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e NASA award to SKC, “Attracting Tribal College Students to NASA-focused
STEM Careers Through Participation in Flight Missions”, NASA TCUP
program, Dec 2010 - June 2015

 Flight of a prototype of the BisonSat camera on a NASA HASP flight August
2011 from the Columbia Scientific Balloon Facility, Ft. Sumner, NM

o SKC CubeSat elected for flight, Feb. 2012, 3rd CubeSat Launch Initiative
competition

e Manifested March 2013 on the NASA ELaNa XII mission
e Flight unit design, build, and test Sept 2012 - March 2015

e Delivery to the launch provider March 2015

e Launch scheduled from Vandenberg AF Base, 23 Sept 2015

BisonSat development timeline




e NASA HASP (High Altitude Student
Platform) program provides launch
opportunities for student-built payloads to
fly to 36 km altitude for 15-20 hours.

e Provided the BisonSat team an experience
with space hardware development from
conceptualization, through design, build,
test, and flight operations - great for
building the capacity to do a CubeSat
mission.

e SKC flew a SKC-designed CubeSat camera
prototype on the August 2011 HASP Flight
from the NASA Columbia Scientific
Balloon Facility at Ft. Sumner, New
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SKC HASP flight




* Micron MTOM131 CMOS sensor (on a Micron
head board)
1280 x 1024 active pixels
1/3-inch optical format
Bayer pattern filter
System on a chip capability
* 4.5 mm focal length, F/2 lens, 68° field of view
 Controlled by Altera EP3C25 Cyclone IIT FPGA
(on a SKC designed interface board)
» Image acquired every 90 seconds in flight, written
to a 2 GB microSD card, retrieved post flight
» Uplink commands controlling operation
* Thumbnail and temperature data via downlink




 BisonSat has primarily an educational
objective of training undergraduate
engineering and science students on
design, build, test, and operation of space
hardware.

» The science payload 1s a SKC-designed
visible light camera for land cover
classification, cloud cover, and cloud
height measurements.
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e Launch Services Program - Program Level Poly Picosatellite Orbital Deployer
and CubeSat Requirements (LSP-REQ-317.01 Rev B): All CubeSats must
meet these requirements (overall mass, physical dimensions, materials, etc.).
Ensures the CubeSat fits in the standard deployment mechanism (P-POD).

e NASA Procedural Requirements for Limiting Orbital Debris (NPR 8715.6A)

e Range Safety Requirements (AFSPCMAN 91-710)

 NASA Technical Standard - Standard Materials and Processes Requirements
for Spacecraft (NASA-STD-6016)

e CubeSat to P-POD Interface Control Document: Additional requirements
specific to each mission that ensure the CubeSat will not harm the primary
mission (battery protections, vibration environment survivability, multiple
independent power on and transmission inhibits, venting area, mass moment
of inertia, etc).

Design constraints




BisonSat
development
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e Mix of COTS and SKC-designed subsystems

e Pumpkin 1U structure and Command and Data
Handling Subsystem

o AstroDev VHF/UHF radio board with SKC-
designed and fabricated antennas

e Clyde Space Electric Power Control board with
four Clyde Space solar panels and two SKC-
designed and fabricated panels

o Attitude control design by SKC (passive
magnetic control)

e Camera board design by SKC
e Power switching board design by SKC

e Flight software written by SKC
S
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CDH (Command and Data Handling): uses
a 16-bit MicroChip dsPIC33FJ256GP710
microcontroller
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COM (Communications):
AstroDev He-100 VHEF/
UHF transceiver

EPS (Electric Power
System): Clyde Space
CS-1UEPS2-NB-20

power management board
and 20 Wehr batteries




e Two of the six BisonSat solar panels were
designed and manufactured by SKC.

e Performance 1s comparable to COTS




e SKC-designed monopole transmit and receive
antennas based on spring steel tape measure
material.

e [TU frequency allocation transmit = 437.375
MHz (shorter antenna), receive = 145.860 MHz
(longer antenna).

e Deployed on orbit by switching on resistors that
burn through monofilament lines.



e SKC design based on Aptina MT9T031 CMOS
sensor, Bayer pattern filter for color, 3.2 um
pixels, subframe to 1608x1208 or less, 46
meter ground sampling distance at perigee.

e Image data transferred to 2 MB SRAM and
then to a SD card on the CDH board for later
downlink.

