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1 General Information 
We are the United States Military Academy at West Point's Army Rocketry and Engineering 

Sciences team (USMA ARES). 

1.1 Key Contacts 
 

Position Information 
NAR Advisor/OIC MAJ Robert Perezalemany 

Assistant Professor of Physics and 
Nuclear Engineering 
robert.perezalemany@westpoint.edu 
(787) 406-0109 
NAR #:  296540 
 
 

Team Mentor MAJ Chalie Galliand, USAF 
Assistant Professor of Physics and 
Nuclear Engineering 
chalie.galliand@westpoint.edu 
(845) 938-2650 
 

Staff Mentor Mr. Andrew Pepel 
Physical Science Technician 
andrew.pepel@westpoint.edu 
(845) 938-1868 
 

Cadet Team Leader Pavel Shilenko 
3rd Class Cadet - Physics 
pavel.shilenko@westpoint.edu 
(305) 709-7951 
NAR #: 297370 
 

Cadet Safety Officer Tavis Cahanding 
3rd Class Cadet – Mechanical Engineering 
tavis.cahanding@westpoint.edu 
(510) 220-2587 
 

 

Table 2: Key Contacts Table 

 

mailto:robert.perezalemany@westpoint.edu
mailto:chalie.galliand@westpoint.edu
mailto:andrew.pepel@westpoint.edu
mailto:pavel.shilenko@westpoint.edu
mailto:tavis.cahanding@westpoint.edu
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1.2 Team Directory 
There are 16 members of ARES. There are five sub-teams.  

Sub-Team Sub-Team Lead 
Airframe CDT Matthew Decker 

Mechanical Engineering  
 

Financial Management CDT Rathin Shah 
Physics 

Outreach CDT Maximus Marchi 
Engineering Management  

Payload CDT Andrew Nguyen 
Mechanical Engineering 

Safety CDT Tavis Cahanding  
Mechanical Engineering 
 

Table 3: Sub-Team Leaders 
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Team Assignment  Team Members 

Airframe CDT Austin Burns 

Space Science 

Airframe CDT Ed Jung 

Systems Engineering 

Airframe CDT Nathon Segovia 

Physics 

Launch Vehicle CDT Aiden Ford 

Space Science 

Outreach CDT Rea Smith 

Arabic 

Payload CDT Arnav Pai 

Computer Science 

Payload CDT Bryce Sinclair 

Mech. Engineering 

Payload CDT Harrison Wepener 

Computer Science 

Payload CDT James Ye 

Cyber Operations 

Payload CDT Michelle Hon 

Computer Science  

Table 4: Team members with their assignments. 
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Figure 1: Team ARES Organization Breakdown Structure (OBS) 

Figure 2: Team ARES Work Breakdown Structure (WBS) 
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1.3 National Association of Rocketry  
USMA ARES NAR advisor MAJ Robert Perezalemany has a NAR level 1 certification 

with a planned level 2 launch on September 22, 2022, with the Long Island Advanced 

Rocketry Society. The cadet team leader, Pavel Shilenko, is gaining NAR level 1 certification 

and launching with the Long Island Advanced Rocketry Society.  

The NAR level 1 certification allows USMA ARES to acquire type H (0-320 N-sec) and 

type I (320.01 – 640.00 N-Sec) rocket motors. NAR level 2 certification allows for the 

purchase of type J (640.01 – 1280.00 N-Sec) to type L (2560.01 – 5120.00 N-Sec) and 

certification of NAR members for a level 1 certification.  

Section  NAR/TRA Number Launch Site 
Long Island Advanced 
Rocketry Society  

#142 Plainview, NY 

Lower Hudson Valley 
Challenger CTR Rocketry 
Club 

#691 Airmont, NY 

Table 5: NAR 

Launch Sites: 

Launch Site Travel Time Priority 
Airmont, NY 1 hour 2nd 
Plainview, NY 2 hours 3rd 
West Point Range 11 20min 1st 

Table 6: Launch Sites 

1.4 Hours Spent on Proposal 
 The number of hours spent on the proposal is divided into sections based on work 

and organization breakdowns, including planning and research, meetings, and proposal 

creation. 

Work Item Hours Logged 
Budget/Funding 5 
Launch Vehicle 32 
Payload 61 
Project Management 13 
Public Affairs 13 
Safety 19 
TOTAL 143 

Table 7: Proposal Hours Task Tracker 
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2 Resources 
2.1 Facilities 
 There are various facilities that ARES is planning to utilize at West Point. All the 

facilities listed in Table 8 are open between 0740 and 1630, the West Point business hours. 

During business hours, faculty are present to assist the cadets in manufacturing and 

assembly. However, cadets can use these facilities outside of these hours but without the 

help of the faculty.  

Room Tools 
Classroom BH172 - Meeting Space for ARES Team and 

SPEAR Club 
Ham Radio Club BH266 - Kenwood Handheld Radios 

- HF Flex Radio 6600 
- Access to various antennas 

Machine Shop BH79 - 1000W Laser Cutter  
- CNC Lathe (6in diameter) 
- CNC Mill  
- Drill Saw 
- Manual Mills (2x) 
- Vertical Band Saw 
- Various Metal Working Tools 

Rocket Lab BH78 - Makerspace for the ARES Team and 
SPEAR Club 

Welding Shop BH80 - Band Saw  
- Grind Wheel 
- Paint Booth 
- MIG Welder 

Wood Working Shop BH76 - Panel Saw 
- Sand Blaster 
- Sander 
- Table Saw  
- Various hand-held wood working 

tools 
Table 8: Documentation of the Available Facilities and Tools 
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Figure 3: Classroom BH172, located on the first floor of Bartlett Hall on the West Point Campus. 

 
Figure 4: The Rocket Lab (BH78), located in the basement of Bartlett Hall. 
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Figure 5: Machine Shop, located adjacent to the rocket lab in the basement of Bartlett Hall. 

 
Figure 6: Welding Shop, located in the basement of Bartlett Hall adjacent to the Machine Shop. 
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Figure 7: Wood Working Shop, located in the basement of Bartlett Hall opposite the Welding Room. 

 

  

2.2 Software  
Software Uses 
Adobe  Professional presentation software 
Arduino IDE Payload and avionics software testing and 

development in C++ 
Circuito.io Online circuit development and software 

testing 
LucidChart WBS and OBS creation 
Microsoft Office Suite Documentation 
OpenRocket   Rocket design and analysis 
Slic3R 3D printing software 
Solidworks CAD Component design, 3D printing, 

dimensional analysis 
Table 9: Software and Uses Table  
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3 Safety 
The United States Military Academy Army Rocketry and Engineering Sciences team (USMA 

ARES) holds safety as the most significant concern in all steps of rocket design, including 

manufacture, assembly, transportation, launch, and recovery. USMA ARES safety officer, 

Tavis Cahanding, is responsible for creating, implementing, and overseeing procedures 

following existing codes and regulations. 

3.1 Safety Plan 

3.1.1 Risk Assessment and Mitigation 

USMA ARES has adopted a redundancy approach to mission-critical components to ensure 

the project's success. Table 10 displays the associated severity levels associated with the 

expected delay and expected cost to repair or replace the components. Additional time has 

been incorporated into the project timeline to account for hazards. Funds have also been 

set aside for emergencies. High-risk single point of failure products required in each rocket 

module has already been acquired, while objects manufactured in-house will have backups. 

Judgment on the acquisition of additional equipment to reduce risk will be made on a case-

by-case basis. 

 
Table 10: Risk Assessment Key 

3.1.2 Risk Assessment   
While every potential risk cannot be negated entirely, steps can be taken to reduce their 

likelihood, severity, or both. To this extent, the following Failure Modes and Effects 

Analysis (FMEA) has been created for all steps of the rocket design process from 
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fabrication to post-launch and includes the potential hazards, causes, impacts, delays, 

initial risk levels, controls and countermeasures, and a post-assessment risk level. 

The following FMEA matrices outline the expected risks associated with the student 

launch's overall success, especially concerning hazards associated with systematic or 

random errors that may create extra costs or time delays. The following FMEA matrices 

outline the expected risks associated with the student launch's overall success, especially 

concerning hazards associated with human error that may create extra costs or time 

delays. 

The initial likelihood (IL), Initial Severity (IS), Final Likelihood (FL), and Final Severity (FS) were all 

calculated using the above chart with additional guidelines concerning hazards Immediately 

Dangerous to life or health (ILDH) explained below. 

Hazard Cause Impact 

De
la

y 

ID
LH

 

Co
st

 

IL IS Control FL FS 

Negligent 
discharge of 
rocket 

Improper 
Procedure 

Loss of Rocket, 
Potential 
damage to life 
or property 

EH Yes EH M EH 

Ensure power 
is 
disconnected 
from the 
launch 
system. The 
key interlock 
is functional 
and used. Use 
of 5-second 
pre-launch 
countdown   

L M 

Loss of 
sensitive and 
mission-
critical 
components 

Lack of 
accountability  

Mission 
Failure EH No H M EH 

Ensure 
inventory is 
checked by3 
members 
before 
movement. 
Use of an 
itemized 
checklist 

L M 
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Retrieval of 
the rocket 
near UXO 
designated 
areas 

Lack of 
Knowledge, 
Improper 
Procedure 

Bodily Harm L Yes H L H 

Follow UXO 
procedures. 
Brief about 
and avoid 
designated 
UXO areas.  

L M 

Improper 
handling of 
hazardous 
expended 
material 

Lack of 
Knowledge, 
Improper 
Procedure 

Potential 
Bodily Harm L Yes L M H 

Mark all used 
materials and 
assign 
personnel to 
track them. 
Use PPE 
when 
handling and 
transferring 
materials   

L M 

Other than 
nominal 
rocket 
trajectory 

Calculation 
Failure, 
Adverse 
conditions 

Potential 
property 
damage or 
bodily harm, 
Loss of Rocket 

H No M M M 

Verification of 
expected 
trajectory 
given launch 
conditions. 
Ensure all 
components 
are properly 
assembled 
and secured 

L M 

Improper 
usage of 
power tools 

Improper 
Procedure 

Damage to 
self, 
equipment, or 
components 

L Yes M M M 

Proper 
instructions 
on use with 
subject 
matter 
experts 
supervising. 
All members 
operating 
power tools 
must wear 
PPE. 

L M 
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Improper 
usage of 
hazardous 
materials 
and/or 
chemicals 

Improper 
Procedure 

Damage to 
self, 
equipment, or 
components 

L Yes M M M 

Ensure 
proper 
instruction on 
the use and 
establishment 
of a safe 
environment 
through 
ventilation 
and PPE. 

L M 

Exposure to 
hazardous 
material. 

