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EXECUTIVE SUMMARY 

 

This document outlines the design, business strategy and concepts behind Stratodyne Aerospace Inc.’s 

plan to launch small satellites into low earth orbit at low cost and with high reliability. There is a rising 

need for launch vehicles for small class satellites that aren’t launched in large constellations funded by 

big aerospace companies. Universities, non-commercial groups, and even individuals are developing 

microsatellites, mainly CubeSats, and it is this market that Stratodyne would like to target. The Tengine 

rocket is an air launch to orbit vehicle powered by ten 3D printed, liquid propellant Armstrong-1 rocket 

engines on the first stage and one 3D printed Armstrong-1V liquid propellant engine on the second stage. 

The rocket engines will be manufactured using the 3D printed material provided by Shapeways.com as 

well as electroplating techniques derived from other rocket engine manufacturers. The Tengine will be 

able to carry 10kg of payload to an orbit of 300 to 500km. The Tengine rocket will provide launch 

opportunities to individuals, and organizations such as Universities and Amateur Radio groups. 
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INTRODUCTION 

3D PRINTABLE ROCKET ENGINE 

The prospect of a 3D printable rocket engine is 

an enticing one. Throughout the history of 

rockets, rocket engines and their components 

have primarily been manufactured through 

subtractive or shaping processes which are time 

consuming, expensive, and often very 

challenging. The additive process that is 

Shapeways.com 3D Printing, sometimes called 

rapid prototyping, has yet to be implemented in 

any major way for orbital rocket applications. 

The requirements for complex geometry and 

exotic composite materials in rocket design are 

extremely difficult to overcome when using 

contemporary methods of manufacture. 

Stratodyne Aerospace Inc. hopes to pioneer the 

design and use of 3D Printed rocket engines and 

rocket components; not just to overcome the 

challenges of manufacturing, but also to 

increase reliability, reduce cost, and open new 

design possibilities. 

ORGANIZATION 

Stratodyne Aerospace Inc. is a group of three 

mechanical engineering students at the 

University of Victoria, in British Columbia, 

Canada.  The team consists of Michael Pearson, 

Harry Evans, and Simon Moffatt.  Despite the 

fact that UVic does not offer an Aerospace 

program, the three of us are very passionate 

about the industry and strive to complement 

our educations by furthering our aerospace 

engineering knowledge. The DIYRockets design 

challenge has provided a great opportunity for 

us to expand our knowledge of rocket design. 

Stratodyne is currently researching 3D printed 

rocket engines for orbital launch vehicles, as 

well as micro thrusters for CubeSat class 

microsatellites. 

MISSION STATEMENT 

Stratodyne Aerospace Inc. strives to design 

affordable, reliable, and innovative space launch 

systems that fulfill the rising need of universities and 

other organizations to launch small satellites into 

low earth orbit for scientific research. 

OBJECTIVES 

PRIMARY 

Develop a space launch vehicle to be a reliable 

and cost-effective way to launch micro-satellites 

weighing between 0.5-10 kg into low earth orbit. 

Utilise 3D printing technology to build a cost-

effective, reliable engine that will be used on 

the rocket vehicle. Ensure low environmental 

impact and high safety factor for each launch. 

MARKET 

PAYLOAD CUSTOMERS 

The payloads that we will launch could consist of 

any small satellites that weigh up to 10kg, but it 

is likely that it would be satellites of the CubeSat 

type. A 1U (1 Unit) CubeSat weighs up to 1.33 kg, 

and CubeSats come in 1U, 2U, and 3U 

configurations, so a minimum of 7 units of 

CubeSat could be carried into low earth orbit. 

Possible configurations could include two 3U 

and a 1U, two 2U and a 3U, etc. 

Primarily CubeSats are developed by universities 

and individuals or non-commercial groups. 

Many CubeSats are developed by academic 
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institutions as research vessels. CubeSats are 

also very popular with the amateur radio 

enthusiasts as radio relays. Many OSCAR 

(Orbiting Satellite Carrying Amateur Radio) 

satellites have been launched, and many more 

in the future.  

There are ten different 3U CubeSats being 

developed by Canadian University teams for the 

Canadian Satellite Design Competition alone [1], 

and there are currently over twenty other 

CubeSats listed on Wikipedia as under 

development [2].  

