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Space Cowboys



Mission Criteria and Requirements

Design, Develop, and Launch

Competition April 9th-10th, 2021

A High-Powered Rocket capable of delivering a golf-ball to 8000' AGL
• Return golf-ball to designated target on the ground

• Budget - ~$2000

• Motor Impulse < 5120 Ns (L-class)

• 5:1 T-W Ratio at Liftoff

• Minimum Stability factor of 1 during flight

• Recovery Vehicle must fly below 30 fps below 300' AGL

• One Level 2 TRA member

• All components must be "Re-flyable"



Design Down Select 

• Multi-Rotor Aircraft• Glider • Parasail/Parachute



Initial Full System Design

Nose-Propelled Fixed-Wing

• Propeller Springs out at Apogee
• 1 Propeller – battery powered
• Rest on, or nested in Nosecone for 

launch
• Spin-up at deployment

• Cambered Carbon-Fiber Wings
• Higher L/D than flat plate
• w/ Alerions

• Tail
• Elevator
• No Rudder



Quadcopter Design Choices

• Nose Cone• Microscale • H-Frame

Pros
• Easy Fit
• Deployment
Cons
• Battery Life
• Wind Resistance

Pros
• Rocket Integration
• Previous Designs
Cons
• Manufacturability
• Avionics Layout

Pros
• Battery Life
• Wind Resistance
Cons
• Rocket integration
• Arm Deployment



CONOPS



Rocket Design & Layout
# Component Description Size (Diam, len.)

1 Sustainer Bottom Stage of the Rocket, contains motor 4", 36"

2 Centering Rings Centers Motor Mount in Sustainer 3.9-3.1", .08"

3 Motor Mount/Retainer Holds 75 mm Motor in rocket 3.1", 16"

4 Aerotech L1940X Propels the rocket forwards 75mm, varies

5 Fins Provides Aerodynamic Stability

6 Drogue Parachute Slows rocket during ascent 36", N/A

7 Avionics & Slip band Holds two halves together, controls 
separation

3.9", 13.5"

8 Payload Section Contains Drone & Main Parachute 40.5"

9 Main Parachute Slows Rocket for Drone & Ground Hit 48", N/A

10 Drone Sled Stores the drone for flight 3.8", 18"

11 Nosecone Provides Aerodynamic streamlining 4", 16.5"
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Total Length: 95.3"
Pad Weight: 25.6 lb.
CG: 63.96"
CP: 71.21"
Stability: 1.79 cal.
Estimated CD ~ 0.72

Competition Motor
Aerotech L1940X
Total Impulse: 4330 N-s 
(973 lbf-s)
Max Thrust: 2340 N (526 lbf)
Burn time: 2.2 s



First Quad Prototype

• H-Style quadcopter with carbon 
fiber Plates, carbon fiber arms 
and steel bolts
• Significantly heavier

• Did not fit into the rocket

• No functional arm folding system

• Allowed for quadcopter flight 
testing

• Gave insight as to what 
components needed to be 
optimized



Quadcopter Design
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Arm Mechanism



Quad Sims

• Lowering Weight Overall
• More efficient structure
• Smaller battery
• More efficient propellers

CDR Sims ->

Final Sims ->



Rocket Build

• Was primarily Conducted over Spring 
Break
• Fin slots cut w/ router

• Fins & Bulkheads CNC'd

• Body Tubes cut on chop saw

• 2-56 Shear Pins for seperation

• ¼" bolts used to keep the av-bay and 
payload
bay connected

• Y-loop harness epoxied to Motor mount 
tube



Quadcopter Testing

• Conducted 4-5 drop test from 
M600

• Multiple waypoint missions @ 
flight field

• Full scale w/rocket 2 times
• Quad got tangled in shock cord 

after deployment on first launch
• Second launch had successful 

deployment however had to be 
manually controlled back

• General flight tuning (PID)



Ejection Testing

• Material & Time limits forced a simple 
quad sled redesign

• Found we needed to shorten the 
sleds shock chord to prevent quad 
from tangling

• Final Black Powder configuration
• Telemega: Main – 2.2 g, Apogee – 2.4 g

• Easymini: Main – 2.4g, Apogee – 2.6 g



Final Quadcopter Build

First Prototype Final Vehicle8 iterations

Final Quadcopter Build Components
• Main Body

• Layup outer shell (balsa wood 
core) 

