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CubeSat Mission Parameters 

Mission 
Name 

Mass 
Cube 
Size 

 
Desired 

Orbit 
Acceptable 
Orbit Range 

400 km @ 

51.6 degree 
incl.  

Acceptable 
– Yes or No 

Readiness 
Date 

Desired 
Mission 

Life 

TritonComm1 2.4 kg 2U 
Altitude 350 km 50 km Yes 

2022 2-3 years 
Inclination 90o 10o Yes 

 

CubeSat Project Details 

Focus Area(s) 
(e.g., science, 
technology, 
education) 

Student 
Involvement 
Yes or No 

NASA Funding 
Sponsoring 

Organization(s) Collaborating Organization(s) 

Yes or No Organization List International – 

Yes or No 

Science Yes Yes 
California 

Space Grant 
Consortium 

None None None 
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Abstract 
 Abstract 

TLC-1 is a demonstration and proof-of-concept of a CubeSat-based Lunar Communications 

Relay Network.  The mission of the relay communication network is to support lunar operations 

planned by NASA, including the Lunar Gateway.  TLC-1 would be launched in 2022 along with 

a planned lunar mission, and would provide a communication relay during the initial phase of 

Lunar Gateway operations.   

Once successful, additional network elements would be launched to provide full lunar coverage.  

This would be completed in the same timeframe that the Gateway would be operational, and 

would provide a vital communications network between the Gateway and the surface of the 

moon when the Gateway is not within a direct line of sight. 

TLC-1 will be a 2U CubeSat in full compliance with CubeSat Design Specifications and testing 

requirements1.  It will ideally operate in a polar orbit of approximately 400 km; however, 

alternative orbits are acceptable.  In accordance with the Space Frequency Coordination Group 

standards2, TLC-1 will offer a 15 GHz satellite relay link and 2.4 GHz surface support. 
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Project Details 
Project Details 

1.0 INTRODUCTION AND BACKGROUND 
1.0 Introduction and Background 

Respondent organization.  The collective group responding to the 2018 CubeSat Launch 

Initiative (CSLI) Announcement is known as, TritonCubed, a student organization located at the 

University of California, San Diego (UCSD).  TritonCubed is a group of undergraduate students 

with graduate student advisors representing a range of disciplines and skill levels totaling 50 

members.  TritonCubed is sponsored by the California Space Grant Consortium (CaSGC).  As 

such, the proposed CubeSat project is classified as NASA sponsored as stated in the conditions 

of the CSLI Announcement. 
1.1 Project focus 

1.1 Project focus.  The proposed CubeSat, Triton Lunar Communicator 1 (TLC-1) serves as 

a Technology Demonstration to enhance future NASA missions.  It will serve as a demonstration 

element of a relay communications network supporting the operation of the Lunar Gateway, the 

cis-lunar outpost for crewed missions to the Moon that is a proposed project of NASA.3  TLC-1 

would support operations in the lunar vicinity and on the lunar surface by providing a data 

communications relay capability to assets without a direct line of sight to the Gateway.  When 

proven successful, TLC-1 could serve as a low-cost blueprint for future lunar communications 

network.   
1.2 Potential impact 

1.2 Potential impact.  TLC-1 will directly support the extension of the human presence in 

space, and the establishment of both manned and unmanned operations on the Moon.  It will aid 

the general quality and availability of lunar communications, both inter-surface (LS-LS) and to a 

Lunar Gateway (LRS), enabling out-of-LOS datalinks in the lunar vicinity.  Additionally, the 

CubeSat-based communications that TLC-1 represents can serve as a rapid-deployment satellite 

communications infrastructure in the vicinity of Earth or other planetary establishments such as 

Mars. 

2.0 MISSION OVERVIEW 
2.0 Mission Overview 

TLC-1 will ideally occupy a polar orbit at an altitude of 300 to 400 km for an expected mission 

life of two to three years.  A circular orbit provides for an even distribution of coverage over the 

lunar surface, and an orbit of 400 km is more stable than higher orbits.  However, many other 

orbits including elliptical orbits would be sufficient to demonstrate the effectiveness of this 

concept.   

