
Requirement:  The nosecone/payload section must descend with the nosecone tip parallel to the 
ground. 
 
Derivation: As the payload will deploy out of the nosecone/payload section, it is required that 
the orientation of this section is so that the nosecone tip is parallel to the ground. This orientation 
allows the Payload Engineers to design a rover that can easily be deployed from the payload 
section.  

7.3.1.7 Recovery 2 
Requirement:  All parachutes utilized by the launch vehicle must be of standard sizes. 
 
Derivation: While the team has adequate funding to fulfill the project requirements, the team 
determined that buying a custom parachute would place the vehicle’s construction costs out-of 
budget. To mitigate this, the team decided to use standard size parachutes. Since most of the 
parachute calculations did not yield a standard size, the measurement was rounded up. This was 
done to ensure a safe recovery.  

7.3.1.8 Recovery 3 
Requirement:  The launch vehicle must contain two active tracking devices. 
 
Derivation: The designed launch vehicle has two independent sections. As a result of the NASA 
Requirement 3.11, which requires an electronic tracking device in each independent section, the 
team must have at least two active tracking devices in the launch vehicle, total. One will be in the 
nosecone/payload section and one will be in the forward/booster section. 
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7.3.1.9 Recovery 4 
Requirement:  The recovery system electronics must function at a frequency that does not 
require any licensing.  
 
Derivation: None of the team members are currently licenses to use radio frequencies. The team 
attempted to have a team member certified, however, due to the geography of Hawai’i, the team 
was unable to travel to any of the licensing exams. Hence, the team will need to use trackers that 
operate at frequencies that do not require licensing.  

7.3.1.10 Payload 1 
Requirement: The maximum weight of the payload cannot exceed 6.6 lbs. 
 
Derivation:  During concept design for the launch vehicle, it was assumed that the payload 
would not exceed 3000 g, roughly 6.6 lbs. This mass was used during the design phase of the 
rocket while determining CG and CP. 

7.3.1.11 Payload 2 
Requirement: The payload section and its contents will be required to endure 6Gs during 
take-off and 10Gs during deployment of the recovery system. 
 
Derivation: These expected forces correlate to the force produced by the K1050W motor. 

7.3.1.12 Payload 3 
Requirement: The combined dimensions of the rover and soil sample recovery system 
maximum size cannot exceed a height of 3.6”, a width of 3.6”, and a length of 8.0”. 
 
Derivation: The dimensions of the payload tube for the launch vehicle has limited the maximum 
dimensions of the rover. These dimensions are the inner diameter of the payload tube, which is 
3.91”,  and the length of the payload tube, which is 12”. 

7.3.1.13 Payload 4 
Requirement: The batteries to be used must be lithium ion. 
 
Derivation: The components chosen for the tracker and deployment trigger have been shown to 
experience signal interference with standard alkaline batteries. 

  

166 
 



 

7.3.1.14 Payload 5 
Requirement: The microcontrollers for deployment and the rover must be motor shield 
compatible. 
 
Derivation: Due to the use of DC motors, the team also needs to utilize motor shields to give 
commands to the motors. 

7.3.2 Team Requirements Verification 
Both Engineering Teams determined adequate methods of verifying these team derived 
requirements. These solutions are described below.  
 

Item Requirement Method of Verification Status 

Vehicle 1 The launch vehicle must 
have detachable fins. 

Inspection. The Vehicle 
Engineers decided to utilize an 
aluminum fin can and fin 
assembly. The details of this are 
elaborated upon Section 4.2.3.1. 

Complete 

Vehicle 2 The vehicle must fly on 
a motor with an average 
thrust of around 1100 N. 

Analysis. The Vehicle 
Engineers performed multiple 
simulations to find a motor that 
provided that correct amount of 
thrust and decided to use the 
Aerotech K1050W motor. This 
motor selection is discussed in 
Section 4.5.2. 

Complete 

Vehicle 3 The vehicle must 
contain a piston in the 
forward section. 

Inspection. The Vehicle 
Engineers included a piston in 
the design of the forward 
section. This is elaborated upon 
in Section 4.2.2 (Forward 
Section). 

Complete 

Vehicle 4 The bottom of the 
payload section must be 
clear of any obstructing 
materials. 

Inspection. The Vehicle was 
designed so that there would be 
no bulkhead covering the bottom 
of the payload section after 
separation of the vehicle. This 
design is discussed in Section 
4.2.1. 

Complete 
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Item Requirement Method of Verification Status 

Vehicle 5 The forward section 
must be above 40 inches 
in length.  

Inspection. The Vehicle 
Engineers designed the forward 
section to be 42 inches in length. 
This is described in Section 
4.2.2. 

 

Recovery 1 The nosecone/payload 
section must land with 
the nosecone tip parallel 
to the ground. 

Demonstration.  The Vehicle 
Engineers designed the recovery 
system of the nosecone/payload 
section to utilize a inverted-Y 
harness to ensure proper 
horizontal orientation during 
descent and upon landing. This 
design is discussed in Section 
4.2.1 and 4.3. The success of 
this design was demonstrated in 
the inverted-Y harness testing, 
summarized in Section 7.4.3. 

Complete 

Recovery 2 All parachutes utilized 
by the launch vehicle 
must be of standard 
sizes. 

Inspection. Calculations 
performed in Section 4.3.2 
showed the minimum parachute 
size for safe recovery. The 
Vehicle Engineers rounded up to 
the nearest standard size and 
included those choices in the 
Recovery System design.  

Complete 

Recovery 3 The launch vehicle must 
contain two active 
tracking devices. 

Inspection/Demonstration. The 
team inputted two tracking 
devices into the full scale 
design. On the forward/booster 
section, the TeleMega will serve 
as a GPS tracking device. More 
information on this can be found 
in Section 4.4. The payload 
section will have its own 
tracking device, described on the 
Flysheet. These devices were 
demonstrated to work in the 
Electronics Performance est, 
elaborated upon in Section 7.4.6. 

In progress 
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Item Requirement Method of Verification Status 

Recovery 4 The recovery system 
electronics must 
function at a frequency 
that does not require any 
licensing.  

Inspection. The Altus Metrum 
TeleMega allows for the use to 
select the frequency. The team 
will select a frequency that does 
not require licensing.  

In progress 

Payload 1 The maximum weight of 
the payload cannot 
exceed 6.6 lbs. 

Inspection. Weight all payload 
materials, including retention 
and deployment subsystems. 

In progress 

Payload 2 The payload section and 
its contents will be 
required to endure 6Gs 
during take-off and 
10Gs during deployment 
of the recovery system. 

Test. The team will verify the 
payload can survive the 
G-Forces put on it at launch and 
deployment with a drop test 
from 19.7cm, thereby simulating 
take-off and deployment 
conditions. 

In progress 

Payload 3 The combined 
dimensions of the rover 
and soil sample recovery 
system maximum size 
cannot exceed a height 
of 3.6”, a width of 3.6”, 
and a length of 8.0”. 

Inspection. Measure payload 
throughout design and ensure it 
does not exceed the maximum 
dimensions. 

Complete 

Payload 4 The batteries to be used 
must be lithium ion. 

Inspection. Ensure batteries are 
lithium ion. 

Complete 

Payload 5 The microcontrollers for 
deployment and the 
rover must be motor 
shield compatible. 

Inspection. Ensure 
compatibility of 
microcontrollers with 
commercially available motor 
shields.  

