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On-Orbit Servicing System CONOPS

Architecture to Support Operations in Space

Program Goals

* Validate technical feasibility of on-orbit servicing
e Develop non-proprietary servicing interface

NextSat

Refuelable, Upgradeable Satellite

Return to
Parking
Orbit

Deliver
Commodities

—— ———
-——
——
—
——

ASTRO

Servicer

Avionics and Fuel



= Objectives and Payoff
» Two satellite demonstration in Low Earth Orbit (492 km)
> “Takes the technical excuse off the table” for autonomous
satellite servicing

» Orbital Express demo will validate key technologies:
> Fully autonomous rendezvous and proximity operations
> Satellite grappling with a robotic arm, soft capture/docking
> Propellant replenishment, battery and computer replacements
> Establishes a non-proprietary servicing interface

> Both satellites shipped to Cape in Fall 2006
» Processed with STP-1 microsatellites and
encapsulated in January 2007
> Launched on Atlas V AV-013, 8 March 2007
> First fluid transfer accomplished 1 April 2007
> First ORU Transfer accomplished 6 April 2007
> Arm Demate/Mate and Ring Eject 17 April 2007
> First Rendezvous and Capture Accomplished
5 May 2007
> Design Reference Mission Accomplished
29 June 2007




Key Demonstrations of Autonomy

= All Orbital Express Scenario Operations
are designed to be conducted

avtonomously

* Level of autonomy is selectable by mission
operations

e “Level 1” is lowest level of autonomy and
demands numerous “authority to proceed”

* Higher levels of autonomy permit the ASTRO
vehicle to conduct scenarios with little or no
intervention

e Ground controllers are still able to intervene
if they detect an anomalous situation

= Avtonomous Operations include:

e Battery and Computer Orbital Replacement
Unit Transfers between ASTRO and NextSat

e Propellant transfers Capture

e Rendezvous and Soft Capture Clip




Arm Operations

*MDA’s manipulator arm has been fully tested on

their flat floor

= ORU Grapple
* Demonstrated movement of arm tip to ORU probe fixture
¢ Demonstrated arm grapple to ORU

= ORU Removal

¢ Demonstrated unlatch operations of ORU

—Baseline WR software current limited torque yields
525% margin for unlatch torque range

* Demonstrated straight line removal of ORU from OIA _
= ORU Insertion NextSat
¢ Demonstrated straight line insertion of ORU into OIA “Client” Satellite

* Demonstrated micro-switch status (Ready-to-Latch) and
branching conditions based on micro-switch feedback

* Demonstrated latching operations and transition from
Ready-to-Latch to Latched

—Baseline WR software current limited torque yields 25%
margin for latch torque range

= ORU Release

¢ Demonstrated reset of ORU

—Baseline WR software current limited torque yields
525% margin for reset torque range

¢ Demonstrated release of ORU
= Characterized ORU insertion misalignment




ORU Transfer Components — OEDMS Overview

— "ORU Transfer is executed
via the OEDMS — Orbital
Express Demonstration

Manipulator System

e MCU — Manipulator Control
Unit

e MA - Manipulator Arm

* ORU - Orbhital Replacement
Unit

e OIA — ORU Interface Adapter

e 0OCA — ORU Container
Assembly

e MGS — Manipulator Ground
Station

= ASTRO can accommodate

Battery and Computer ORUs

pbpllaidy = § * NEXTSat only accommodates
orUlRE the Battery ORU

.. .
[ '
| W

§—




maeed)  ORU and ORU Interface Assemblies

ORU Transfer Test Clip




OEDS AIT Flow

Boeing Anaheim
ARCSS

ARCSS ARCSS
Development Protoqual.
Tests Test

Starsys
Orbital Express Capture System
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Qualification Acceptance
Test Test

e

Fabricate ey
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Structure
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FLIGHT
READINESS
REVIEW

FTAPS
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AtlasV
Launch Flow
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TTO

Tactical Technology Office

= ASTRO AIT effort is
performed at the
Boeing Huntington
Beach Campus.

= NextSat/CSC AIT is
performed at BATC in
Boulder, CO.

= Separate ASTRO &
NextSat/CSC
Functional Test
performed after
receiving at the
launch site.