At this altitude, the resulting orbital velocity is approximately 1.5 km/s, the orbital period is 

between 138 and 148 minutes, the eclipsed time is a maximum of 45 minutes, and the CubeSat 

viewing window relative to lunar horizon is between 24 and 29 minutes. 
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TLC-1 will communicate with the Lunar Gateway at 15 GHz via a phased array directional 

antenna located on one end-face of the satellite, and will communicate with surface and other 

clients in the lunar vicinity over omnidirectional 2.4 GHz 3-axis dipole antennae.  The satellite 

will be stabilized in two axes in order to maintain the 15 GHz directional antenna pointed at the 

Gateway. 

Since Space Launch System opportunities are not offered this year, TLC-1 will need to 

demonstrate its capabilities in Earth orbit at 300 to 400 km or at an altitude that would provide 

similar orbit parameters as proposed for the Moon. 

2.1 Communications Architecture 
2.1 Communications Architecture 

2.1.1 Lunar Satellite Relay 

2.1.1 Lunar Satellite Relay.  Assuming the Gateway operates in a Near-Rectilinear 

Halo Orbit4, the maximum path length from TLC-1 to the Gateway is approximately 

75,000 km.  At 15 GHz, this distance results in a 213 dB path loss.  Considering a data-

rate-conservative modulation scheme, say QPSK, the assumed SNR requirement is 10 

dB.  At the maximum user data rate specified by the Space Frequency Coordination 

Group (SFCG) of 300 Mbps, TLC-1 will support a 75 MHz link bandwidth.  Accounting 

for worst case system temperature in direct sunlight, antenna radiation exposure, and 

bandwidth, the expected noise present at the Gateway receiver is -153 dBm.  Required 

transmission power is therefore 24 dBm.  A conservative power amplifier efficiency of 

25% and accompanying system circuitry yield a conservative estimate of maximum 

required transceiver power of 1.5 W.  Closing this link requires directional antennas; 

accordingly, TLC-1 will implement a single-face planar phased array, which offers the 

adaptive beam steering necessary to maintain LRS contact despite orbital variation 

without sacrificing general attitude control and pointing.  At 15 GHz, a single 1U face 

will support a 64-element planar array (64 cm2, 𝜆/2 spacing), capable of offering a stable 

30° scan angle at 23 dB gain.  This link demands a similar antenna gain at the Gateway.   

2.1.2 CubeSat to Lunar Surface 

2.1.2 CubeSat to Lunar Surface.  The SFCG recommends a 2.4 GHz link for inter-

surface communication including rovers, landers, and EVA’s.  Because this link serves to 

extend the lunar horizon for surface communication, it will operate at 2.4 GHz as 

designated for LS-LS, rather than the bands designated for LS-LO and LO-LS, allowing 

operators to seamlessly shift to and from line-of-sight LS-LS and over-the-horizon LS-LS 

via TLC-1.  Because the directional link with the Gateway will define TLC-1’s 

orientation, and because of the much shorter range to clients on the lunar surface, TLC-1 

will implement an omnidirectional antenna for 2.4 GHz communication.  This frequency 

experiences a path loss of 161.5 dB given a 400 km TLC-1 orbit, and requires a 6.25 cm 

half-wave dipole antenna (for omnidirectional approximation).  At the SFCG’s maximum 
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expected data rate, 30 Mbps, the noise present in the corresponding bandwidth (QPSK) is 

-160 dBm.  Again, allowing for 10 dB SNR, required transmission power is 11.5 dBm.  

This transceiver will draw on the order 50-100 mW. 

 

2.2 Development Schedule 
2.2 Development Schedule 

Year Quarter Stage Detail 

2018 Fall 01: CSLI Proposal 

Sep 2018 – Dec 2018 

Finalized and submitted on 20 Nov 2018 

2019 Winter 02: Design 

Jan 2019 – Aug 2019 
 Refine mission requirements 

 Refine electronics architecture 

 Preliminary CAD/FEA modeling 

 Finalize design 

 Spring 

 Summer 

 Fall 03: Prototyping 

Sep 2019 – Aug 2020 
 Low cost representative hardware 

 Physical testing of prototype components 

 Development of communications and 

controls software 

 Early developmental testing 

2020 Winter 

 Spring  

 Summer  

 Fall 04: Manufacturing 

Sep 2020 – Aug 2021 
 Selection, manufacturing, and assembly 

of space-rated components 

 Software integration and debugging 
2021 Winter 

 Spring  

 Summer  

 Fall 05: Testing & Readiness 

Sep 2021 – Jun 2022 
 Verification testing 

 Mission readiness review 

 Final integration 
2022 Winter 

 Spring 

 Summer Launch 

Jun 2022 

Lunar Orbital Platform-Gateway 

Power/Propulsion Module 

 