PROPOSED DEVELOPMENTS 

THE ARMSTRONG-1 ROCKET ENGINE 

 

The Armstrong-1 3D printed, liquid fuel rocket 

engine is of standard De Laval nozzle design and 

is capable of providing 4.5kN thrust at launch 

altitude (14km). Due to their low cost and high 

usage in industry, Liquid oxygen and RP-1 have 

been chosen as propellants. They will be 

delivered to the combustion chamber using a 

pressure feed system with helium as the 

working gas. 

3D printing from Shapeways.com will be utilized 

for manufacture of engine combustion chamber 

and injection manifold. Each engine consists of 

731 cm3 of material.  At $8 per cm3, each engine 

costs $5,848 to print.  Additional manufacturing 

costs are outlined in Appendix A. 

 

THE ARMSTRONG-1V ROCKET ENGINE 

The Armstrong-1V is essentially the same as the 

Armstrong-1, except that it has a more 

expanded nozzle to make it more efficient in 

vacuum.  In vacuum the -1V provides 5.4 kN of 

thrust. 

THE TENGINE ROCKET VEHICLE 

 

The two-stage Tengine rocket will be capable of 

carrying a 10kg payload to LEO in an air-launch 

to orbit mission profile. To ensure adequate 

cooling of the chamber walls, the Tengine will 

be propelled by ten Armstrong-1 rocket engines 

in the first stage and one Armstrong-1V rocket 

engine in the second stage.  The smaller engines 

also allow the use of the same engine 

architecture for both stages. The pitch, yaw, and 

roll of the first stage of the Tengine will be 

controlled through variable throttle of the 

various engines, which will be off set at slight 

angles from each other (Figure 1). The same 

control for the second stage will be achieved by 

fins in the exhaust flow. 

 

FIGURE 1: FIRST STAGE ENGINE CONFIGURATION 
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AIR LAUNCH 

THE AIRCRAFT 

A Gulfstream V, or equivalent, will be used as 

the primary means of transportation for the 

rocket vehicle, as well as the platform from 

which the Tengine rocket will launch. The 

Gulfstream V has a service ceiling of 15.5km, 

and a payload capacity of 3000kg with 11 hours 

of fuel. These characteristics make it ideal for 

the air launch platform for the Tengine rocket. It 

is advisable that a used aircraft be procured, as 

the aircraft does not need to be new for the 

purpose of air launch. Some limited provisions 

for mounting the Tengine rocket would be 

required. 

THE FIRST STAGE 

The aircraft will ascended to 14km altitude, 

where the atmospheric pressure is 14% that of 

sea level. It will align itself with the orbit 

direction and then release the Tengine rocket. 

The rocket will glide for a few seconds on its 

wing as it clears the aircraft with sufficient 

distance so that the aircraft would not be 

damaged in the case of catastrophic failure. The 

Tengine rocket will then ignite its ten 

Armstrong-1engines and beginning its ascent to 

orbital altitude and velocity. 

THE SECOND STAGE 

After the first stage burns for approximately two 

and a half minutes, the second stage will detach 

from the first stage and begin to burn its single 

Armstrong-1V engine for approximately two 

minutes.  This will push the second stage and its 

payload into the final orbit before the payload is 

released.  The second stage will then proceed to 

use its remaining fuel to retro burn and begin 

de-orbiting. 

BENEFITS 

There are many benefits to an air launch system, 

including greater efficiency, less dependence on 

weather, greater launch site flexibility, reduction 

in Delta-v, and simplification of the rocket 

engine.  

Jet engines far outclass rocket engines with 

regards to propulsive efficiency (Specific impulse, 

or Isp). The max Isp for current rocket engines is 

about 500s, whereas for jet engines it ranges 

from 1500s to as high as 8000s.  An additional 

boost to the efficiency of the rocket engine itself 

comes from the rocket operating in vacuum; as 

the ambient atmospheric pressure that a rocket 

engine operates in decreases, the Isp of the 

engine increases because it has less back 

pressure to fight against. 

An aircraft such as the Gulfstream V is able to fly 

above most weather systems, which makes it 

possible to guarantee a certain launch window 

to a customer without having to worry about 

weather related delays. Additionally, because 

the aircraft is able to fly nearly anywhere on the 

globe, it is possible to enter desired orbits at 

different inclinations more efficiently and 

effectively.  