Complete 

 

7.4 Vehicle Testing 
The Vehicle Team acknowledges that due to the risky nature of rocket building and launching, 
adequate testing must be done to ensure that the designed vehicle will function as intended. The 
Vehicle Engineers have determined 6 tests and demonstrations that must be performed before 
any launching of the full-scale vehicle. All of these tests must be overseen by the Team’s 
Rocketry Mentor and at least one additional High Power-Rocketry certified member of the team. 
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The Safety Officer will be responsible for briefing all students on the safety risks and mitigations 
unique to each of these tests.  

7.4.1 Vehicle Testing Overview 
Due to the team’s experience with rocketry and easy access to previous UHCC team’s results, 
the team determined that more demonstrations were necessary than tests. Due to the team’s new 
utilization of the Variable Drag Assembly, the team identified this as the component in need of 
proper testing. The other 5 “tests” described within this section are demonstrations, intended to 
show that our prior knowledge and current design operate as intended. These are summarized 
below.  
 

Name Description Requirement 
Verified 

Status 

VEHICLE 1 - 
Subscale Testing 

Test. The subscale model will be flown 
with different angles of the VDA to test 
the predicted correlation between the 
deployment angle and maximum 
altitude. 

2.19 Compete 

VEHICLE 2 - 
Inverted-Y 
Harness Testing 

Demonstration. To demonstrate 
functionality of the inverted-Y harness, 
the subscale’s forward/payload section 
will be closely monitored during flight 
to ensure horizontal orientation during 
descent and landing.  

Recovery 1 Complete 

VEHICLE 3 - 
Drop Tests 

Demonstration. To ensure the strength 
of the shear pins, the rocket will be drop 
tested to ensure the nosecone does not 
prematurely separate. 

Safety 
Concerns 

Scheduled for 
January 24, 2019 

VEHICLE 4 - 
Parachute 
Deployment Tests 

Demonstration. To Demonstrate 
functionality of the parachute 
deployment, the team will prepare the 
proper pyrotechnic charge and 
demonstrate that the sections separate 
and chute deploy while on the ground.  

3.1 
3.2 

Scheduled for 
February 9, 2019 

VEHICLE 5 - 
Avionics and 
Electronics 
Performance 
Tests 

Demonstration. The Avionics and 
Electronics will be turned on and ran on 
the ground to ensure the devices’ 
functionality.  

2.11 
3.11.2 
Recovery 3 

Complete 
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VEHICLE 6 - 
Motor Retainer 
Stress Test 

Demonstration. Motor retainer will 
experience intense stress levels to 
ensure it is durable enough to withstand 
the launch day conditions. 

Safety 
Concerns 

Scheduled for 
January 26, 2019 

7.4.2 Subscale Testing 
Objective 
To determine, using a subsale mock-up of our final design, the effect of the Variable Drag 
Assembly (VDA) at different deployments and to test flight stability in the unlikely scenario that 
the VDA fails. 
 
Items/Variables to be tested 
The Variable Drag Assembly as it relates to the vehicle’s speed and height of apogee is the focus 
of this test. The VDA was deployed at angles (to vertical) of 0, 11, 45, and 90 degrees. A 
“failure” scenario was also flown with one drag-shoe at a 90° deployment and the other shoe at a 
0° deployment; the 0° deployment was taken to be analogous to a broken drag-shoe.  
The following variables were kept constant: The subscale rocket is scaled to one-fourth of the 
size of our final design and with 1/64th of the final vehicle mass. Estes Motors B6-4 motors were 
chosen to power all flights. This motor has a 0.9-second burn time with a max thrust of 12.1 N 
and a 4-second delay before ejection. 
 
Success Criteria 
The VDA effectively lowers the height of apogee at greater deployments, data is able to be 
successfully gathered, the vehicle remains stable even in a simulated failure, and the subscale 
rocket is able to be recovered. 
 
Suspension criteria 
The test will be suspended if weather or general flight conditions are unsuitable, if the subscale 
vehicle is damaged, or if for any reason it is unsafe to fly the vehicle. 
 
Safety considerations 
The subscale flight testing will be done in accordance with the NAR Model Rocket Safety Code. 
All team members involved in testing have been and will be again briefed on safety 
considerations. The launches will take place in a large, mostly vacant field on the Windward 
Community College campus, and all launches are cleared with security and facilities personnel 
and held on Saturdays when the campus is virtually vacant. 
 
Methodology 
An important aspect of our design is the Variable Drag Assembly which allows for the 
adjustment of maximum vehicle speed and altitude without modifying or changing the vehicle’s 
motor. This VDA system is intended to afford a range of apogee adjustment, with greater 
deployment angles resulting in greater drag and a lower apogee. Thus it was imperative that this 
correlation of deployment angle and max altitude be verified, and it was determined that, in 
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addition to simulation, subscale test flights of several deployment angles and a comparison of 
their maximum altitudes would be an appropriate experimental design.  
 
Test Procedure 
The subscale rocket was prepared before each flight with a new B6-4 motor, its altimeter reset 
and set to record, and its chutes packed. The flights were done in order of increasing VDA 
deployment angle starting with 0° deployment. After each flight, the rocket was recovered, flight 
data downloaded, and the VDA was set to the next deployment angle to be tested. After 
successful recording of flight data at all four VDA deployment angles, the rocket was flown in 
the “failure” scenario described above; this failure scenario was flown last to ensure that at least 
one flight was recorded for all deployment angles.  
 
Results 
Greater VDA deployment angles were seen to correspond to lower maximum altitudes, and the 
vehicle remained stable even when flown with a simulated failure in the VDA system. The test 
was successful, and the vehicle design is supported.  

7.4.3 Inverted-Y Harness Testing 
Objective 
To ensure that the inverted-Y harness design operates as intended, at the subscale level, and 
deliver the nosecone/payload section horizontally during descent and landing.  
 
Pass/Fail Criteria 
This demonstration will be considered passing if 

● All flights have deployment of the parachute 
● All flights end with a horizontal landing of the nosecone/payload section 
● 80% of the flights have a horizontally oriented descent for at least 50% of the flight 

Failure to meet any of these criteria will be considered a fail. The design will need to be 
mitigated and another test must be performed, meeting these criteria. 
 
Safety Considerations 
As with the flight of any “experimental” design, all subscale flights with the inverted-Y harness 
must be considered high alert launches. Any personnel within the vicinity will be warned of the 
experimental design before launch. The RSO will be ready to call the launch a “Heads Up” 
launch if the parachutes do not deploy on time. No member of the team will try to catch any part 
of the subscale during descent. All launch and recovery activities will adhere to the NAR and 
TRA Safety Codes.  
 
Summary 
For this demonstration, the Vehicle Team will launch the subscale rocket numerous times at each 
deployment angle being considered for the VDA. The team will visually inspect the rocket 
during its descent to ensure that the pass criteria have been met.  
 
Results 
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The team conducted five subscale launches on January 5, 2019. During all five launches, the 
parachutes for the subscale deployed entirely. During the descent of each launch, the nosecone 
maintained a horizontal orientation for at least 50% of the descent. All flights landed with the 
nosecone parallel.  
 
This demonstration has been designated as a success. 