• Stock carbon fiber intermediate 
plates

• Cutouts for weight mitigation 
and wire security 

• Arms
• 14-lb right angle springs 
• Onyx print motor mounts and 

spring housings
• Stock carbon fiber rod arm 

structure 
• Spring pin arm mechanism

• Retention 
• 25-mm/40-mm aluminum 

standoffs, 2-mm bolts
• Rigidity 

• Pin/Epoxy components to 
absorb spring shock



Final Quadcopter Build
Final Quadcopter Build Components
• Main Body

• Layup outer shell (balsa wood 
core) 

• Stock carbon fiber intermediate 
plates

• Cutouts for weight mitigation 
and wire security 

• Arms
• 14-lb right angle springs 
• Onyx print motor mounts and 

spring housings
• Stock carbon fiber rod arm 

structure 
• Spring-Pin arm mechanism

• Retention 
• 25-mm/40-mm aluminum 

standoffs, 2-mm bolts
• Rigidity 

• Pin/Epoxy components to 
absorb spring shock

Layup Carbon FiberStock Carbon Fiber
Stock Carbon Fiber

Onyx Spring
Housing

Onyx Motor
MountOnyx Motor

Mount

Stock Carbon 
Fiber Rod

Stock Carbon 
Fiber Rod

Spring-Pin 
Hole

Spring-Pin 
Hole

Right Angle 
Springs with 

Retainers



Full System Test Launches

• 1st test flight – March 26th
• No quad avionics (had 

parachute controlled by Jolly 
Logic – FAILED)

• Main rocket parachute got 
tangled in deployment

• 2nd test flight – April 5th
• With quad avionics but quad 

got tangled in shock cord 
around sled

• 3rd test flight – April 6th
• Full working system
• Quad had avionics issues, but 

pilot got it to land close by
• Rocket got stuck in tree

• All Launches conducted with 
Aerotech J570



Argonia Cup Weekend
April 9th – 10th – Argonia, Kansas

Overview:
• Launched 2 times out of our 3 allowed attempts

• Once Saturday at 1pm
• Once Sunday at 2pm

Saturday Launch:
• 10,917 feet apogee
• Mach 1.1
• 22.75 G
• Quad/golf ball distance: 2.8 miles from target

Sunday Launch:
• 8,108 feet apogee
• Mach 1.0
• 18.75 G
• Quad/golf ball distance: 3,062 feet from target

Overall, our team won 3rd place with our Sunday 
launch.



Argonia Cup Saturday Launch Video



Argonia Cup Sunday Launch Video



Argonia Cup Quad Performance

• Autonomous flight (iNav) 
incapable of fighting wind

• Clear 5.8 GHz video @800 mW

• Battery life was severely 
reduced due to windy 
conditions
• 10-12 min flight time

• Made OSD adjustments

• Multiple broken parts leading 
to only 2 flights



Argonia Cup Rocket Performance

Flight 1
Max Height: 10,926 ft
Max Velocity: Mach 1.1
Max Accel: 22.25 G

Flight 2
Max Height: 8,108 ft
Max Velocity: Mach 1.0
Max Accel: 18.25 G

Lost Ground Telemetry due 
to the antenna snapping 
off the TeleMega Board



SpeedFest



Parts Lists

• 9 different order lists 
from February to April

• Difficulties from 
ordering parts
• Shipping times longer 

than expected

• Stock went quickly

• Bottlenecked from 
parts required



Final Budget

• Simplified Final 
Budget
• Backfilling USRI 

materials included

• Specific Order Lists 
included in Argonia
Archive zip folder



Questions
THANK YOU





Capstone Retroactives

Rocket Retroactives:
• Do not thread inner couplers

• Have 2-3 altimeter Wands

• Fix bending in the sled (minor)

• Triple check Telemega antenna

• Use Wildman ignitors (Aerotech suck)

• Close forward closure on motor before aft

• Use Epoxy nuts for payload section

Quad Retroactives:
• Deploy quad around 2000’ to limit lateral 

distance from target (quad can catch itself 
quickly which negates the main concern with 
a low altitude deployment)

• Have live telemetry using RFD’s to ensure 
connection isn’t lost as easily / have another 
redundancy

• Tune quad autopilot better to work in high 
winds, winds aloft much stronger than ground 
winds.

