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NanoRacks)External)Payload)
Pla3orm)

)
Manufactured+by+Airbus+DS+

)
New)Mission)Opportuni;es)for)Small)Size)Hosted)Payloads)



Why$Outside$ISS?$
Earth$Remote$Sensing!

Space$Research!

Astrophysics!

Technology$Demonstra=on!

On>Orbit$Assembly!

Commercial$U=liza=on!

Sample$Return!

Space!Environment!Exposure!
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External)Payload)Pla.orm)on))
JEF2Exposed)Facility)
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NREP%System%Design%
Standard%payload%provisions 

Voltage 
28%VDC%+/=%2%V%or%
120%VDC%as%op@on%

Total%power 30%W%at%28%Vdc%

Maximum%current 2A%

USB%2.0%bus 
5%VDC/%500mA%
non=switchable%
%

Total%payload%data%rate Up%to%8%Mbit/s%

•  EP%provides%all%func@ons%of%the%%conven@onal%
spacecraR%bus%

•  Ideal%plaTorm%for%small%size%hosted%payloads%
•  No%further%subsystems%necessary%
•  Improved%anomaly%resolu@on%by%human%in%the%loop%

WiFi%interface%

Grapple%fixture%%
for%robo@c%arm%
opera@ons%

Experiment%
packages%baseplate%%

Avionics%

External%PlaTorm%
%–%Flight%Unit%
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NREP%Configura.ons%

EPP0P%standard%4U%size%
payload%package%1" 2" 3" 4" 5"

6% 7% 8% 9%

Unique%payload%configura.on%

10%cm%

40%c
m%

10%cm%

58%cm% 57%c
m%

60%cm%
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NREP%Communica.ons%
– End1to1end%communica.on%with%your%
payload%covered%by%the%EP%Service%
–  Console%on%your%own%desk%
–  Near1real%.me%data%link%available%

– On1board%data%management%by%EP1DHS%
–  Data%storage%in%NanoRacks’%EXPRESS%rack%in%JEM1PM%
–  Handling%of%downlink%data%by%ISS%data%management%
system%

– Complete%ground%segment%provided%by%ISS%
–  Communica.on%front%end%MSFC%

NanoRacks%LLC%and%Airbus%DS% 8%



End$to$End'Services'

Transfer(Outside(

Installa0on(

Payload(Mission(

Launch( Payload(Return(

4+(months(1(year(
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NREP%OVERVIEW%VIDEO%

NanoRacks)LLC)and)Airbus)DS) 10)

https://www.youtube.com/watch?v=jDgsv8JDGAU


Generic'Payload'Integra1on'Schedule'
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Time%to%launch% Customer% Service%Provider%

L?14'to'L?8'
months'

Contract'and'ICA'core'baseline'signature,'appendix'development'

•  Payload'func1onal'descrip1on'
•  Interface'drawings'
•  Material'iden1fica1on'and'usage'list'
•  Budget'report'

Ini1a1on'of'ISS'safety'process'

L?9'months' Payload'thermal'model' •  Upload'manifes1ng'
•  Integrated'thermal'analysis'un1l'L?7'

L?6'months' Descrip1on'of'flight'opera1ons' Review'of'flight'opera1ons'with'ISS'program'

L?4'months' Payload'handover'to'service'provider' Environmental'and'func1onal'tests'un1l'L?1'

L?1'months' Cer1fica1on'for'flight'and'handover'to'launcher'

L' Launch'

L+2'months' Flight'Opera1ons'for'15'weeks' Payload'installa1on'on'NREP'

L+12'months' Payload'return'to'customer'



NREP%Based+In%Orbit+Tes4ng+&+Demonstra4on+

Technology*Demonstra1on 

TRL+1 Basic+principle 

TRL+2 Technology+concept 

TRL+3 Experimental+proof+of+concept 

TRL+4 Technology+validated+in+lab 

TRL+5 Technology+validated+in+relevant+environment 

TRL+6 Technology+demonstrated+in+relevant+environment 

TRL+7 System+prototype+demo+in+opera4onal+environment 

TRL+8 System+complete+and+qualified 

TRL+9 System+in+opera4onal+environment 

!  Accelerated+improvement+of+available+
technologies,+system+concepts+and+abili4es+

!  Reduc4on+of+the+4me+to+market+of+space%
related+products+

!  Cost%op4miza4on+of+mission+scenarios+

!  Fast+demonstra4ons+of+mission+scenarios+
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NREP%Based+Remote+Sensing+

Fl
ig
ht
'

di
re
c,
on

'

ISS+a4tude%related+parameters 

Nominal+a4tude 
Z+Nadir+
(Only+6+hours+per+year+
in+other+z%orienta@on) 

Opera@onal+
a4tude 

Roll,+Yaw++±15+deg+
Pitch+++10+to+%20+deg 

A4tude+accuracy ±3.5+deg+per+axis 

A4tude+
es@ma@on 

0.5+deg+per+axis+
(3+sigma) 

A4tude+stability 
0.01+deg/s+per+axis+
(3+sigma) 
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NREP%Based+Remote+Sensing+