7.4.4 Drop Tests 
Objective 
The objective of this test is to ensure that the nosecone does not prematurely deploy the main 
chute during the launch and powered ascent portion of the flight  
 
Pass/Fail Criteria 
For the test to pass the nosecone/payload section will remain attached to the forward section for 
the duration of the test, and the shear pins should show minimal wear. 
 
Safety considerations 
One of the biggest concerns regarding safety is maintaining a safe area around the drop test so 
that no one is directly under the rocket when it is being tested. To do this we will be 
implementing 10-foot radius around the rocket where there will be no people below the rocket 
during testing. 
 
Summary 
The test is simple enough; the rocket will be secured by a tether and then dropped (aft-side 
down) a distance of 5 m, to correspond to a shock of approximately 10 G. This should mimic 
some of the forces that will be exerted on the rocket during the flight.  
 
Results 
This test is tentatively scheduled for January 24, 2019. 

7.4.5 Parachute Deployment Tests 
Objective 
To determine the correct level of pyrotechnic charges necessary to ensure deployment of the 
foreward/booster main chute, the payload main chute, and the drogue chute. Further, the 
objective is to demonstrate that the calculated pyrotechnic charges deploy the chutes as desired.  
 
Pass/Fail Criteria 
For this demonstration to be considered a success, the proper vehicle sections must separate and 
the parachute must deploy and be visibly outside of the vehicle. As this demonstration will test 
three different parachutes’ deployment during two different events in air, this demonstration will 
be split into two parts. The following are the exhaustive criteria for success (or passing) for both 
of these demonstrations. 
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1. The nosecone/payload section fully separates from the forward/booster section and the 
payload chute and main chute fully separate and are visibly outside of the vehicle. 

2. The forward section fully separates from the booster section, though still connected by 
cord, and the drogue chute is visibly outside of the vehicle.  

 
 
 
Safety Considerations 
Due to the hazards of pyrotechnics, all personnel will be at least 15 feet away from the 
Deployment Tests.  
 
Summary 
Before any demonstration of parachute deployment is to be performed, the Vehicle Engineers 
must first calculate the amount of pyrotechnic charge that is necessary for each section to 
separate and deploy the parachutes. Shown in Section 4.3.1, the Vehicle Engineers determined 
that 5g of Black Powder (BP) was necessary for separation of the sections.  
 
To perform this demonstration, the Vehicle Engineers will prepare the vehicle in situ. The 
Engineers put a pyro, same as the one to be used on Launch Day, into the Vehicle and 
electronically deploy the charge on the ground.  
 
Results 
This demonstration has not yet been performed. It is scheduled to be done on February 9, 2019. 

7.4.6 Avionics and Electronics Performance Tests 
Objective 
To ensure that the avionics components are functional and able to have data retrieved from them, 
and that they will be in working order on the day of flight. 
 
Pass/Fail Criteria 
The demonstration is a success if both the primary component, the Telemega V3.0, and 
secondary component, the SLCF, can both be turned on, have their settings adjusted, have all 
major measuring, recording, and firing devices activate, and have flight data retrieved from 
them.  
 
Safety Considerations 
Care was taken when handling the electronic components, and the battery assemblies were 
checked to be free from damage or leaks. The pyro channels were made sure to be cleared before 
being tested. 
 
Summary 
The Telemega was charged and linked, via Teledongle, to a Windows computer running the 
AltOS software utility. In this utility, the settings for the device were able to be configured, 
including the deployment heights for both the main and drogue chutes. The chip was able to 
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shutdown and restart without problem, and a set of test data was able to be recorded from the 
Telemega. The diagnostic tools in the software utility reported no errors or problems in the 
device. 
 
The SLCF was fitted with a battery and started. Upon starting, it beeped to signal a successful 
start up and its set deployment heights. No error messages occurred. The deployment height was 
able to adjusted, and the device was able to be successfully connected to a computer, ensuring 
that flight data can be transferred once it is gathered. 
 
Results 
The avionics components and all of their utilities and functions are in proper working order, and 
this demonstration was a success. 

7.4.7 Motor Retainer Stress Test 
Objective 
To ensure that the motor retainer will hold the motor in place and within the rocket for the 
duration for the flight. 
 
Pass/Fail Criteria 
If the retainer does not break during the duration of testing it will be considered a pass. If the 
motor retainer shows any structural damage it will be considered a fail. 
 
Safety Considerations 
One of the biggest safety hazards presented during this test is the possibility of the rocket, or any 
of its parts, falling to the ground and injuring any of the personnel. To mitigate this risk, the team 
will be imposing a 10-foot radius restricted zone beneath where the test will be performed. The 
test cannot begin until this restricted zone is empty. The team’s safety officer will ensure that no 
one enters this zone during the duration of the demonstration.  
 
In the case of the static test this will be performed under the close supervision of the team’s 
mentor. If performed, the test will be done behind a protective wall, while it is firmly mounted to 
a stable surface. A proximity safety distance will also be implemented, with a minimum distance 
of 50 feet.  
 
Summary 
For our motor retention we are using an Aeropack 54-mm Quick Change Motor Retainer, which 
has been tested and shown to be compatible with the Aerotech K1050 Motor.  
 
Past usage has shown this product to be very secure and easy to use. To further ensure that motor 
retainer will be able to retain the motor throughout the duration of the flight there are two tests 
that we are able to perform.  
 
Firstly, we will be doing a ‘drop’ test, of the booster section. The booster will be secured by a 
tether and then dropped (aft-side down) a distance of 5 m, to correspond to a shock of 
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approximately 10 G. This should mimic some of the forces that will be exerted on the rocket 
during the flight.  The second test corresponds to a ‘hang’ test.  We will apply an external load, 
corresponding to five times the total pad mass of the rocket, to the aft end of the motor casing. 
This is to demonstrate that the casing can be retrained under a larger than expected mass load.  
 
Although this has not been budgeted, if required of us, we could perform a static motor test with 
the full size motor. Since shipping a motor of this size is cost prohibitive to the State of Hawaii, 
we would prefer not to use this method. 
 
Result 
This demonstration has been tentatively scheduled for January 26, 2019.  

7.5 Payload Testing 
The Payload Team has identified multiple tests and demonstrations for each subsystem that have 
assisted and will assist in the development and testing of the rover. From working on previous 
payload projects, the Payload Team has developed a standardized testing process that has been 
expanded upon to satisfy the additional SLP requirements. At a minimum, the team will usually 
have two lab units and two flying units. One lab unit will be used purely for the testing of code, 
as such once the unit is operational no components will be changed on this unit. The second lab 
unit will be used purely for component testing, as such any code changes will be verified through 
unit one before it is uploaded to unit two. When the team begins work on units three and four, 
the components will be tested on unit two, one at a time  before they are moved to their 
corresponding units. By following this process, the team is able to isolate the changes being 
made and simplify the troubleshooting process if any issues were to occur. 
 
Generally, for new components the team will begin with component testing to verify that each 
component and the code to operate said component works before assembling lab unit one. 
Following the verification of each component, the team will then proceed to combine 
components into interacting pairs or small groups to verify that they interact as intended. For 
example, the rover for SLP uses ultrasonic sensors for obstacle avoidance Once an obstacle is 
detected, this information must be processed and translated into the appropriate signal for the 
wheels that would indicate for it to turn. Once verification within smaller subsets is complete, the 
team will assemble the subsystem and ensure that it works as intended. Once each subsystem has 
been verified, the team will begin to integrate them together and create the finished product for 
SLP 2019. 
 