= First OEDS Space
Segment integration
and test at CCAFS.



Requirements Verification by ‘Tes

TTO

Tactical Technology Office

(Incremental Testing Approach)
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1. ASTRO Bus Structure
Core Assembly

2. ASTRO Equipment
Panel Assembly
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AST_RO System
Vehicle Test Flow

ASTRO FLT Next Page
Software

Drop

3. ASTRO Final

FTAPS

I Installation
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System Integration Lab (SIL)
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Configuration

System Integration Lab (SIL) Configuration

To
Groun

. . . Datais in System
Sim Processor (includes vehicle, ccsDS _,-
sensor, and ground sims ) format o
oz : o
A E ; Eﬂ___ Displays g
= | €5 | = (5|2 5
al 3% |z|2 —= | f——
4 a| 8 .
<294 ||" i m
» o 2 *Sequence Workstation | ™
R updates i Run-fime
e | data
3 Primary i
& Flight —
Computer >
Capture System
Sensor
Computer A DNTIEEE Manipulator Arm
RS-422 Control Unit
Bl = Engineering Dev Units = Telemetry data path

= Uplink data path



Avtonomous Rendezvous and Capture Sensor
Subsystem (ARCSS

TTO

ISCAM1 Friday,
Eile  Yiew .- -
[@|a/a]| e o . . T
VisCam 1 image of NextSat
&%} -
.u " . " -
"
. K
=
Py 5
#- T
-
*
P
. . -
Situation Awareness telemetry data as
shown on ARCSS-GS. CLEG e BT EIEL, b w0 brycn G by a]ET tom 58 Dnpm |0
V32 _120m. avi
) VisCam 1
WISCAMT Friday, June 23, 2006 & 4:46:34 A
Target E ztimate g = =] =
Time: Friday, June 23, 2006@4:46:35 AM oy mi oprm 220 o ym 3 Slm S f e ]S
Flags:
Fange: %alid, Angle: *alid, At VA alid, Target: Vis-STAR H
it Alttude- 0503755 06 Meter) ¥51_120m, avi
Azimuth: 0.00417 [R adian), Rate: 0.000 [RadiansSec), Eror: 0.002 [Fadian)
Elewvation: 0.00202 (R adian). Rate: 0.000 [Radian/Sec). Eror: 0.002 [Fadian] 1
Range: 000123.1426 [Meter], Rate: -000.0010 [Meter/Sec), Emar: 00,3979 [Meter]
Sensor To Target Quatemion: 01: 0.7215, 02 0.6505, 03 -0.1029, G4: -0.2123 i T
Fioll Fate: 0.00077 (R adians/Sec). Roll Enor: 0,460 [Fadians)
Pitch Rate: 0.00022 [Radians/Sec), Pitch Emar: 0.4E0 [Radians] )
v'aw R ate: 0.00085 [Radians/Sec), vaw Emor: 0.413 [Radians) Sy
Uit %echors: Tur et Esﬁm(ﬂe
Sure 0.3275, -0.9448, -0.0001 N
Earth: 0.0013, -0.2425, -0.9702 g
Moon: 0.2948, -0.3163, 0.4363
(from G&RN)
Relative Target keasurement
Track Completion Time: Friday, June 23, 2006(z34: 46: 35 AM |
D ata Acquisition Time: Friday, June 23, 2006(54: 46: 35 Ak
Flags:
Constraints Met: True, Range: Valid, Angle: Valid, At INVALID, Target: Wis-STAR, 5
Canstiants Mot Sensor Measurement _
Azimuth: 0.00409 (Radian). Error: 0.01137 [Radian], Extent: 0.01430 [Fadian) IR _120rm, avi
Elegwation: 0.002071 (R adian), Eror: 0.01137 [Radian], Extent: 0.01511 [Radian) (outpui of Ac-z) -

Fange: 000125.13408 [Meter], Eror: 000012 31426 [Meter]

Sengor to Target Quaternion:01: 0.78483, 02 0.58944, 02 -0.087339, 04: 017017
Roll Error: 0.01600 [R adian), Pitch Error: 0.01600 (R adian), v'aw Eror: 0.01600 (R adian)
Intg Trn 0.13 [MilliS econds)