Improper 
Procedure 

Potential 
Bodily Harm L Yes L M M 

Procurement 
and issuing of 
PPE. 
Additional 
safety 
training to 
reduce 
exposure 

L M 

Unsecured 
hazardous 
materials and 
explosives  

Improper 
Procedure 

Loss of 
Sensitive 
Material,  
Property 
Damage 

L Yes M M M 

Ensure all 
hazardous 
materials and 
explosives 
and secured 
within the 
safe before 
closeout each 
day 

L L 

Equipment 
damage or 
failure  

Lack of Pre-
Flight Checks 

Damage to 
Material, 
Mission 
Failure 

M No M M M 

Ensure 
availability of 
redundancies 
for mission-
critical 
components. 
Conduction of 
Pre-launch 
inspections. 

L L 

Mishandling 
of equipment  

Incorrect 
Procedures 

Damage to 
Material, 
Mission 
Failure 

L No M M M 

Multiple 
rehearsals of 
procedure, 
use of a 
checklist for 
procedures 

L L 
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Rocket 
becomes 
suspended 
and 
unrecoverable 

Calculations 
Error 

Potential 
damage to 
Rocket, 
Potential 
bodily harm 

L No M M M 

Brief proper 
procedure on 
recovery if 
possible. 
Ensure 
proper tools 
are used if 
recovery is 
possible 
(ladder, long 
stick). 

L L 

Exposure to 
falling/flying 
objects 

Lack of 
spatial 
awareness 

Personnel 
Injury, 
Damage to 
components 

L Yes L L M 

Conduct 
safety briefs 
of operations 
and requiring 
the use of 
PPE in at-risk 
areas. 

L L 

 

Table 11: Personnel FMEA 

The following FMEA contains environmental considerations, including the possible hazards from 

the rocket and rocket manufacturing process to the environment and potential damage from the 

environment to the rocket.  

Hazard Cause Impact 

De
la

y 

ID
LH

 

Co
st

 

IL IS Control FL FS 

Adverse 
weather 
conditions 
such as 
heavy rain, 
heavy wind, 
or lightning 

Forecastin
g Failure 

Damage to 
Material, 
Mission 
Failure 

L No EH L EH 

Secure 
exposed 
equipment, 
ensure a 
grounded 
location and 
establish 
scrub 
procedures.  

L M 
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Improper 
disposal of 
hazardous 
material 

Improper 
Procedure 

Environmental 
Hazard L No M M M 

Ensure all 
hazardous 
material is 
marked 
correctly. 
Designated 
area and 
procedure 
for disposal 
following 
local 
regulations 

L M 

Failure to 
recover 
hazardous 
material 

Improper 
Procedure, 
Design 
Failure, 
Adhesion 
Failure 

Environmental 
Hazard L No M M M 

Communicat
e with range 
control about 
potential 
hazards, 
including risk 
assessment 
and 
identification 
procedures. 

L M 

Thermal 
Damage 
while on the 
launch pad 

Design 
Failure 

Damage to 
Material, 
Mission 
Failure 

L No M M M 

Ensure all 
components 
are rated to 
withstand 
temperatures 

L M 

Risk of fire at 
launch or 
landing site 

Flammable 
material in 
the vicinity 
of the 
launch site 
is ignited 

Fire Hazard L No L M M 

Ensure the 
launch area is 
clear of 
flammable 
material. Use 
of blast 
shield to 
ensure 
flames do not 
come in 
contact with 
the ground. 

L M 

Weather 
conditions 
incompatible 
with the 
launch 

Incorrect 
Fore-
casting 

Mission Delay L No L M L 

Ensure 
redundancy 
dates are 
established 

L L 

 
Table 12: Environmental FMEA 
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The following FMEA contains an ARES preliminary analysis of hazards associated with 

rocket design, manufacture, or assembly failures.   

Hazard Cause Impact 

De
la

y 

ID
LH

 

Co
st

 

IL IS Control FL FS 

Catastrophic 
body failure 

Calculation 
Failure 

Loss of 
Rocket H No H M H 

Simulate 
forces on 
body frame 
and 
components 
before the 
flight. 

L H 

Erroneous 
separation of 
Components 

Equipment 
or Design 
Failure 

Loss of 
Payload, 
Mission Fail 

M No H M H 

Ensure all 
fasteners are 
secured, and 
all cords are 
certified to 
operate 
under 
expected 
strain before 
launch. 

L H 

Parachute 
Failure 

Deployment 
Failure 

Loss of 
Rocket, 
Potential 
damage to 
life or 
property 

H No M M M 

Ensure 
parachute 
deployment 
systems are 
correctly 
installed and 
verify the 
effectiveness 
of parachute 

L M 

Fins become 
disconnected 
from the 
launch 
vehicle 

Adhesion 
failure 

Loss of 
Rocket, 
Potential 
damage to 
life or 
property 

M No M M M 

Ensure fins 
are correctly 
and securely 
attached to 
the body. 
Prelaunch 
stress testing  

L M 

Table 13: Design FMEA 

The severity of an event is the result of a combination of guidelines such as the time and 

cost to repair any damaged equipment and if the event could be classified as Immediately 

Dangerous to Life or Health (IDLH). Events classified as Immediately Dangerous to Life or 
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Health in terms of airborne contaminants are defined by the US National Institute for 

Occupational Safety and Health. Additionally, any event that would result in the loss of life, 

limb, or eyesight would also be designated IDLH and would result in the severity of an 

event being classified as medium or higher. 

USMA ARES local launch site, USMA Range 11, is also used for M4 rifle qualification, and 

there is a designated impact area that only Range Control officers can access. It is also 

important to note that all West Point ranges have restricted airspace up to 5,000 feet. 

Special consideration has been taken to ensure that the estimated rocket landing zone is far 

removed from these areas and that in the event of a rocket landing within this area, no 

attempt at recovery will be made. However, if the vehicle does land in the impact area, 

Range Control officers will retrieve it. 

3.1.3 General Safety Plan 

In addition to the hazards and controls, USMA ARES has created a general list of safety 

procedures to minimize the risk associated with the fabrication and testing of the rocket.  

1. Use proper PPE when applicable  

a. Use gloves when dealing with epoxy or adhesives 

b. Use properly reinforced gloves when handling fiberglass or carbon fiber 

c. Wear goggles when handling hazardous materials or using heavy machinery 

2. Ensure grounding precautions are taken before handling circuitry or electric 

current. 

3. Exercise caution when handling explosives  

4. Acquire proper firefighting equipment before using an open flame, explosives, or 

starting a motor burn 

5. Reference the NAR safety code before any launch  

a. Ensure all personnel are at least 300' from the launch site  

b. In the event of a misfire, do not approach the motor for at least 60 seconds 

c. Utilize a 5-second countdown before launch 

6. Use common sense. 



   
 

22 
 

3.1.4 Hazardous Materials Plan of Action 

Hazardous materials create an increased risk but are necessary for the construction and 

assembly of the rocket. To identify materials that create an elevated risk when used, USMA 

ARES will utilize the Globally Harmonized System of Classification and Labeling of 

Chemicals (GHS) to label hazardous materials. Furthermore, the material safety data sheets 

(MSDS) for utilized chemicals will be on hand for reference of necessary PPE before use, 

proper use, proper storage, and contingency procedures in the event of adverse exposure. 

3.1.5 Physical Security 

Explosives and rocket motors will be stored in the onsite explosives safe, which is kept 

under lock and key only assessable to senior faculty. The team mentor and NAR advisor are 

the only members of the team with access and will be present when the contents of the safe 

are utilized. 

 

Figure 8: Explosives Safe 

3.1.6 NAR Procedures 

USMA ARES will follow all guidelines set by the National Association of Rocketry (NAR) 

regarding the acquisition, transport, storage, and launch of rockets and rocket motors. Only 
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ARES team mentors with appropriate NAR certifications will be allowed to purchase rocket 

motors, with the storage and transport of said motors falling under their delegation and 

authority. 

Before any launch, the RSO, Team Safety Officer, and Team Mentor will verify that all 

guidelines enumerated in the NAR high power rocket safety code are followed along with 

any additional guidance regarding launch readiness set forth by the FAA and NFPA. All 

team members at the launch will have a record saying they will abide by all regulations and 

accept that the RSO may cancel or postpone the launch for any reason. 

3.2 Applicable Laws and Regulations 

The following section contains the additional laws and regulations USMA ARES will follow 

in rockets' construction, transportation, and launching. 

3.2.1 NFPA 1127 "Code for High Power Rocketry." 

USMA ARES will follow the guidance in NFPA 1127 when launching high-power rockets, 

defined as a high-power rocket motor with no more than 40,960 N-sec of total thrust. The 

outlined design limitations will also be followed for test flights and the final full-scale 

rocket. Statues concerning the purchase, assembly, and transportation of rockets and 

rocket motors will also be adhered to when applicable. 

3.2.2 NFPA 1122 "Code for Model Rocketry." 

USMA ARES will follow all guidance contained in NFPA 1122 when launching model rocket 

motors which are defined as: "A solid propellant rocket motor that has a total impulse no 

greater than 160 N-sec, an average thrust of no greater than 80 N, and that otherwise 

meets the other requirements outlined in the NFPA 1125." Motors that are larger than the 

above-stated limitations are considered "high power rockets" and as such will follow NFPA 

1127. USMA ARES plans to use model rockets to verify prelaunch procedures and as an 

aspect of STEM outreach. 

3.2.3 FAA Regulations – Title 12, Chapter 1, Subchapter F 

3.2.3.1 101.22 - Definitions 

The FAA defines Class 1 rockets, or model rockets, as rockets that: 
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• Use no more than 125 grams of propellant: 

• Use a slow-burning propellant: 

• Made of paper, wood, or breakable plastic: 

• Contain no substantial metal parts: and 

• Weigh no more than 1,500 grams, including the propellant 

To this extent, the model rockets USMA ARES plans to use for procedure verification, and 

STEM outreach fall under the limitations of Class 1 rockets as prescribed by the FAA and 

under NFPA code 1122. As such, limitations from both documents will be adhered to. 

Class 2 rockets, or High-Power Rockets, are defined as:  

"An amateur rocket other than a model rocket that is propelled by a motor or motors 

having a combined total impulse of 40,960 Newton-seconds or less." 

Most USMA ARES rockets will fall under this category, and the applicable guidelines will be 

followed. 

3.2.3.2 101.23 - General Operating Limitations 

USMA ARES will verify the launch trajectory of all rockets, both class 1 and 2, before launch 

and ensure that FAA Regulation 101.23 is followed by ensuring that the skies around the 

launch site are clear of any aircraft before launch. In addition, the rocket will not cross into 

any foreign country, and the rocket's flight or landing will not create any hazard to other 

people or property. 

