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ABSTRACT:
I will be designing and building a single stage, solid fuel sounding 

rocket capable of  reaching over 45,000 feet on under 5,280 N·s of  impulse. The 
vehicle will be optimized towards extreme acceleration and speed at low altitudes 
to test and verify high temperature composite construction methods, in order to 
test their feasibility for future vehicles aimed at much higher apogees with larger 
payload capabilities.

Overall, the flight vehicle will be fully re-usable and re-flyable (propellant 
cost of  less than 300 dollars), incur minimal costs compared to the achieved 
performance, and will be easily scalable (given more time and resources in the 
future). AERODYNAMIC DESIGN & ALTITUDE OPTIMIZATION

The design of  the vehicle begins in a program called OpenRocket, an open-
source six-degree-of-freedom flight simulation java program that allows for 
basic design and testing of  rocket vehicles. I begin with a basic ‘minimum 
diameter’ rocket: an airframe about 2’ longer than the rocket motor with an ID 
matching the OD of  the rocket motor, clipped delta fins with a semi-span of  
1.5 times the body diameter, and a 5:1 L:D ratio Von Karmen nosecone. I then 
apply the following optimizations:
Ø Use the rocket motor casing as the primary airframe
Ø Minimize volume for electronics and recovery systems 
Ø Add tailcone to reduce base drag
Ø Reach optimum weight by adding dense nose tip weight
Ø Four clipped delta fins with sweep and bevel angle less than shock angle, and 

semi-span adjusted for 1.5 cal minimum stability margin
These result in a 45% increase in the maximum altitude compared to the basic 
'minimum diameter' rocket I began with, and compared to the average sport 
rocket in high power rocketry it is about 300%.

ELECTRONICS AND RECOVERY SYSTEM DESIGN
For the sake of  simplicity and space-efficiency, I choose the Entacore

AIM XTRA flight computer for its:

Ø MAX 8Q avionics GPS chip capable of  15+ satellites in lock at once  
Ø 105g linear accelerometer  
Ø 16g triple axis accelerometer   
Ø Triple axis gyroscope  
Ø Triple axis magnetometer  
Ø 100 samples/sec on most data channels  
Ø 4 x 40 amp outputs  
Ø 50mW transmitter on the 433 MHz band with receiver for over 30km tracking 

range  
Ø Base station software has full real-time data collection during flight  
Ø Kalman filter integrates all sensors to accurately detect flight events

A 3-D printed mounting systems was designed in CAD to house the Li-Po 
batteries, switches, and a mini HD video camera:

The recovery system is activated in two stages by the electronics: at apogee, 
the rocket nosecone is separated causing the rocket to descend at a terminal 
velocity of  around 75 mph leading to little horizontal dispersion. At 1,000’ 
AGL, a 36” parachute is released by redundant cable cutters to land the rocket 
at a safe ~20 mph.

MOTIVATION:
Rockets of  the scale large enough to conduct scientific research have always 

been inordinately expensive. – even NASA’s low-cost sounding rocket research 
vehicles still cost on the order of  millions. However, with widely available 
advances in composite materials, fabrication, and electronic 
control/measurement systems, the field of  rocketry is far more accessible than 
ever before. There is the possibility for incredible cost and material efficiency for 
small but highly efficient sounding rocket vehicles. A given peak flight altitude 
goal can be achieved with comparatively small but optimized flight vehicles using 
monocoque aluminum and composite airframes, rapid-prototyped 3-D printed 
parts and molds, high-temperature epoxy systems, computer designed and CNC 
produced parts, and advanced space and power efficient electronic systems.

DESIGN GOALS & CONSTRAINTS:
The defining constraints for this project were:
Ø I am limited to a maximum of  5,280 Ns (NAR Level 2 Certification) 
Ø The total rocket must be reasonably inexpensive ($1,000-1,500) 
Ø The rocket must be feasibly able to be built in a single semester  
Ø The rocket must be fully recoverable by parachute (NAR regulation

My personal design objectives were:
Ø Reach the stratosphere: at least 33,000 to 43,000 feet  
Ø Surpass Mach 3.0: To provide an extreme test of  the strength and 

temperature resistance of  my materials and design  
Ø Reusability: Survive the heat and stresses of  flight well enough to be fully 

re-flyable (sans single use parts such as ablating nozzle and liner)

ROCKET MOTOR:
A commercial APCP solid fuel rocket motor is the propulsion of  choice 

for this rocket. They are simple, reliable, low cost, and quite safe. I selected the 
Loki Research L2050 for this project. It has 4802.0 Ns of  impulse, a 2.3 
second burn time, a peak thrust of  3,331 N and a 217 seconds Isp. Most 
importantly, it has a length to diameter ratio of  ~20 - the highest of  any 
commercially produced motor currently – allowing for a very low drag vehicle 
with very high impulse.

COMPOSITES DESIGN & CONSTRUCTION
The Project Stratos rocket will reach speeds in excess of  Mach 3.2 (~2,400 

mph) at altitudes of  only a few thousand feet, subjecting the vehicle to extreme 
pressures and temperatures that will only be survivable by extremely strong, stiff, 
and high temperature stable composites. The maximum stagnation temperature at 
the leading edges will approach 1,050 degrees Celsius and the Max-Q for the 
flight will be q = ½ * 𝛾 * Ps * M2 = 93.5 psi. 

The fins are constructed from high modulus (57 msi) unidirectional prepreg
with a Tg of  300 F.  AeroFinSim was used to calculate the necessary thickness to 
resist aerodynamic flutter. The airframe and nosecone were constructed with 
Adtech 336 high temperature epoxy. 

MACHINED PARTS DESIGN & CONSTRUCTION
The tailcone and coupler piece to mate the airframe and rocket casing were 

constructed from on a manual lathe, using aluminum for its lightweight and ease of  
machining. A 1 lb. nose tip was prepared on a manual lathe and then a Von 
Karmen minimum drag profile turned on a CNC lathe with carbide tools. Stainless 
Steel type 303 was selected for its high density and low thermal conductivity.

SUMMARY & FUTURE PLANS
The rocket will be launched from an 8’ tower, most likely at the Friend of  

Amateur Rocketry (FAR) in California, where they have a standing FAA waiver 
for up to 50,000’. Before then, further electronics verification and testing, 
launcher construction, and further polishing of  the exterior surfaces will need to 
be completed.  Hope for clear skies and good weather!


