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Overview
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e 2U CubeSat.

e Designed and built by students under supervision of faculty

O

O

O

Led by the University of Victoria Centre for Aerospace Research

Student volunteers from engineering clubs across BC
m UVic Satellite Design, UBC Orbit, SFU Sat . ' '
>100 full-time/part-time students over 4 years of development
1U 1.5U 2U 3U 6U 12U

e British Columbia’s submission to the Canadian CubeSat Project (CCP)

O

First student-built satellite from BC launched into space.

e ORCASat Mission Objectives:
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Train Highly Qualified Personnel (HQP) in space science and technology by providing a unique, hands-
on learning experience for undergraduate and graduate students.

Demonstrate new technologies for calibrating Earth-based telescopes by providing a reference light
source in orbit.



Mission

ORCASat is an orbiting light source that can be viewed by ground-based telescopes.

1. Ground-based telescopes measure how bright ORCASat appears.
2. ORCASat measures how bright its light source is.

3. Difference between how bright ORCASat is and how bright it appears
a. Is the amount of light attenuated in the atmosphere and telescope optics.
b. Corrected for altitude and attitude

4. Telescope is now calibrated for absolute brightness
a. Take more accurate measurements of astronomical objects.

ORCASat is an artificial star




Mission Concept

EARTH ATMOSPHERE ORCASat STARFIELD




Orbit

Launch provided through NanoRacks.
o Launch on SpaceX CRS-26 (Nov. 26, 2022)

Deployed from the International Space

Station into Low Earth Orbit
o Inclination 51.64°.
o Perigee: 420 km.

Orbit period: 93 minutes
o 60 minutes in sunlight.
o 30 minutes in eclipse.

Expected life time of <1 year before
natural re-entry
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ORCASat 418x408 km, SMA 6791 km, £ 0.0007,151.6°, Q 278.7°, @ 341°, time shown 31 Dec 2021 21:19:30 UTC

Aldebaran



ORCASat Specs

2-Unit CubeSat Bus:
® 1U of internal payload volume
® Nanoracks NRCSD compatible
® 1.5 W average bus consumption

Payload average power: 240 mW
® Upto5 W peak power

Solar array: Body-mounted panels
® Solar panels on £X, £Y, and -Z
faces.
® /W peak power.

Battery: 12 Whr LTO battery
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Pointing Accuracy:
® Nadir pointing nominal
3-axis stabilization
1-axis (pitch) control
Roll and Yaw angles: < 5° error
Pitch angle control: <1° error

Data Rate: 10 kB/s down/uplink

Antenna: 437 MHz UHF dipole
antenna

Over-the-air Firmware Updates

Housekeeping Telemetry
Collection:

® Temperature

® Voltage, current, and power
® Logs and flags

On Board Computer:

® Safety-critical Arm Cortex-R5F

® Dual-Core Lockstep CPU

® Dual-redundant Real Time
Clocks

® Data storage: 128 Mb NOR Flash

® Firmware storage: 128 Mb ECC
NOR Flash

® 256 Kb MRAM

On board GNSS receiver:
® Time synchronization to UTC
® Positioning, altitude, velocity
data
® Patch antenna on Zenith face
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Milestones

® September 2018: ORCASat started development.
® March 2021: ORCASat completed its Critical Design Review.

® June 2022: ORCASat flight unit integrated into NanoRacks CubeSat
Deployer

® November 26, 2022: Launched on SpaceX CRS-26 to International space
station.

® December 29, 2022: Orbit insertion and first contact

® July 7, 2023: Last contact before re-entry




Mission Summary

e Validated new spacecraft bus

O

Consists mainly of in-house designed and manufactured

subsystems

e Commissioned ground facilities

O

O
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At University of Victoria Campus

Gained institutional experience in LEOP

Developed critical practices such as ensuring complete
data logging

Unable to complete scientific mission

Issue with interference affected ADCS accuracy
Coordination issues with telescopes
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Operating the CfAR ground station during the ORCASat

mission



Blanco Telescope (Chile)




Engineering Details
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ORCASat Payload

Motherboard

Photodiode Modules
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ORCASat External Features

+X (Ram) +X (Ram)

+Y i -Z (Zenlth) +Y
(Starboard) Ei2anh) /V (Starboard)
T~ .2 (Nadir
+Z (Nadir) -Y (Port) -Y (Port)

|

-X (Wake) -X (Wake)




l ORCASat Internal Features

Payload

" Module

Bus

[ Module

Payload
Module

Bus
Module




| ORCASat Exploded View

[ Nadir Panel [ Wake Solar Panel

2x AZURPSACE Triple Junction

Cutouts for ground support equipment
GaAs solar cells in one string of 28

connections (debug interfaces)

(1x course sun sensor CubeSpace Deployable

Magnetometer

(2)( course sun sensors

A A A

[ Port Solar Panel

4x AZURPSACE Triple Junction GaAs
solar cells in two strings of 2S

(2)( course sun sensors

\( Bus Module

Attitude Determination and Control

Ballast

\{ Payload Module

e

{ Starboard Solar Panel ]

4x AZURPSACE Triple Junction
GaAs solar cells in two strings of 2S

[ Ram Solar Panel ]

2x AZURPSACE Triple Junction
GaAs solar cells in one string of 2S
(2x course sun sensors )
[ Satellite Structure

) Systom )
(5.08 cm (ID) Integrating Sphere ) [On-Boald Computer with GNSS J
Laser Module with 660 nm and 840 ] Receiver
nm (Powel Management )
(2x photodiode modules ) (Powev Conditioning and Distribution )
(Payload Motherboard ) (Battery )
(Payload Optical Measurement Unit ) (Radio )
((Antenna )