50
Yo

e JPEG and lossless compression software
written by SKC.

e Image acquisition scheduled by uplink
command.
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Simulated BisonSat view of the Flathead Reservation




» Passive magnetic control design:
Alnico permanent magnets align
the optical axis along Earth’s
local magnetic field, HyMu-80
magnetic hysteresis material
dampen 1nitial rotation and later
perturbations.

o Approximately 2 deg pointing
accuracy

e Downward pointing over the
northern hemisphere, oblique
view 1nto the atmosphere over
the tropics.




e Accurate total mass, center of mass, and
moment of inertia measurements are

needed for modeling the motion of the
CubeSat

e Student Cory Drowatsky constructed a
torsion pendulum for the moment of inertia
measurements.

Mass properties measurements



BisonSat
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e Requirements for staying powered off until deployment,
no transmission until 30 minutes after deployment.

e Design must have have three independent inhibits
preventing premature power on and transmission.

e “Day 1n the Life” testing verifies these requirements are
met. Successfully completed 5 March 2015.

Day in the Life testing
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e Requirement that the CubeSat can survive the
launch vibration environment.

e BisonSat needed to do vibration testing three
times before meeting the requirement because
of the failure of one of the COTS power on
switches.

e Cal Poly was contracted by the NASA ELaNa
to provide vibration testing services.




e Requirement for unpowered “bakeout” of the
CubeSat in a thermal vacuum chamber for 6
hours above 60°C while below 1x10 Torr

pressure.

e BisonSat bakeout at Montana State University in
Dec 2015, and again at NTS Los Angeles March
2015. ‘ g el
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o Battery report

 Electrical report

e Mass properties report

e Venting analysis report

e Day in the Life test report
 Vibration test report

e Bakeout report

e CAC (CubeSat Acceptance Check)

Interface Control Document verification




e Final independent review verifying all
safety requirements have been met.

e Review panel consisting of
representatives from United Launch
Alliance, National Reconnaissance
Office, NASA ELaNa program
managers, and the Cal Poly CubeSat
integration team.

e BisonSat passed MRR 20 March

2015. Approved for delivery to the
launch provider.




e BisonSat integrated into 1ts P-POD along with
AMSAT Fox-1 and University of Alaska ARCI at
Cal Poly on 25 March 2015.

[C4=) Delivery and P-POD integration
Y J



Mounting of the eight P-PODs into
the flight deployment unit that will
be mounted to the back of the
Centaur upper stage.

Image credit: Justin Foley, Cal Poly
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Flight deployment unit vibration
testing at the Naval Postgraduate
School in Monterey, April 2015.
Image credit: Justin Foley, Cal Poly

| Y Deployment unit vibration testing at NPS
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Ready for delivery to Vandenberg AFB,

9 April 2015.
Image credit: Justin Foley, Cal Poly
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Mounting of the CubeSat deployment unit to the NROL-55 Atlas
Centaur upper stage at Vandenberg Air Force Base (29 July 2015).
Image credit: Justin Foley, Cal Poly
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e U.S. CubeSats are deployed as secondary
payloads on NASA and DoD missions, also
deployed from the ISS

e BisonSat 1s one of 12 CubeSats (4 NASA-
sponsored, 8 DoD sponsored) that will deploy
from the NROL-55 GRACE launch vehicle
(ULA Atlas V)

Image credit: ULA Image credit: ULA
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e The SKC satellite communications ground station will be used for BisonSat
uplink commanding and downlink of telemetry and image data.

e Uplink commands are encrypted as required by the NOAA orbital camera
license. Downlink data i1s unencrypted and can be received by anyone able
to receive satellite radio signals in the amateur radio band (437.375 MHz).




e BisonSat development funding provided by the NASA Tribal

Colleges and Universities Project program through grant number
NNXI10AT95A

e Additional funding provided by NASA Montana Space Grant
through grant number NNX12AI11A

e NASA CubeSat Launch Initiative program
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