La4tude+=+%51.65°+

ISS+orbit%related+parameters 

Orbital+inclina4on 51.65+deg 

Perigee+/+apogee+al4tude 413+km+/+417+km 

Orbital+period 92.89+minutes 

Beta+angle+varia4on %75+to++75+deg 

Orbit+posi4on+error 6+m 

Semi%major+axis+error 20+m 

Revisit+frequency 1+–+3+days+depending+
on+la4tude ISS#Nadir#range#
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La4tude+=++51.65°+



NREP%Field%of%View%

Japanese%Exposed%Facility%(JEM:
EF)%in%currently%manifested%
payload%configuraAon.%
%
[NaAonal%AeronauAcs%and%Space%
AdministraAon,%JEM%EFU%Site%4%
NanoRacks%FOV%View,%
Manipulator%Analysis%Graphics%
and%InteracAve%KinemaAcs%
(MAGIK)%Team,%AI%2610,%2012]% External%PlaVorm%

Other%
payload%

Nominal(
Flight(
direc1on(
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NREP%Field%of%View%

Fisheye%Field%of%View%at%JEM6EF%site%4%towards%ISS%port%side%with%other%
payload%on%JEM6EF%Site%8.%
%

Flight'

N
ad

ir'
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Other%
payload%

Nominal'Flight'direc1on'

[NaKonal%AeronauKcs%and%Space%AdministraKon,%JEM%EFU%
Site%4%NanoRacks%FOV%View,%Manipulator%Analysis%Graphics%
and%InteracKve%KinemaKcs%(MAGIK)%Team,%AI%2610,%2012]%

NREP%



Payload'A)tude'Stability'
Rota1onal'Response'
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What%Our%Launching%Customers%Do…%
Customer Payload Mission%scope 

Yosemite%Space Gums>xTM% 

!  Principal%inves>gator%Kathleen%Morse,%Ph.D.%
!  SpaceEbased%radia>on%studies%to%inves>gate%the%feasibility%of%the%Gums>x%

Computer%On%Module%(COM)%technology%for%use%in%nonEcri>cal%computa>onally%
intensive%space%applica>ons 

Georgia%Tech Solar%Cells%CNT 
!  Principal%inves>gator%Jud%Ready,%Ph.D.%
!  Test%response%of%carbon%nanotube%(CNT)%based%textured%photovoltaic%(PV)%cells%

using%earth%abundant%photoabsorber%material%copper%zinc%>n%sulfide%(CZTS) 

Florida%Ins>tute%of%
Technology 

Development%and%Deployment%of%Charge%
Injec>on%Device%(CID)%Sensors%for%SpaceE
Based%Extreme%Contrast%Ra>o%Imaging 

!  Principal%inves>gator%Daniel%Batcheldor,%Ph.D.%
!  SpaceEbased%test%of%an%innova>ve%and%novel%Charge%Injec>on%Device%(CID)%imager%

technology%in%the%space%environment 

AE76%Technologies Characteriza>on%of%AE76%Corrosion%
Inhibitors%in%the%Space%Environment 

!  Characterize%effec>veness%of%AE76%corrosion%inhibitors%and%lubricants%for%metals%in%
the%space%environment 

Honeywell%and%
Morehead%State%
University,%Space%
Sciences%Center 

TRL7%Valida>on%of%Dependable%
Mul>processor%(DM)%Technology 

!  Principal%inves>gators%John%Sampson,%Ph.D.,%Benjamin%Malphrus,%Ph.D.%
!  Benchmark%performance%and%radia>onEinduced%computa>onal%errors%of%DM%

Technology%while%conduc>ng%computa>onally%intensive%processing%in%the%space%
environment 

Arquimea%Ingeniería,%
S.L.U.%(Spain)% 

REse`able%HoldEDown%and%Release%
ACTuator%(REACT) 

!  EU%Horizon%2020%funded%project%with%mul>ple%European%project%partners%(Arquimea%
Ingeniería,%S.L.U.,%EADS%CASA%Espacio,%Surrey%Satellite%Technology%Ltd.,%AVS,%
Universidad%del%Pais%Vasco,%ESR%Technology%Ltd.,%Spacetech%GmbH)%

!  InEorbit%test%of%SMAEbased%actuators 19%



Conclusion)and)Outlook)
• NREP)has)been)delivered)
to)ISS)
• Four)payloads)to)launch)
on)OA6)Mar)3,)2016)
• NREP)IOC)2QTR2016)

Type)of)mission External)PlaKorm)Opportunity 

Remote)Sensing 

!  Nadir)view)with)40)deg)swath)
!  Unconstrained)view)from)wake)to)ram)

direcPon)
!  Maximum)contaminant)deposiPon)1x10Q14)g)

cmQ2sQ1 

Use)of)microgravity Quality)up)to)10Q6)g)on)JEMQEF)with)single)
distorPon)effects 

Use)of)vacuum 
Vacuum)quality)approx.)10Q5)Pa)depending)on)
ISS)orbit)alPtude)and)solar)acPvity) 

Meteoroids,)space)
debris)monitoring 

JEMQEF)site)no.6)can)be)made)available)for)ISS)
ram)view 

Antenna)tesPng)and)RF)
uPlizaPon 

!  Frequency)coordinaPon)with)ISS)
!  ITU)license)necessary) 

Space)Environment)
Exposure 

!  RadiaPon)flux)studies)
!  Solar)illuminaPon)
!  UV)light)incidence)
!  Upper)atmospheric)research)
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