For the following tests, the following safety precautions will be taken where applicable. All 
circuits will be approved by a mentor before receiving power for the first time; if any changes 
are made to the circuit it must be re-verified before it can continue to be used. A mentor will be 
present for initial tests and subsequent tests of code if it has undergone 3 minor revisions, 1 
major revision, or if a new component is being tested. 
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7.5.1 Retention and Ejection Subsystem Testing Overview 
 

Name Description Requirement 
Verified 

Status 

RETENTION-1: 
Motor Test  

Demonstration. Show that the motor is 
able to be turned on when the signal to 
deploy is received by the XBee receiver. 

4.3.2 Complete 
 

RETENTION-2: 
URL Test 

Demonstration. Test full URL system 
and ensure it will be able to deploy the 
rover. 

4.3.2 
 

In Progress 

RETENTION-3: 
URLSS Fit Test 

Demonstration. Fit test of URL with 
URLSS. 

4.3.2 In Progress 

RETENTION-4: 
Drop Test 

Demonstration. Drop Retention and 
Ejection Subsystem from a height of 
19.7 cm. 

4.3.2 In Progres 

 

7.5.1.1 RETENTION-1: Motor Test 
Objective 
The purpose of this demonstration is to ensure successful communication between the 
Deployment trigger and motor. 
 
Pass/Fail Criteria 
Once signal is received, the motor turns on. 
 
Safety Considerations 
Ensure all others with in the room are made aware that a test is about to be performed. Ensure 
motor will not fall or cause damage. 
 
Summary 
This test was to ensure successful communication from the Xbee, through the microcontroller, 
and to the motor. During this demonstration, the team simulated conditions similar to that 
anticipated for the SLP competition. The deployment trigger and motor were enclosed within the 
payload section, comprised of the nosecone and payload tube, and was triggered from a half-mile 
away. 
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Result 
The XBee successfully received the signal and started the motor. 

7.5.1.2 RETENTION-2: URL Test 
Objective 
The purpose of this demonstration is to show that the fully assembled URL will be able to deploy 
the rover. 
 
Pass/Fail Criteria 
Rover successfully deploys from the URL. 
 
Safety Considerations 
Ensure the team is aware a test is about to occur. 
 
Summary 
The fully assembled URL will integrate with the rover. Upon receiving the signal, the motor will 
turn on and begin the process of ejecting the rover. 
 
Result 
Although the URL has been developed, the rover still needs to be finalized and utilized for this 
demonstration before this test can be deemed successful. This test is scheduled for late January. 

7.5.1.3 RETENTION-3: URLSS Fit Test 
Objective 
The purpose of this demonstration is to ensure that the URL is easily slotted into the URLSS. 
 
Pass/Fail Criteria 
URL able to slide on and off URLSS  with ease. 
 
Safety Considerations 
N/A 
 
Summary 
Once the URLSS is fully assembled, the team will slide the URL on and ensure they fit together 
securely. 
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Result 
The URLSS is undergoing revision to better fit the URL. This test is scheduled for January 18, 
2019. 

7.5.1.4 RETENTION-4: Drop Test 
Objective 
The goal of this demonstration is to ensure that the Retention and Ejection Subsystem will be 
able to endure up to 10 Gs during the flight without sustaining considerable damage. 
 
Pass/Fail Criteria 
The system is not damaged  to the point of interfering with the success of the mission. 
 
Safety Considerations 
Ensure that the team is aware that a drop test is about to occur. Drop the payload in a grassy area 
clear of large rocks or debris. 
 
Summary 
The retention and ejection subsystem, fully assembled and secured to the payload tube, will be 
dropped from at least a height of 19.7 cm, after which a signal will be sent to the deployment 
trigger to begin the ejection process. If the rover is able to deploy, the drop test will be 
considered successfully. 
 
Result 
This test has yet be done. It will be completed following the final construction of the rover and 
URLSS. This test is scheduled for January 25, 2019. 
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7.5.2 Deployment Trigger Subsystem Testing Overview 
 

Name Description Requirement 
Verified 

Status 

DEPLOYMENT-
1: Current Test 

Test. Determine optimal amount of 
current for XBee Pro. 

4.3.3 Complete. 

DEPLOYMENT-
2: Obstruction 
Test 

Demonstration. Ensure that the XBee 
Pro is able to receive the deployment 
signal from within the payload tube. 

4.3.3 In-Progress, to be 
completed 
mid-January. 

DEPLOYMENT-
3: System 
Demonstration 

Demonstration. Utilizing all intended 
components for final design of 
nosecone, demonstrate that system 
works. 

4.3.3 Incomplete, 
scheduled for late 
January. 

 

7.5.2.1 DEPLOYMENT-1: Current Test 
Objective 
This test is to determine the current to be used for the XBee Pro. 
 
Methodology 
For the purpose of simplifying testing, the ground station and deployment trigger will switch 
roles. The deployment trigger will transmit a pre-set line of text once every minute to the ground 
station. 

Items/Variables to be tested 
● Current 

 
Success Criteria 

● Able to transmit a signal at half a mile 
  

Suspension criteria 
● N/A 

 
Safety considerations 

● N/A 
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Pretest setup 
● Change all batteries 
● Ensure radios are operational 
● Plan checkpoints 
● Set-up Ground station 

 
Test Procedure 
__1. Power radios 
__2. Set to Channel 8 
__3. Power ground station 
__4. Power deployment trigger 
__5. Ensure ground station is receiving 
__6. Begin walking in a straight line to checkpoint 1 
__7. Confirm that the trigger is still transmitting 

Ground personnel notes time of check-in one 
__8. Begin walking in a straight line to next checkpoint 
__9. Repeat check-in process until you reach the final destination or there is a data drop 
of 5 lines or more 

If final destination is reached, restart unit and begin walking back to the ground 
station 

 
Post-test operations 

● Power off transmitter, ground station, and radios 
● Save log file and upload to Google Docs to process the data 
● Determine the number of drops per segment 
● Determine if test is deemed successful 

 
Result 
It was determined that a current of 215 mA would be sufficient to produce a signal that would 
transmit at least half a mile. 

7.5.2.2 DEPLOYMENT-2: Obstruction Test 
Objective 
This demonstration is to determine the effect of different types of obstruction on the signal 
strength of the XBee. 
 
Pass/Fail Criteria 
The XBee is able to receive a signal from within the intended payload section, which is 
comprised of the nosecone and payload tube, from half a mile away. 
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Safety Considerations 
N/A 
 
Summary 
The team will place the deployment trigger within the housing and walk away, checking in 
periodically until a distance of a half a mile is reached. If the deployment trigger is still able to 
send the signal to the ground station from this distance, the demonstration will be considered a 
success. 
 
Result 
This demonstration will be performed on January 14, 2019. 

7.5.2.3 DEPLOYMENT-3: System Demonstration 
Objective 
The purpose of this demonstration is to show that the deployment subsystem is able to function 
as intended. 
 
Pass/Fail Criteria 
The deployment trigger successfully starts the motor while enclosed within the payload section 
half a mile away from the ground station. 
 
Safety Considerations 
N/A 
 
Summary 
The deployment trigger was configured per the specifications of its final design. It will be tested 
within close proximity and once it is determined that all systems are operational. Once that is 
verified, the team will move the payload section half a mile away and will re-test that the 
deployment system is operational. 
 