ARCSS and AC2 (Sensor Computer) software are being readied to
| iy | I | o] [ o o
0000004 ot (00070007 | Zm [020%-020% support autonomous rendezvous and capture operations in M(Iy




“Rainbow Table”: ASTRO Response to

Guidance & Navigation Anomalies =2
Abort Region
Outbound Inbound
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
inal Mate to | Demate Sep Sep 7 km NR1 NR2 4 km Tl Fl to |Approach| 5 m to Direct |Captured| Free-
c Single Demate| to Sep | Corridor |Corridor| to NR1 | —1 min |-11 min|—11 min|—11 min|Approach| Corridor | Capture | Capture| to Mate| Flyer
olTplonent Corridor End End —1 min | toNR2 |[to4 km| toTI toFl | Corridor| Start Init Init Capture
alure End to TI to (—35 |—11 min|—11 min|—11 min| (=2 km Start | (=60 m)| (.17 m) |(—.17 m) Init
—11 min| 7 km km) |[(—35to|(—10to| (—5to to (—120to| to5m to to Mate
- -—— ~10 |~5km)| —2 km) [—~120 m)| —60 m) Captured
1 km >1 km km)
Scens | Scens
VisCam1 Abort EBEle[fs[Ele] Transfer | Transfer| Transfer|Transfer|Transferfinlsls|ge (e finl=Te|fo o I DI=To o [=Te MEBI-To o Yo No No No No
Demate WREINNENY to to to to to Rel Nav Rel Nav Rel Nav RelNav AR&C AR&C AR&C AR&C
1 km, 7 km, V-Bar, 7 km, 4 km, Impact Impact Impact Impact
Stndoff, | Stndoff,| Stndoff, | Stndoff,| Stndoff,
TTPL TTPL TTPL TTPL TTPL
VisCam2 — Abort No No No No No No No No No No Not
AVGS-Only | Demate AREI® AR&C AR&C AR&C AR&C AR&C AR&C AR&C AR&C AR&C Applicble
Scenarios Impact Impact Impact Impact Impact Impact Impact Impact Impact Impact

VisCam2 — Degrded No No No No No Transfer No DITe|ge[cTell Transfer No Degrded
Vis-STAR- Rel Nav AR&C AR&C AR&C AR&C AR&C to AR&C | Rel Nav to AR&C Rel Nav
Only Impact Impact Impact Impact Impact gEP{elM |Impact +120 m, igleLles

Scenarios Stnkeep, Stnkeep,
TTPL TTPL

Abort [BLle[ge(=ls] No No No No No No No Degrded Degrded Degrded

VisCam2 —

AVGS Plus | Demate JEGEINNEWY AR&C AR&C AR&C AR&C AR&C AR&C AR&C | Rel Nav Rel Nav Rel Nav
Vis-STAR Impact Impact Impact Impact Impact Impact Impact
Scenarios

Assumptions: 1) AVGS failure on AVGS-only scenarios in regions 10 through 14 results in hot switchover to AVGS plus Vis-STAR
2) Vis-STAR failure on Vis-STAR-only scenarios in regions 10 through 14 results in hot switchover to AVGS plus Vis-STAR
3) Autonomous switch (by AC2) from VS1 to VS2 when target is outside VS1 FOV and Range < 1km

Blue: Good/Go Condition — Proceed with Existing AR&C Trajectory
Green: Degraded/Go Condition — Proceed with Existing AR&C Trajectory

Yellow: Degraded/Delay Condition — Trajectory Hold, AR&C Resumes Whether or not Recovered

