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Need Statement

The overall need of this project is to develop drones capable of 
sensing and avoiding obstacles with a minimized risk of collision 

or damage to property in GPS denied environments.
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GOALS

1. Manufacture a drone prototype capable of manual flight

2. Collaborate effectively with other sub-teams

3. Develop testing equipment and a flight test plan; learn about flight test safety

4. Complete key deliverables and integrate new team members

5. Plan for future work with a focus on flight testing more capabilities
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▪ Collaborate with sensors and communications to design an electronics mounting 

plan

▪ Manufacture the electronics mounting plate

▪ Collaborate to develop a soldering diagram and become familiar with said diagram

▪ Solder the electronic speed controller (ESC) to the motors

▪ Maintain the airframe

Goal 1: Manufacture a prototype
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▪ Meet with sensors and communications as appropriate to discuss necessary action 

items

▪ Share documentation on accessible platforms

▪ Discuss system level details with simulation and estimation

Goal 2: Collaborate effectively
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▪ Identify capabilities to be tested based on semester scope

▪ Identify relevant hardware and manufacturing plans

▪ Design electronics testing equipment

▪ Understand safety regulations and department standards

▪ Research FAA drone pilot licensing

Goal 3: Develop a testing plan 
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▪ Develop a project website following NASA requirements

▪ Identify work areas for new members based on project needs 

▪ Integrate new members into communications and documentation storage 

▪ Provide tasks and training for new members for technical and administrative work

Goal 4: Complete deliverables and onboarding
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▪ Conduct a manual flight test

▪ Identify items within and outside the scope of the semester

▪ Design and manufacture items within the future project scope in parallel with other 

actions

▪ Augment project documentation with new requirements and subsystem details

▪ Prepare for a transfer of project ownership to new members

Goal 5: Plan for future work 
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Figure 1: State of the 

drone. Although not 

shown, the electronic 

speed controller 

(ESC) is soldered to 

the motors and 

power cables.
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Figure 2:  Manual 

flight prototype plan. 

Powering, 

manufacturing, and 

testing plans are 

ready for 

implementation.
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▪ The project shall not exceed Budget (less than $60,000) 

▪ The project shall follow NASA guidelines

▪ The project shall follow proposal specifications 

▪ The project shall address safe, efficient growth in global operations and in-time 

system-wide safety assurance 

▪ A key deliverables schedule shall be followed according to NASA guidelines

DERIVED REQUIREMENTS 
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▪ Drone shall operate with a power source of voltage no more than 14.8 V 

▪ Drone shall be capable of being modeled in a CAD program

▪ Drones shall be able to function in a swarm of ten

▪ Drone shall be able to autonomously avoid static obstacles 

▪ Drone shall be able to autonomously avoid dynamic obstacles

▪ Drone maintenance shall be conducted following TBR standard procedure

▪ Equipment log shall be maintained following TBR standard procedure

HIGH LEVEL REQUIREMENTS
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▪ All team members shall use a common CAD software

▪ Manufacturing activities shall be documented following TBR standard procedure

▪ X amount of documentable meeting time shall be dedicated to sub-team 

collaboration

▪ X amount of documentable meeting time shall be dedicated to new team member 

training

▪ A document storage system shall be maintained following TBR standard procedure

HIGH LEVEL REQUIREMENTS

18Vincent



TEXAS AEROSPACE ENGINEERING AND ENGINEERING MECHANICS

▪ Drone blades shall produce X (units) amount of thrust at least

▪ Drone shall be able to land at a downward speed of X (units) with landing gear at an 

angle of X degrees from the horizontal without failure of the airframe.