3.2.3.3 101.25 - Operating Limitations for Class 2 - High Power Rockets and Class 3 – 

Advanced High Power Rockets 

When launching class 2 rockets, USMA ARES will follow the limitations outlined in FAA 

101.25, ensuring the rockets are launched on clear days between sunrise and sunset with 

horizontal visibility of more than 5 miles, not launched into any clouds, and a fire 

extinguisher is on hand in case of any fire caused by the launch or landing of the rocket. In 

addition, the rocket will not land within 1500 ft of any person or property not associated 

with the launch, will not travel through controlled airspace without prior authorization, 

and will not fly within 9.26 kilometers of any airport boundary without prior authorization. 
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3.2.3.4 101.27 - ATC notification for all launches 

USMA ARES will ensure that the nearest FAA ATC facility is notified of any launch of class 2 

rockets between 24 and 72 hours before the intended operation. The information provided 

will include the name and address of the launch coordinator, date and time, the affected 

area, the highest expected altitude, duration of the activity, and any other information at 

the request of the ATC. 

3.2.3.5 101.29 - Information Requirements   

If the launch of a class 2 rocket requires a waiver or special authorization, USMA ARES will 

submit paperwork to the FAA at least 45 days before the operation, including the 

information outlined in FAA 101.27 

3.2.4 ATF Regulations – Title 27, Chapter 1, Subchapter B, part 555 "Commerce in 

Explosives." 

Following Title 27 Limitations, specifically, Chapter 2 subchapter C Part 555, and as 

outlined by the Bureau of Alcohol, Tobacco, Firearms, and Explosives (ATF), only the USMA 

ARES mentors with the applicable NAR and explosives certifications will be authorized to 

purchase and transport explosives and rocket motors necessary for the rocket launch. 

Other guidelines contained in part 555 will also be followed by all members of USMA ARES, 

especially concerning the storage of explosives.  

3.3 Local Range Safety 

USMA ARES also has access to USMA Range 11 for use in rocket launches and explosives 

testing. Access to this local range grants USMA ARES additional capability to refine rocket 

designs, launch procedures, and safety procedures more easily. 

The information below is provided in Feb 16, 2022, FAA Order JO 7400.10D R-5206  West 

Point, NY 

 

Boundaries. Beginning at lat. 41°23'08"N., long. 73°59'59"W.; to lat. 41°23'08"N., long. 

73°59'41"W.; thence along the south side of U.S. Highway 9W to lat. 41°22'32"N., long. 

73°58'57"W.; to lat. 41°22'18"N., long. 73°58'57"W.; to lat. 41°20'04"N., long. 74°00'41"W.; 

107 2/16/20 JO 7400.10B thence along the north side of Mine Torne Road to lat. 



   
 

26 
 

41°21'24"N., long. 74°02'37"W.; thence along the east side of New York State Highway 293 

to the point of beginning.  

Designated altitudes.  Surface to and including 5,000 feet MSL.  

Time of designation.  0600 to 2400 local, July 1 to August 31, other dates and times by 

NOTAM 48 hours in advance.  

Controlling agency.  FAA, New York Approach Control.  

Using agency.  Superintendent, U. S. Military Academy, West Point, NY. 

 
 

 
Figure 9: R-5206 Restricted Airspace 

 

  



   
 

27 
 

3.4 Member Acknowledgement  

 
Figure 10: Member Acknowledgement 
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4 Technical Design 
 

4.1 Vehicle Overview 
 

This year is the first time that The United States Military Academy at West Point is entering 

the NASA University Student Launch Initiative (USLI). The cadets and faculty mentors 

utilized the experience gained from the Hypersonic Rocket Capstone projects, which have 

previously reached apogees of approximately 90 km, and the launching of smaller scale 

rockets with the SPEAR Model Rocketry Club to design the launch vehicle that will win the 

2023 competition. The cadets use the program OpenRocket to model and simulate the 

rocket, making design changes where necessary based on performance and resource 

availability. A screenshot of the preliminary rocket design is shown below in Figure 11. 

 
Figure 11: Preliminary Rocket Design 

 

The launch vehicle consists of three compartments: front, avionics, and motor body. The 

forward section houses the payload, parachute, shock cords, and a deployment charge; the 

middle section contains the avionics bay, parachute, shock cords, and a deployment charge; 

and the rear section is where the motor is located. This design was chosen to support the 

team's deployment strategy of the payload and was structured to support the design of the 

payload. The outer diameter is 4 inches, and the inner diameter is 3.922 inches. It was 

chosen based on how much space is required for the payload and preexisting rocket body 

components already available to the team. The materials used are blue tube, fiberglass, and 
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cardboard. These materials were chosen based on strength and availability. The rocket, 

with all components and propellant included, weighs 22.1875 pounds.  

The team's rocket is 101 inches long, with a stability factor of 2.59. The Center of Gravity is 

71.875 inches from the tip of the nose cone, and the Center of Pressure is 82.232 inches 

from the tip of the nose cone. 

The preliminary materials consist of fiberglass and blue tube. The body tubes of the rocket 

are bluetube, and the nose cone will be made of fiberglass. This decision was made based 

on material strength, compatibility with RF frequencies, and availability. The fins will be 

constructed out of fiberglass cut based on the measurements designed in OpenRocket to 

achieve the desired stability.  

 

4.2 Projected Altitude 
 

The NASA Student Launch Handbook defines the altitude requirement to be between 4000 

feet and 6000 feet. USMA Range 11 has capabilities up to 5000 feet, and the rocket was 

designed to reach 4900 feet based on the simulation feature available in OpenRocket. The 

launch conditions were set to have a 4.47 mph wind and a three-degree launch angle. This 

enables the team to test the rocket on multiple iterations for an accurate altitude goal and 

compare the experimental results to the simulation results. The projected altitude is a 

product of the rocket design and an Aerotech K828FJ-P motor.  

4.3 Recovery System Design 
 

This launch vehicle employs a dual deployment recovery system. A dual deployment 

recovery system combines a drogue parachute and the main parachute. The drogue chute 

will be located closest to the rocket's payload section. Upon drogue deployment, the rocket 

will split into three sections: avionics/fin-can, payload, and nosecone. The drogue chute 

will be coupled directly with the payload and avionics, while the main chute will be coupled 

with the avionics and the fin-can. 
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Shock chords will connect the drogue chute to an O-ring on the bottom of the 

payload. The drag force created when the drogue chute releases will cause the payload to 

be pulled out of the payload bay. The nosecone portion will be anchored with the same O-

ring on the payload to ensure all parts stay with the airframe on the descent. One black 

powder charge with two E-Matches will be utilized to ensure rocket separation and drogue 

deployment. Once the rocket reaches apogee, the first E-Match will fire. The main 

parachute will also utilize a deployment bag to help ensure the parachute inflates correctly 

and in the correct order. For redundancy, one second after apogee, the second E-Match will 

ignite to ensure that the black powder charge is ignited. The second match will have 

burned up after the first E-Match fires and ignited the charge, eliminating the risk of an 

accidental firing or hazardous material. 

 

Figure 12: Drogue Deployment Diagram 

The main chute is closest to the fin-can and will be tethered between the avionics bay and 

the fin-can of the rocket. The main chute will deploy at 600 feet AGL. Similar to the charges 

in the drogue section, the central parachute deployment will have two redundant black 

powder charges to ensure proper separation and deployment of the main parachute.  
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Figure 13: Main Parachute Deployment Diagram 

4.3.1 Recovery Performance calculations:  

Kinetic Energy Equation 

𝐾𝐾𝐾𝐾 = 1
2
𝑚𝑚𝑣𝑣2                      (1) 

Drag Force Equation 

𝑊𝑊 = 1
2 
𝐶𝐶𝑑𝑑 𝐴𝐴𝐴𝐴𝑣𝑣2      (2) 

The Drag Force and Kinetic Energy Equation are used to calculate the descent velocity of 

the parachute. This rocket will utilize a 72-inch diameter main parachute and a 24-inch 

diameter drogue parachute from Fruity. Flight simulations through OpenRocket indicated 

our ground hit velocity would be approximately 16.30 ft/s. This simulation accounts for the 

drag induced by the parachutes after the motor has burned out to its spent mass. The mass 

of the rocket with the expended motor is 17.31 lbs. 

Utilizing the Kinetic Energy Equation, ARES calculated the ft-lbf of ground impact. First, 

convert between units to Joules, Kg, and m/s.   

1 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 1.355 𝐽𝐽𝐽𝐽𝑢𝑢𝑓𝑓𝑙𝑙𝑙𝑙 

17.31 𝑓𝑓𝑓𝑓𝑙𝑙 = 7.85 𝑘𝑘𝑘𝑘 
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16.30
𝑓𝑓𝑓𝑓
𝑙𝑙

= 4.96
𝑚𝑚
𝑙𝑙

 

𝐾𝐾𝐾𝐾 =
1
2

(7.85 𝑘𝑘𝑘𝑘) �4.96
𝑚𝑚
𝑙𝑙
�
2

= 96.56 𝐽𝐽𝐽𝐽𝑢𝑢𝑓𝑓𝑙𝑙𝑙𝑙  

96.56 𝐽𝐽𝐽𝐽𝑢𝑢𝑓𝑓𝑙𝑙𝑙𝑙 = 𝟕𝟕𝟕𝟕.𝟐𝟐𝟐𝟐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 

The parts of the rocket will be hitting the ground with a kinetic energy of approximately 

71.22 ft-lbf. It fulfills the recovery requirements presented by NASA, as our maximum 

kinetic energy at landing is less than 75 ft-lbf.  

4.3.2 Black Powder Charge Calculations 

Ideal Gas Law 

𝑃𝑃𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛               (3) 

Utilizw the Ideal Gas Law to calculate the amount of black powder needed for parachute 

ejection and separation of body tubes.  

 Rearrange the Ideal Gas Law to calculate the value of n, which will be in the units of 

ounces.  

𝑛𝑛 = 𝑃𝑃𝑃𝑃
𝑅𝑅𝑅𝑅

            (4) 

 

The ideal gas constant for black powder is 22.16 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓𝑙𝑙𝑅𝑅

. The combustion gas temperature is 

3307 R. The pressure inside the body tube caused by the deployment charge will be 12 psi.  

The volume of our drogue parachute compartment is  

𝑃𝑃 = 𝜋𝜋 ∗ 𝑟𝑟2 ∗ 𝐿𝐿 

𝑃𝑃 =  𝜋𝜋 ∗ �
3.922 𝑖𝑖𝑛𝑛

2 �
2

∗ 8.7 𝑖𝑖𝑛𝑛 

V = 108.89 𝑖𝑖𝑛𝑛3 

where L is the length of the body tube, and r is the inner radius of the body tube.  
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Thus, using these values, we can calculate the amount of black powder needed for the 

separation of the payload compartment, indicated by the variable  𝑛𝑛1 .  

𝑛𝑛1 =
(12 𝐴𝐴𝑙𝑙𝑖𝑖)(108.89 𝑖𝑖𝑛𝑛3)

�22.16 𝑓𝑓𝑓𝑓𝑓𝑓 ∗ 𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓𝑚𝑚� (12 𝑖𝑖𝑛𝑛)(3307 𝑛𝑛)

∗
454 𝑘𝑘𝑟𝑟𝑔𝑔𝑚𝑚𝑙𝑙

1
 

𝑛𝑛1 =  .5621 𝑘𝑘𝑟𝑟𝑔𝑔𝑚𝑚𝑙𝑙 

The same is done for the main parachute compartment, where 𝑛𝑛2 is the amount of black 

powder needed in grams for the main parachute compartment. 

