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How to Design a Rocket?
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IREC Spaceport America Cup 22

❖10,000 feet target altitude

❖COTS Motor

❖Payload > 8.8 lbs and CubeSat 

Form Factor

❖Must be GPS trackable



Team Structure
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Project Manager

Flight Dynamics

Payload Controls

Structures

Payload Structures 

Avionics & Recovery

Payload Electronics



Flight Dynamics
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Structures
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Avionics & Recovery
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Payload Structures
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CubeSat 

Structure

Payload Adapter

Steel Eyebolt



Payload Controls

8

Brass Flywheel

BLDC 

Motor



Payload Electronics
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Microcomputer

Power 

Source

Camera



Launch Vehicle Overview
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Experimental Payload

Inertial Measurement Unit
Carbon Fiber 

Airframe & Fins

Modular Aft System



Flight Dynamics
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OpenRocket MATLAB Percent 

Deviation

Apogee (ft) 10524 10437 0.827

Max Mach 

Number

0.890 0.873 1.91

Static 

Stability 

Margin

1.64 1.66 1.22



Flight Dynamics
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Structures - Modular Aft
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Carbon Fiber Airframe

Carbon Fiber Fins

Aluminum Fin Brackets

Aluminum Centering Rings

Student-Designed and Manufactured Components

Aluminum Thrust Ring



Structures – Composite Materials
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➢ Airframes

➢ Wet layup with sleeves

➢ ~40% lighter than COTS G12

➢ < $30 per foot

➢ Fins

➢ Custom Prepreg Layup

➢ ~ 20% lighter than COTS G10

➢ Increased flutter resistance



Avionics & Recovery



Avionics & Recovery
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Primary Altimeter Secondary Altimeter

9V Battery

Charge Wells

Pressure Port Hole

Charge Wells



Avionics & Recovery
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Launch

Apogee
Drogue and 

Payload 

Deployment
Main & Payload 

Parachute 

Deployment



Payload Overview
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Microcontroller

Camera9V Battery

30W BLDC Motor

Brass Flywheel

14.8V Motor Battery



Payload Overview
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Ignition

Deployment

Apogee

റ𝑔

Desired 

Orientation

N

S

Magnetic North



Payload Overview
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റ𝐹𝑤𝑖𝑛𝑑

Stabilization 

External Perturbations

Great 

Footage!

Descent 

റ𝑔



Sizing Components for Control System

21

𝐼𝑅𝑊𝜔𝑅𝑊 = 𝐼𝑃𝐿𝜔𝑃𝐿

30W, 3000 rpm BLDC motor

20:1 Gear Ratio

200 deg/s peak



Payload Power Flow
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𝐼𝑅𝑊𝜔𝑅𝑊

𝐼𝑃𝐿
= 𝜔𝐹𝑊,𝑚𝑎𝑥 = 203.4 deg/s

30W, 3000 RPM 

BLDC Motor

𝑉𝑖𝑛 = 12 𝑉
𝐼𝑖𝑛 = 3.3 amp

𝑇mtr = 0.1 Nm
𝑛mtr = 3000 RPM

𝑇RW = 2 Nm
𝜔𝑅𝑊 = 150 RPM

20:1 Planetary 

Gear



Payload Control Diagram
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Payload Structure
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Threaded Steel Rods

Fiberglass Plates

Steel Nuts

Fiberglass Plates



Payload Electronics

25

Barometric 

Pressure 

Altimeter

Barometric 

Pressure 

Altimeter

Transistor

Power Source Accelerometer

Microcontroller



Conclusion
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