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TECHNOLOGY	
  DEVELOPMENT	
  /	
  DUAL-­‐USE	
  
TECHNOLOGY	
  IN:	
  
1.   Basal<c	
  construc<on	
  (R&D)	
  
2.   PISCES	
  Planetary	
  Rover	
  systems	
  upgrade/

integra<on	
  
3.   Expand	
  the	
  PISCES	
  Planetary	
  Analogue	
  Test	
  Site	
  

(PPATS)	
  
4.   PISCES	
  lunar	
  surface	
  flight	
  experiment	
  –	
   	
   	
  -­‐	
  

MoonRIDERS	
  
5.   Interna<onal	
  Robo<cs	
  Mining	
  Compe<<on	
  in	
  

Hawaii	
  -­‐	
  PRISM	
  
6.   NASA	
  Laser	
  Communica<ons	
  	
  Relay	
  Demonstra<on	
  

(LCRD)	
  and	
  ground	
  terminal	
  
7.   Workforce	
  Development	
  –	
  Intern	
  and	
  soon-­‐to-­‐be-­‐

announced	
  Coop	
  Program	
  



Research Investigating Dust 
Expulsion Removal Systems 
	
  
GOAL:	
  To	
  develop,	
  launch,	
  fly	
  and	
  land	
  on	
  the	
  moon	
  a	
  
Hawaii	
  High	
  School	
  student-­‐built	
  lunar	
  surface	
  
experiment,	
  in	
  concert	
  with	
  technology	
  from	
  the	
  NASA	
  
Kennedy	
  Space	
  Center	
  as	
  a	
  hosted	
  payload	
  on	
  one	
  of	
  
the	
  upcoming	
  Google	
  Lunar	
  X-­‐Prize	
  (GLXP)	
  launch	
  	
  
	
  
WHEN:	
  GLXP	
  launch	
  in	
  early	
  2017	
  



Dust  is  a  significant  issue  for  systems    
on  moon  and  Mars.  




At  the  conclusion  of  Apollo  17’s  
mission  in  December  1972,  
moonwalking  suits  and  space  
helmets  are  covered  by  lunar  
dust


The	
  Dust	
  Problem	
  



MoonRIDERS 
WHAT:	
  to	
  establish	
  a	
  joint	
  flight	
  test	
  program	
  between	
  Hawaii	
  
high	
  school	
  students	
  and	
  NASA	
  for	
  the	
  tes;ng	
  of	
  cri;cal	
  dust	
  
removal	
  technologies	
  on	
  the	
  lunar	
  surface.	
  	
  
WHY:	
  (1)	
  advance	
  TRL	
  of	
  cri;cal	
  technology	
  for	
  surface	
  
systems	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (2)	
  to	
  uniquely	
  promote	
  and	
  encourage	
  STEM	
  educa;on	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  among	
  Hawaii	
  students	
  (ranked	
  46	
  percen;le)	
  



MoonRIDERS 
WHO:	
  four	
  unique	
  strategic	
  partners	
  	
  
1. 	
  Academia/STEM:	
  Two	
  (2)	
  Hawaii	
  High	
  School	
  Teams:	
  

	
  • 	
  `Iolani	
  HS	
   	
  	
  	
  	
  /	
  Private	
   	
  	
  	
  	
  /	
  Oahu	
  
	
  • 	
  Kealakehe	
  HS	
  /	
  DoE	
  public	
  /	
  Big	
  Island	
  	
  

2. 	
  State:	
  Pacific	
  Interna<onal	
  Space	
  Center	
  for	
  Explora<on	
  Systems	
  	
  
3. 	
  Federal:	
  NASA-­‐Kennedy	
  Space	
  Center	
  /	
  SwampWorks	
  
4. 	
  Industry/Commercial	
  Space:	
  Google	
  Lunar	
  X-­‐Prize	
  teams	
  



MoonRIDERS 
BUSINESS	
  MODEL:	
  	
  
•  Setup	
  a	
  “no-­‐exchange	
  of	
  funds”.	
  Non-­‐reimbursable	
  SAA	
  
•  Only	
  product,	
  CAD	
  models,	
  hardware,	
  are	
  exchanged.	
  
•  NASA-­‐KSC	
  provides	
  mentoring	
  session	
  on	
  lunar	
  dust,	
  

physics	
  of	
  EDS,	
  moon,	
  issues	
  with	
  dust,	
  etc.	
  	
  	
  



PROGRAM	
  UPDATES	
  AND	
  STATUS	
  
o  KSC	
  working	
  extension	
  of	
  the	
  SAA	
  for	
  MoonRIDERS	
  
o  Development/tes<ng	
  of	
  Flight	
  Qual	
  Unit	
  planned	
  for	
  Nov	
  ‘15	
  

§  Will	
  be	
  in	
  flight	
  configura<on	
  of	
  ½-­‐kg	
  
•  Tes<ng	
  at	
  vacuum	
  shows	
  good	
  results	
  

§  KSC	
  shiling	
  plate	
  material	
  from	
  glass	
  to	
  ‘copper	
  on	
  kapton’	
  with	
  improved	
  packing	
  
density	
  of	
  spiral.	
  