𝑃𝑃 = 𝜋𝜋 ∗ �
3.922 𝑖𝑖𝑛𝑛

2 �
2

∗ 10.75 𝑖𝑖𝑛𝑛  

𝑛𝑛2 =
(12 𝐴𝐴𝑙𝑙𝑖𝑖)(134.55 𝑖𝑖𝑛𝑛3)

�22.16 𝑓𝑓𝑓𝑓𝑓𝑓 ∗ 𝑓𝑓𝑓𝑓
𝑓𝑓𝑓𝑓𝑚𝑚� (12 𝑖𝑖𝑛𝑛)(3307 𝑛𝑛)

∗
454 𝑘𝑘𝑟𝑟𝑔𝑔𝑚𝑚𝑙𝑙

1
 

𝑛𝑛2 =  .6946 𝑘𝑘𝑟𝑟𝑔𝑔𝑚𝑚𝑙𝑙 

For the separation and release of the drogue parachute, .5621 grams of black powder will 

be needed for each deployment charge. As there will be two deployment charges per 

parachute, the total amount of black powder required will be 1.124 grams. Likewise, 1.389 

grams of black powder will be needed to separate and release the main parachute. 

4.3.3 Recovery System Electronics 

 
Figure 14: Recovery System Electronics 
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4.3.4 Operating Frequency 

The launch vehicle will be using the Simple GPS Tracker (as found on Apogee) to track the 

location of the payload. The tracker will be operating on the frequency range of 902-928 

MHZ. 

4.4 Projected Motor Brand 

 

ARES has decided to go with the AeroTech K 828FJ Motor. It was chosen based on size and 

impulse requirements. Also, the motor is reloadable, which was necessary for the 

competition requirements. The average thrust is 885 N, with a max thrust of 1304 N. The 

total impulse of the motor is 2157 Ns, which yields an apogee of 4900 feet. The burn time is 

2.43 seconds. The mass of the motor with propellant is 78.4 oz, and the empty mass is 30 

oz.  

4.5 Payload Technical Design 
 

4.5.1 Motivation 

 

Today, geological and mission-focused surveys of other celestial bodies are done via 

orbiters. These platforms collect ground data from large swathes on each orbital pass or 

from a limited number of simultaneous spot beams. However, orbiters can only collect 

imagery when the specified orbit passes over a specific area of interest, limiting their 

ability to consistently monitor a single location for environmental changes on the surface. 

Additionally, orbiters are limited in their ability to provide high-fidelity surface images in 

regions hidden by shadows or large debris that can hide the truth of what is on the surface. 

As a result, ground-based surveillance landers will be required to further assess ground 

conditions before sending humans to the Moon or Mars. Providing NASA with the capability 

to provide a further context of potential ground-level hazards will play a vital role in the 

future Artemis mission to the Moon.  

 

ARES’ payload design aims to provide an additional surveillance capacity. It consists of a 

deployable probe with a 360° rotatable camera, capable of rapidly imaging a surrounding 
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area on demand. The camera will have a field of vision between 100 ̊ and 180 ̊. It would 

allow NASA to obtain rapid updates on an area of interest and provide astronauts with live 

video of the area to assist with space operations.  

 

4.5.2 Design Overview 

The objective of our payload is to take clear photos of a landing site remotely using radio 

frequency (RF) commands. To accomplish this, the payload must have a clear, largely 

unobstructed view of the landing site, the capability to survey in a 360° arc around the 

payload, and the ability to communicate with mission control via low-frequency RF 

communications. To this end, the RASP (Remote Area Survey Probe) employs a 360° 

swiveling camera assembly mounted atop a self-righting payload body. It allows full 

camera access to the surrounding area and a stable, elevated position from which it can 

take photos. It is equipped with a low-frequency RF transceiver capable of communicating 

between 134 and 174 MHz to receive commands to perform its duties. 

 

 

Figure 15: 3D Model of the Deployed RASP Payload 
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4.5.3 Main Assembly 

The main body of the RASP payload is a 3.8-inch-wide by 9.44-inch-tall, cylindrical object 

with a rounded dome top. Its projected weight is 3lbs and is constructed of 3D printed 

plastic. This material was chosen because of its ease of manipulation and lightweight 

characteristics. It is separated into two portions: the upper half contains a rotating camera 

assembly housed in a protective dome portion, and the latter contains the bulk of the 

payload's electronics and deployment legs. 

4.5.4 Rotating Camera Assembly 

The upper portion of the RASP is a 2.75-inch (7cm) tall housing containing the top part of 

the payload frame as well as the rotating camera assembly. The entirety of the top portion 

of the RASP does not rotate. Instead, a servo fixed to the main body of the payload spins an 

interior gantry containing the camera and other vital electronics. This is encased by the 

dome structure fixed to the main body of the payload, which absorbs the shock of landing 

without applying direct stress to the servo mounting. 

 

Figure 16: 3D Model of the dome housing (Left) containing the Rotating Camera Assembly (right) 

4.5.5 Righting Legs 

The RASP righting legs are stored flush with the body of the payload before deployment 

and during descent. After landing, the payload's main computer will run a script to rotate 

these legs downwards to an extended position, pushing the payload upright and providing 

the payload with a wide, stable base from which it can begin surveying the area. The 

rounded top portion of the payload will ensure that in the event the payload lands on its 

head, it will come to rest on its side before the landing legs begin to extend. This process 
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removes the need for the payload to land upright, allowing for greater flexibility when 

landing in rough terrain. 

 

Figure 17: 3D Model of the RASP Payload with Landing Legs Stored During Launch and Flight 

4.5.6 Avionic components 

Aside from the rotating camera array at the top of the payload, the bulk of the RASP's 

electronics is in a protective plastic housing in the bay's lower part of the body. They are 

connected via analog connections. It includes the micro controller (Arduino), RF receiver, 

servo motors for extending legs, altimeter, accelerometer, and Micro SD unit.  

The RASP will be run using an Arduino-based system. It was chosen due to Arduino's 

modularity, the compact size of its components and sensors, and low power draw to 

increase battery life and decrease weight. The computer's software will be responsible for 

the following responsibilities: 

1. Maintain the payload in "storage" configuration during prelaunch, launch, 

and aerial deployment phases. 

2. Detect when the payload has landed and trigger self-righting legs to 

deploy. 
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3. Operating APRS (Automatic Packet Reporting System) for RF 

communications. 

4. Receiving RF command broadcast from NASA. Storing data and triggering 

appropriate commands based on command broadcast. 

5. Timestamp and store images as well as any relevant data for PLAR. 

 

The team has decided to use an Arduino-Based system for its computer components within 

the payload we recognize the potential for overloading the Arduino’s computation 

capabilities. A Raspberry Pi will also be tested during the PDR phase to see whether one 

system functions better than the other. The testing will include RF Communications, one-

way transmissions, and how well the onboard computer stores information.  We will make 

respective changes to the overall design at that time, though we aim to maintain the 

Arduino system for ease of manipulation, versatility, and light weight.  

RF communication will be handled by the DRA818V VHF/UHF Band Voice Transceiver. 

This transceiver is affordable, easily programmable, and operates a range of 134.0000 to 

174.0000 MHz. The Arduino will be equipped with APRS software responsible for 

deciphering RF communications. Additionally, the West Point Ham radio club will be 

assisting us in fully developing the RF communications from a software and hardware 

perspective. 

The camera of choice will be an OV7675 ArduCam micro camera with a 1/1.8” 4K 3.7mm 

Wide Angle M12 Lens, giving a FOV of 100º. Images will be stored on a MicroSD Card 

reader attached to the Arduino. Image processing such as timestamping and filter 

application will be handled digitally by a script on the Arduino. 
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Figure 18: Payload Electronics Diagram 

 

4.6 Requirements 
Item Requirement Requirement 

Completion 
1.1 Students on the team will do 100% of the 

project, including design, construction, written 
reports, presentations, and flight preparation, 
except for 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). 

Cadets on the ARES team 
completed all designs for 
the rocket, payload, and 
writing of this proposal. 
Advisors only provided 
verbal advice and 

Legs 
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Teams will submit new work. Excessive use of 
past work will merit penalties. 
 

acquisition of materials 
and hazardous materials. 

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

The ARES team created a 
task organization and 
assigned tasks to each 
cadet. See Figure 1. The 
project timeline is located 
in Figures 24-27. 

1.3 The team shall identify all team members who 
plan to attend Launch Week activities by the 
Critical Design Review (CDR). Team members 
will include: 
 

Team ARES 
acknowledges they will 
not bring the entire team 
and will have priorities 
by the CDR. 

1.4 Teams shall engage a minimum of 250 
participants in Educational Direct Engagement 
STEM activities to be eligible for STEM 
Engagement scoring and awards. These 
activities can be conducted in person or 
virtually. To satisfy this requirement, all events 
shall occur between project acceptance and the 
FRR due date  

As outlined in Section 5, 
ARES will expand STEM 
involvement with local 
schools as well as Boy 
Scout troops.  

1.5 The team will establish and maintain a social 
media presence to inform the public about 
team activities. 
 

Team ARES has an official 
website, Twitter, and 
Instagram account. 

1.6 Teams will email all deliverables to the NASA 
project management team by the deadline 
specified in the handbook for each milestone. If 
a deliverable is too large to attach to an email, 
the inclusion of a link to download the file will 
be sufficient. Late submissions of PDR, CDR, 
and FRR milestone documents shall be 
accepted up to 72 hours after the submission 
deadline. Late submissions shall incur an 
overall penalty. No PDR, CDR, or FRR milestone 
documents shall be accepted beyond the 72-
hour window. Teams that fail to submit the 
PDR, CDR, and FRR milestone documents shall 
be eliminated from the project. 
 

Team ARES will turn in 
all milestones early to 
ensure there will not be a 
failure due to technical 
issues. 

1.7 Teams who do not satisfactorily complete each 
milestone review (PDR, CDR, FRR) shall be 
provided action items needed to be completed 

ARES will turn in all 
milestones on time. 
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following their review and shall be required to 
address action items in a delta review session. 
After the delta session, the NASA management 
panel shall meet to determine 
the teams' status in the program and the team 
shall be notified shortly thereafter. 
 

1.8 All deliverables shall be in PDF format. 
 

All documents will be 
converted to PDF from 
Microsoft Word and 
Excel. 

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

The table of contents is 
defined early in 
document creation. 

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

Page numbers will be 
included at the bottom of 
every page of every 
deliverable. 

1.11 The team will provide any computer 
equipment necessary to perform a video 
teleconference with the review panel. This 
includes, but is 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. 
 

Bartlett Hall, 4th floor, 
Winkle room has all 
equipment needed for the 
teleconference. 