▪ Drone performance shall not be impeded by foreign object debris (FOD)

▪ Drone shall be able to communicate with other drones in flight 

INTERNAL REQUIREMENTS 
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▪ Drone shall be capable of moving omnidirectionally 

▪ The drone shall be compatible with TBR FAA standards

▪ Drone shall have a flight endurance of 20 minutes

▪ Electronic mounting plate shall dissipate X (units) of structural vibration

▪ LiDAR mount shall be angle adjustable by X (units) as measured from the 

horizontal

INTERNAL REQUIREMENTS 
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▪ Labeled front from back

○ Allows anyone to know 

drone orientation 

immediately

Hardware Modifications

22



TEXAS AEROSPACE ENGINEERING AND ENGINEERING MECHANICS

▪ Numbered the arms/motors

○ Will assist motor testing so 

we can tell which motor is 

performing which function

Hardware Modifications
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▪ Removed propellers for safe and easy 

storage

○ They stick out and the shelf is 

crowded. Removal/addition is simple 

and fast, so it is worth storing them 

separately for now

Hardware Modifications
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▪ Extended wires to enable motor-ESC 

connection

○ Shrink wrapped extensions onto 

original motor wires so that they are 

long enough to allow for flexibility in 

ESC location

Hardware Modifications
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▪ Soldered wire tips to ESC

○ Used new soldering iron

○ Tested functionality 

afterwards, correctly 

powers on as indicated by 

sound

Hardware Modifications
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▪ Glued landing gear to limit 

movement of T-bracket

○ Currently working on a 

design to replace it

Hardware Modifications
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▪ This modified design has more 

height above the horizontal holes, 

which cracked, so they should be 

stronger

▪ All other dimensions are the same, 

just simplified

Hardware Modifications
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▪ Battery below system

○ Will use velcro straps/zip ties 

around bottom tubes

▪ Yellow tape showing where 

ESC may go

Potential Placements
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Full Drone CAD
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● New plate replaces current top 
drone plate.
○ Reasoning: Lighter than adding 

an additional mounting plate with 
standoffs.

● Holes in correct mounting 
locations for ESC, PDB, Jetson, and 
Pixhawk

● Initial material: Acrylic
● Final material: Carbon fiber plate 

stock

Mounting Plate
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● Nylon/Carbon or SLS
● Holes for access to Jetson and 

Pixhawk
● Cooling holes for Jetson
● Integrated LIDAR mounting
● Attached to mounting plate 

with 4 screws, threaded inserts 
bonded to cover

Drone Cover
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Flight Control Electronics Layout

34

PDB

ESC



TEXAS AEROSPACE ENGINEERING AND ENGINEERING MECHANICS

● Anti-Vibration Foam Tape
○ Current mounting option for 

manual flight testing
○ Vibration reduction for 

electronics
● Rubber grommets (“gummies”)
○ More permanent mounting 

option for autonomous flight
○ Attaches components to 

mounting plate with screws
○ Vibration reduction for 

electronics

Mounting Solutions
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The test stand provides the hardware and software teams an outlet to test and 
modify the drone without actually touching the drone. The main drivers for test 
stand development are:

● Running test software for drone sensor and motor checkouts.
● Testing varying configurations and sensors in the case of drone 

modification.
● Testing sensor longevity and runtime.

TEST STAND REASONING
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TEST STAND OVERVIEW
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The test stand is designed as the following:

TEST STAND DESIGN
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all electrical subsystems

Motor

Motor
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MANUAL FLIGHT HIGH LEVEL 
TEST PLAN - TRACE
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1.Ensure all components are properly wired and functioning.
2.Ensure the drone functions and responds as desired to control input. 
3.Find issues before they cause damage to the drone.
4.Characterize the performance of the drone. 

a.Thrust
b.Speed
c.Range
d.Battery Life
e.Payloads

Test Goals
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1.Transmitter to receiver connection
2.Pixhawk flight controller calibration
3.Motor spin direction
4.Transmitter input response
5.Object detection

a.RPLiDar, Zed 2 stereo camera
b.Range
c.Field of view

Safety: Remove the propellers if they are not necessary to the test being 
conducted. 

