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Abstract - Executive Summary

Modern-day drone missions are restrained due to their size and maneuverability. There
has never been a successful drone-only NASA mission. The Aero-Tactical Application for
Remote Operations and Cargo Transportation, AEROTACT for short, is a new type of quad-rotor
drone that will have the ability to fly both as a quadcopter but also transform into an airplane and
fly as a fixed-winged aircraft. It has the potential to be used in both future inter solar-system
exploration missions as well as for search and rescue missions here on Earth. In order to move
forward with the design of AEROTACT first several trade studies will need to be conducted with
respect to the type of materials, batteries, rotors, airfoils, and GNC systems that will be used on
AEROTACT. Then several months will be spent creating the design of the system and doing
qualification by analysis before then creating a prototype and moving on to more robust
qualification testing which would include several flight and payload tests. Finally, within the
next, there will be a full design that has been qualified by analysis and will be ready to create the
first prototype that will be used for more robust flight tests.
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Technology Merit and Work Plan

The concept and its future applications
VTOL (Vertical Take-Off and Landing) drone designed to operate autonomously and

acquire cargo-carrying and land surveying capabilities.
Due to its cargo-carrying capability, it has the ability to efficiently transport items to remote or
inaccessible areas. The drone’s land surveying capabilities will enable capabilities such as
recording data and imagery for applications such as land mapping, environmental monitoring,
and aiding in geological studies. With the AEROTACT’s cargo capabilities, the drone can deliver
needed equipment and supplies, enabling NASA to further understand terrestrial environments.

Overview of the current state of the art metrics
With a focus on electric propulsion, urban air mobility, autonomous technology, and

military and logistics applications, the VTOL aircraft sector has made major advancements.
Electric VTOL planes have attracted interest because of their potential to lower emissions and
operating expenses. The development of autonomous technology has also paved the road for
effective and safe autonomous flight. The adaptability of VTOL aircraft has been further
increased by military and logistical uses. Infrastructure development, including vertiports and
charging stations, is essential for VTOL technology to be widely used.

KPPs (Key Performance Parameters)
The Key Performance Parameters for the project are the system to be able to efficiently

transport cargo without exceeding certain amounts of power (that would require power sources
too big for the aircraft to sustain) but at the same be able to cover enough flight time and distance
range to complete the missions. The maximum payload it is able to handle would also be a key
performing factor. The airfoils performance in terms of simulation, and experimentation will also
be crucial in determining the material to be used for the particular operation.

Differences with previous NASA projects
Aero-Tactical Application for Remote Operations and Cargo Transportation will be used

to perform autonomous flight capabilities with implications for carrying cargo along with land
surveying capabilities. AEROTACT is the name of the aircraft. The aircraft will be capable of
vertical takeoff and landing, hence allowing for greater efficiency during fixed-wing flight, and
longer loiter times during helicopter flight.

Technical challenges and risks with completion
The key technical challenges involved with the completion of this proposal are the mass

of the battery, along with desired performance affecting the endurance of AEROTACT. Thus, its
endurance is crucial in order to conduct operations. Installing sensors for the drone would assist
in safe landings, situational awareness, and collision avoidance hence avoiding obstacles during
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flight such as birds, cliffs, trees, and various obstacles. Without human guidance for navigation
and the use of autonomous flight, a GPS system would need to be applied, working in
conjunction with sensors and cameras along the airframe. If maintenance is not carried out
regularly, then this would result in unsafe and hazardous flying. In order to be able to carry
cargo, the drone would have to be made of sturdy material that can hold a decent amount of
weight. Drones can also be hacked into and taken advantage of to trespass territories and
government property. (See Risk Assessment Matrix.)

Overview of the development work plan
The development work plan will consist of designing a Clark Y airfoil in both Fusion 360

(for its CNC capabilities) and Solidworks (for its simulation capabilities). The Clark Y airfoil
design was chosen due to its sufficient airfoil section as it provides a high life drag ratio and
limits the stall during takeoff and landing.

Our goal with the AEROTACT is to safely haul items to remote areas; however, some
restraints and roadblocks must be addressed during this project. During flight, the AEROTACT
should handle various weather conditions and obstacles. Sensors and various cameras along the
airframe can be utilized to allow greater situational awareness while encountering such
conditions as well as the type of materials — Aluminum alloys and 15% Steel content required
to prevent structural failures. Furthermore, the engineers will handle how AEROTACT will land
and take off from a particular place without any defects. The scientists handle GPS services
regarding how the drone should maneuver easily in order to reach a certain destination for
transporting items, as well as acting upon autonomous flight. AEROTACT should act in a
fixed-wing situation capable of generating lift through the forward airspeed. Its classification
consists of the Bell A821201 airfoil for Wing Root and Tip that has a 23% thickness capable of
long endurance flight. The Tilt Rotor for the AEROTACT operates with 4 propeller fans that
point in the (-z) direction for takeoff/landing and tilt in the (+x) direction for a forward motion.
The group has decided to rely on the SunnySky X2212 Brushless Motors that attach to the
VTOL Aircraft Propulsion for providing a higher thrust rating at a low throttle setting thus
operating at longer times with high strength and resistance to fatigue.

