Closing the Power Budget Architecture for a 1U CubeSat
Framework

Anirudh Tadanki* and E. Glenn Lightsey"
Georgia Institute of Technology, Atlanta, Georgia, 30332

A 1U CubeSat framework is designed as a baseline for future missions at Georgia Tech’s
Space Systems Design Laboratory. The goal of the initial CubeSat is primarily educational,
and future iterations intend to demonstrate a low cost and repeatable life-cycle process that
overcomes the high turnover of labor faced by most universities. The purpose of the initial
CubeSat design is to return detailed ADCS data from the reaction wheel, magnetorquers,
and GPS on board. Due to the volume constraints of a 1U form factor, the presented power
budget features various power profiles aimed to maximize the lifetime of the CubeSat from
a deployment in an orbit similar to the ISS. From this, pointing requirements for the ADCS
system can be derived to maximize solar panel exposure to sunlight, and future 1U CubeSats
have a better understanding of the tight margins present in the design.

Nomenclature
ADC = Attitude Determination and Control
C&DH = Command and Data Handling
EPS = FElectrical and Power System
GPS = Global Positioning System
GLONASS = Global Navigation Satellite System
AFT = Allowable Flight Temperature
SocC = State of Charge
OAP = Orbit Average Power
MEL = Master Equipment List

I. Introduction

THE 1U CubeSat holds a unique place in spacecraft architechure, with its small form factor of 10cm x 10cm x 10cm

volume constraint. At the cost of saving money, the 1U CubeSat has to strike a delicate balance between a mass
constraint regulation of 1.33 kg., the aforementioned volume restriction, and finding something of substantial value to
launch on a commercial rideshare provider, such as SpaceFlight Industries or NanoRacks. Given those limitations,
the 1U to 6U form factors have largely been deployed by various universities usually with NASA or other government
backing, although recently, more commercial players such as PlanetLabs have entered into their own ventures, likely
seeing the usefulness in the ease of building and cost savings of having a constellation of CubeSats to achieve their
imaging coverage goals relative to conventional spacecraft. Even companies not experienced in building CubeSats like
Facebook’s Aquila, Amazon’s Project Kuiper, and SpaceX’s Starlink are temped by the potential of CubeSat and/or
SmallSat constellations to provide internet coverage to potentially billions of people.

The Space Systems Design Laboratory at Georgia Tech has sucessfully delivered a series of satellites into orbit.
Launched in Dec.2018 on a Falcon 9, The Ranging and Nanosatellite Guidance Experiment (RANGE) consists of
two 1.5U CubeSats with onboard GPS and LiDAR that communicate with each other in leader-follower formation to
establish centimeter-level precise orbit positioning. The satellites control through differential drag to maintain their
formation, and communicate with a UHF software-defined radio, and have synchronized atomic clocks to corroborate
their relative positions. The 75 kg Prox-1 launched in Dec. 2017 with the intent to conduct rendezvous and proximity
operations for the Air Force Research Lab. Prox-1, unlike RANGE, contains a propulsion system, and had a nominal
mission duration of three months.
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Fig. 2 Prox-1 During Assembly.

The Reconnaissance of Space Objects (RECONSO) is also funded through AFRL, and is slated to launch in the
near future. A 6U spacecraft, RECONSO has an optical payload designed to detect and track space debris in LEO on
the order of 1-10 cm in size. MicroNimbus is another CubeSat in development at SSDL, and has a 3U form factor. It
uses a radiometer to measure vertical temperature profiles of the Earth’s atmosphere, and is SSDLs first iteration of an
in-house, reusable 3U platform. Micronumbus is currently past the Preliminary Design Review (PDR) stage, and is
intended to be one of many cubesats in a constellation that can perform near real-time global temperature profiling.

The number of CubeSat launches has seen close to exponential growth this past decade; making efficient design and
operation a valuable characteristic of any potential mission these satellites have.

I1. Subsystem Design for the 1U CubeSat Framework

SSDL in the past has published literature on a 3U and 6U CubeSat framework called TECHBus, described as a
common hardware bus that requires limited mission customization capable of accomodating a wide range of mission
profiles. TECHBus carries a service, ADCS, and Payload module, and it is designed to have a modular form factor,
meaning the location of these various modules is flexible and dependant on the objectives of the CubeSat mission [1].

The larger volume available in TECHBus allowed it to carry redundant components; however, this is not a luxury
available to the 1U framework. Similarly, the 1U framework only has space for a single reaction wheel and 3
magnetorquers. TECHBus does not have as restrictive a power budget, due to a greater solar panel area and larger
battery capacity; therefore it can afford the more complex ADCS, payload, and redundant systems[1].

The 1U framework shown below has 5 main subsystems: the Command and Data Handling Subsystem, the Attitude
Determination and Control System, the Communication System, the Electrical and Power Subsystem, and Structure.



Fig. 3 3U TECHBus (left) and 6U TECHBus (right) Frameworks.'

A. Command and Data Handling (C&DH)

The C&DH subsystem is responsible for dictating on-board spacecraft operations and handling internal spacecraft
communications between subsystems, either autonomously or from ground station inputs, as well as time keeping. The
on-board software also prepares any gathered spacecraft data of interest for down-link to its target. Fault detection and
management is another important function of the C&DH subsystem.

