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CubeSat defined?
CubeSats are picosatellites weighing one
kilogram, measuring one liter in volume,
utilizing commercial off-the-shelf (COTS) electronics, and 
are an exceptional tools for space research. The design 
first came about in 1999 at Cal Poly, which now leads in a 
lot of the CubeSat regulation and launching.

What is a Stirling engine?

What is LoRaWAN?

Stirling engines are heat engines that 
operate by cyclic compression and 
expansion of a working fluid to create 
a temperature differential that can 
be converted from heat energy into  
usable electromechanical energy.

LoRaWAN is an inexpensive digital 
wireless communication device 
that allows for long-range 
connectivity with other Internet of 
things (IoT) devices while 
maintaining comparable data rates.

Why are small-scale satellites important?

The need for an alternative energy source for CubeSats?

The need interconnected communication  network?

Other applications for these technologies?

•Uplink and downlink budgets for satellite to satellite 
communication.
•LoRaWAN long-range field testing and security examination.
•Networking algorithm design resolved and tested.
•Detailed CAD design of the Cube, including all sub-systems.
•Stirling engine efficiency and magnetic coupling tests.
•Lens type and configuration testing.
•Heat sink design, simulation, and testing.
•Active and passive attitude control system simulation, 
construction, and testing.
Note: References [1] through [8] are available in a detailed Bibliography document that can be  provided upon request or when necessary.

What is important in designing an efficient solar engine?

Engine type: Beta – A single  two piston cylinder with side flywheels for
less multi-axial vibration and overall lower volume usage.

Materials: Titanium, Aluminum, Brass, Teflon, SiC, anti-vibration pad

1. Anti-reflective coating on the Stirling engine cylinder to 
increase solar ray absorption.

2. Highly efficient thermally conductive material for the engine 
cylinder

3. Highly efficient lens creating a focal point equal to the size of 
the heating surface (engine cylinder).

4. Simple (ideal) Carnot-cycle, maximize the temperature 
difference between the engine chambers.

5. Utilizing a heat disperser design that can increase the effective 
surface area and radiate heat at a highly efficient pace.

6. Keeping the satellite oriented at the sun at an optimal angle 
during all visible hours, while maintaining minimal sun contact 
with the heat exchanger.

What is important in designing this communication subsystem?

Communication module: iM880B-L (863-870 MHz)
Why? Long-range capabilities with proven far-field testing results.

Network type: Hybrid Mesh Network
Why? To effectively relay information in the most efficient way.

Information of interest:

Incident energy from the sun on a 9 cm (diameter) lens
Starting with the sun’s surface area, Solar Flux  can be calculated using the Stephan-Boltzmann Law. From there a conversion to power 
using a relative power to area equation is obtained. Based on the distance from the sun, irradiated area, insolation, cross-sectional area 
of the concentrating solar lens (1) a final calculation of the power absorbed by the lens is made (2).

Engine distance from the lens to produce a 1 centimeter (diameter) image of the sun
Based on an ideal beam quality factor, a focal beam waist (3) is calculable and from there a linear digression of the beam can be used to 
determine the distance required to create an image 1 cm in diameter from a lens with a 2 cm focal length (4).

Temperature maxima, minima, and theoretical Carnot efficiency based on previous calculations
Highest achievable temperature assuming an aluminum 6061 cylinder with a thickness of 2 mm and a diameter of 1 cm coated with a few 
microns of Aeroglaze Z306, which assumably can transfer 95% of its localized heat at an initial temperature of 350 Kelvin being focused by 
an 80% efficient Fresnel lens (5, 6). Lowest achievable temperature with a heat sink that doubles the effective area of a satellite face (7). 
Maximum theoretical efficiency capability based on a Carnot-cycle's efficiency (8).

Why? Dry brass bearings because low pressure environments 
cause the boiling away of lubricants. Teflon for low friction and 
high temperature capabilities where rubber seals would crack in 
the extreme environment. Aluminum and Titanium for light weight 
and high strength. Silicon carbide (SiC) for efficient heat transfer.

Lens design: High efficiency Fresnel lens (80+ %)

1. Efficient transfer of data, both uplink and downlink from ground 
to satellite and from satellite to satellite.

2. Maximizing the systems robust nature by minimizing data loss 
per the design complexity of the communication technique.

3. Minimizing complexity in the design of the communication 
technique for the purpose of minimalist data transfer approach.

4. Creating a system that allows possibility for constant connection 
and transmission of data both to and from ground satellite.

5. Automate as much of the communication system as possible to 
minimize the need for human interface.

6. Allow for intercommunication between satellites to be 
automated. Allow the satellites to communicate as a mesh with 
the host being the satellite with the best connection to ground.

1. Diagnostics detailing the operational state of on-board equipment.
2. Payload data, such as temperatures to confirm both data collection 

and network capabilities.
3. Ground commands to specific satellites via the hybrid mesh network.

They provide a low-cost alternative to space research 
which opens up doors for small businesses, 
universities, and researchers embracing risk.

Current CubeSats lack an additional and redundant 
power source to solar panels, which will enable higher 
powered electronics on lower budget (1U) missions.

•Stirling engines show potential in deep-space missions.
•Stirling engines can act as heat pumps and cryo-coolers
•LoRaWAN shows huge improvements for smart cities.
•LoRaWAN can advance smart farming with enhanced 
distribution of global weather data. 

An interconnected IoT networking system for satellites 
will enable faster, more efficient, and more robust 
transfer of data through inexpensive COTS electronics.