Result 
This demonstration is scheduled for January 25, 2019 following the finalization of the URL, 
URLSS, and rover. 
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7.5.3 Rover Subsystem Testing Overview 
 

Name Description Requirement 
Verified 

Status 

ROVER-1: 
Coding 
Movement 

Demonstration. Arduino code 
governing basic movement was tested 
on a pre-built rover. The code 
demonstrates the rover can move 
forward, turn left and turn right. 

4.3.1, 4.3.4 Complete 
 

ROVER-2: 
Coding Detection 

Test. Arduino code for ultrasonic 
sensors was tested. The code 
demonstrates the sensors can detect 
various types of obstacles from various 
distance 

4.3.1, 4.3.4 In progress 

ROVER-3: 
Distance 
Determination 

Test. The rover will record the distance 
it traveled and angle it turned while it 
traverses a clear flat surface. 

4.3.1, 4.3.4 In progress 

ROVER-4: 
Terrain Traversal 

Demonstration. The rover will 
demonstrate it can drive over various 
types of soil and terrain. It will record 
the distance it traveled during 
movement. 

4.3.1, 4.3.4 In progress 

ROVER-5: 
Obstacle 
Avoidance 

Test. The rover will use its forward 
ultrasonic sensor to detect obstacles in 
the way. It will turn to avoid the object. 

4.3.1, 4.3.4 In progress 

ROVER-6: 
Outside Obstacle 
Avoidance 

Demonstration. The rover will use its 
sensors to navigate through obstacles. It 
will record the distance it travelled 
during the experiment. 

4.3.1, 4.3.4 In progress 

ROVER-7: 
Subsystem 
Demonstration 

Demonstration.  The rover will use its 
sensors to navigate at least 10 feet away 
from its starting position over an 
obstacle course. 

4.3.1, 4.3.4 In progress 

 

7.5.3.1 ROVER-1: Coding Movement 
Objective 
Isolate possible problems by testing rover code on a pre-built rover. 
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Pass/fail criteria 
Pre-built Arduino Zumo can drive. 
 
Safety Considerations 
 
Summary 
The Zumo robot for Arduino was programmed to drive forward, turn left, and turn right. When 
the program was deployed, the rover was able to drive forward, turn left, and turn right in the 
HLE lab. 
 
Result 
The rover was successfully able to drive forward and turn based on the sketch written for it. 

7.5.3.2 ROVER-2: Coding Detection 
Objective 
The objective of this testing series is to calibrate the HC-SR04 ultrasonic sensor for the rover. 
 
Methodology 
This test will be a component test to analyze how the accuracy of the HC-SR04. The results of 
these tests will contribute to refining the code for object detection. 

Variables to be tested 
● Distance between object and ultrasonic sensor 
● Distance between ultrasonic sensor and object displayed on console 

 
Success Criteria 

● Ultrasonic sensor can correctly determine the distance between itself and the 
object 

 
Suspension Criteria 

● N/A 
 

Safety Considerations 
● Testing area will be blocked off to prevent tripping hazards or other lab 

disruptions possibly caused by the rover. 
 

Test procedure 
__1. Deploy code 
__2. Place object a known distance in front of object  
__3. Compare with distance displayed on console 
__4. Repeat for other objects 
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Post-test Operations 
Analyze data collected to determine success of test. 
 
Result 
Test scheduled for January 14, 2019. 

7.5.3.3 ROVER-3: Distance Determination 
Objective 
The purpose of this test is to ensure that the rover can successfully determine the distance it has 
travelled and the angle it turned.  
 
Methodology 
This is a test of the motors, the encoders, and the code designed for the rover’s drive. The results 
of this test will determine whether the code written for the distance determination of the rover is 
accurate. 

Variables to be tested 
● Actual distance rover has travelled. 
● Distance rover has calculated to travel 
● The angle the rover was programmed to turn 
● The angle the rover actually turned 

 
Success criteria 

● Rover travels the correct distance within 1% error. 
 
Suspension criteria 

● N/A 
 
Safety Considerations 

● Testing area will be blocked off to prevent tripping hazards or other lab 
disruptions possibly caused by the rover. 
 

Pretest Setup 
● Clear area for rover to test drive 

 
Test procedure 

__1. Deploy code for rover 
__2. Have rover drive a known distance 
__3. Compare to distance rover has recorded 
__4. Have rover turn 
__5. Measure the angle the rover turned 
 

185 
 



 

Post-test Operations 
● Inspect rover for any damages.  
● Inspect drive train to determine if results are affected by mechanical build. 
● Analyze data to determine success of test. 

 
Result 
Test scheduled for January 14, 2019. 

7.5.3.4 ROVER-4: Terrain Traversal 
Objective 
The purpose of this test is to ensure the rover can traverse across various terrain in preparation 
for launch. 
 
Pass/Fail Criteria 
The rover is able to drive across the terrain without stopping and without being hindered by 
obstacles. 
 
Safety Considerations 
Ensure the team is aware a test is running and block of the area so that no one disrupts the test. 
 
Summary 
The rover will deployed in multiple terrain types to ensure success on launch day. 
 
Result 
This demonstration is scheduled for January 18, 2019. 

7.5.3.5 ROVER-5: Obstacle Avoidance 
Objective 
The purpose of this test is to ensure the rover can successfully avoid obstacles to complete its 
mission. 
 
Methodology 
This test is the first full system test. This test will evaluate the structural integrity of the rover, 
the accuracy of the HC-SR04 sensor, and the drive system. 

Variables to be tested 
● Distance between rover and object to avoid 

 
Success Criteria 

● Rover is able to turn 4 cm before object and resume a straight path without 
making contact with the object without sustaining damage from the test. 
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Suspension Criteria 
● The test will be suspended if it presents high damage risks to the rover (i.e. any 

risk which would render the rover unusable). 
 

Safety Considerations 
● Testing area will be blocked off to prevent tripping hazards or other lab 

disruptions possibly caused by the rover. 
 

Test procedure 
__1. Place rover a 15 cm in front of an object 
__2. Deploy code for rover  
__3. Using console for Arduino, monitor distance between front of rover and 

object and observe if rover makes contact with object. 
 

Post-test Operations 
Inspect rover for damages. Inspect structural integrity of the rover to ensure that all components 
are secure. 

 
Result 
This test is scheduled for completion on January 18, 2019. 

7.5.3.6 ROVER-6: Outside Obstacle Avoidance 
Objective 
The objective of this demonstration is to show that the rover is able to successfully avoid 
obstacles. 
 
Pass/Fail Criteria 
The rover is able to navigate through obstacles outside using its sensors without contacting any 
of the obstacles and without hindrance from the terrain. 
 
Safety Considerations 
Ensure others are aware test is going on and that they will not enter the testing area. If the rover 
does collide with anything, it will be immediately assessed for damages and the severity of said 
damages. 
 
Summary 
The rover will be deployed in a terrain similar to what is anticipated for launch week and will be 
tasked with avoiding naturally occuring obstacles within the terrain. 
 
Result 
Demonstration scheduled for January 25, 2019. 
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7.5.3.7 ROVER-7: Subsystem Demonstration 
Objective 
The purpose of this demonstration is to show that the rover subsystem is fully operational and 
able to complete all of its requirements. 
 
Pass/Fail Criteria 
The rover is able to navigate through obstacles and stop after traveling 10 feet. 
 
