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About	
  Deep	
  Space	
  Industries	
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• Established	
  in	
  2012	
  as	
  an	
  asteroid	
  mining	
  
company	
  
• Vision:	
  to	
  enable	
  the	
  human	
  development	
  of	
  
space	
  by	
  harves<ng	
  space	
  resources	
  
•  Locally	
  sourced	
  for	
  local	
  use	
  
	
  

• Headquarters	
  at	
  NASA	
  Ames	
  Research	
  Park	
  
•  12	
  full-­‐<me	
  staff,	
  12	
  contractors	
  
• Planning	
  6-­‐10	
  hires	
  over	
  summer	
  



The	
  Silicon	
  Valley	
  of	
  Space	
  Resources	
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Cornerstone	
  Technologies	
  
Key	
  enablers	
  for	
  low-­‐cost	
  asteroid	
  missions	
  



Mission-­‐enablers:	
  “C3PO”	
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Poin<ng	
  	
  
(High-­‐availability	
  ADCS)	
  

Power	
  &	
  C&DH	
  
(Radia<on-­‐tolerant)	
  

Communica<ons	
  
(Deep	
  space	
  TT&C)	
  

Propulsion	
  	
  
(Water	
  electro-­‐thermal)	
   Opera<ons	
  

(Autonomous	
  GNC)	
  



DSI	
  Focus	
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Poin<ng	
  	
  
(High-­‐availability	
  ADCS)	
  

Power	
  &	
  C&DH	
  
(Radia6on-­‐tolerant)	
  

Communica<ons	
  
(Deep	
  space	
  TT&C)	
  

Propulsion	
  	
  
(Water	
  electro-­‐thermal)	
   Opera6ons	
  

(Autonomous	
  GNC)	
  



Example:	
  DSI	
  Water	
  Propulsion	
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Cold	
  Gas	
  
Propulsion	
  
Systems	
  

Electric	
  
Propulsion	
  
Systems	
  

Water	
  Propulsion	
  
•  Inert	
  
•  Unpressurized	
  
•  Non-­‐toxic	
  
	
  

Unobtainable	
  

Undesirable	
   Price	
  

Performance	
  



The	
  Comet-­‐1	
  Water	
  Thruster	
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System	
  Parameter	
   Value	
  
CubeSat	
  Volume	
   1U	
  (expandable)	
  
Specific	
  Impulse	
   170	
  –	
  195	
  s	
  
Propellant	
  Mass	
   300	
  g	
  (expandable	
  to	
  750g)	
  
System	
  Dry	
  Mass	
   350	
  g	
  
Mass	
  Flow	
  (minimum)	
   1.7	
  mg/s	
  
Propellant	
  Temperature	
   900OC	
  
Minimum	
  Impulse	
  Bit	
   1	
  mNs	
  
Impulse	
  Resolu6on	
   250	
  µNs	
  
Bus	
  Voltage	
   8	
  V	
  to	
  34	
  V	
  
Power	
  Consump6on	
  	
   10	
  -­‐	
  100W	
  

Current	
  status	
   TRL5	
  (TRL6	
  by	
  SmallSat)	
  

Number	
  of	
  flight-­‐manifested	
  units	
   5	
  (all	
  in	
  2017)	
  



Comet	
  Propulsion	
  Roadmap	
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Water	
  is	
  the	
  
unifying	
  theme	
  of	
  
all	
  DSI	
  efforts	
  

Comet-­‐1	
  
Water	
  

Electrothermal	
  

Comet-­‐2	
  
Water	
  Solar	
  
Thermal	
  

Comet-­‐3	
  
Water	
  Helicon	
  

Electric	
  	
  
(>	
  1000s	
  Isp)	
  



DSI	
  Asteroid	
  Missions	
  
From	
  small	
  explorers	
  to	
  industrial	
  mining	
  missions	
  



Mission	
  Roadmap	
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•  Built	
  and	
  operated	
  by	
  DSI	
  Europe	
  
	
  
•  Launched	
  to	
  low-­‐Earth	
  Orbit	
  as	
  secondary	
  payload	
  (Q4	
  2017)	
  
	
  
•  Images	
  the	
  LV	
  upper	
  stage	
  to	
  test	
  proximity	
  op<cal	
  naviga<on	
  
	
  
•  Images	
  the	
  moon	
  to	
  test	
  longer-­‐range	
  op<cal	
  naviga<on	
  
	
  
•  Uses	
  DSI	
  Comet	
  water	
  thruster	
  for	
  orbit	
  raising	
  
	
  
•  Validates	
  the	
  robustness	
  of	
  core	
  interplanetary	
  avionics	
  stack	
  
	
  
•  Tests	
  key	
  asteroid	
  mission	
  TT&C	
  and	
  science	
  payload	
  (TBA)	
  

Prospector-­‐X	
  



An	
  Unlimited	
  Future	
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Prospector-­‐1	
  
•  DSI’s	
  first	
  micro-­‐spacecrak	
  asteroid	
  mission	
  
	
  

•  Launched	
  to	
  low-­‐Earth	
  Orbit	
  as	
  secondary	
  payload	
  
	
  

•  Injected	
  to	
  asteroid	
  using	
  chemical	
  propulsion	
  stage	
  
	
  

•  Uses	
  DSI	
  Comet	
  water	
  thrusters	
  for	
  cruise,	
  rendezvous	
  and	
  proxops	
  
	
  

•  Uses	
  X-­‐band	
  TT&C	
  for	
  absolute	
  naviga<on,	
  PX	
  op<cal	
  systems	
  for	
  
rela<ve	
  naviga<on	
  
	
  

•  Uses	
  VIS/MWIR	
  cameras	
  and	
  neutron	
  spectrometer	
  to	
  take	
  images	
  
and	
  map	
  water	
  
	
  

• Will	
  aoempt	
  to	
  land,	
  and	
  use	
  surface	
  instruments	
  to	
  assess	
  
mechanical	
  regolith	
  proper<es	
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Prospector	
  Size	
  Comparison	
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…	
  more	
  on	
  Prospector-­‐1	
  next	
  month...	
  