3.0 DESIGN OVERVIEW 
3.0 Design Overview 

3.1 Hardware Design 

3.1 Hardware Design.  TLC-1 will comply with Revision 13 of the CubeSat Design 

Specification.  Its mass is approximately 2.4 kg, consisting of: the 2U CubeSat chassis, 

motherboard and CPU electronics, 30 Wh batteries, three reaction wheels, two transceivers, 3 

dipole antennae, one phased array antenna, and solar panels.  Thermal control will be achieved 

by one or more of the following: multi-layered insulators, thermal coating and paint, or metallic 

thermal straps.   
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Estimated peak power requirements from the transceivers, antennae, reaction wheels, and other 

general housekeeping requirements including motherboard, CPU and sensors totals 

approximately 3.9 W.  The optimization framework developed for the CADRE CubeSat, also 

adopted in NASA’s OpenMDAO, will be used to determine the optimal angle to orient the solar 

panels for maximum power.   

Preliminary calculations assume the system will have a nominal EOL 

solar cell efficiency of 24.3%, and will have an average angle of solar 

incidence of 70o, which indicate that at least 327 cm2 or 4U of solar 

panel faces will be required to meet power generation requirements.  

To achieve this required area on a 2U satellite chassis, the team will 

utilize the solar panel configuration illustrated in Figure 1 to the left.  

All four side panels will deploy and expand in accordance with the 

solar angle to the sun.   

Lastly, for a projected maximum lifetime of 3 years, the battery will need to last for up to 64,000 

cycles.  Given current battery technology, this will require a depth-of-discharge limit of 10%, 

which necessitates a total battery capacity of 30 Wh.  The battery would be configured as either 

two 15 W-hr cells or three 10 W-hr cells for redundancy.   

The following table is a breakdown of the mass and footprint of TLC-1 required components. 

Category Component Dimension (cm) Weight (g) 

Structure 2U Chassis Structure (including 

Base Plate and Cover Plates) 

10x10x20 230 

Standoffs N/A 10 

Screws N/A 3 

Solar Panel Clips N/A 4 

Electronics Motherboard 9.6x9.0x1.25 100 

Battery 9.5x9.0x3.9 500 

Transceiver (15 GHz) 15x10x3.3 600 

Transceiver (2.4 GHz) 9.6x9.0x1.25 100 

Dipole Antenna N/A 30 

Phased Array 8x8 150 

Solar Panels 20x10 200 

Temperature Sensors N/A 30 

Additional wiring N/A 100 

Mechanical Parts Reaction Wheels (for all three) 5x5x3 360 

Total   2417 
3.2 Thermal Design 

3.2 Thermal Design.  The recommended operating temperature of the electronics onboard 

TLC-1 is 300 K with a maximum survivability temperature of 350 K.  Temperature drops would 

Figure 1: Solar Panel Configuration 
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occur during the 45 minute eclipse period, with worst-case scenario being the semi-annual lunar 

eclipse lasting 1.5 hours on average. 

To survive the lunar eclipse, the best option would be to include a polyimide heater attached to 

the battery that would generate enough heat to stay within operating temperature range.  

Additional analysis would need to be performed to see if the heat radiating from Earth would be 

enough to help manage TLC-1’s temperature. 

To prevent overheating during solar exposure, there are multiple options for thermal 

management with the most feasible options being multi-layered insulators, thermal coating and 

paint, and metallic thermal straps.  Other options such as sunshields, thermal louvers, deployable 

radiators, heat pipes, and thermal storage units were determined to be too costly, unreliable, or 

unable to be scaled down for the CubeSat form factor.  Additionally, the satellite will be 

stabilized on only two axes, allowing it to rotate around the axis pointing towards the Gateway.  