• Add another camera looking downward to 
ensure closest landing to the X as possible

• Bring 4 fully functional quads in case 
something breaks outside of a competition 
launch (like during testing at the competition)

• Plan on losing a full quad during each launch 
(worst case scenario)



Project Importance

• High Powered Rockets with the capability to launch complex 
payloads are an area of growing interest

• Optimize High Altitude Rocket
• Reduce mass, increase aerodynamics to increase apogee

• Increase control and navigation

• High-Altitude Payloads with the ability to autonomously navigate can
• Be used to conduct atmospheric research

• Quickly deploy payloads to high altitudes

• Deliver payloads to hard-to-reach locations

• Provide local surveillance



Summary of Trade Study Designs

vs.

Pros:
• Previous class experience
• Deploy at highest altitude if wanted
• Adjustable Design Characteristics
• Range/Endurance

Cons:
• Less Landing Control
• Larger/Longer Design
• Compartmentalization/Deployment

Glider Quadcopter

Pros:
• Maneuverability 
• Higher end goal accuracy
• Low weight 

Cons:
• Reliability with differing wind resistances
• Landing durability
• Max flight time/distance concerns 



Quadcopter Trade Study

Microscale Nose cone H, racing

Pros
• Fits in body
• Lightweight
• Simple (no springs)

Pros
• Nice integration
• Aesthetically pleasing
• More space for payload/avionics

Pros
• Basic
• Manufacturability 
• Fits in body

Cons
• Battery life
• Limited room for avionics
• Low wind resistance

Cons
• Manufacturability 
• Stability
• Has been done before (2018)

Cons
• Integration
• Deployment
• Takes up most room 



Point of Departure Design



Block Diagram of System – Rocket + Quad 
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Block Diagram of Recovery Vehicle
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Design Details - Initial Rocket Layout
# Component Description Size (Diam, len.)

1 Sustainer Bottom Stage of the Rocket, contains motor 4", 36"

2 Centering Rings Centers Motor Mount in Sustainer 3.9-3.1", .08"

3 Motor Mount/Retainer Holds 75 mm Motor in rocket 3.1", 16"

4 Solid Rocket Motor Propels the rocket forwards 75mm, varies

5 Fins Provides Aerodynamic Stability

6 Drogue Parachute Slows rocket during ascent 36", N/A

7 Avionics & Slip band Holds two halves together, controls separation 3.9", 13.5"

8 Payload Section Contains Drone & Main Parachute 40.5"

9 Main Parachute Slows Rocket for Drone & Ground Hit 60", N/A

10 Drone Sled / Nosecone Coupler Holds nosecone on rocket, holds drone 3.8", 16"

11 Nosecone Provides Aerodynamics 4", 16.5"

Total Argonia Rocket 95.3", 253 oz., 3.5 cal



Rocket Motor

The Rocket Motor was selected by:
• Limited to Aerotech & Cesaroni

• Varying the total Mass & CG: +- 25%

• Limited to L-class motors

• Preferred Apogee of 9000 ft or greater to account for simulation errors/losses

• Selected the Aerotech L1365 for Modeling Purposes



System Simulation - OpenRocket

• Simulation Data varying wind speed, launch angle, and vehicle 
deployment altitude



Design Details - Rocket Deployment

The Rocket will utilize the 
Telemega, EasyMini, and black-powder 
for deployment

• At Apogee – deploy sled & 36" Drogue

• At 5000 ft. – deploy 60" main

• Deployment Altitude was chosen at 
apogee

• Minimize distance to the target

• Deploy the drone <= 40 ft/s

• Ensure Ground Hit <= 32 ft/s



Design Details - Quadcopter Structure

• Structural Objective
• Fitted payload integration

• Deployment after launch

• Avionics placement

• Recovery capability

• Deployment Obstacle
• Motor/Propeller security

• Arm extension

• Compartment Limitation
• Golf ball payload allocation

• Antenna apart from GPS

• Extensive battery height

• Bolt spacing efficiency 

Weight Estimation



Initial Structural 
Design Iteration

 Design Aspects

• Compact Avionics

• Topside Arms/Propellers

• Secured Payload

 Potential Issues

• Arm Sizing - Height

• Bottom Platform - Width

 Potential Solutions

• Redesign Arms

 Flat Plate

• Redesign Bottom

 Taper Body

 Shave/Round Edges



Quadcopter Prototype

Prototype Mission Objective
• Flight capability assessment

• Determine vehicle sizing with drive 
and avionics

Prototype Neglection
• Precise rocket integration sizing

• Propeller arm deployment

 Arm Fold/Extension Mechanism

Loaded Unloaded



Innovative 
Design Iteration

Updated Characteristics

• 0.25”x0.25” Arms

• ~8 lb. 90 degree Torsion 
Springs

• Fixed Bracket Mount for 
Spring

• Rotating Bracket Mount 
for Spring and Arm

• Motor Bracket Mount 
on Arm



System Simulation - Ecalc
Quadcopter Simulation
• Estimates performance based off off-the-

