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Background T R s

g < OSAM 2 began as a NASA Space Technology I\/I|S$|on D|rectorate T|pp|ng
" Point project in 2016 in ‘which an.investment made-in ground development . .
~ and demonstration and/or flight demonstration will resultin:’ |

» Significant advancement of technology’s maturation
*. High likelihood for utilization of technology in commercially fielded space appllcatlon
. Slgnlflcant tmprovemeht 1N ability to successfuIIy brlng space technology to market

- Toplc area was “Robotic In- Space Manufacturlng and Assembly of
Spacecraft and Space Structures” - - - - .

.* Made In Space, InG. (now Redwirg) proposed Archlnaut One, an in-space robotic
. _precision manufacturlng and assembly system for Iarger-than deployable structures

-« Manufacturing / assembly in the operational environment allows manufactured parts
‘to be deS|gned for that enwronment (and not*for Iaunch loads and heed to deploy)

*In 2020 NASA budget langtiage,sNASA began using On-orbit Servicing,
~Assembly; and Manufacturing:Mission 2 (OSAM-2) for Archinaut One
= Restore L+ SPIDER (SPace Infrastructure DExterous Robot) became OSAM-1
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~ 0SAM-2 Technology Development Plan -
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Phase I: Development . Phase II: Demonstration Phase lll: Commercialization

j ® Extended Structure Additive e OSAM-2 (Archinaut One): In-space Deployment of commercial products
Manufacturing Machine (ESAMM) . demo of extended structure additive in space
successfully tested in 2017 .. manufacturing, robotic manipulation, Extended structure additive

® Ground Based Manufacturing & ' and part verification/validation #l  manufacturing, robotic assembly, and |
Assembly System Hardware % e Focus on demonstrating capabilities verification/validation capabilities '
(GBMASH) successfully tested in relevant to commercial and applied to commercial and
government (NASA/DoD) missions i government missions

5-Year, $74M flight demonstration i Deployment funded by customers

mission funded by STMD First generation space infrastructure
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GBMASH: AdditiVe Manufacturing .~ . + ; .o - .. ;
1 Robotics in TVA Extruder Upgrades ; ' I » g
.0t R T g | g Tostng » TVAC Printing with 3
: ¢ s tui e flight-like Hardware. |, -
~ Archinaut e LA
Phase | ATP . R~
_Phase : Flight Payload  adil®
Integration-at e g !
Redwire L -~ 4
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Mission 0verview PRI ot G S

* NASA STI\/ID T|pp|ng Pomt pro;ect to demonstrate on-orbit additive - :
manufacturing and robotic manlpulatlon on an ESPA-cIass spacecraft
* Inclination; 97.4° + 0.1° 2

* Orbit: 500 + 25 km: (Sun Synchronous,.dawn- dusk preferred)

* Led by Redwire (formerly Made In. Space) man-aged by NASAs Technology
Demonstration MISSIOLnS Program Office

o Major Subsystems - - T e
- Extended Structure Addltlve Manufacturlng Machine (ESAMM) i -. ; . . o=
. Motlv Space Systems xL|nk 1.5 Robotlc Arm
= Northrop Grumman Payload Support Structure Assembly (PSSA) |

" BIue Canyon Technologles X-Sat Saturn Bus

1st Beam with surrogate solar array (10 m) 2n Beam (6 m)
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Spacecraft and Subsystems. - . «..° :
" Motiv Spgé(_e Syst+emls. g * Extended Structure Add.itive : % -4 ok ’
" -« Robotic Arm - : 2 Manufacturing Machine (ESAMM) = -
Robotic Arm g 3 s
End Effector. Beam Lockout

. Assembly . - "" "
_\Surrbgate Solz;r_ |

- Array ‘Assembly |

; . L Al o

BLUE CANYON

TECHNOLOGIES

Nort'hrop'GrurTim.an _
Payload Support
Structure Assembly:

‘ll

P:ayload Avionics

Blue Canyon Technologies *  , * . i R - bd e Sl SORTHE AR |
" Hyperion Solar Arra . il ’ ' ; “¥ e, iy
e . . - Blue Canyon Technologies . Feedstock Canister : B GRUMMAN
il iy X-Sat Saturn Bus*®
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Concept of Operationfs Anir'n.atio;r,_i-f-f...__ |
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Concept of Operations Timeline. :. * -

Phase 3: Primary
M|$$|on Operations
(”’54 Days) g

e TR ESAMM Beam #2 Print '
'+ Reposition - (~20Days) . | . &y
GRSV RSP e,
__../ . . H ; H L = | J o . A - v ‘I \
Beam #1 Prlnt : "3 " S e i , 3
(~33 Days) P, RS : 3

W .. Phase4:Extended
W, Qperations.(~45 Days) ,

Phase 2:
Initialization
and Checkouts

(~21 Days)- |

o o o Ly

_‘_Phase 11 Launch— - v i%‘.-' :

(~<1 Dav) i Mission Closeout —»
" ¥ o . .1.-..'..- i . ; w
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Recent Accompllshments 1 of2 s