Safety Considerations 
Ensure the area is marked and that people or the rover will not be damaged during this test. 
 
Summary 
During this demonstration, the rover will be deployed, avoid any obstacles, and travel a distance 
of 10 feet. 
 
Result 
Demonstration scheduled for February 8, 2019. 

7.5.4 Soil Sample Recovery Subsystem Testing Overview 
 

Name Description Requirement 
Verified 

Status 

SOIL-1: Linear 
Actuator Motion 

Test. Run arduino code and verify it’s 
able to actuate to position specified. 

4.3.5 Complete 

SOIL-2: Umbrella 
Collector 

Demonstration.  Verify collector 
expands and contracts as intended. 

4.3.5, 4.3.6 In progress 

SOIL-3: SSRS 
and Sample Size 
Verification 

Demonstration. Demonstrate linear 
actuator and umbrella collector work in 
unison to collect 10 mL of sample. 

4.3.5, 4.3.6 In progress 

 

7.5.4.1 SOIL-1: Linear Actuator Motion 
Objective 
The purpose of this test is to determine the angles of rotation associated with the maximum and 
minimum positions of the actuator. 
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Methodology 
For this test, the Payload Team is determining the limits for the PQ12-R to ensure later code does 
not overtax and damage the actuator. 

Items/Variables to be tested 
● Angle of rotation 

 
Success Criteria 

● Maximum and minimum found within the range of 0° to 180°. 
 

Suspension criteria 
● N/A 

 
Safety considerations 

● N/A 
 

Pre-test Setup 
● Power test unit 
● Upload code 

 
Test Procedure 

__1. Deploy code 
__2. Enter 90 
__3. Add increments of 5 until the actuator no longer extends 
__4. Note this number 
__5. Decrease by increments of 5 until the actuator stops retracting 
_6. Note this number 

 
Post-test operations 
Document the max and min of the actuator on the google sites page and notify the team of the 
results. 
 
Result 
The test found that the angular range of the linear actuator is from 45° to 140°. 

7.5.4.2 SOIL-2: Umbrella Collector 
Objective 
The purpose of this demonstration is to ensure the umbrella collector is able to expand in size to 
ensure at least 10 mL of soil is collected. 
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Pass/Fail Criteria 
The collector must expand its base length by 4 mm to be considered successful. 
 
Safety Considerations 
Ensure the team is aware a test is being conducted and that the area is clear before the test 
begins. 
 
Summary 
The SSRS will be deployed in similar soil conditions as those anticipated for SLP. On its 
downstroke, the SSRS will displace the soil within its path, and on its upstroke the SSRS will 
collect the soil it has just displaced. As the volume of the soil within the collector increases, so 
will the volume of the collector. 
 
Result 
This demonstration will be completed upon the receipt of the custom fabricated SSRS and is 
scheduled for February 8, 2019. 

7.5.4.3 SOIL-3: SSRS & Soil Sample Verification 
Objective 
Verify that the two components work in unison to collect the appropriate amount of soil. 
 
Pass/Fail Criteria 
Actuation is smooth, umbrella expands or contracts based on the force and direction applied to 
the exterior surface, and 10 mL of soil is collected. 
 
Safety Considerations 
N/A 
 
Summary 
The SSRS will be marked at the height that would equate to a volume of 10mL. If the line is not 
visible due to obstruction caused by the soil collected following this demonstration of the SSRS, 
it will be considered a success. 
 
Result 
This demonstration is scheduled for February 15, 2019. 
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7.6 Integration Testing 
Aside from tests and demonstrations to prove that the designed Launch Vehicle and Payload 
work, the team acknowledges that the Integration of these two systems must also be tested. To 
ensure a smooth and successful transition, the team will be performing fit tests, to ensure that the 
entire payload system fits inside of the launch vehicle and has room for the rover to deploy. The 
final form of integration “testing” will be the Vehicle/Payload Demonstration Flight.  

7.6.1 Integration Testing Overview 
Name Description Status 

PF-1: Rover and 
Retention and Ejection 
Fit Test 

Demonstration. Ensure rover is able to be 
mounted securely to URL.  This demonstration 
is scheduled for February 1, 2019. 

In progress 

PF-2: Tracker and 
Bulkhead Fit Test 

Demonstration. Ensure tracker is able to fit 
through hole for motor in bulkhead.  This 
demonstration is scheduled for February 8, 
2019. 

In progress 

PF-3: Motor and 
Bulkhead Fit Test 

Demonstration. Ensure motor fits within 
bulkhead hole.  This demonstration is scheduled 
for February 8, 2019. 

In progress 

PF-4: URLSS and 
Payload Tube Fit Test 

Demonstration. Ensure URLSS fits within 
Payload Tube securely.  This demonstration is 
scheduled for February 15, 2019. 

In progress 

VPDF: Vehicle and 
Payload Demonstration 
Flight 

Demonstration. Ensure that the Launch Vehicle 
and Payload perform as designed.  

Scheduled for 
February 17, 2019 

7.6.2 Payload Fit Tests 

7.6.2.1 PF-1: Rover and Retention and Ejection Fit Test 
Objective 
The purpose of this demonstration is to show that the rover fits with the retention and ejection 
subsystem. 
 
Pass/Fail Criteria 
Rover is able to be secured to retention and ejection subsystem. 
 
Safety Considerations 
Moving motor, ensure team is aware test is about to occur and no one is within a 5 foot radius. 
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Summary 
For this test, the motor, deployment trigger, URL, and rover will be integrated with each other. 
The trigger will receive a signal that will begin the retention of the rover. Once completed, the 
trigger will receive another signal to begin the deployment of the rover. 
 
Result 
This demonstration is scheduled for February 1, 2019. 

7.6.2.2 PF-2: Tracker and Bulkhead Fit Test 
Objective 
The purpose of this demonstration is to verify that the tracker system is able to fit through the 
hole in the bulkhead and be secured in the nose cone. 
 
Pass/Fail Criteria 
The tracker fits through the hole and can be secured. 
 
Safety Considerations 
N/A 
 
Summary 
The tracker will be pre-assembled and powered, then inserted through the motor hole in the 
bulkhead. It will then be secured to the mounting plate, which was fixed in place before 
epoxying the bulkhead into position. 
 
Result 
This demonstration is scheduled for February 8, 2019. 

7.6.2.3 PF-3: Motor and Bulkhead Fit Test 
Objective 
The purpose of this demonstration is to ensure that the motor fits properly within the bulkhead 
hole and can be secured properly. 
 
Pass/Fail Criteria 
Motor fits within hole, capable of necessary screw mounting. 
 
Safety Considerations 
N/A 
 
Summary 
Test fit motor. If test fit is good, proceed to secure motor via screws. Verify that it is securely 
mounted. 
 
Result 
This demonstration is scheduled for February 8, 2019. 
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7.6.2.4 PF-4: URLSS and Payload Tube Fit Test 
Objective 
The purpose of this demonstration is to ensure the URLSS fits snuggly within the payload tube. 
 
Pass/Fail Criteria 
URLSS fits, still allows a team member's arm to pass and reach bulkhead and secure all 
necessary components. 
 
Safety Considerations 
N/A 
 
Summary 
Test fit URLSS in payload tube along with bulkhead, URL, and rover. 
 
Result 
This demonstration is scheduled for February 15, 2019. 