1.12 All teams attending Launch Week will be 
required to use the launch pads provided by 
Student Launch's launch services provider. No 
custom pads will be permitted at the NASA 
Launch Complex. At launch, 8-foot 1010 rails 
and 12-foot 1515 rails will be provided. The 
launch rails will be canted 5 to 10 degrees 
away from the crowd on Launch Day. The exact 
cant will depend on Launch Day wind 
conditions. 
 

ARES plans to use the 
provided 8-foot 1010 
rails. 

2.1 The vehicle will deliver the Payload to an 
apogee altitude between 4,000 and 6,000 feet 
above ground level (AGL). Teams flying below 
3,500 feet or above 6,500 feet on their 
competition launch will receive zero altitude 

The simulated apogee is 
4,900 feet in OpenRocket.  
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points towards their overall project score and 
will not be eligible for the Altitude Award. 

2.2 Teams shall declare their target altitude goal at 
the PDR milestone. The declared target altitude 
will be used to determine the team's altitude 
score. 

The proposed altitude 
will change as the team’s 
design changes. 

2.3 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. 

The motor selected is 
reusable and the rocket is 
designed to be reused 
without having to make 
any repairs. 

2.4 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. 

The launch vehicle has 
three sections. 

2.4.1 Coupler/airframe shoulders which are located 
at in-flight separation points will be at least 2 
airframe diameters in length. (One body 
diameter of surface contact with each airframe 
section). 

The two couplers will be 
double the length of the 
diameter of the body 
tube.  

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

There is one nose cone 
shoulder that is one-half 
a body diameter in 
length. 

2.5 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. 

The launch vehicle is 
designed to assemble and 
transport easily so that 
the two-hour window can 
be met. 

2.6 The launch vehicle and Payload will be capable 
of remaining in the launch-ready configuration 
on the pad for a minimum of 2 hours without 
losing the functionality of any critical on-board 
components, although the capability to 
withstand longer delays is highly encouraged. 

Power supplies for the 
avionics are selected with 
these time requirements 
in mind so that the rocket 
can stay on the pad for at 
least 2 hours. The 
payload will be powered 
by a power bank 
consisting of several 9-
volt batteries, allowing 
for extended autonomy. 

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

The AeroTech K828FJ can 
be launched with a 12-
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provided by the NASA-designated launch 
services provider. 
 

volt direct current firing 
system 

2.8 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). 

The launch vehicle was 
designed so there is no 
external circuitry. 

2.9 Each team shall use commercially available 
ematches or igniters. Hand-dipped igniters 
shall not be permitted 

We will be using 
commercial E-Matches. 
Hand-dipped igniters are 
not a part of the design 
process and will not be 
used. 

2.10 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). 

ARES will use a 
commercially available 
solid motor propulsion 
system using an 
authorized propellant. 

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

A proposal motor was 
chosen for the proposal 
design but may change 
for the final design, this 
will be done before the 
CDR. 

2.10.2 Any motor change after CDR shall be approved 
by the NASA Range Safety Officer (RSO). 
Changes for the sole purpose of altitude 
adjustment will not be approved. 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 

The motor design will be 
finalized before the CDR 
and will not change 
afterward for any reason. 

2.11 The launch vehicle will be limited to a single 
motor propulsion system 

The launch vehicle was 
designed for a single 
stage with a single motor. 

2.12 The total impulse provided by a College or 
University launch vehicle will not exceed 5,120 
Newtonseconds (L-class) 

A K-class motor is being 
used, which does not 
exceed the L-class or the 
impulse constraint. 

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

There are no pressure 
vessels on the rocket. 
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2.13.1 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. 

There are no pressure 
vessels on the rocket. 

2.13.2 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. 

There are no pressure 
vessels on the rocket. 

2.13.3 The full pedigree of the tank will be described, 
including the application for which the tank 
was designed and the history of the tank. This 
will include the number of pressure cycles put 
on the tank, the dates of 
pressurization/depressurization, and the name 
of the person or entity administering each 
pressure event. 

There are no pressure 
vessels on the rocket. 

2.14 The launch vehicle will have a minimum static 
stability margin of 2.0 at the point of rail exit. 
Rail exit is defined at the point where the 
forward rail button loses contact with the rail. 

Using OpenRocket, the 
team ensured the static 
stability margin of 2.0 
would be maintained 
through the rail exit. 

2.15 The launch vehicle will have a minimum thrust 
to weight ratio of 5.0 : 1.0 

The thrust-to-weight 
ratio is much greater than 
the 5.0:1.0 ratio. 

2.16 Any structural protuberance on the rocket will 
be located aft of the burnout center of gravity. 
Camera housings will be exempted, provided 
the team can show that the housing(s) causes a 
minimal aerodynamic effect on the rocket's 
stability 

There are no structural 
protuberances on the 
rocket.  

2.17 The launch vehicle will accelerate to a 
minimum velocity of 52 fps at the rail exit 

The launch vehicle has an 
exit velocity of 74.7 fps. 

2.18 All teams will successfully launch and recover a 
subscale model of their rocket before CDR. The 
success of the subscale is at the sole discretion 
of the NASA review panel. The subscale flight 
may be conducted at any time between the 
proposal award and the CDR submission 
deadline. Subscale flight data shall be reported 
in the CDR report and presentation at the CDR 
milestone. Subscales are required to use a 

The subscale model is 
currently under 
development and will 
model performance of the 
actual model, which will 
be a part of the CDR. 
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minimum motor impulse class of E (Mid Power 
motor). 

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

The subscale model is 
currently under 
development and will 
perform similarly to the 
actual rocket. 

2.18.2 The subscale model will carry an altimeter 
capable of recording the model's apogee 
altitude. 

The subscale will have 
the same Micropeak 
altimeter. 

2.18.3 The subscale rocket shall be a newly 
constructed rocket, designed and built 
specifically for this year's project. 

The subscale will be 
constructed for this 
year's competition. 

2.18.4 Proof of a successful flight shall be supplied in 
the CDR report 

Once a successful flight 
has been launched, it will 
be added to the CDR 
report. 

2.18.4.1 Altimeter flight profile graph(s) OR a quality 
video showing successful launch, 
recovery events, and landing as deemed by the 
NASA management panel are 
acceptable methods of proof. Altimeter flight 
profile graph(s) that are not complete (liftoff 
through landing) shall not be accepted 

A quality video or flight 
graph from liftoff to 
landing will be provided 
to the NASA management 
panel. 

2.18.4.2 Quality pictures of the as landed configuration 
of all sections of the launch vehicle shall be 
included in the CDR report. This includes but 
not limited to nosecone, recovery system, 
airframe, and booster 

Quality pictures of the as 
landed rocket will be 
taken for the CDR report. 

2.18.5 The subscale rocket shall not exceed 75% of 
the dimensions (length and diameter) of your 
designed full-scale rocket. For example, if your 
full-scale rocket is a 4" diameter 100" length 
rocket your subscale shall not exceed 3" 
diameter and 75" in length. 

When designing the 
subscale rocket, it will 
not exceed 75% of the 
dimensions of the full 
sized rocket. 

2.19 All teams will complete demonstration flights 
as outlined below. 

The team will complete a 
demonstration flight. 

2.19.1 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 shall be the 
same rocket to be flown for their competition 
launch. The purpose of the Vehicle 
Demonstration Flight is 

Once a successful test 
flight has been launched, 
that same exact rocket 
will be the one that the 
team takes with them to 
launch day, with no 
modifications made. 
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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 shall be met during 
the full-scale demonstration flight: 

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

The rocket will function 
as the team designed it to. 
In the event a system 
fails, rocket will be 
equipped with redundant 
systems such as 
redundant black powder 
charges for parachute 
deployment, and 
redundant power 
systems. 

2.19.1.2 The full-scale rocket shall be a newly 
constructed rocket, designed and built 
specifically for this year's project. 

The rocket will be a new 
design, not taken from 
any previous rocket 
launches. 

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

Whether or not the 
payload will be flown will 
be decided in the future. I 
have uninstalled games 
that I had to make space 
but my computer is still 
somehow 

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

If the payload is not 
flown, a matching weight 
will be added to simulate 
payload weight. 

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

The weight will be placed 
where the payload would 
be. 

2.19.1.4 If the Payload changes the external surfaces of 
the rocket (such as 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. 

The payload does not 
change the external 
surfaces of the rocket. 
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2.19.1.5 Teams shall fly the competition launch motor 
for the Vehicle Demonstration Flight. The team 
may request a waiver for the use of an 
alternative motor in advance if the home 
launch field cannot support the full impulse of 
the competition launch motor or in other 
extenuating circumstances. 
 

When conducting the 
Vehicle Demonstration 
Flight (VDF), the team 
will use the motor that 
will be used for the 
competition launch. 

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

The team will not add 
ballast to the flight 
without reconducting the 
VDF. 

2.19.1.7 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). 

After a successful full-
scale demonstration 
flight, no modifications 
will be made to the 
vehicle’s design. 

2.19.1.8 Proof of a successful flight shall be supplied in 
the FRR report. 

Once a successful flight 
has been achieved, it will 
be reported in the (Flight 
Readiness Review) FRR 
report. 

2.19.1.8.1 Altimeter flight profile data output with 
accompanying altitude and velocity 
versus time plots is required to meet this 
requirement. Altimeter flight profile graph(s) 
that are not complete (liftoff through landing) 
shall not be accepted. 

The team will report the 
altimeter data from liftoff 
through landing to meet 
the requirement for a 
complete flight. 

2.19.1.8.2 Quality pictures of the as landed configuration 
of all sections of the launch vehicle shall be 
included in the FRR report. This includes but 
not limited to nosecone, recovery system, 
airframe, and booster. 

Once the vehicle has 
landed, several quality 
pictures will be taken 
before anyone touches 
the rocket and then 
afterwards. 

2.19.1.9 Vehicle Demonstration flights shall be 
completed by the FRR submission deadline. No 
exceptions will be made. 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 shall 

The team will conduct a 
VDF no later than the 
FRR submission deadline. 
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submit an FRR Addendum by the FRR 
Addendum deadline. 

2.19.2 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 shall be the same rocket to be 
flown as their competition launch. 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 and the Payload is fully retained until it 
is deployed (if applicable) as designed. The 
following criteria shall be met during the 
Payload Demonstration Flight 

The payload 
Demonstration Flight will 
be done using the actual 
rocket used for the 
competition flight. This 
flight will follow the 
NASA requirements of a 
successful flight where 
the rocket experiences 
stable ascent and the 
payload is fully retained 
until deployed. 

2.19.2.1 The Payload shall be fully retained until the 
intended point of deployment (if applicable), all 
retention mechanisms shall function as 
designed, and the retention mechanism 
shall not sustain damage requiring repair 

For the PDF to be 
considered a successful 
flight, the payload will 
deploy when intended 
and will not experience 
any damage upon 
landing.  

2.19.2.2 The Payload flown shall be the final, active 
version 

The payload flown during 
the PDF will be the one 
used for the competition 
flight. 