Red: Degraded/No-Go Condition — Trajectory Hold, AR&C Scrubbed if not Recovered
Black: Loss of Vehicle Control — Vehicle Adrift, AR&C Scrubbed if not Recovered
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Sun, 04/01/07 N[ R'| P |Memogram for AT LEO-18 FTS Activation in parallel to Day 1 of AT _SCNO-1
Mon, 04/02/07 N
Wed, 04/04/07 AlP[T
Fri, 04/06/07 B [N AT_LEO-08 OEDMS BU Drive (4/5/07); OEDMS script uploads; AT_LEO-06 Enable Reg Offset
Mon, 04/09/07 N[ P | FS|First use of flow sensors
Tue, 04/10/07 Al P[FS
Fri, 04/13/07 A | P | FS|NOTE: Executed at Reduced Flow Rate
Tue, 04/17/07 188 | FEl N {Any AT_PL-01 MCU Data Txfr; AT_FSW-04 AC2 Dump; ARCSS Survey bypassed due to OEDMS parameter

file/EE anomalies

AT _PL-05 Fluid Transfer Interface OLA Video Survey - Part 1 [go to pose prior to coupler mate]; AT_PL
01 MCU Data Txfr; AT FSW-04 AC2 Dump

Transfer at 30% pump speed. AT_PL-05 Fluid Transfer Interface OLA Video Survey - Part 2 [end after
Sun, 04/22/07 A | P | Fs|to coupler demate]; VS3 Recording of Demate; AT_PL-01 MCU Data Txfr; AT_FSW-04 AC2 Dump;
OEDMS Parameter File Updates

Sat, 04/21/07 N| P |FS

Mon, 04/23/07 Ok B A
Wed, 04/25/07 (oYW B | N
Thu, 04/26/07 Scenario 1-1 ARCSS Checkout
Sat, 05/05/07 10m S| 17 | DI| D | BL
Wed, 05/09/07 N[ P | FS|Pump A, 30% speed, two transfers same day
Wed, 05/09/07 A | P [FS|Pump A, 30% speed, two transfers same day
s [ msnlsin] | o [oi] oo AR g RS v s W ol il
Wed, 0530107 O © |~ (10 M| P |FS|iueto Arcos DL oad it F16 ot tu 5\ o e ressre It taton -~
Fri, 06/01/07 (o[l B N Al P|FS
Sat, 06/16/07 120m [ -R [1x| 307 | DI| D | BL
Sat, 06/23/07 4km S| | 1x | 1426| FF| D [ BL
7km S| | 3x|1426(FF| N (BLEG)(ON B | A AC3 primary for U8; Simulated 4km Hold, Eliminate Onboard RelNav at 7 km, Force PRN Update to NS
Thu, 06/28/07 Status. Anomaly observed following grapple; arm did not register grappled and NextSat was "pushed" out of
Oy B | N N | P [FS|asTRO'S sensor FOVs. Recovered the following day.
Mon, 07/02/07 09 e Misalignment during re-insertion, resolved 2 Jul 07.

AT_EOL-01 End of Life; NS Decommisioning, ASTRO decommissioning. Option N2, 200 km with return to

Fri, 07/13/07 NextSat prior to disposal.

DUnmated QOperation .Banery/Computer Transfer DProp Transfer Operation



Orbital Express Scenario Plan

Eight scenario groups (35 individual scenarios) are designed to demonstrate key
technologies required for:
Fluid Transfer
ORU transfer
Rendezvous & Prox Ops
Direct Capture
Free-Flyer Capture and Berthing
Structured approach with increasing levels of difficulty to burn down risk
Start with low levels of autonomy
Fluid & ORU transfer
Short prox ops demos precede rendezvous demos
Separate to 10, 30 & 60 meters within a corridor of sensor visihility
Proximity operations to 120m
Near field rendezvous of 1 km, 7 km
Capability to execute 200 km and far-field approach from 1,000 km to
demonstrate all sensor acquisitions and handoffs
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TDRSS
NextSat
Crosslink
SGLS
NSy
NASA ISN /R
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T1
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NNASR XY
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'@F%’ j - =
N \vab A4 ASTRO/NEXTSat v RSR
ASTRO/ Umbilical Tm/ _— — :
NEXTSat Cmd Fact _— ;E_.ﬂ_ - -
Umbilical Tm/Cmd actory ESR Boeing Houston