This will even out the thermal load on the solar panels, allowing them to operate more 

efficiently.  Further analysis will be necessary to determine whether some solar panel sections 

absorbing the least amount of energy may be replaced with radiators to allow for better cooling. 

4.0 FEASIBILITY REVIEW SUMMARY 
4.0 Feasibility Review Summary 

To conduct the feasibility review, the club chose experts in areas needing improvement, namely 

solar energy and power consumption.  Questions that needed to be addressed were specifically: 

solar panel configuration, solar power optimization, and battery technology.  A draft of the 

proposal was sent out to three UCSD professors.  All three professors thoroughly studied the 

mission proposal and offered advice through individual, hour-long meetings to discuss its 

viability and feasibility.  Further details of their expertise and suggestions on TLC-1 is given in 

the Appendix. 

Professor Oscar Vazquez Mena addressed the issue of solar panel configuration and suggested 

introducing redundancy in the design in case of failure.  Using his advice, the mechanical 

division modified their design to include deployable solar panels on all four sides of the body 

rather than just two. 

Professor John T.  Hwang addressed the issue of solar power optimization and made the 

commitment to collaborate with the club to use his research, modeling, and experience with 

multidisciplinary solar panel design optimization to determine the best configuration for TLC-1. 

Professor Ping Liu addressed the issue of battery capacity and storage and determined that the 

proposed battery system was achievable using the given parameters.  Additionally, Prof. Liu 

gave a range of temperature boundary requirements to stay within for optimal battery 

performance that the team has taken in to account in the analysis.   
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TECHNICAL RISKS AND MITIGATION PLAN 
Technical Risks and Mitigation Plans 

Technical Risk Mitigation Plan 

Polyimide Heater The exact power needed to run these heaters is varied depending on the 

size or number of heaters needed to maintain thermal control during 

eclipse time. 

Thermal Insulation The amount of layer and materials used in our insulation will be 

determined by the amount of energy absorbed and dissipated.  Our 

design will be tailored to keep an optimal temperature of around 300 K. 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19990047691.pdf  

 

FEASIBILITY REVIEW PANEL MEMBERS 
Feasibility Review Panel Members 

Oscar Vazquez Mena 

Assistant Professor, NanoEngineering 

Integration of graphene and nanoscale materials into nanoscale devices for 

photovoltaics, biosensing and two-dimensional hybrid metamaterials.   

Professor Oscar Vazquez Mena’s research focuses on integration and application of nanoscale 

nanomaterials like graphene for energy harvesting, biological applications and flexible 

technologies.  His research experience covers the fields of two-dimensional (2-D) atomic 

materials, nanofabrication, photovoltaics and biophysics.  He aims to exploit nanoscale physics 

phenomena to address challenges in energy harvesting.  He also aims to develop novel 

biomedical microdevices by combining nano- and bio-engineering, and integrating nanoscale 

materials to biological structures like cell membranes and proteins to study biological processes.  

His research also looks into developing two-dimensional hybrid metamaterials with novel 

functionalities for flexible devices. 

Capsule Bio: 

Professor Oscar Vazquez Mena received his Ph.D.  in 2010 from the Swiss Federal Institute of 

Technology of Lausanne (EPFL) in Switzerland.  He did postdoctoral research stages at the 

University of California, Berkeley in the Department of Physics from 2011 to 2014, and at the 

Institute of Photonic Sciences in Barcelona in 2015 with a Marie Sklodowska-Curie fellowship.  

At UC Berkeley, Vazquez Mena founded the Indigenous Pipeline program, which aims to 

increase the access to UC Berkeley for children from indigenous communities in the Bay Area. 

Vazquez Mena obtained his B.S.  in physics engineering from the Monterrey Institute of 

Technology in 2000 in Mexico, and his M.S.  degree in nanoscale science and engineering from 

Chalmers University of Technology in Sweden, realizing his thesis at Delft University of 

Technology.  Vazquez Mena was awarded a Swiss National Science Foundation Fellowship in 

2011. 

https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19990047691.pdf
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John T.  Hwang 

Assistant Professor, Mechanical and Aerospace Engineering 

Hwang develops optimization algorithms for improving the efficiency and performance of 

engineering vehicles and systems.  He specializes in methods that efficiently optimize up to tens 

of thousands of parameters representing the design or control of the system.  He has applied 

these optimization methods to the design of commercial airliners, satellites, small electric 

aircraft, and material systems. 