shelf components (~15% accuracy)
• Includes a KV Wizard which gives an 

estimated motor size based off estimated 
vehicle size

Design Choices
• Main goal to maximize endurance and range 

while minimizing weight
• Best choices are a battery between 6000-

8000 mAh and a motor between 1800-2400 
Kv



Design Details – Quadcopter Drive

• T60 IV PRO KV1750

• 6200 mAh 4 cell 25c LiPo battery

• 7-inch 2 blade propeller with a 4-inch pitch



First Iteration Design - Quadcopter Avionics

• Avionics List:
• Flight Stack

• Electronic Speed Control 
(T-Motor VELOX V50A 3-
6S)

• Flight Controller 
(Lumenier LUX F7 
Ultimate)

• Receiver (FrSky RX8R)

• Radio/Controller (FrSky
Taranis)

• Programs:
• BetaFlight
• iNav



Future Design Implementations – Quadcopter 
Avionics

• Pixhawk 
Orange Cube

• Here2 GPS

• FPV System
• RunCam Split

• 1.2/2.4 Ghz
System 

• Dragon Link 
Advanced 915 
MHZ



Design Details - Quadcopter Avionics

• Current avionics layout:



Quadcopter Deployment - Design Ideas

• Spring Loaded Arms

• Servos

• Sled to protect the vehicle

• Integrating the sled into the nose cone



Quadcopter Deployment - Current Design



Technology Readiness Level

• Start of project
• TRL 1

•CDR
• TRL approaching 5

•Argonia Cup
• TRL 8



Trip to Argonia, KS (2/12)
The team went up to the 
Kloudbuster Rocket Pasture last 
Saturday

Patrick Attempted His L2
• Passed the Written Exam
• But the rocket shredded during 

deployment
• Will try again March 12th.



Budget 

• Budget total is estimated at 
$2,820.
• Reused parts left out
• Reusing more parts to lower 

budget if possible

• Expensive line items
• Rocket Motors
• New Rocket Body

• Wildman Components

• Batteries and Avionics
• Carbon Fiber Structure



Alternative Sled Designs

These Designs can be integrated into the Nosecone or the Payload tube, the goal is 
to protect the drone for black-powder ejections.

Possible solutions to 
release/deploy the sled from 
the rocket

• Gravity & Spring Potential 
Energy

• Pin Servo
• Electromagnet
• Clamp
• Quick-release system
• Rubber band cut servo



Available Motors

These are the motors ordered for the 2020 team at Excelsior
• We would like to split them with the club team for testing if possible

• 75mm
• L851 x1

• 54mm
• K780-15A x1
• K270W-PS x1
• K480W-PS x2

• 38mm
• K570W-14A x4
• J94-P x1

Motor (Base 
Assumptions)

Apogee (ft) Max Accel. (G) Max Vel. (ft/s)

K780 5337 10.2 688

K270W 4817 3.68 470

K480W 5697 9 651

K570W 5174 9.2 627

J94-P 272 1.06 124



Rocket Avionics Layout

Possible Rocket Avionics Sled Showing
• Placement of batteries
• Placement of Flight Computers
• Orientation
• Holes for Threaded Rods

Total Components
• Two Batteries
• TeleMega
• Easy Mini
• 2 Threaded Rods
• 4 Securing Bolts



Part Manufacturing: Carbon Fiber
• The entirety of the quad’s carbon fiber 

structure was optimized and cut on the CNC 
machine to achieve a perfect fit within the 
rocket

• Desired part modelled in Solidworks

• Machine pathing created in HSMworks

• Carbon fiber composites were first created (or 
scrapped), and prepared

• Parts imported and prepared to CNC with 
machine at Excelsior



Part Manufacturing: 3D Prints
• Many of the brackets and intricate pieces of the 

structure was 3D printed to perfectly integrate 
into the quad

• Part first modelled in Solidworks

• Printed in Endeavor

• These prints allowed us to rapidly go through 
iterations and find the failure points in our 
design

• PLA used for rapid iterations

• Onyx used for final quad iteration



Timeline of Entire Project



Rocket Stuck in Tree



PID Tuning

• Trial and error process to smooth out the flight controls