-- - |-
Boeing Huntington
Beach




Launch and Early Orbit

= Nominal launch from Cape Canaveral at
2210 EST, 8 Mar 07

* Orbital Express spacecraft separated
from Centaur 18 minutes after launch
* First acquisition (TDRSS) T + 20 min
* Solar arrays deployed, guidance
systems initialized upon separation
= Entered sun-safe mode T + 74 min
e Onboard guidance could not locate GPS
satellites and establish position
o ASTRO/NextSat stack experienced
anomalous pitch rates (up to 5°/sec)
* Pitch wheel saturated
= ASTRO guidance turned on T + 18 hrs
* First indications all nominal
o Later determined that vehicle was not
target-tracking the sun; instead, it was
coning around the anti-sun vector
e ASTRO reached critical depth of
discharge, bus shutdown T + 22 hrs




Recovery and Return to Checkout

= ASTRO pitch wheel anomaly found to result from hardware /software disconnect

on wheel polarity
* Flight software was commanding the wheel “backwards” from its installed orientation
* Gross errors were fixed with gain sign change
* A more comprehensive software update was required to reset magnetic torquers, resolve
cross product issues
e System is now working nominally

" GPS anomaly resulted from incorrect
message information in Space Based

GPS/INS Interface Control Document
* Resolved message problems with SIGI
vendor, incorporated in software update
¢ SIGI is now responding nominally
o Still working minor SIGI issue with star
tracker quaternion updates
= Checkout activities restarted
e ASTRO imaging systems, robotic arm
initialized, global survey performed
e NextSat checkouts complete




A

= Arm camera shot 1,660 photos B

over 54-minute period |

= Single command executed arm !T
global survey script

= Assembled video indicates hoth
vehicles are in good shape

e ' /NextSat’s grappling

target

background



= Two Different Methods of Transfer
1 Ullage Recompression Transfer (April
1St)
13 Using Pumps (April 2" — June 29t)
—Pump Speeds lower than planned due to
high current anomaly

= 14 Total Fluid Transfers
e All Successful

~

Fluid Coupler System

\‘ < = = Flow Rate Measurement

-

it
"

' 1 :%;ﬁ

» Ullage Recompression Transfer completed when tank
reached a certain pressure

* Pump transfers were to rely on Flow Rate sensors;
they were shown to not be calibrated correctly so
periodic PVT measurements were taken based on
terrestrial fluid transfer rates and known RPM.

* Flow Rate sensors were calibrated and eventually
used



= The First ORU transfer from ASTRO to
NextSat was the battery ORU,
completed on April 6t

= 7 more successful ORU transfers
followed

= The AC3 Flight Computer transfer was E¥FRg, | |f
postponed until unmated operations '
were completed as it was being used
as a backup due to possible faults in
AC2

ORU on
NEXTSat NEXTSat
ORU Bay

ORU

NEXTSat
ORU Bay

MA grasps and extracts
MA extracts ORU from ASTRO MA Inserts ORU on NEXTSat




Ring Eject

= |nterface Ring Ejected on April 17t
* Ring used to carry launch loads
 “Ears” protected the Autonomous
Rendezvous and Capture Sensor
Subsystem (ARCSS)
= Sensor Calibration was Postponed
* MCU had to be reset due to a loss of the
initial conditions
» Was rescheduled for the 18" and
completed successfully

On-Orbit Video
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Orbital Express

Scenario 2-1

o ;, o (10 -meter unmated rendezvous
<@ g \‘ 2. Separation Corridor Init (SCI) and pturB -

20 6Maygob7 ’-

\\R"’{ 4. Final Approach Init (FAI) 0n-0rbii Video (fl‘om ASTRO)

= First unmated operation occurred on May 5"-6%
» 10-meter Rendezvous and Capture Scenario
* Direct Capture (NextSat “flys” in)
= The fly around, approach capture and mate all occurred successfully
* No faults, warnings or anomalous events
« Both Haystack at MIT/Lincoln Labs and The optical site at Maui had visibilities




Scenario 3-1: 30-meter rendezvous/capture E¥XE

4 +R
2. ASTRO returns from 30-meter E
maximum separation to 10 meters
(0454Z 12 May)
3. ASTRO conducts extended \ 1. ASTRO demates and moves 8. Stationkeeping at
stqﬁonkeeping at 10 meters E to 30 meter sepurution 120 meters (06211)