2.19.2.3 If the above criteria are 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 

If the VDF meets the 
criteria mentioned above, 
then an additional flight 
will still be conducted, if 
possible, for additional 
testing. 

2.19.2.4 Payload Demonstration Flights shall be 
completed by the FRR Addendum deadline. NO 
EXTENSIONS WILL BE GRANTED 

The payload 
Demonstration Flight 
(PDF) will be completed 
by the FRR Addendum 
deadline. 

2.20 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. 

If the team conducts any 
payload Demonstration 
Flights or NASA required 
Vehicle Demonstration 
Re-flights post FRR 
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report, an FRR 
Addendum will be 
provided. 

2.20.1 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 a final competition launch 

The team acknowledges 
the requirement of an 
FRR Addendum for a 
Vehicle Demonstration 
Re-Flight. 

2.20.2 Teams who successfully complete a Vehicle 
Demonstration Flight but fail to qualify the 
Payload by satisfactorily completing the 
Payload Demonstration Flight requirement will 
not be permitted to fly a final competition 
launch. 

The team acknowledges 
that on top of the VDF, 
the PDF is required to be 
permitted to fly on 
competition day. 

2.20.3 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. 

If the PDF is unsuccessful, 
the team will petition the 
NASA RSO for permission 
to fly the payload at 
launch week. 

2.21 The team's name and Launch Day contact 
information shall be in or on the rocket 
airframe as well as in or on any section of the 
vehicle that separates during flight and is not 
tethered to the main airframe. This information 
shall be included in a manner that allows the 
information to be retrieved without the 
need to open or separate the vehicle 
 

The teams name and 
contact information will 
be on the rocket airframe 
sections. 

2.22 All Lithium Polymer batteries will be 
sufficiently protected from impact with the 
ground and will be brightly colored, clearly 
marked as a fire hazard, and easily 
distinguishable from other payload hardware. 

The team will follow this 
guidance on identifying 
and protecting the 
battery. 

2.23 Vehicle Prohibitions 
 

See below 

2.23.1 The launch vehicle will not utilize forward 
firing motors. 

The motor is not forward 
firing. 

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

The motor does not expel 
titanium sponges. 

2.23.3 The launch vehicle will not utilize hybrid 
motors. 

The motor is not a hybrid 
motor. 
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2.23.4 The launch vehicle will not utilize a cluster of 
motors. 

The team uses a single 
motor, not a cluster of 
motors. 

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

The motor will not be 
friction fitted. 

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

The launch vehicle only 
reaches Mach 0.57 during 
flight.  

2.23.7 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 an unballasted 
weight of 40 lbs. on the pad may contain a 
maximum of 4 lbs. of ballast). 

The additional weight, 
ballast, does not exceed 
10% of the total base 
weight of the rocket. 

2.23.8 Transmissions from onboard transmitters, 
which are active at any point prior to landing, 
will not 
exceed 250 mW of power (per transmitter). 

The transmitters will not 
exceed the limit of 
250mW of power per 
transmitter. 

2.23.9 Transmitters will not create excessive 
interference. Teams will utilize unique 
frequencies, handshake/ passcode systems, or 
other means to mitigate interference caused to 
or received from other teams. 

The team will create 
unique passcode systems 
or other communication 
means to avoid 
transmission interference 
with other teams. 

2.23.10 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. 

Dense metal is not used 
in the rocket or payload’s 
design, as the rocket is 
mainly built from Blue 
Tube. 

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

The rocket will deploy its 
drogue chute at apogee, 
and the main chute will 
deploy at 600 feet AGL. 
Based on OpenRocket 
simulations, the kinetic 
energy during the drogue 
phase is reasonable 
based on the RSO. 

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

The main chute will 
deploy at 600 feet AGL. 

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

There will be no delay at 
apogee. 

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

The motor used will not 
be ejected from the 
rocket and is plugged. 
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3.2 Each team will perform a successful ground 
ejection test for all electronically initiated 
recovery events prior to the initial flights of the 
subscale and full scale vehicles. 

Team ARES will conduct 
a test fire at a safe and 
supervised range. 

3.3 Each independent section of the launch vehicle 
will have a maximum kinetic energy of 75 ft-lbf 
at landing. Teams whose heaviest section of 
their launch vehicle, as verified by vehicle 
demonstration flight data, stays under 65 ft-lbf 
will be awarded bonus points 

ARES took these 
requirements into 
account and used 
OpenRocket as well as 
our own work to stay 
within these margins. 
Refer to Section 4.3 for a 
better analysis.  

3.4 The recovery system will contain redundant, 
commercially available barometric altimeters 
that are specifically designed for initiation of 
rocketry recovery events. The term 
"altimeters" includes both simple altimeters 
and more sophisticated flight computers 

The recovery system will 
use a commercial flight 
computer with an 
integrated altimeter and 
an independent 
commercial altimeter for 
redundancy. 

3.5 Each altimeter will have a dedicated power 
supply, and all recovery electronics will be 
powered by commercially available batteries. 

The rocket will have 
redundant power 
supplies and will use 9V 
batteries.  

3.6 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 

The avionics bay will 
have to be modified to be 
able to house a switch 
that can be configured.  

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

An integrated lock on the 
arming switch will keep 
the system on while in 
flight. 

3.8 The recovery system, GPS and altimeters, 
electrical circuits will be completely 
independent of any payload electrical circuits 

The payload and all 
avionics are separate 
systems and do not 
interact. 

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

Purchase/make a 
parachute with this 
capability.  

3.10 The recovery area will be limited to a 2,500 ft. 
radius from the launch pads 

Part of the recovery 
process will be carried 
out before launch day 
calculation for the wind 
speed and launch angle.  
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3.11.1 Descent time of the launch vehicle will be 
limited to 90 seconds (apogee to touch down). 
Teams whose launch vehicle descent, as 
verified by vehicle demonstration flight data, 
stays under 80 seconds will be awarded bonus 
points 

ARES used OpenRocket to 
perform the necessary 
calculations. To meet 
these requirements, we 
had to change the size of 
the parachute and rocket 
weight.  

3.12 An electronic GPS 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. 

The Simple GPS Tracker 
will be installed in the 
avionics bay of the rocket 
and will be trackable 
using a handheld device 
paired to the transmitter. 

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

No pieces of the rocket 
will be separated from 
any other piece of the 
rocket and will be 
connected by shock 
cords. 

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

The recovery system 
electronics are built into 
the avionics bay. 

3.13.1 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. 

ARES team will surround 
the avionics bay with 
bulkheads.  

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

Recovery electronics will  
be placed in the avionics 
bay which will be 
shielded from the 
payload electronics. 

3.13.3 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. 

The kinds of devices that 
produce these waves will 
not be mounted on the 
rocket.  

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

Recovery electronics will 
be in the avionics bay and 
shielded by the bay. 

4.1 College/University Division—Teams shall 
design a payload capable upon landing of 
autonomously receiving RF commands and 

The ARES project payload 
consists of a lightweight, 
self-deployable probe 
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performing a series of tasks with an on-board 
camera system. The method(s)/design(s) 
utilized to complete the payload mission shall 
be at the team's discretion and shall be 
permitted so long as the designs are deemed 
safe, obey FAA and legal requirements, and 
adhere to the intent of the challenge. An 
additional experiment (limit of 1) is allowed, 
and may be flown, but will not contribute to 
scoring. If the team chooses to fly an additional 
experiment, they will provide the appropriate 
documentation in all design reports so the 
experiment may be reviewed for flight safety. 

equipped with a 360 
swiveling camera 
assembly and an RF 
receiver. 

4.2.1.1 The camera shall have the capability of rotating 
about the z axis. The z axis is perpendicular to 
the ground plane with the sky oriented up and 
the planetary surface oriented down. 

The top of the RASP 
consists of a camera fixed 
to a 360 swiveling 
assembly. It is housed in 
a protective dome-
shaped assembly 

4.2.1.2 The camera shall have a FOV of at least 100º 
and a maximum FOV of 180º. 

The camera of choice will 
be a OV7675 
ArduCam micro camera 
with a 1/1.8” 4K 3.7mm 
Wide Angle M12 Lens 
, giving a FOV of 100º 

4.2.1.3 The camera shall time stamp each photo taken. 
The time stamp shall be visible on all photos 
submitted to NASA in the PLAR. 

The time stamp for each 
photo will be digitally 
timestamped by the 
payload's camera imaging 
script. 

4.2.1.4 The camera system shall execute the string of 
transmitted commands quickly, with a 
maximum of 30 seconds between photos taken. 

The payload's imaging 
script will be streamlined 
to be able to take pictures 
in under 30 seconds. 

4.2.2 NASA Student Launch Management Team shall 
transmit a RF sequence that shall contain a 
radio call sign followed by a sequence of tasks 
to be completed. The list of potential 
commands 
to be given on launch day along with their radio 
transcriptions which shall be sent in a RF 
message 
using APRS transmission in no particular order 
are: 
A1—Turn camera 60º to the right 

The payload's computer 
will be equipped with an 
RF sensor module, 
allowing it to receive RF 
commands. The 
computer will be 
responsible for 
translating the RF 
sequence into actionable 
commands. 



   
 

54 
 

B2—Turn camera 60º to the left 
C3—Take picture 
D4—Change camera mode from color to 
grayscale 
E5—Change camera mode back from grayscale 
to color 
F6—Rotate image 180º (upside down). 
G7—Special effects filter (Apply any filter or 
image distortion you want and 
state what filter or distortion was used). 
H8—Remove all filters. 

4.2.3.1 NASA will use dedicated frequencies to 
transmit the message. NASA will operate on the 
2-Meter amateur radio band between the 
frequencies of 144.90 MHz and 145.10 MHz. No 
team shall be permitted to transmit on any 
frequency in this range. The specific frequency 
used will be shared with teams during Launch 
Week. NASA reserves the right to modify the 
transmission frequency as deemed necessary. 

The DRA818V RF 
Tranceiver has a 
frequency range of 
134.0000 to 174.0000 
MHz. 
 
 

4.2.3.2 The NASA Management Team shall transmit 
the RAFCO every 2 minutes. 

The payload will have the 
battery capacity to accept 
RAFCO over an extended 
time 

4.2.3.3 The payload system shall not initiate and begin 
accepting RAFCO until AFTER the launch 
vehicle has landed on the planetary surface. 

The payload’s Arduino 
will interface with its 
altimeter to determine 
when the payload has 
reached the ground. Upon 
touchdown and 
deployment, a script 
result in the activation of 
RAFCO antenna 

4.2.4 The payload shall not be jettisoned. The payload will remain 
tethered to the rocket 
body 

4.2.5 The sequence of time-stamped photos taken 
need not be transmitted back to ground station 
and shall be presented in the correct order in 
your PLAR. 

The payload will be able 
to store pictures taken at 
the command of NASA 
with an applicable 
timestamp on each photo 

4.3.1 Black Powder and/or similar energetics are 
only permitted for deployment of in-flight 
recovery systems. Energetics shall not be 
permitted for any surface operations. 