7.6.3 Vehicle and Payload Demonstration Flight 
Objective 
During the Vehicle/Payload Demonstration Flight (VPDF) the team will demonstrate the 
functionality of the designed launch vehicle and payload as well as their ability to meet all 
NASA Student Launch Requirements. This demonstration, a requirement from the NASA 
Student Launch Handbook, will be completed and detailed before the Flight Readiness Review 
milestone.  
 
Planned Launch Site 
 
At this time, the team is intending to perform this test at Kaneohe Marine Corps Base (KMCB) 
on February 17, 2019. Due to the high density and constant air traffic on the island of Oahu, the 
team will be restricted on the allowable altitude that the rocket may reach. For this reason, the 
launch vehicle’s intended motor selection, the Aerotech K1050W, will not be appropriate for 
flight. The team will seek RSO approval for the use of a lower powered motor, the K695R.  
 
However, the team is still awaiting final authorization from the base to perform this test. In the 
case that KMCB does not allow the team to perform this test, the team will perform the VPDF at 
an official Tripoli launch in Northern California. If the VPDF is performed there, the team will 
be able to fly the rocket on its intended launch day motor, the Aerotech K1050W. 
 
As the motor choice for the VPDF is not yet certain, the pass/fail criteria of this demonstration 
will be annotated with different criteria based upon the different motor choices, when applicable.  
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Pass/Fail Criteria 
This demonstration will be considered passing if and only if the following occurs 

● The vehicle and payload flown at the VPDF are the final versions of their designs 
● The launch procedures and checklist are followed and properly initialed by the necessary 

team members and mentors. 
● The vehicle experiences a stable ascent and deploys its drogue chute at apogee 
● Based upon the motor used, apogee will be attained in the appropriate window: 

○ K1050W: between 4250ft and 5250ft AGL 
○ K695R: between 1500ft and 2500ft AGL 

● The vehicle deploys the main and payload chutes at 500ft AGL (with an allowable 
altitude error of up to 75ft) 

● The nosecone/payload and forward/booster sections properly separate during flight 
● Both sections are recovered with no structural damage incurred during flight 
● Data from at least one of the Altimeters is collected 
● The rover is retained within the payload section for the entire duration of the flight 
● The nosecone/payload section lands in a horizontal orientation that allows for 

deployment of the rover 
● The rover is able to be deployed from the payload section 

 
Safety Considerations 
Due to the many risks posed by rocket launches, especially in the case of “experimental” flights, 
the team will educate all team members attending the VPDF on necessary launch procedures. 
The team’s Safety Officers and High Power Rocketry certified members will educate the team on 
launch hazards and protocols to follow. The team will adhere to all TRA and NAR Safety Codes 
during this demonstration, in addition to any safety requirements that the launch facilities impose 
upon the launch site.  
 
Summary 
The team will perform this demonstration following the Launch Procedures and Checklist found 
in Section 5.4. 
 
Result 
This demonstration is tentatively scheduled for February 17, 2019 at KMCB. 

7.7 STEM Engagement Plan 

7.7.1 Participants Reached  
As of December 1, 2018, the Project IMUA team has reached 201 participants through direct 
interaction and STEM education. We are currently scheduled for STEM engagement activities 
with an additional 69 participants by mid-February and are talking with the Girl Scouts of 
Hawaii about a possible engagement event in the coming months. Several of our team members 
also work as tutors in our campuses’ math labs and STEM centers, and we have been keeping a 
log of students reached through tutoring.  
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The 201 participants were met at three engagement events held between October 25 and 
December 1. Half of the participants were reached at the Hawaii FIRST LEGO League Robotics 
State Championship, and the rest of the participants were reached through school field trips to 
Windward Community College’s Center for Aerospace Education (CAE).  
 

 
[The Windward Community College Center for Aerospace Education ] 

7.7.2 Activity Descriptions 
At our largest engagement event, the Robotics State Championship (RSC), we held an exhibition 
booth which we guided groups through. Our booth included a large Newton’s Cradle, several of 
our hobby and competition rockets, magnetic desktop toys, and three bathroom scales that were 
adjusted to show the user’s weight on Earth, on the moon, and on Jupiter, respectively.  
 
We first guided the groups through the scientific method using our Newton’s cradle, encouraging 
the students to question how and why the cradle works and to make predictions. We discussed in 
basic terms the concepts of momentum and energy as they relate to the Newton’s Cradle. Next, 
we invited the participants to see how much they weigh on the moon and Jupiter compared to on 
Earth. We encouraged participants to then consider what their weight “means” in physical terms, 
and then related these topics to gravity and escape velocities. At this point, we talked some about 
our rockets and their design process and asked participants to consider design considerations.  
 
Lastly, we briefly described magnetic forces using a desktop toy, which consisted of a small 
magnetic pendulum hanging above a magnetic base such that the pendulum bob would be 
repelled from entering above the base unless precisely balanced. We invited the students to feel 
for themselves the resistance of the magnets and to see if they could balance the toy so that the 
magnetic force would not push it off balance, and we asked students to consider magnetic 
interactions in other scenarios. 
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[Project Imua at the 2018 RSC] 

 
At our second largest event, held with the Native Hawaiian Science and Engineering Mentorship 
Program (NHSEMP), a short interactive demonstration of how vibrations and sound waves travel 
through different media was presented. The demonstration utilized two cups filled with water on 
two disparate tables that were placed in contact with each other; one table was rocked/struck and 
students observed the disturbances in the water of both cups. The tables were then separated, and 
it was observed that the vibration did not travel from one table to the other.  
 
Later, Slinkys were used to demonstrate the relationship between wavelength, frequency, and 
amplitude. Students then used ‘cup telephones’ to gain a better understanding of how sound 
waves traveled through different mediums (the cords connecting the cups). Lastly, students 
created musical instruments (maracas) of their own design, and with the use of audio-engineering 
software, the students were able to observe the different soundwaves that the different 
instruments created.  
 

 
[Some of the learning tools we use to engage students ] 

 
For our smallest event, we hosted 41 participants from Koʻolau Baptist Academy at the Center 
for Aerospace Education. We guided two groups of students through the creation (cutting, 
folding) of paper gyrocopters. We lead and encouraged inquiries into what might happen when 
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the gyrocopter is dropped, why it might behave that way, and what might happen if the design is 
changed (more mass, larger/smaller size, etc). After several flights, students made modifications 
to their copters, and observations were made. We then encouraged the students, with their new 
observations, to consider why and how the copter flies the way that it does. We then explained to 
the students basic concepts of gravity as force, center of gravity, momentum, and drag.  

7.7.3 Projected Timeline 
In addition to the 201 participants we have already interacted with at STEM Engagement 
Activities, we are planning on reaching over 100 more at other events. The table below shows 
these anticipated STEM Engagement Activities.  
 

Date Event Location Expected Participants Total Participants 
(incl. 201 as of Dec. 1) 

TBA Girl Scouts HI Fundraiser ~50 251 

2/1/2018 Center for Aerospace 
Education (CAE) 20 271 

2/5/2018 CAE 24 295 

2/8/2018 CAE 11 306 

2/15/2018 CAE 14 320 

*Projected STEM Timeline is subject to change depending on availability and number of 
participants 

7.8 Timeline 
To ensure successful completion of the Student Launch Project, the UHCC team will adhere as 
closely as possible to our previously-developed timeline. The original timeline submitted in the 
team’s proposal gave a lot of leeway and set deadlines early to ensure that any setbacks could be 
handled by the team. At the Critical Design Review milestone, the team believes this will be the 
final, unmodified timeline. The timeline is below in Figure 7.9. 
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[Figure 7.9 - Overall Team Timeline ] 

7.8.1 Vehicle Timeline 
To ensure satisfactory and timely completion of the vehicle design and construction, the Vehicle 
Team created an intended timeline for the vehicle’s progress. This timeline is on the next page in 
Figure 7.10. 
 