The C&DH subsystem on the 1U CubeSat framework consists of a single on-board computer (OBC) and a docking
board to hold the OBC and connect it to the other subsystems. In particular, the interface between the OBC and the EPS
system is of utmost importance. Continuous communication between the two subsystems on available power allows the
OBC to decide to turn off non-critical components to prevent power failure in more critical parts of the 1U. The OBC
also tells the EPS when to switch certain components into a higher power consumption state when necessary. The data
transmitted between these two systems is frequent, but small; therefore, a only low speed data link between the two is
required. The OBC also can send data regarding the state of the EPS to the ground station, referred to as housekeeping
data. This gives the operators updates on the state of the spacecraft’s health.

The C&DH architecture on the 1U CubeSat framework can use either a centralized or distributed architecture. A
centralized architecture connects the OBC directly to various spacecraft components. A distributed architecture is
connected to a unified communications protocal bus (e.g. MIL-STD-1553 bus), along with other components on the
spacecraft, allowing for interactions between components and the bus, rather than the OBC directly. This standard
can support data rates of up to IMB/s, and protects the OBC from shorting in the event a power failure occurs in any
subsystem.

In addition to risks from radiation damage, thermal and/or mechanical degradation, and assembly errors, the
on-board software must be written in-house at SSDL and can be a single point source of mission failure if not written
properly and tested thoroughly. Proper care must be taken to make sure the impact of these risks is minimized to future
missions, as C&DH failure often result in loss of mission.

The OBC used in the 1U CubeSat framework is the BeagleBone Black (BBB), an incredibly low-cost, open-source
development platform capable of booting Linux in 10 seconds. The microprocessor on the board is is a 1IGHz AM3359
from Texas Instruments (T1), based off the ARM processor. The processor comes with 64KB of dedicated RAM, and
176KB of on-chip boot RAM. The BB board comes with 512MB DDR3 RAM, 2GB 8-bit on-board flash storage, and 2
PRU 32-bit microcontrollers. The specifications the BBB offers are sufficient for any future missions SSDL intends to
perform[2].

The power consumption of the BBB varies based on the specific function being performed. The manufacturer
measured the current draw of the board with the five configurations listed below [2]:

1. Idling @UBoot - HDMI Monitor connected

2. Kernel Booting (Peak) - USB HUB connected

3. Kernel Idling - 4GB Thumbdrive connected

4. Kernel Idling Display Blank - Serial debug cable connected

5. Loading a Webpage - Ethernet connected @ 100M
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Fig.4 Top View of the BeagleBone Black Board with TI Microprocessor.

MODE DC DC+USB
Reset TBD TBD TBD
Idling @ UBoot 210 210 210
Kernel Booting (Peak) 460 460 460
Kernel Idling 350 350 350
Kernel Idling Display Blank 280 280 280
Loading a Webpage 430 430 430

Fig. 5 BeagleBone Black Current Draws for Various Scenarios.’

The scenarios above show that the power draw of the BBB can range from a lower bound of 1W to an upper bound
of 2.15 W. The OBC will be the the largest driver of the 1U CubeSat framework’s power consumption, due to its 100%
duty cycle.

B. Attitude Determination and Control (ADC)

The attitude dermination and control subsystem is responsible for properly orienting the 1U Cubesat and accurately
determining its location in the orbit. The ADC subsystem must resolve the 1U Cubesat’s initial orientation from
deployment from the launch vehicle provider. NanoRacks jettisons the CubeSat out of a pod, meaning the 1U will likely
be tumbling at the start of its mission. The speed and effectiveness in stabilizing the body rates of the 1U Cubesat
framework will determine the success of the mission. Evaluating the performance of the ADC subsystem is the primary
objective of the initial 1U CubeSat SSDL plans to launch.

Most CubeSats are not allowed to carry on-board propellant, and in the case of the 1U framework, it is no different;
there is not enough space to fit a propellant tank and thruster. This means the 1U CubeSat has no way of controlling
its orbital elements, and is at the mercy of external forces affecting its trajectory. Active control on the 1U CubeSat
is exclusive to its orientation; it intends to carry a single reaction wheel, giving it precise control about one axis of
rotation, and three magnetorquers that give it coarse control over all three axes. The 1U CubeSat framework determines
its orientation through the use of sun sensors.

The Sinclair 10 mN reaction wheel is the most expensive component of the CubeSat, running around $20k. It has
flight heritage with 10 function wheels on 4 satellites, and is an update to their RW-0.03 wheel, which has >8 years



Fig. 6 Sinclair Interplanetary 10 mN Reaction Wheel. 3

on-orbit. According to the manufacturer, the component comes with diamond coated hybrid wall bearings, redundant
motor windings, and has an optional upgrade to lot-screen the parts for radiation. The part has a wide operation
temperature of -40°C to +70°C, vibration capability of over 12g, and is tested to reliably absory 20 krad of radiation[3].

The power profile of the Sinclair wheel is shown below in Fig. 7. The power compumption is directly proportional
to momentum, and varies for different applied torques. The highest power consumption is 1W at +1mNm of applied
torque, and has a minimum power consumption of 0.11W at a steady state.
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Fig.7 Current Draw for Various Torques Through the Reaction Wheel.
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