•  Lowers	
  voltage	
  from	
  1.5kV	
  to	
  ~700v	
  
o  Data	
  analysis	
  complete	
  from	
  March	
  test	
  to	
  define	
  flight	
  and	
  imaging	
  

config	
  between	
  EDS,	
  mockup	
  lander	
  /	
  rover	
  
o  Re-­‐evaluate	
  op<ons	
  for	
  a	
  “re-­‐duster”	
  concept	
  for	
  deposi<ng	
  regolith	
  on	
  

the	
  EDS	
  
o  Some	
  companies	
  in	
  the	
  CATALYST	
  project	
  have	
  expressed	
  interest	
  in	
  the	
  

camera	
  lens	
  applica<on	
  



PROGRAM	
  UPDATES	
  AND	
  STATUS	
  

o  Flight	
  Imagery	
  Tes<ng	
  planned	
  for	
  Hawaii	
  in	
  November	
  
§  Use	
  flight	
  qual	
  cameras	
  in	
  the	
  op<mal	
  flight	
  configura<on	
  between	
  Rover,	
  Lander	
  

and	
  EDS.	
  
o  “Flight	
  engineering,	
  hardware	
  integra<on	
  and	
  test	
  costs”	
  $100K	
  for	
  ½-­‐kg	
  

package	
  
§  PISCES	
  awarded	
  $35K	
  grant	
  award	
  within	
  Hawaii	
  to	
  apply	
  to	
  integr.	
  costs	
  

o  Next	
  step	
  –	
  issue	
  a	
  payload	
  contract	
  aler	
  a	
  team	
  establishes	
  a	
  booster	
  
contract	
  

o  Assessing	
  ops	
  control	
  center	
  op<on	
  from	
  KSC	
  LCC	
  Firing	
  Room	
  4	
  





March  2015  
EDS  Field  Tests  
  
-­‐  assess  locaKons,    
  
-­‐  flight  
configuraKons,    
  
-­‐  imagery  
methodology






Imagery  
data  
collecKon  
  
pre/post  
EDS




Lunar    
CATALYST 
Lunar Cargo Transportation And Landing bY Soft Touchdown  

BRINGING	
  THE	
  MOON	
  INTO	
  EARTH’S	
  ECONOMIC	
  SPHERE	
  
Accelera;ng	
  	
  private-­‐sector	
  lunar	
  landing	
  capabili;es	
  with	
  NASA	
  

exper;se	
  using	
  public-­‐private	
  partnerships.	
  	
  	
  	
  	
  

ASTROBOTIC MASTEN SPACE MOON EXPRESS 



DDTE  Schedule  for  MoonRIDERS


Mar	
  
’15	
  

Apr	
   May	
   Jun	
   Jul	
   Aug	
   Sep	
   Oct	
   Nov	
   Dec	
   Jan	
  
‘16	
  
	
  

Feb	
   Mar	
   Apr	
   May	
   Jun	
   Jul	
   Aug	
   Sep	
   Oct	
  	
   Nov	
  	
   Dec	
   Jan	
  
‘17	
  

EDS	
  Test	
  #1	
  
(KHS	
  ,	
  IHS)	
  
Engineering	
  
assessment	
  
Mar.16-­‐20	
  

LFE	
  EDS	
  Test	
  #2	
  
Flight	
  imaging	
  

test	
  
EDS	
  mockup	
  
Nov.	
  ‘15	
  

Delivery	
  of	
  Flight	
  
EDS	
  to	
  spacecral	
  

Sept	
  ‘16	
  

2016	
  

Launch	
  /	
  
Lunar	
  
Landing	
  

Flight	
  Integra<on	
  
	
  

IHS	
  /	
  KHS	
  
•  Post-­‐test	
  analysis	
  
•  Report/Briefing	
  

Payload	
  
contract	
  with	
  
GLXP	
  provider	
  

Flight	
  Qual	
  Unit	
  
Nov	
  ‘15	
  –	
  Feb	
  ‘16	
  

Flight	
  Unit	
  	
  
final	
  build	
  and	
  test/

cer;fica;on	
  
March	
  ‘16	
  –	
  May	
  ‘16	
  

Design/configure	
  
student	
  ops	
  
control	
  center	
  	
  	
  

Engineering	
  integra;on,	
  ICS,	
  analysis	
  between	
  S/C	
  and	
  EDS	
  

High	
  School	
  build	
  
new	
  frames	
  for	
  

Kapton	
  shield	
  unit.	
  
Aug	
  -­‐	
  Oct	
  

Oct	
  ‘16	
  –	
  Jan	
  ‘17	
  

HS	
  deliver	
  flight	
  
frames	
  to	
  KSC	
  

Mar	
  ‘16	
  

July	
  2015	
  



Assessing	
  flight	
  opportunity	
  op<ons	
  for	
  
interna<onal	
  instrument	
  through	
  university	
  
collabora<ons	
  :	
  
•  Japanese/JAXA	
  –	
  SLIM	
  /	
  2018	
  or	
  SELENE-­‐RP	
  

o  “Smart	
  Lander	
  for	
  Inves<ga<ng	
  Moon”	
  
o  120	
  kg	
  spacecral	
  

•  China/CNSA	
  -­‐	
  Chang'E-­‐4	
  /	
  2019	
  
o  Lander/rover;	
  lunar	
  farside	
  	
  

o  India	
  /	
  Team	
  INDUS	
  
Coordina<on	
  of	
  scien<fic	
  goals	
  between	
  
roadmaps	
  leading	
  to	
  instrument	
  candidates.	
  	
  

What’s Next? MoonRIDERS-II / III  
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