Challenges
The challenges associated with this research and development vary from testing of

possible materials to the effective movement, synchronization of the electrical and mechanical
systems, and all along with software development. Two of the main issues of this project within
its earth applications are the ability to reach a wide range in flight time and finding a power
source strong enough to be able to complete take-offs, landings, and possible payload-related
activities. Regarding possible extraterrestrial activities, it’s important to take into account the
differences in atmosphere that would be encountered on different planets and the changes in air
density and speed that would impact the wings and their lift production.
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Differences and affinities with similar technology development efforts
This idea is complementary to many aeronautical companies developing VTOLs aircraft

for transporting civilians from one location to another in order to avoid road traffic. Our team’s
goal is to develop a VTOL that is capable of transporting cargo to remote areas, examining
geographical terrains, and surveying weather predictions.

Project Management Approach

Project management approach for the technology development activity
The project management approach for the technology development activity prioritizes

fostering clear communication among the team. This involves organizing regular meetings to
address the individual needs of team members and ensuring everyone remains on track. The
project managers take on the responsibility of supporting the team to the best of their abilities.
Additionally, they play a crucial role in facilitating the Internal Review of the proposal.

Outreach
Strategies for outreach and sponsorship are essential for connecting individuals and

growing an organization. Engaging target audiences, increasing brand visibility, and establishing
credibility can all be achieved by using social media, publishing research, and attending
conferences.
Social media such as Instagram, Twitter, LinkedIn, etc can be utilized to showcase the growth
and development of the team’s progress over time. This will allow people to become familiar
with our brand as a team and generate more interest in the development process and end product.
This will establish our presence as a reputable brand and increase the credibility of our team. Our
team can also attend local conferences and or club events to grow our connections and
opportunities. These strategies enable wider outreach, fostering collaborations and partnerships
for mutual growth and impact.
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Teaming and Workforce Development

➢ Vishruth Balaji, Programmatic Lead: Undergraduate student with Proficient
Coding/Solidworks Expertise and Supersonic Wind Tunnel Testing

➢ Francesca Afruni, Engineer: Undergraduate Aerospace Engineering student with C++,
Matlab, and NX Siemens experience

➢ Xuan Dao, Programmatic Assistant: MATLAB, SOLIDWORKS, XFLR5, OpenVSP,
Numerical Methods

➢ Jonathan Chang, Engineer: Undergraduate Aerospace Engineering Student, Python,
Solidworks

➢ Autumn Brown, Science Lead: Undergraduate Mechanical Engineering student with
minors in math and physics, proficiencies in AutoDesk Inventor, Solidworks, and NX
Siemens

➢ Aryan Verma, Engineer: Undergraduate Mechanical Engineering student with strengths
in Python, Siemens NX, MATLAB, C++, and SolidWorks

➢ Kyle Richichi, Engineering Co-Lead: Undergraduate Mechanical Engineering,
MATLAB, SOLIDWORKS, SIEMENS NX, PYTHON, CATIA, AUTOCAD, 3D
Printing and CNC experience

➢ Nicolas Ahmed, Principal Investigator: Undergraduate Aerospace Engineering student,
AutoCAD, Inventor, Fusion360, CNC lathe, 3D Printing, and soldering

➢ Jason Dionida, Engineer: Undergraduate Mechanical Engineering student with a minor
in Aerospace Engineering, proficient in MATLAB, Solidworks, Siemens NX, AutoCAD,
C++, C, C#, Numerical Methods

➢ Carlos Lopez, Project Manager: Undergraduate Air traffic controller/pilot, Aviation
background with strengths in communication skills and teamwork skills.

➢ Tyler Swingler, Engineering Co-Lead: Undergraduate Aerospace Engineering student
with capabilities in Solidworks, Fusion 360, 3D printing, RC design, soldering, and
knowledge in electrical.

➢ Giuseppe Afruni, Subject Matter Expert: Chief Test Pilot at Leonardo Company,
helicopter division.
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Appendix

Quad Chart for Subteam 6: Quad-Tilt Rotor RC Aircraft - Now AEROTACT
SB-6, Quad Chart

https://docs.google.com/presentation/d/1MgGgqmspxyqwJ0KfLfLgKrDHk4W7DgtvWj07OL80fXU/edit#slide=id.g25355663e33_0_9
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Gantt Chart: Schedule/Gantt Chart - Team 28.xlsx

https://docs.google.com/spreadsheets/d/1Nhh9NgUyoOZ03snao1gF5S59gmjRI17c/edit?usp=sharing&ouid=104927986056307973804&rtpof=true&sd=true
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Risk Assessment Chart/Matrix: Risk Matrix - Team 28.xlsx

https://docs.google.com/spreadsheets/d/1vF7WhUbZhBXAEv6leFEnxZP0Jzizpq9Z/edit?usp=sharing&ouid=104927986056307973804&rtpof=true&sd=true
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Budget Overview Chart: Budget Outline - Team 28

https://docs.google.com/spreadsheets/d/1PV1MQjFyqZJ1rXmxU4SKst8ZgL6Io9syOkW6PhCHgZ8/edit?usp=sharing
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New Technology Report, NTR (NASA form 1679):
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