 
[Figure 7.10 - Rocket Team Timeline] 
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The team began this endeavor at the ARLISS competition in Black Rock Desert, Nevada. While 
attending the competition and competing in the Comeback Competition, the team also focused 
on securing high power rocketry certifications for Vehicle Team members. In addition, the team 
launched a prototype of the launch vehicle designed for the Student Launch Competition. The 
team used that launch to learn what aspects of the Vehicle Design could be altered and improved 
upon for the Student Launch Project’s vehicle design.  
 
After the ARLISS competition, the team returned to Hawaii and discussed what the major 
successes and failures of the ARLISS competition launch had been. After thorough analysis and 
discussion with the team’s Rocketry Mentor, the team finalized a Vehicle Design.  
 
After completion of vehicle design, the Vehicle Engineers began subscale design and testing. 
The subscale vehicle, elaborated upon in Section 4.6, used a 1:4 ratio of design. Testing for the 
subscale began in October and will continue through January.  
 
Throughout the duration of the first half of the project, the Vehicle Team performed Variable 
Drag Assembly simulations to determine the optimal angle at which the vehicle’s VDA should 
be positioned at during launch.  
 
Beginning between the PDR and CDR milestones, the Vehicle Team began fabrication of the 
Fore/Booster Section and will continue this work until mid-January. At this time, the Vehicle 
Team will begin work on the external Payload Section Layout until the beginning of February. 
After this point, the team will begin Payload Section Recovery Testing, which will be finalized 
by the Vehicle & Payload Demonstration Flight, scheduled for mid to late February. At that time, 
the Vehicle Team will be solely focused on writing the FRR Report and preparing the launch 
vehicle to be sent to Huntsville for Launch Week.  

7.8.2 Payload Timeline 
In order to ensure the timely completion of the rover, the payload has broken down development 
into separate phases and allotted an appropriate amount of time for each phase. The timeline 
below, Figure 7.11, depicts each phase and the time spent on each. 
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[Figure 7.11 - Payload Team Timeline] 

 
The Payload Team began concept design in early September in preparation for the SLP. During 
this phase, the team discussed how to divide the project into subsystems and the overall design of 
the rover. 
 
Upon deciding to enter SLP, the team began comparing a variety of microcontrollers and 
determining which would work best for each subsystem. As the designs were chosen and the 
requirements for each subsystem assigned, the team was able to begin narrowing down possible 
microcontrollers by RAM, stacking capabilities for motor shield add-ons, and product 
dimensions. These determining factors were based on memory needed, the objective of the 
system, and location of the microcontroller within the rocket, be it the nosecone or payload tube. 
 
Once the proposal was finished, the Payload Team began concept testing to determine which 
design the team would move forward with. To do so, the team utilized decision making matrices 
and rated each proposed design on the factors determined to be important for that subsystem. For 
example, while determining the SSRS design, the team rated each of the three proposed designs 
on integration, simplicity of design, suitability to terrain, mass, and affordability. During this 
period, the team also began coding to ensure these designs were programmable within the time 
constraint. 
 
During the coding phase, the team began working on writing test code for the individual 
components to determine their limits and their suitability to the design. Later, the team began to 
compile code from the individual components so that they could be tested with the other 
components they interact with in each subsystem. Development of coding and changes to 
increase efficiency will continue until the Full-Scale Low Powered Launch (FSLP). 
 
Upon finishing concept testing and being a quarter of the way through with coding, the team 
began rover fabrication. At this point all of the concepts had been finalized and coding had 
progressed enough to allow the Payload Team to proceed with confidence that no major changes 

200 
 



 

would need to be made to the rover design. During this phase, the Payload team also began 
component testing and transmit (TX) & deployment testing. 
 
For initial component testing, the team began utilizing example code from either the vendor of 
the component itself or prior code developed by previous team members. During this phase, the 
team ensured that each of the components would satisfy the needs of the designs picked and the 
constraints imposed by the launch vehicle. As individual components were determined to satisfy 
their specific requirements, the Payload Team began writing code for the testing of smaller 
systems within each subsystem and performing said tests. For example, the wheel system within 
the rover subsystem was tested once the twin gearbox had been tested and the tank treads were 
modified to meet the team’s specific needs. The component testing finished on January 4th. 
 
During TX & deployment testing, the team determined the conditions for the Xbee Pro that 
would allow the component to have the longest transmission distance. Thus, allowing the 
receiver within the nosecone of the launch vehicle to continue receiving the signal from the 
ground station at a distance of 2,500 feet, the maximum drift allowed per the SLP’s 
requirements. Whilst the team simulated various possible transmission conditions, the Payload 
Team also began testing the Xbee as a deployment trigger. This meant ensuring that once the 
command was received from the ground station, the Xbee would be able to send a signal to the 
motor so it would turn on. This will begin rotating the drive thread; as a result, this will also 
initiate rover deployment. 
 
During the month of January, the Payload Team will finish component testing and continue to 
modify code, up until the FSLP. Beginning around mid-February, after the finalization of the 
payload section’s external layout, the team will begin verifying that the finalized rover and 
launch vehicle designs will integrate as intended. These integration tests are scheduled to 
continue until the FSLP launch in mid-March.  

7.8.3 Team Targets Timeline 
Due to the fast paced nature of this project, the team identified specific time periods during 
which the many reports necessary must be outlined, written, and edited. This timeline is 
summarized in Figure 7.12 on the next page. 
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[Figure 7.12 - Team Targets Timeline] 

 
The Preliminary Design Report was worked on during the entire month of October. The team 
quickly learned how intensive the reports needed to be. Thus, after the PDR milestone, the team 
revamped their process of meeting these team targets.  
 
For the Critical Design Review, the team worked from the middle of November until early 
January on the report. Team Mentors and Team Leads collaborated on a thorough and itemized 
timeline to ensure that all sections were complete and thorough, with ample time for the team’s 
Document Editor to review the documents. This set of protocols, which greatly improved the 
ease and quality of writing the Design Review, will be implemented in the FRR process.  
 
The team will begin work on the Full-Scale Low Powered Launch during mid to late January. 
During this team milestone, the Team Mentors and Team Leads will ensure successful 
completion of the Vehicle and Payload. The team will focus on educating all team members of 
proper launch procedures, in preparation for the Vehicle & Payload Demonstration Flights. At 
this time, the UHCC team is scheduled for a launch date of February 17, 2019 at Kaneohe 
Marine Corps Base. During this milestone, the team will ensure documentation of any work 
necessary for the FRR Report.  
 
The Flight Readiness Review will be started by the team in early to mid February, shortly after 
the Full-Scale Low Powered Launch. The team will prepare for this milestone during the time 
period allotted for the FSLP.  
 
Following Launch Week in early April, the team has prepared to work on the Post Launch 
Assessment Review for the two weeks following return from Huntsville.  
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