Level 3 Rocket Design Strawman
Dr. Boy,
Thank you for committing your time to help me through the Level 3 Certification requirements. It is my goal to do the best possible job developing a documentation set that is complete, accurate and realistic as well as compliant with all necessary requirements. 
This document is NOT the Construction Package or the Recovery Package but rather intended as an initial outline to illustrate major design components in a summarized format and provide some insight into the decision making. If you have questions, concerns about the design or see elements missing from the project outlined below please let me know. If your available for a short discussion later next week to chat about this I would appreciate your time. 
I’m simultaneously posting this on the CMASS message board to solicit feedback there. 
Project Goals and Requirements
Meet the NAR, L3CC and local CMASS requirements for a suitable Level 3 rocket.
NAR Requirements:
· Self-Build a rocket capable of utilizing M, N or O certified motor
· Fabricate engine mount with centering rings
· Align and mount individual fins
· Install attachment points for the recovery system
· Mount and install airframe electronics
· Complete final flight preparations including pyrotechnics installation, recovery system packing, motor assembly and motor installation
· Utilize Duel and redundant parachute event control system
· Redundant power systems
· Externally Controllable Safe and Arming switch to disable pyrotechnics (physical break).
· Redundant Control systems
· Redundant outputs (ematch)
· Motor ejection charges are acceptable as a secondary system for redundancy only.
· Execute a safe launch with no stability issues, recovery system failures or retrieval issues.
· Recover the rocket successfully with no damage.
· Rocket can be relaunched
· Build approved by L3CC
· Meet all NAR High Power Safety Code, NFPA 1127 restrictions and AHJ
· Have a minimum fineness (length-to-mean diameter/body width) ratio of 4:1
· Aerodynamically stabilized using fins with a measurable thickness not to exceed 10% of the mean chord or semi-span
· The documentation submitted for review shall include the fineness ratio and mean chord/semispan-to-thickness ratio.
Additional Requirements
· Keep costs to a minimum, under $2,000 per my wife.
· Design should be launchable in the greater area of New England. Travel expenses count against the budget!
· Utilize expert knowledge of fiberglass and carbon fiber aerospace construction methods and techniques to reduce costs wherever possible.
· Complete the build and final inspections by March 20th, 2026.
Rocket Overview
Airframes are designed around their powerplants so let’s talk about the propulsion system first.
Engine
[bookmark: _Hlk218516375]The rocket motor will be an M1350W 75MM DMS Motor from Aerotech. This motor has a 3.82 second burn rate with an average thrust of 1,356 Newton Seconds. It’s a single use motor and the supply chain currently reports them in stock. Availability is a large factor in motor selection due to the shortages reported by rocket manufacturers and distributors recently. Wildman has several in stock today and I’d like to secure one as soon as possible. This motor does have four reported failures three of which involved the failure of the forward motor casing. This is a plugged motor with no ejection charge in the motor.
The M motor is selected because it is the smallest single use motor available and it is also the largest class allowable at Champlain Region Model Rocket Club launch site, Macquam Shore Road, St. Albans, VT which supports up to M impulse motors.
Airframe
The rocket airframe should follow proven designs, models and methods. The body tubes will be 4” which can adequately support the 75mm (>3”) motor. Adidtionally, I’ve developed tooling and specialist jigs to support a 3 fin 4” tube design. In a in order to increase the weight of the rocket and keep the altitude lower to accommodate FAA waiver limits below 10,000’ common in New England I may add additional length to the rocket and perhaps additional weight to the nosecone as required. 
To help reduce costs and take advantage of unique capabilities in my workshop, I’ll attempt to construct my own body tubes, centering rings, fins and nosecone with metal tip. My shop capabilities include CNC machining, 9” lathe, unique materials Carbon/Kevlar/Fiberglass, peel ply, mold releases, aerospace grade hardware, autoclave, vacuum bagging and a 3D printing system. 
Airframe components will be assembled using couplers, sheer pins and fasteners where appropriate.
The overall body tube length will likely be in excess of 90 inches in two or more segments of 30”-60” each. Shorter rockets will be harder to keep stable and may breach the waiver limit. 
Motor Mount
The motor tube will be a 3” inner diameter to accommodate the 75mm (2.95”) motor and will be secured inside the rocket with three centering rings to support a through-the-body fin attachment design. 
Bridal Recovery hardware will be installed on the forward bulkhead of the assembly and a 75mm Aeropack retainer will be installed to secure the motor.  I used an AeroPack system included with SUMO, my level 1 rocket and it was easy and convenient to install and remove the motor without tools. 
Aerodynamic Surfaces
Fins
The Fin set will consist of three trapezoidal carbon fiber fins with a radial taper formed by foam cores shaped in a jig. MGS285 aerospace epoxy will be used for a high Tensile modulus of  3.0 - 3.3 GPa  vs the West 105 system 2.4 - 2.8 GPa modulus. Strength is also 20%-30% higher, all factors providing greater resistance to flutter. Cores will be shaped with Milled JIGS then vac bagged for optimal strength to weight ratios. The fin sets will be installed through the body like all my previous rockets. 
Nosecone
I intend to machine a mandril to construct a fiberglass based Von Kármán style nose cone ("LD-Haack"). Early simulations show that this rockets will operate between 1,300 - 1,500 fps or around Mach 1.2 low supersonic range. For this speed range  the  Von Kármán (L-D Haack) shape offered the lowest minimum wave drag. 
 Avionics
Duel Deployment, fully redundant electronics package that includes an APRS tracking capability will be configured for this rocket. A Featherweight BlueJay 2 Altimeter will be configured to deploy the drogue at apogee, then the main at 700’ by igniting ejection charges for each in a standard electronics bay (ELB) setup. A second BlueJay 2 Altimeter will be configured using a fully independent wire harness, power supply and ejection charges to deploy at Apogee + 1 second and again at 500; AGL.
Power will be supplied by two standard 9V batteries.
The system will be housed in a centrally located Electronics Bay (ELB) that includes a dedicated “switch band” to allow external arm and disarm of the ejection charges. 
An optional GPS tracker may be included if the budget will support it. 
Recovery
The fiberglass nosecone will house an independent GPS tracker from Featherweight Altimeters or something similar.  
The primary or main chute will be connected by Kevlar shock cord in the lower compartment via a bridal connection to the motor mount and a single swivel to the ELB. The chute will be sized to ensure the decent speed of the rocket under the main chute is less than 20fps, preferably between 10-15 fps. 
The drogue chute will connect to a Kevlar shock cord attached to the ELB and nosecone by a swivel. A Nomex blanket will be added to the shock cord near the ELB to reduce damage to the chute due to ejection charges. 
All cords will be attached using locking swivelocks. In the past I’ve had handling issues when trying to perform maintenance on components still tethered to the ELB through a looping knot that can’t easily be disconnected. 

Expected performance
I built a simulation in OpenRocket and I’m expecting something close to the following performance for the rocket:
· Length: 109”
· Diameter: 5.15”
· Empty Weight: 4,944 g
· Motor and Avionics: 10,100 g
· Apogee: 3,752’
· Max Velocity: 955 mph (Mach 1.267)
· Mac Acceleration: 580 ft/s^2
· Stability 1.66 (7.85%)
· CG: 75
· CP: 83 
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Strawman Stability: 1.66 cal / 7.85 %

Length 109 in, max. diameter 5.15 in @ CG:75.242in
Mass with no motors 4944 g * CP:83.803in
Mass with motors 9752 g at M=0.300

Flight configuration: [M1350W-0]
Apogee 37521t

Max. velociy: 955 mph (Mach 1.267)
Max. acceleration: 580 fi/s?