Test Stand Tests
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1.Thrust
2.Control input response
3.Hover

a.Position hold
b.Battery life
c. IMU readings

4.Payload capabilities
5.Object avoidance

a.Stopping speed

Drone Cage Tests
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1.Transmitter range
2.Flight time

a.Varying payloads
3.Flight range

a.Varying payloads
4.Speed and accelerations

a.Takeoff/Landing
b.XYZ directions
c.Rotating motions
d.Varying payloads

Field Tests
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Assemble Drone

Transmitter/Receiver 
connection

Motor Spin Direction

Transmitter Input 
Response

Thrust

Control Input 
Response

Hover Hold and 
Battery Life

Payload Capabilities

Transmitter Range

Speed and 
Accelerations

Flight Time/Range

– Stand Test

– Cage Test

– Field Test
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Location and Contact
We will be flying our drone in the drone cage on the top floor of the ASE 
garage. Permission can be obtained by emailing Dr. Todd Humphreys at 
todd.humphreys@utexas.edu

Safety Procedure and Pilots
All personnel, including the drone pilot, must be standing on the outside 
of the drone cage at all times during testing. Regarding drone pilots, 
currently the only students holding licenses to fly a UAV are Ishani and 
Nick.

Drone Cage Flight Procedures
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Obtain Approval by University
In order to fly a UAV on University property as part of a University-
associated project, we must submit a flight request listing faculty 
member endorsement, maps, etc.

Filming and Photography Approval
Filming and photography on UT property for a UT class project requires 
an email to be sent by the endorsing faculty member to 
(utfilming@utexas.edu) for approval.

Flying on University Property 
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Main Objective
To provide a more detailed update of our project to NASA and the general public 
in a user friendly and succinct way. 

We organized our site into various tabs:
- About
- Timeline 
- Documentation 
- Research 
- People

Link to the website: https://sites.utexas.edu/del/

Website Development 
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Our hope is to update this website periodically as we continue to conduct more 
research and begin flight tests. 

Future Changes 
In the future, we may add a Flight Testing Tab to explain in further detail our 
flight test plans and the data we obtain from them as well as any photo or video 
documentation that may be interesting to NASA. 

In addition, we thought it may be helpful to add subpages to the research tab for 
each subteam so that each team has an opportunity to share the research they 
have been conducting. 

Future Uses 
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ONBOARDING 
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Share the google drive folder for USRC to all 
new members.

Allowing new members access to the teams 
resources and documents is ESSENTIAL

USRC Google Drive
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Show most recent design reviews to new members. An in-depth presentation is 
not necessary, but highlight the most prominent work that semester as well as 
current state.

Show-Off Design Reviews
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This will help catch up newer members 
on the project’s progress, as well as 
allow them to have some semblance of 
how to work with the project in its 
current state
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New team members should review the USRC 
Hardware Users Guide. Specifically, they should 
review the Parts List and the Assembly Guide.

The Parts List will allow them to understand the 
different parts of our drone and what their purposes 
are, while the Assembly Guide will provide future 
members vital information regarding building and 
modifying future drones.

Review Hardware Users Guide
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At the end of each semester, the current team members should begin updating 
the Hardware Users Guide with any new information (new drone parts, 
instructions for new operations, etc.).

This will allow the team to have some essence of winding down, while still 
keeping up productivity. This also enables the passing down of knowledge to off-
season members as well as the next team.

End of Semester Updates

56



TEXAS AEROSPACE ENGINEERING AND ENGINEERING MECHANICS

Last but not least, a new Person of Contact (POC) must be assigned for the 
Design Course as well as with NASA. These two roles can be filled by one or two 
people. 

The POC for the Design Course will be interacting with Professor Nokes mostly, 
while the POC for NASA will be communicating directly with a NASA 
representative. Just make sure all members can agree on a POC and report the 
representative(s) to Professor Nokes.

POC Reassignments
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Future Works
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▪ Manual Flight

▪ Purchase V2 Drone Parts

▪ Iterate Drone

▪ Automated Flight
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Semester Gantt Chart 
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Parts List & Budget  

61



TEXAS AEROSPACE ENGINEERING AND ENGINEERING MECHANICS

Parts List & Budget  
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