NASA	
  Contract	
  for	
  Asteroid	
  Simulants	
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Tagish	
  Lake	
  
Prototype	
  
Simulant	
  

CI	
  (Orgueil)	
  
Prototype	
  
Simulant	
  

Producing	
  five	
  tons	
  for	
  NASA	
  over	
  next	
  two	
  years	
  via	
  SBIR	
  
…plus	
  kgs	
  to	
  mul6ple	
  tons	
  for	
  other	
  research	
  customers	
  



DSI	
  Commercial	
  Missions	
  
Furthering	
  our	
  missions	
  by	
  enabling	
  customer	
  missions	
  



DSI	
  Commercial	
  Missions	
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• DSI	
  asteroid	
  prospec<ng	
  technologies	
  enable	
  
commercial	
  missions	
  
•  Every	
  key	
  technology	
  for	
  smallsat	
  asteroid	
  missions	
  enhances	
  
LEO	
  satellites	
  and	
  applica<ons	
  
	
  

• DSI	
  is	
  a	
  mission	
  prime	
  contractor	
  
•  Choose	
  parts	
  of	
  project	
  that	
  align	
  with	
  technology	
  roadmap	
  
•  Partner	
  with	
  leading	
  satellite	
  plaqorm	
  providers	
  
•  DSI	
  model	
  is	
  en(rely	
  about	
  partnerships	
  

• DSI	
  is	
  not	
  a	
  services	
  or	
  applica<ons	
  company	
  
•  Chasing	
  applica<ons	
  (remote	
  sensing,	
  communica<ons)	
  
would	
  consume	
  company	
  and	
  change	
  our	
  iden<ty	
  



HawkEye	
  360	
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•  DSI	
  is	
  building	
  its	
  Comet	
  line	
  of	
  thrusters	
  for	
  nano-­‐	
  and	
  microsatellite	
  missions	
  
	
  

•  DSI	
  is	
  flying	
  spacecrak	
  propelled	
  by	
  water	
  for	
  itself	
  and	
  its	
  customers	
  
	
  

•  DSI	
  intends	
  to	
  launch	
  Prospector-­‐1	
  by	
  end	
  of	
  the	
  decade,	
  propelled	
  by	
  water	
  thrusters,	
  
with	
  the	
  objec<ve	
  of	
  proving	
  water	
  abundance	
  at	
  a	
  target	
  asteroid	
  
	
  

•  DSI	
  is	
  working	
  to	
  develop	
  next-­‐genera<on	
  solar	
  thermal	
  and	
  water	
  electric	
  thrusters	
  
for	
  larger	
  spacecrak	
  
	
  

•  DSI	
  is	
  is	
  ac<vely	
  studying	
  storable	
  high-­‐performance	
  bipropellants	
  derived	
  from	
  water	
  
	
  

•  The	
  Goal:	
  
	
  

•  DSI	
  is	
  crea6ng	
  an	
  ecosystem	
  of	
  spacecra]	
  products	
  today	
  that	
  can	
  be	
  
supplied	
  by	
  space	
  resources	
  tomorrow	
  
	
  

Selling	
  bo^led	
  water	
  in	
  space…	
  



…	
  Ques6ons?	
  
grant.bonin@deepspaceindustries.com	
  



Prospector-­‐1	
  Mission	
  Concept	
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•  Prospector	
  and	
  injec<on	
  stage	
  launched	
  to	
  LEO	
  
•  Flown	
  as	
  secondary,	
  launch-­‐vehicle	
  agnos<c	
  
	
  

•  Spacecrak	
  commissioned	
  in	
  LEO	
  months	
  prior	
  to	
  injec<on	
  
•  Target	
  selected	
  well	
  in	
  advance	
  
•  No	
  <me-­‐cri<cal	
  opera<ons	
  

	
  

•  Chemical	
  injec<on	
  and	
  sunlit	
  cruise	
  
•  Mid-­‐course	
  correc<ons	
  using	
  DSI	
  water	
  thrusters	
  
•  X-­‐band	
  TT&C	
  
	
  

•  Rendezvous	
  and	
  proximity	
  opera<ons	
  
•  30	
  day	
  minimum	
  ProxOps	
  with	
  worst-­‐case	
  loitering	
  delta-­‐V	
  
•  VIS/MWIR	
  mul<-­‐spectral	
  imagery	
  campaign	
  
•  Neutron	
  spectroscopy	
  for	
  water	
  mapping	
  

	
  

•  EOM	
  descent	
  and	
  landing	
  
•  Iden<fica<on	
  of	
  candidate	
  landing	
  site	
  
•  Incrementally	
  closer	
  ProxOps,	
  landing	
  aoempt	
  in-­‐pass	
  
•  On-­‐board	
  gravimeter,	
  instrumented	
  legs	
  for	
  tes<ng	
  regolith	
  mechanical	
  proper<es	
  