- Beam material eIeCtrostatlc :
dlscharge (ESD) testlng at MSFC

FC Vertlcal print test ' %

* « Test setup ‘mimics relevant Ioadlng
environment for on- orblt ESAMM
operatlon '

+ Off-load mass of beam dunng prlntlng
& TenS|pn of deploylng surrogate solar

Carva W s S .
« Beam prlntlng in relevant thermal
‘vacuum (TVAC): sﬁace 5 g
enwronment AR
E. g 5*_‘.#,,& . =
- 8. E 8 e s o e ‘__ »+ ESAMM Mk 9 Vertical Print Test
R T e RS :.:' oty - ESAMM Mk 10 in Redwire TVAG Chamber
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~+. « Completed flight avionics' designs’

Recent Accompllshments 2 of 2 s

. Assembly / testing of Ehglneerlng Design Unlts
. Feeds‘tock Canister ] -
- Robotic Arm and Robotlc Arm End Effector i :
« ESAMM Mk 9: Amblent EDU primarily for software/fllght avionics testbed
-« ESAMM Mk 10: TVAC testlng of fllght upgrades ' -

* Incorporated key advances |_nto ESAMM « . :

- Simulations of hardware subsystems -
* Robotic arm robustlflcatlon '
* Robotic arm. commandmg

+ Software Improv-emee;e . S :
+ Reviews LR R
"+ Flight Avionics =+ oo i A
* Flight Material" . i i .:_ s .
* Eight Subsystem Critical De3|gn Rewews bt
2 |V|ISSIOn Crltlcal Design. Rewew R *’:':,."
. ; -. ' ST ;e s i . HardwareAssemby AI&T Planning .
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Recent/Upcomlng Accompllshments |

°Rece|ved PSSA from NorthropGrumman g i . | e

. Harness routlng checkout using mock space vehicle ) S _ ' =
* Bus component |ntegrat|on at Blue Canyon Technologles .
* Feedstock Canister redeS|gn ;

~ » Receive Robotic Arm from Moflv SpaCe Systems | s,

* ESAMM Mk 11 (fllght unit), assembly and verification testmg

- * Begin Payload Integgation, | ° T i
. Robotlc Arm, ESAMM Mk 11, and Feedstock Cannister onto’ Paonad‘-SuppOrt Structure Assembly

: Payload End to-End Operatlons Test Readiness, Rewew ',"‘- : ' . il
* Using flight-like EDUs prOJect will execute end-to end test of payload operathns

“« ESAMM MK9R will print 10 m,beam while deploying surrogate solar array, »
. * Mk9R is an upgraded, fI""'htellke version of Mk, used for amblent testing. - .
* Rotate Hyper-lite ESAMM: 180° W|th Robotlc Arm _
°Pr|nt1m'beam T 'H-..-'f"'" . oy e O i L g

* Payload End:to-End Test ‘completion repo-rt

= Subsystem envrronmenta[ testing: ik o ; . U e
% ; ’ . e 2, . Payload End-to-End Test

ke
. Rece|ve bus.from Blue Canyon Technologles % Facility Preparations

b System Integratlon Review, =~ 1 % L
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Technolog.y Transiti'.oh'_ P :

°B|gscrencefromasmallpackage R, LR

* Core facets of OSAM-2 provrde alternative desrgn

philosophies; unzlockrn_g next generatron_ satellite

L

architectures for future mission applications * -

. Manufactu'rinQ' Utilize OSAI\A 2 m‘ahufacturing eubsystems to deploy
| extended structures for long baseline mterferometry mrssrons SRTE Y Py \
TN Assemblv Utilize OSAM 2 autonomous robotic assembly for persrstent : \ ®®$

platform architectures that host multlple payloads over the mission life

m-eww

V-

-+ Combination: Manufacture arrd assemble mfrastructure on- orbrt
enabling enhanced capabrlrtres such as Iarge power generatron ‘long

' baselrnes for optlcai benohes and persrstent platforms

-« Near Term Opportunltles
. Trpprng Point Solrcrtatlon
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Infusmn Potentlal

Low EARTH ORBIT

Q.

GEO & LAGRANGE

Satellite Servicing
and Repair 4’

[1“'
‘ S : % ) »’ZIK}/ .
\\} { fj. .

IS5 Operations Factories in Space s
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ESPA-class LEO -
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¢ Secure Comms
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Situational .
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DEEP SPACE * ~ *

Lunar.
Manufacturing _ .
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Mapping & ,
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.' - -

" . Stellar -
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Summary. .

*

« OSAM-2 'rs'poieed+ to be the first fl'ig'h.t der'n'oh,etfatioh of ‘on,-orbit o

“structural manufacturing .in an external spa'ce environment
* When successful, pOSSIbIlItIeS of technology |nfu3|on are rich

* Planned Phase |l space vehlcle milestones |
- Assembly and integration of space. wehicle by May 2023
s Space vehicle environmental testlng by February 2024

. Launch no earlier than April 2024 .-
* Initialization and checkout by L+21. days
.. * First beam printed and SSA deployed by L+54 days
.+ Second beam printed by L+75 days
e MlSSlon complete 19)Y L+120 days -
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