Prior to coming to UCSD, Hwang worked in University of Michigan’s Student Space Systems 

Fabrications Lab which built a 3U CubeSat called CADRE.  He developed models for 

multidisciplinary solar panel design optimization for CubeSats in his Ph.D program.  The 

modeled disciplines are orbit dynamics, attitude dynamics, cell illumination, temperature, solar 

power, energy storage, and communication. 

Summary of analysis to perform for TLC-1 

In order to maximize the solar power generation of the CubeSat, numerical optimization will be 

used to compute the optimal solar panel deployment angle, considering the altitude, orientation, 

orbital path around the moon, thermal management, and power required.  A polar low lunar 

orbit, nominally less than 400 km will be adopted.  Along with the solar panel angle, the 

satellite’s orientation profile will also be optimized, subject to the constraint that the 15 GHz 

phased array antenna is pointed at the Lunar Gateway satellite.  There will be periods during 

which the CubeSat will be unable to receive any sunlight, and the model used for the 

optimization will ensure sufficient battery charge is maintained during these periods.  Further 

analysis will need to be performed in order to determine if it is necessary to provide controllable 

solar panels that can change angle to maximize solar incidence at any given time, or whether 

establishing a single optimal angle will supply enough energy to cover the power needs.  The 

setup selected would also affect thermal management of the panels and will contribute to 

determining the proper amount of insulation needed.  Additional analysis is also required to 

ensure that the satellite will generate sufficient power in the event of a failure of one panel to 

deploy, or to ensure mechanical redundancy in the deployment of the panels in order to avoid 

such a failure. 
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Ping Liu 

Associate Professor, NanoEngineering 

Materials and architectures for energy conversion and storage; solid-state 

actuation; nanomaterials synthesis and reaction mechanism in batteries; energy 

storage device architecture design.   

Professor Liu’s research focuses on designing materials and architectures for electrochemical 

energy conversion and storage applications.  One area of interest is studying the mechanical 

behavior of rechargeable batteries in the context of optimization as either solid-state actuators or 

as long- life electrochemical energy storage devices.  A second area is synthesizing 

nanostructured materials and probing the effect of composition and size on the thermodynamics 

and kinetics when they are used as battery materials.  A third area is designing new architectures 

for energy storage devices with enhanced energy density while maintain long service life.  

Diverse approaches including new electrolyte development, interfacial structure design, and 

battery cell configuration engineering are employed.   

Capsule Bio: 

Prior to joining the Jacobs School faculty, Professor Ping Liu has been a Program Director at the 

Advanced Research Projects Agency – Energy (ARPA-E) since 2012, where he initiated and 

managed research programs in energy storage for electric vehicles and thermal management 

technologies to improve building energy efficiency.  He was the manager of the Energy 

Technology Department at HRL Laboratories and was a research staff member with the National 

Renewable Energy Laboratory.  He received his Ph.D.  in Chemistry from Fudan University in 

China 1995.  He was a Distinguished Inventor in multiple years at HRL and won an R&D 100 

award in 2009 for a battery technology developed at NREL.  Liu has published over 70 peer-

reviewed papers and has been issued 36 US patents in the broad areas of batteries, fuel cells, 

sensors and actuators. 
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ENDNOTES AND REFERENCES 
Endnote References 

1  Section 3 & 4 of CubeSat Design Specifications Rev.  13, 

https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a65

5a/1458157095454/cds_rev13_final2.pdf  
2  SFCG REC 32-2R1, https://www.sfcgonline.org/Resources/Recommendations/default.aspx 
3 Information referenced on the Gateway was obtained at: http://rascal.nianet.org/  
4 Orbit Maintenance and Navigation of Human Spacecraft at Cislunar Near Rectilinear Halo 

Orbits, https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170001347.pdf  

                                                             

https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a655a/1458157095454/cds_rev13_final2.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a655a/1458157095454/cds_rev13_final2.pdf
https://www.sfcgonline.org/Resources/Recommendations/default.aspx
http://rascal.nianet.org/
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20170001347.pdf
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