Black powder or any 
other explosives will not 
be used in surface 
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operations of the rocket 
or payload. 

4.3.2 Teams shall abide by all FAA and NAR rules and 
regulations. 

The USMA ARES safety 
officer will ensure all FAA 
and NAR regulations will 
be followed. 

4.3.3 Any secondary payload experiment element 
that is jettisoned during the recovery phase 
will receive real-time RSO permission prior to 
initiating the jettison event, unless exempted 
from the requirement the CDR milestone by 
NASA. 

Currently, a secondary 
payload experiment will 
not be used. 

4.3.4 Unmanned aircraft system (UAS) payloads, if 
designed to be deployed during descent, will be 
tethered to the vehicle with a remotely 
controlled release mechanism until the RSO has 
given permission to release the UAS. 

The current payload does 
not contain a UAS. 

4.3.5 Teams flying UASs will abide by all applicable 
FAA regulations, including the FAA's Special 
Rule for Model Aircraft (Public Law 112–95 
Section 336; see 
https://www.faa.gov/uas/faqs). 

The current payload does 
not contain a UAS. 

4.3.6 Any UAS weighing more than .55 lbs. shall be 
registered with the FAA and the registration 
number marked on the vehicle. 

The current payload does 
not contain a UAS. 

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. 
 

Launch and safety 
checklists will be created 
in conjunction with the 
USMA ARES sub-teams 
directed by the team 
safety officer 

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

CDT Tavis Cahanding is 
the team safety officer 
and takes responsibility 
for items in section 5.3. 

5.3.1 Monitor team activities with an emphasis on 
safety during design of vehicle and payload 
Assembly of vehicle and payload 
Ground testing of vehicle and payload 
Subscale launch test(s) 
Full-scale launch test(s) 
Competition Launch 
Recovery activities 
STEM Engagement Activities 

USMA ARES team safety 
officer will supervise the 
listed aspects of rocket 
design, launch, recovery, 
and STEM engagement 
activities to ensure all 
activities are conducted 
in a safe manner. 
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5.3.2 Implement procedures developed by the team 
for construction, assembly, launch, and 
recovery activities 

The USMA ARES safety 
officer will develop and 
implement the 
procedures concerning 
the stated launch aspects. 

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

The team's FMEA will 
consistently be updated, 
and a chemical inventory 
and assessment will be 
produced. 

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

The safety officer will be 
responsible for the 
creation of FMEA 
matrices and procedures. 

5.4 During test flights, teams will abide by the rules 
and guidance of the local rocketry club's RSO. 
The allowance of certain vehicle configurations 
and/or payloads at the NASA Student Launch 
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 

The team safety officer 
will work in conjunction 
with the range RSO to 
ensure that a clear 
delineation of authority is 
established and that all 
members of USMA ARES 
understand all 
restrictions and 
limitations. 

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

The USMA ARES safety 
officer will ensure all FAA 
regulations are followed. 

Table 14: Requirements 

4.7 Major Technical Challenges 
 

4.7.1 Payload Design Challenges 
Item Problem  Solution  
PDC 1 Achieving an upright 

position for the camera 
to survey the 
surrounding area  

The payload is equipped with deployable 
"legs" which will extend after landing, 
pushing the payload upright and 
providing a stable imaging platform. This 
completes the requirement for the 
payload to land properly on its legs, as the 
payload is capable of righting itself no 
matter its body. It also distributes the 
stress of landing off landing legs, but onto 
the entirety of the payload's body.   
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PDC 2 Achieving a reliable 
landing orientation for 
landing legs to be able to 
right the vehicle 

The top section of the payload is shaped 
like a dome, allowing the payload to roll 
into the proper position to begin the self-
righting process. If the payload lands on 
its head, the rounded top will allow the 
payload to roll onto its side before 
beginning to right itself. 

PDC 3 Proper and timely 
deployment of the 
landing legs. 

A key task of the payload's computer is to 
determine the proper time to deploy the 
self-righting legs. Premature deployment 
may cause the payload to become wedged 
in the rocket, or to deploy mid-air, thus 
nullifying the self-righting feature of the 
payload. Delay in payload deployment 
may lead to the camera lying in a 
suboptimal imaging position by the time 
the payload receives the RF commands 
from NASA.  
 

PDC 4 Preventing damage to 
the rotating camera 
assembly during landing 

The payload's rotating camera assembly is 
entirely housed in a protective dome at 
the top of the payload. This protects the 
rotating camera assembly from being 
knocked off its rotation axis due to impact 
stress. 

Table 15: Payload Design Challenges and Solutions 

4.7.2 Rocket Design Challenges 
Item Problem Solution 
RDC 1 Tangling Parachute Ensure the parachute is 

packed tightly inside the 
rocket so there is room for 
entanglement 

RDC 2 Proper room for Avionics 
Bay 

The rocket was designed to 
fit the proposed avionics 
bay design based on 
previous rocket launches 

RDC 3 Proper room for payload The rocket was designed 
around the payload design 
and a test model was 3D 
printed and fits inside the 
rocket 

RDC 4 Proper altitude reached OpenRocket simulation was 
utilized to predict altitude 
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with several different 
motors 

RDC 5 Motor selection The team is working on 
getting a level 2 motor 
certification so that a K-
class motor can be used. 

RDC 6 Rocket weight Initial designs were too 
heavy to meet NASA 
requirements concerning 
apogee, velocity, and 
descent rate. Weight was 
adjusted to meet these 
requirements.  

Table 16: Rocket Design Challenges and Solutions 

4.7.3 Recovery System Challenges 
Item Problem Solution 
RSC1 Separation of Body Tubes The rocket will have two 

deployment charges per 
parachute for redundancy. 
These charges will be 
deployed at different times. 
For the drogue, the main 
charge goes off at apogee 
and the secondary charge a 
second after. Likewise, for 
the main parachute, the 
main charge will go off at 
600 ft AGL, and the 
secondary will go off 1 
second after the first. These 
deployment charges will be 
connected to two different 
altimeters in the avionics.  

RSC2 Kinetic Energy upon Impact The initial rocket had an L-
class motor in it, which 
would make the rocket too 
heavy. Switching it to a K-
class motor decreased our 
weight and brought out 
kinetic energy upon impact 
down to under 75 ft-lbf, 
fulfilling NASA's 
requirement. 

RSC3 payload coming out of the 
body tubes 

The force from the drogue 
deployment would be 
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enough to pull the payload 
out of the body tube. The 
shock chords would have to 
be carefully routed to 
prevent entanglement and 
to ensure the payload's 
freedom of movement. 

RSC4 Parachute Interfering with 
payload on the Ground 

The drogue parachute was 
placed near the payload, 
and the main was placed 
further away from the 
payload, to minimize the 
chance of the parachutes 
covering up the payload 
upon landing. 

RSC5 Shock Chord Tangling The team plans utilize 
deployment bags for the 
parachute to ensure the full 
extension of the shock 
chords before chute release. 
This will reduce the 
probability of shock chords 
tangling and ensure proper 
chute opening.  

RSC6 Apogee to Ground Descent 
Time 

Decreasing the weight of 
the motor and thus 
lowering the height at 
apogee helped lower the 
Apogee to Ground descent 
time. 

Table 17: Recovery System Challenges and Solutions 

5 STEM Engagement 
 

5.1 Plans for STEM Outreach Engagements 
 

Upon its first year of competition in the NASA Student Launch Competition, USMA 

ARES is utilizing the academy's well-established outreach programs to complete the STEM 

outreach requirements. The contacts established with programs such as CONNECT, the 

Scouts, and LEADS this year will serve as the foundation of USMA ARES outreach for years 

to come. USMA ARES will be participating in the USMA CONNECT program that allows the 
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team to travel to a local middle/elementary school in Highland Falls and engage with 

students from grades 3-8 from Highland Falls Intermediate School (HFIS). The plan for this 

method of direct engagement will be to expose students from HFIS to rocketry and explain 

to them the basic components/physics of rockets. The first engagement with the CONNECT 

program has been established for 16 September. To continue USMA ARES' outreach 

through this program, the team plans to meet with the CONNECT program monthly. USMA 

ARES has also established contact with the Scoutmaster's Council at West Point which 

provides the team outreach opportunities on "Scout Day". On September 17 and October 22 

USMA ARES will escort local Scout Troops around our research facilities that the team 

utilizes for its workspace. Specifically, Scouts will be able to view the team's main 

workspace in Bartlett Hall where they will view product prototypes and rocket system 

designs. Understanding that the group engaged with at Scout Days will predominately be 

Cub Scouts and a few Boy Scouts, USMA ARES plans on teaching the Scouts about basic 

rocketry, physics, and aerodynamics (predominately for the older Scouts). USMA ARES is 

also currently working on a relationship with the USMA LEADS Program which offers 

opportunities for STEM-based research teams at West Point to travel to various STEM 

events in the United States and engage in opportunities that" seek(s) to build an overall 

stronger STEM career path" for individuals from "middle school level up through the 

graduate and professional level". Currently, USMA ARES is in communication with the 

LEADS Officer in Charge at West Point to possibly set up a seminar in Miami this upcoming 

winter. 

5.2 Evaluation of STEM Outreach Engagements 
 

In preparation for upcoming STEM Engagement activities, USMA ARES tested its 

capability to support a larger engagement opportunity on August 24 when it helped run the 

USMA dome night. In preparing for this event, USMA ARES paired with the Astronomy Club 

to facilitate the learning experience for 100 individuals at our dome observatory in Bartlett 

Hall. ARES' cooperation with the Astronomy Club proved to be a useful contact that can be 

used to help set up larger engagements in the future. The Dome Night event also showed 

the STEM Outreach Team the necessity for a standardized After-Action Report (AAR) that 
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can be disseminated to participants. The purpose of this online Google Forms is to ensure 

that the USMA ARES team receives the proper feedback from STEM Engagement 

participants so that the team can improve its future engagements and make them more 

subject-oriented. The Google Forms AAR appears like the following: 
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Figure 19: STEM Engagement AAR Survey 

5.3 Resources Utilized 
 

 In terms of content, USMA ARES Stem Engagement Team has drafted multiple 

sources that can be utilized to facilitate the learning process in engagements. One source 

that will be utilized is the following link from NASA's website: 

https://www.grc.nasa.gov/www/k-12/rocket/topics.htm. This domain provides 

PowerPoints that cover topics that are digestible for beginners to learn about rocketry – 

which ARES intends to be the majority of our audience. Specifically, USMA ARES seeks to 

utilize the PowerPoint presentation called "Rocket Modeler Talk - Beginner's Guide to 

Rockets" which effectively covers Newton's Laws and how they relate to rocketry. If USMA 

ARES has the opportunity to engage with older age groups, there are specified PowerPoints 

provided in the NASA source that is structured for older age groups. Some of the 

presentations USMA ARES could prepare to brief older subjects are "Rocket Science – 

Advanced" and "Earth-Moon System."  

https://www.grc.nasa.gov/www/k-12/rocket/topics.htm
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 Another source USMA ARES intends on using is the following source: 

https://www.jpl.nasa.gov/edu/learn/project/make-a-straw-rocket/. This source is also 

from NASA – specifically their Jet Propulsion Laboratory at the California Institute of 

Technology. This source contains step-by-step instructions (including a video) on how to 

make straw rockets. USMA ARES believes that this straw rocket-building activity can be 

used to supplement the lessons on rocketry from the PowerPoint presentations. In addition 

to providing subjects of our engagements with valuable information regarding rocketry, 

this activity will serve as a way to excite our attendees about rocketry and leave them with 

a physical memento that they can take home with them. All sources utilized in presenting 

to STEM Outreach Engagements will be disseminated to the attendees for their future 

exploration into rocketry, space, and its sciences. 