(2x course sun sensors )

Zenith Solar Panel

[4x AZURPSACE Triple Junction

(Aluminum T6-6061 ) GaAs solar cells in two strings of 28 ]
8x embedded lever deployment (CubeSpace Fine Sun Sensor )
svitches (GNSS Antenna )

((1x course sun sensor




‘ ORCASat External Features: Nadir Face

[ Mechanical Deployment
Switches
(Omlon D2F flat lever switches )

Payload Exit/Viewing Port ]

(60 degree FOV )
[Aluminum T6-6061 with Aeroglaze 2306]

polyurethane coating

W/{High Absorptivity Nadir Panel ]
(Non-reflective in visible and NIR bands )

Ventec VT-447 substrate with Aeroglaze
Z306 polyurethane coating

[ Payload EGSE Access ]-\

(USB interface to Payload Motherboard )

EPS EGSE Access I

[USB interface to Power Monitoring ]
Unit

( OBC EGSE Access H

(UART connection to OBC EGSE )

Battery charging with external CC/
CV power supply

L/’{ Radio EGSE Access ]

( Antenna ] E i Antenna Door ]
(1437 MHz dipole antenna )
(Tape measure spring steel )
( CubeSpace Deployable ) N
Magnetometer J 4 -

[ Deployed Configuration ]




ORCASat External Features: Zenith Face




I ORCASat External Features: Wake Face

AZUR SPACE TJ
Solar Cells

Magnetometer

fane’ (stowed)

Zenith Solar
Connector

[ Zenith Solar 7
Panel
L Connector J




ORCASat Internal Features

[

Payload Module

-
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Laser Driver ]
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Optical Measurement Unit ]
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Payload System /O ]
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I ORCASat Internal Features

Attitude Determination and
Control System
@ubeSpace Y-Momentum ADCS j

(r beSpace CubeC

Points satellite at Earth at all times
vdth a pointing error of < 10 degrees.

control

3-axis stabilization, pitch angle
(“ beSp: X-axis magnetic torquer

CubeSpace CubeControl

[ Interface Board = :
CubeSpace Y and Z-axis magnetic

torquers

Electrically connects payload
electronics to bus module

more accessible

Routes out ADCS connections to be
Lmoumed)

(CubeSpace CubeWheel Small (Y-axis

Interface Board

[ On Board Computer ]

telemetry, interfaces with all {(NovAtel OEM719 GNSS receiver

Executes commands, collects
subsystems

{On Board Comp

Includes GNSS receiver for accurate
timing and positioning data

Electrical Power System ]

Module {EPS Power Management Module
(Powers satellite at all times )
12.5 Whr battery for operation during EPS Power Conditioning and
eclipse Distribution Module

[Repons power generation and ]

consumption of satellite Battery Pack

[ Radio ]—b

Allows wireless communications

(R A R

between ground station and On
Board Computer

CIO kb/s data rate

O

Converts radio waves into electrical
signals

(437 MHz resonant frequency ) Antenna Deployer

(Amanna deployment control )




The Ground Station
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IThe Ground Station

NTP Server

CubeSat Radios and
SSPAs

RF Relays

HF Stack Azimuth
Controller

Satellite Station
Computer

Satellite Az./El. |
Rotor Controller 7
High Capacity Linear |
13.8 and 24 Volt Power
Supplies on 180 kW
Diesel Generator

RADIO RACK

Power
Distribution
VPN Server
VHF LNA
Network Switches

PoE+ & Non-PoE RF Limiter

VHF Circulator

UHF and VHF
Transverters for
OSCAR

VM Host Server &
NAS Server

Heavy Duty
Copper Plates

Amateur Radio connected to

Computer 3/0 AWG
lighting
Network Controlled ground

Power Distribution

1500VA UPS on 180
kW diesel generator

SINGLE POINT GROUND ENTRY POINT

Desense Filter

UHF Circulator

Control Line

Surge
Protectors

Ethernet

Coaxial Surge

Protectors



ORCASat Antenna Design Files

e The ORCASat UHF antenna is open source and available for use and/or
modification by all CUBICS teams
e Altium and Solidworks design files at https://qgitlab.orcasat.ca/orcasat-

group/orcasat-antenna
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Lessons Learned

CSA CCP program to support Canadian Universities to develop space R&D and train future space
engineers has been successful

ORCASAT enabled training of over 100 undergraduate/graduate students over a period of 5 years
Seed funding from CSA had to be leveraged with other federal agencies and industry

Open collaborative environment between all 15 universities across Canada was actively encouraged
Regulatory aspects are quite onerous and require early planning

Project allowed UVic to establish an embryonic space engineering activity and it is paying dividends

Current CubeSat Project: SkyaanaSat — CSA CUBICS Program




SkyaanaSat

e Skyaana is UVic’s submission to the 2022 offering of CUBICS

e UVic CfAR has partnered with the UVic Propagation Laboratory and UVic Satellite
Design (UVSD) for the development and operation of SkyaanaSat

e Skyaanais a 3U CubeSat proposed for launch to SSO orbit in Q4 2025

e Mission Objectives:

® HF radio beacon in LEO to facilitate the study of the ionosphere
® Amateur radio experiments to facilitate training & licensing

® SDR transceiver to service the payload with in-flight software update capabilities




External Layout - Deployed

Solar Panels - 2

VHF Antenna

Primary Magnetometer

UHF Antenna

HF Antenna
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