The Aircraft cruises at a velocity of Mach 0.85 

(Over 250 m/s) which gives a boost to the 

Tengine rocket as it launches. Furthermore, due 

to the low density of air at 14 km altitude, a 

mere 0.2 kg/m3 (Sea level: 1.2 kg/m3), there is 

far less drag on the rocket than there would be 

launching from sea level. This reduced drag 

allows for the rocket structure to be lighter and 
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reduces the amount of rocket propellant 

required to get to orbit. 

Finally, due to the reduced pressure at 14km 

altitude (0.14% of sea level) it is feasible to use a 

pressure propellant feed system as opposed to a 

turbo pump. This greatly reduces the amount 

engineering time and expense that needs to go 

into developing the rocket, as well as simplifying 

manufacturing and thus reducing costs 

drastically. A pressure feed system is also much 

more reliable, with far fewer moving parts than 

conventional turbo pump systems. 

DEVELOPMENT PROGRAM 

ENGINE TESTING 

The Armstrong-1 Rocket engine testing regime 

will be very similar to the tests that modern 

rocket engines are put through before they are 

certified for flight. This process consists of 

strenuous computer simulation and analysis 

using advanced thermo-fluid finite element 

modelling software, as well as controlled live 

short burn tests to confirm ignition sequencing 

and flow characteristics.  Subsequently, 

extended duration live burn tests to validate 

cooling, endurance, and throttle control of the 

engine would be performed. By the end of the 

testing process, the engine will have been 

pushed to performance levels beyond those 

which it will ever see during launch conditions. 

TIMELINE 

The first expected launch of the Tengine rocket 

will occur in 2016 as a test launch with a payload 

of CubeSats developed by University teams. 

These CubeSats are often developed extremely 

inexpensively and are easily re-made at low cost. 

The first launch would be free to the launch 

customers due to the heightened risk. This 

means that the first launch would need to be 

funded by Stratodyne.  Some sort of fundraiser 

such as crowd funding or angel investment, 

similar to what occurred with Planetary 

Resources could be used.  

After the Rocket has been proven and all test 

launch issues discovered and remedied, a 

second launch in early 2017 will occur, followed 

by a third launch in late 2017. The launch 

schedule will then be ramped up by two 

launches per year to 15 launches per year in the 

following eight years to achieve 100 launches in 

10 years. This schedule allows for a sufficient 

learning curve, as well as 2 extra launch slots 

that will not be filled to allow for any delays in 

production or launch schedule. 

FINANCIAL PLAN 

KICKSTARTER.COM 

With the recent success of crowd funding 

ventures such as the ARKYD space telescope 

Kickstarter, which raised over $1.5 million in 30 

days. The strategy of asking the general public 

to donate to one’s effort has become quite a 

powerful for private ventures to get off the 

ground. This leads to the conclusion that if a 

desirable incentive was found to present to the 

public, enough money could be raised to pay for 

the first launch. 

NON-PROFIT ORGANIZATION 

Stratodyne Aerospace would like to form a non-

profit launch alliance with the Open Space 

University, providing launches to academic and 

other non-profit originations. This initiative is 

concurrent to the Open Space University’s open 

source mission. Stratodyne Aerospace will 
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provide the engineering and operations behind 

the launches.  

COST OF LAUNCH 

It is expected that a single launch will cost 

approximately $450,000 dollars. This number is 

considering all the manufacturing, materials, 

and time put into the construction and launch of 

the rocket, and a detailed breakdown of it can 

be found in Appendix A. Some one-time costs 

are spread across the number of expected 

launches, which has been estimated to be 100 

over the course of the next 10 years. The 

amount that would be charged for each launch 

would be $500,000 so that other costs not 

associated with the launch will be covered. 

In an interview with Larry Reeves, president of 

Geocentrix (a company that manages satellite 

launches for launch customers), current cost to 

launch a 3U CubeSat is approximately $280,000-

$350,000.  With the Tengine launch system, the 

launch cost per customer is dependent on the 

number and size of satellites put into orbit.  For 

example, should the customer want a 3U 

CubeSat put into orbit, assuming a full payload, 

the cost would be approximately $214,000. 

FUTURE DIRECTIONS 

LARGER PAYLOADS 

After the development, testing, and successful 

implementation of the Tengine air launch rocket, 

it would be advisable to develop slightly larger 

rockets for launching larger payloads, such as 

the Planetary Resources Arkyd-100 series space 

telescope. 