5.4 Tentative STEM Outreach Engagement Schedule 
 

Date Event Content 

9/16/2022 CONNECT 

Program  

Introduction to CONNECT students, intro to rockets, and straw 

rocket build. 

9/23/2022 CONNECT 

Program 

Rocket Modeler Talk - Beginner's Guide to Rockets 

10/14/2022 CONNECT 

Program 

Simple Machines  

10/22/2022 Army 

Football 

Scout Day  

This IS Rocket Science/Rocket Modeler 

Talk/https://www.jpl.nasa.gov/edu/learn/project/make-

a-straw-rocket/. 

11/18/2022 CONNECT 

Program 

High-Speed Flight  

1/20/2023 CONNECT 

Program 

Introduction to FoilSim, EngineSim, and RocketModeler 

2/9/2023-

2/11/2023 

LEADS 

Program 

(Miami) 

TBD 

https://www.jpl.nasa.gov/edu/learn/project/make-a-straw-rocket/
https://www.grc.nasa.gov/www/k-12/rocket/Talks/RocketTalk.ppt
https://www.grc.nasa.gov/www/k-12/rocket/Talks/SimpleMacSpace.ppt
https://www.grc.nasa.gov/www/k-12/rocket/Talks/RocketScience.ppt
https://www.grc.nasa.gov/www/k-12/rocket/Talks/RocketTalk.ppt
https://www.grc.nasa.gov/www/k-12/rocket/Talks/RocketTalk.ppt
https://www.jpl.nasa.gov/edu/learn/project/make-a-straw-rocket/
https://www.jpl.nasa.gov/edu/learn/project/make-a-straw-rocket/
https://www.grc.nasa.gov/www/k-12/rocket/Talks/HiSpeed.ppt
https://www.grc.nasa.gov/www/k-12/rocket/Talks/IntroTalk.ppt
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3/3/2023 CONNECT 

Program 

Aerospace Career Talk 

Table 18: STEM Outreach Engagement Schedule 

5.5 USMA ARES Social Media and Website 
 

As this is the first year West Point has taken part in the NASA Student Launch 

competition, USMA ARES built a social media base from scratch. The academy's resources 

served extensively with the initialization of the USMA ARES webpage installed into the 

WestPoint.edu website. USMA ARES Tech Team coordinated with Information Technology 

Specialist Mr. Cortlin Austin, who served as the point of contact to set up the webpage. The 

USMA ARES Tech Team was given complete creative autonomy and collected information, 

photos, and videos to set up the webpage. The webpage is still under development and will 

be the primary location for information on the USMA ARES team, their team culture/focus, 

and their progress in the competition. Currently, it outlines who is on the USMA ARES team 

with their position and features the adopted motto of USMA ARES (chosen by the Tech 

Team) "Victoria Aut Mor”, meaning “victory or death”. 

 USMA ARES has established a Twitter and Instagram account. These pages are in 

their preliminary stages and will be developed as the team accumulates videos and photos 

to post. They will primarily be used to promote USMA ARES but will also be a resource for 

STEM Outreach Engagements. Those interested in the outreach opportunities will look to 

these resources for guidance and inspiration to participate. This will also serve as a point of 

record for progress made through the project's operation and create a professional 

appearance for the USMA ARES team. The social media accounts and website will serve as 

the critical piece of infrastructure connecting USMA ARES to the rest of the world as they 

https://www.grc.nasa.gov/www/k-12/rocket/Talks/Career.ppt
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pursue this endeavor and will display the professionalism and excellence associated with 

the team and United States Military Academy. 

5.6 Social Media and Website Images 
 

 

Figure 20: Twitter Page 

 

Figure 21: Instagram Page 
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Figure 22: Team ARES Website 

 

Figure 23: Team ARES Website Continued 
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6 Project Plan   
6.1 Schedule 

To effectively achieve the execution of the project, ARES created a Gantt chart to 

schedule events efficiently. The Gantt charts in Figures 24,25,26,27 break the 2022-2023 

Student Launch competition into four distinct phases. The goal of this schedule is to outline 

the project's critical path and identify times when the team will not be able to work on the 

project. The Gantt charts listed below will enable the creation of detailed schedules in the 

PDR and CDR phases.  

 
Figure 24: Scheduling Spreadsheet Proposal Phase 

 
Figure 25: Scheduling Spreadsheet PDR Phase 



   
 

68 
 

 
Figure 26: Scheduling Spreadsheet CDR Phase 

 

 

 
Figure 27: Scheduling Spreadsheet Competition Phase 

 

6.2 Budget 

ARES has been awarded a $15,000 research endowment from the PANE department 

at USMA through an agreement with RCCTO (Rapid Capabilities and Critical Technologies 

Office). An initial fund of $7,826 was provided by the U.S. Army SMDC (Space and Missile 

Defense Command) and was used for the first order of parts in early August 2022 for the 

SPEAR Model Rocket Club. Team ARES will be utilizing resources from the SPEAR Model 

Rocket Club to offset early costs and ease testing. The parts not utilized by the Model 

Rocket Club will be used for the construction of the sub-scale rocket. Range 11, our primary 

range for test launches, is managed by USMA, easier to use than a private range, and is free 

of cost. Tables 19-23 below are a breakdown of the parts that must be ordered. 
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Structures  QTY Unit Price (USD) Total Price (USD) 

Body Tube 3 20 60 

Coupler 2 10 20 

Nose Cone 1 25 25 

Fins 3 15 45 

Main Parachute 1 265.71 265.71 

Drogue Parachute 1 75.33 75.33 

Shock Cord (per ft) 60 0.5 30 

Motors 3 250 750 

Epoxy 1 19.98 19.98 

TOTAL   1,290.45 
Table 19: Structures Budget 

Avionics QTY Unit Price (USD) Total Price (USD) 

Flight Computer 1 100 100 

9V Battery and 

Compartment 3 15 45 

Portable Power Platform 1 10 10 

Air/Ground Comms 1 300 300 

HDMI Cable 1 6.5 6.5 

500MAH Battery 2 44.1 88.2 

TOTAL   549.70 
Table 20: Avionics Budget 

Payload QTY Unit Price (USD) Total Price (USD) 

Computer 1 50 50 

Camera 1 45 45 

Altimeter 1 10 10 

9V Battery and Powerbank 8 3 25 

Microservos 4 4 16 

RF Tranceiver 1 10 16 
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SD Card Holder 1 7 7 

Payload Shell 1 15 15 

Miscellaneous Electronic 

Components (i.e., 

breadboard, punch board, 

resistors, wiring)  20 20 

TOTAL   204 
Table 21: Payload Budget 

Recovery QTY Unit Price (USD) Total Price (USD) 

Alternate Chute 3 221.75 665.25 

Alternate Drogue Chute 3 63.41 190.23 

Parachute Protector 3 12.35 37.05 

TOTAL   892.53 
Table 22: Recovery Budget 

 

Subscale Rocket QTY Unit Price (USD) Total Price (USD) 

Body Tube 1 20 20 

Coupler 2 5 10 

Nose Cone 1 30 30 

Main Parachute 1 75 75 

Drogue Chute 1 50 50 

Shock Cord (per ft) 30 0.5 15 

Motor+Motor Housing 1 100 100 

Fins 3 10 30 

TOTAL   330 
Table 23: Subscale Rocket Budget 
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Travel QTY Unit Price (USD) Total Price (USD) 

Flight NY to AL 10 500 5000 

Government Lodging 

Rate in Huntsville 10 288 2880 

Meals and Incidentals 10 165 1650 

TOTAL   9530 
Table 24: Travel Budget 

Budget Item Total Price (USD) 

Structures 1,290.45 

Avionics 549.7 

Payload 204 

Recovery 892.53 

Subscale Rocket 330 

Travel 9530 

TOTAL 12796.68 
Table 25: Total Budget 

The travel rates are based on the government rates for Huntsville, Alabama. All 

travel expenses will be paid by USMA and the DoD (Department of Defense). However, 

money will be allocated towards it in the event of an emergency. The lodging and meals are 

for three days and three nights.  

6.3 Sustainability 

 This is the first year that the USMA ARES team is competing in the NASA student 

launch competition. Our two main goals are to win and to establish a methodology for 

future teams from West Point to participate in NASA Student Launch. Regarding STEM 

engagement, our main lines of effort will focus on establishing relationships with NAR 

chapters in our area as well as local schools. One of the advantages that USMA ARES can 

leverage is the multitude of STEM engagement opportunities that are hosted at West Point. 

Additionally, the Scout Engagement Days discussed in Section 5, USMA ARES plans to 

establish a presence in the STEM activities hosted by the PANE and CME departments at 

West Point. These activities include the PANE Scout Derby and Dome Night.  
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 Recruitment is going to be a crucial part of maintaining engagement in the USMA 

ARES team. Our goal is to increase the number of members on the team next year and 

maintain some of the members from this year's competition. The main path of recruitment 

for the team has been and will continue to be the SPEAR Model Rocketry Club. It is a club 

focused on model rocketry and aerospace engineering that provides an opportunity for 

cadets to learn and practice the rocket-building process. A majority of current ARES 

members have been involved in the club at some point in their cadet career. CDT Shilenko 

is currently in charge of the SPEAR Club, and ARES will most likely continue to be led by a 

club member. Additionally, ARES plans to use the USMA Projects day to showcase the 

accomplishments of our team IOT to recruit future members.  

USMA ARES will receive funding from the Physics and Nuclear Engineering 

department for next year's project. In addition, the ARES will also have multiple parts on 

hand with the available tools. Future travel funds will continue to be provided by USMA 

and the DoD. Range use will also be available for the ARES team for future years with little 

restriction. The Office of the Dean of USMA is supportive of the team’s effort. The goal is to 

secure annual funding for future participation in NASA USLI. Additional funding may be 

secured from government organizations outside USMA or through the “gift funds” provided 

by the Association of Graduates (AOG). Due to the military status of the cadets and the 

institution, the team cannot solicit funds outside of specially approved channels. For 

example, the team cannot apply for grants, sell merchandise, or crowdfund for the effort.  
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