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CubeSat	  Subsystems	  

• 	   Power	  
• 	   A@tude	  Control	  
• 	   Processors	  
• 	   CommunicaBons	  
• 	   Tech	  Development	  	  
•  	  Using	  non-‐hardened	  or	  non-‐flight	  electronics	  
• 	   Commercial	  products	  
	  
	  



Power	  ConsideraBons	  
	  

•  Solar	  cell	  degradaBon	  due	  to	  radiaBon	  
•  Avoid	  the	  need	  for	  trickle	  charging	  



A@tude	  Control	  &	  DeorbiBng	  
	  

•  ReacBon	  Wheels	  
•  Torque	  Coils	  
•  Electro-‐dynamic	  Tether	  
•  Thrusters	  



ReacBon	  Wheels	  
	  



Electro-‐dynamic	  Tether	  
	  



Torque	  Coils	  
	  



Thrusters	  
	  

•  Electrolysis	  Propulsion	  
•  N2O/ABS	  Thruster	  
•  Ion	  Thrusters	  



Electrolysis	  Propulsion	  
	  

•  Break	  down	  water	  to	  hydrogen	  and	  oxygen	  
•  Eliminates	  risk	  of	  stored	  flammable	  fuels	  	  
•  Provides	  for	  “do	  no	  harm”	  requirement.	  



N2O/ABS	  Thruster	  
	  

•  Nitrous	  oxide	  and	  nylon	  or	  ABS	  fuel	  
•  Eliminates	  risk	  of	  stored	  flammable	  fuels	  	  
•  Provides	  for	  “do	  no	  harm”	  requirement.	  



Ion	  Electrospray	  Propulsion	  System	  for	  CubeSats	  (iEPS)	  



CommunicaBons	  
	  



Processors	  
	  

•  Flight	  heritage	  &	  rad.	  hardened	  electronics	  
•  Using	  non-‐flight,	  non-‐hardened	  electronics	  
– Watchdogs	  and	  resets	  to	  prevent	  latch-‐ups.	  	  

•  Cubesat	  Space	  Protocol	  (CSP)	  -‐	  a	  small	  
network-‐layer	  delivery	  protocol	  
– 32	  Bit	  Header,	  protocol	  wri\en	  in	  C.	  



Tech	  Development	  	  
	  

•  3D	  PrinBng	  –	  AddiBve	  Manufacturing	  
– Support	  Structure	  -‐	  MSU	  
– N2O/ABS	  Thruster	  -‐	  USU	  

•  CubeSat	  Kits	  



Commercial	  CubeSat	  Products	  
	  •  Pumpkin	  

•  Tyvek	  
•  Armadillo	  
•  KickSat	  Sprite	  
•  Tiger	  InnovaBons	  



The	  Sprite	  Spacecra_	  



Pumpkin	  Space	  Systems	  



Pumpkin	  Kits	  



Pumpkin	  Development	  Kit	  



Armadillo	  



Tyvak	  



Tiger	  InnovaBons	  



Examples	  

•  	   MSU	  
•  	   MIT	  
•  	  USU	  
•  Berkley	  
•  University	  of	  Colorado	  –	  Lauren	  Blum	  
•  	   Samson	  
•  DeorbiBng	  
•  	   Swarms	  	  
•  	   Arrays	  	  



MSU	  –	  Montana	  State	  University	  

•  FIREBIRD	  -‐Focused	  InvesBgaBons	  of	  RelaBvisBc	  Electron	  Burst,	  Intensity,	  Range,	  and	  Dynamics	  

•  A	  constellaBon	  of	  three	  CubeSats	  developed	  by	  MSU	  and	  partners	  with	  UNH.	  	  

SSEL	  –	  Space	  Science	  and	  Engineering	  Laboratory	  



MSU	  -‐	  Explorer	  	  

Approximately	  125	  students	  designed,	  built	  and	  tested	  the	  satellite	  over	  the	  past	  five	  years	  

one	  of	  six	  university-‐built	  satellites	  onboard	  the	  Delta	  II	  rocket.	  



USU	  –	  Utah	  State	  University	  
•  DICE	  –	  Dynamic	  Ionosphere	  CubeSat	  Experiment	  



USU-‐Space	  Dynamics	  Laboratory	  



MIT	  –	  Massachuse\s	  InsBtute	  of	  Technology	  

•  Developing	  Micro	  Thrusters	  



CINEMA	  (CubeSat	  for	  Ions,	  Neutrals,	  Electrons,	  &	  MAgneBc	  fields)	  
University	  of	  California,	  Berkley	  



CINEMA	  (CubeSat	  for	  Ions,	  Neutrals,	  Electrons,	  &	  MAgneBc	  fields)	  
University	  of	  California,	  Berkley	  



CINEMA	  (CubeSat	  for	  Ions,	  Neutrals,	  Electrons,	  &	  MAgneBc	  fields)	  
University	  of	  California,	  Berkley	  



University	  of	  Colorado,	  Boulder	  



University	  of	  Colorado,	  Boulder	  



Samson	  
	  	  	  Space	  Autonomous	  Mission	  for	  Swarming	  and	  GeolocaBon	  with	  Nanosatellites	  

Demonstrate	  long-‐term	  autonomous	  cluster	  flight	  of	  mulBple	  satellites,	  with	  algorithms	  
based	  on	  DSSL’s	  ERC-‐funded	  FADER	  study;	  	  and	  
Determine	  the	  posiBon	  of	  a	  radiaBng	  electromagneBc	  terrestrial	  source	  based	  on	  Bme	  
difference	  of	  arrival	  (TDOA)	  and/or	  frequency	  difference	  of	  arrival	  (FDOA).	  
	  



CubeSat	  Rides	  

•  ISS	  –	  InternaBonal	  Space	  StaBon	  Deployments	  
•  Wallops	  –	  6	  U	  CubeSat	  Deployer	  
•  Orbital	  	  
•  ELaNa	  –	  EducaBonal	  Launch	  of	  Nanosatellites	  
•  NASA’s	  CubeSat	  Launch	  iniBaBve	  (CSLI)	  
•  ISIS	  –	  InnovaBve	  SoluBons	  in	  Space	  
•  NASA	  Flight	  OpportuniBes	  Program	  
•  Space	  X	  



ISS	  –	  InternaBonal	  Space	  StaBon	  



NASA	  Small	  Spacecra_	  Technology	  Program	  



CubeStack	  Deployer	  



NASA	  Flight	  OpportuniBes	  Program	  



Wallops	  Flight	  Facility	  
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Goddard Space 
Flight Center 

GSFC/Wallops CubeSat and Small Satellite 
Capabilities 

• Wallops history with CubeSats and small 
satellites 

• 6U CubeSat deployer   
• UHF CubeSat Groundstation  
• Mission Planning Lab (MPL) for suborbital, 

CubeSat and small satellite missions 
• CubeSat and small satellite integration and 

test facilities  
• CubeSat and small satellite S-Band antenna 
• Generic Reusable Aerospace Software 

Platform (GRASP) software for small 
satellites and CubeSats 

• GSFC Lunar CubeSat studies 
• GSFC SpaceCube 2.0 Mini CubeSat 

Processor  
• Other advanced CubeSat and small satellite 

subsystems capabilities in development 

 

Wallops 6U Deployer 

Wallops UHF and S-Band CubeSat 
Groundstations 



Arianespace	  



Lockheed	  MarBn	  



United	  Launch	  Alliance	  



Ride	  Share	  ConsideraBons	  	  

•  “Do	  No	  Harm”	  
•  No	  trickle	  charging	  of	  CubeSat	  
•  Work	  to	  standards	  