 

SUBORBITAL LAUNCHES 

A great deal of information can be gathered 

during a suborbital flight, and it would be 

possible to carry a much larger scientific payload 

on a suborbital trajectory. Sounding rockets are 

still used today to collect scientific data, so it 

could be a very feasible option to offer to 

customers.  Assuming a conservative sub-orbital 

delta-v of 1,600 m/s, total payload mass 

available would drastically increase to 

approximately 900 kg. 

LAUNCHING ASHES 

It would be possible to launch the ashes of a 

deceased loved one into space either in a 

suborbital return trajectory where the option of 

spreading the ashes in the upper atmosphere 

could be offered, or in an orbital trajectory 

where the ashes could be de-orbited and burnt 

up in the atmosphere. It should be noted that 

under no conditions should any debris be left in 

orbit around Earth. 

CONCLUSION 

Allowing access to space for students, 

researches, and individuals is a critical 

component to humanity’s space future. By 

providing an inexpensive, readily available, 

reliable space launch system for small satellites, 

Stratodyne will be contributing to humanity’s 

exploration and understanding of the universe. 

This is made possible by modern 3D printing 

technology to make complex rocket engine 

geometry quickly, inexpensively, and in large 

volume. 
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APPENDIX A: COST BREAKDOWN 

 Grand Total Cost: $456,940  Labour: $70/hour 

     
Printable Components Cost per 

Unit 
Number 
of Units 

Units Total 
Cost 

Source 

-Pressure Chamber and Nozzle $4,496 11 ea. $49456  
-Injector Manifold $1,352 11 ea. $14872  
      
Processes      
Copper Electroplating Labour $70 55 hours $3850  
Copper Sulphate $500 11 ea $5500 Sigma Aldrich quote 
      
Machining      
Engines Finishing $70 88 hours $6160  
      
Fabrication Materials      
LOX Tank 1st Stage $3,000 1  $3000  
RP-1 Tank 1st Stage $1,500 1  $1500  
LOX Tank 2nd Stage $500 1  $500  
RP-1 Tank 2nd Stage $300 1  $300  
      
1st Stage Pressurant Tank $200 1  $200  
2nd Stage Pressurant Tank $200 1  $200  
      
Fabrication Labour Costs      
LOX Tank 1st Stage $70 15 hours $1050  
RP-1 Tank 1st Stage $70 20 hours $1400  
LOX Tank 2nd Stage $70 15 hours $1050  
RP-1 Tank 2nd Stage $70 20 hours $1400  
1st Stage Pressurant Tank $70 5 hours $350  
2nd Stage Pressurant Tank $70 5 hours $350  
      
Plumbing Materials      
Stainless Tubing $10 200 ft $2000  
Valves and Regulators $1,000 1 all $1000  
Connectors $1,000 1 all $1000  
      

Avionics       
Guidance $25,000 1 ea $25000  
Control $25,000 1 ea $25000  

http://www.geocentrix.ca/index.php/csdc-participants
http://en.wikipedia.org/wiki/List_of_CubeSats
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Telemetry $25,000 1 ea $25000  
      
Assembly & Intergration      
Engine Mounting and Fitting $70 50 hours $3500  
Tank Mounting and Fitting $70 40 hours $2800  
Payload Mounting $70 16 hours $1120  
Avionics $70 100 hours $7000  
Inspection and Quality Control $50 300 hours $15000  
Propellant Components      
LOX $1 1000 kg $1000  
RP 1 $3 900 Litres $2700  
Helium  $10 6200 m^3 $62000 Praxair Technology 

Inc. Sales Rep 
      
Composite Components      
Fairing $2,000 1 ea $2000 Harwood Custom 

Composites Inc. 
Rocket Fuselage $5,000 1 ea $5000 Harwood Custom 

Composites Inc. 
Wing $20,000 1 ea $20000 Harwood Custom 

Composites Inc. 
Launch Flight Costs      
Pilot Wages $200 8 hours $1600 Conservative 

Estimate 
Flight Engineer Wages $160 8 hours $1280 Conservative 

Estimate 
Fuel $2 6500 litres $11700 http://www.index

mundi.com/ 

Aircraft(Aircraft cost divided by number of 
launches) 

$150,000 1 Launch $150000 http://www.control
ler.com 

      
Launch Schedule: Launches Year    
 1 2016    
 2 2017    
 4 2018    
 6 2019    
 8 2020    
 10 2021    
 12 2022    
 14 2023    
 15 2024    
 15 2025    
 15 2026 TOTAL:  102 

 