(0508-0515Z 12 May) . (0432Z 12 May)
NextSat
R R R RN RN NN R R R NN RN R R R RN R R R R RN N R R R RN R W N\ RN R R R NN NN R R R RN RN R R R R R R R A N A A AR EEEEEEEEEEEEEEEEE .
E E ‘
: 5. Proximity abort to /
120 meters (0522Z)

4. First AC-2 CPU fault \/\_' /
gncourttered; : 7. 34 AC-2 CPU fault
autonomous reboot of . !
AC-2/sensors (0515Z) 6. 2" AC-2 CPU fault encountered  €ncountered; switched

(manval reboot), 0537Z to AC-3 primary (0609Z)

= ASTRO demated nominally from NextSat late Friday, 11 May 07

¢ Retreated to 30 meters separation distance and recovered to 10-meter stationkeep

e Encountered primary sensor computer CPU fault at 10 meters and executed abort

¢ AC-2 and sensors power cycled following CPU fault; two additional AC-2 failures occur
On third AC-2 failure, mission ops selected AC-3 as primary sensor computer
e ASTRO’s autonomous abort took it to a 120-meter hold point and began stationkeeping

= Relative navigation difficulties at 120 meters forced decision to coast, troubleshoot
e At 120 m, ASTRO hegan to expend significant propellant “keeping up” with navigation state
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7. At a separation distance of > 6 km, manuval X
burns are accomplished to urr'est'opening rate, allow 6. ASTRO drifts by NextSat 5. Anomalous X nudge performed (with
slow return to NextSat (beginning 2300 13 May) (~1200Z, 13 May) out of plane components) allows ASTRO

/ to overtake NextSat (0707Z, 13 May)

* 4. Continved drift
along —V-har, to

2. Proximity

1. ASTRO demates and moves to 3. Haystack reports

30 meters, then 10-meter abort to 120 ASTRO 2.4 km roug!ﬂy 3 km
stationkeep (12 May) meters (12 May) behind NextSat sepur?;‘lr;‘: (0)7001,
- ay

(0038Z, 13 May)

= Initially, ASTRO slowly drifts backward along —V-bar...then moves forward, passes NS

e ASTRO was placed in a free drift with an unknown opening rate (NextSat was hecoming
noticeably smaller in situational awareness imagery)

e Situational awareness imagery grew sparser, ops team turns off Viscam2, IR track

Haystack overflight indicates separation distance of 2.4 km (midnight, 13 May)

Six hours later, anomalous “X Nudge” burn performed

This maneuver imparted a high closing rate with Y/Z components (estimate 600 m/hr)

ASTRO passes NextSat in early morning hours of 13 May

Haystack confirms late on 13 May that ASTRO was now 6 km ahead of NextSat



2. At a separation distance of > 6 km, manual A4 +R

1. +X maneuver (with out of
plane components) allows
ASTRO to overtake NextSat
(13 May)

—X burns are accomplished to arrest opening
rate, allow return to NextSat (13-14 May)

NexiSat

9. Remate
8. ASTRO movesto : 0300z 19

3. Slow closing rate 6. At 1.5 km, ASTRO 320m, 120 m,and : pgy 07

- 4. Additional burns establish 5. IR camera track
established; LRF return at faster closing rate (2000Z 15 established, more LRF performs Rater maneuver finally to 60 meters, :

5,920 m (0406Z 15 May) to stationkeep at 1 km entering the

May), confirmed 3.1 km “hits,” rel nav .
separation 0100Z 16 May regained (PM 16 May) (18 May) approach corridor

* Manual “test and checkout” burns were used to control inward drift towards NextSat
® Chance laser rangefinder hit confirmed Haystack separation estimates (~ 6 km)
e Additional burns were used to establish faster closing rate, then slowed at 3 km
* Navigation filter began processing IR camera inputs, then LRF inputs (16 May)
* Guidance team constructed an ingress maneuver from an arbitrary point outside 1 km

= Autonomous guidance engaged, ASTRO maneuvers to approach, mate with NextSat
e At 1.5 km separation, ASTRO performed a series of small burns to reach stationkeep at 1 km
¢ Two additional maneuvers brough ASTRO to 320 meters, then 120 meters
* Final burns puts ASTRO in NextSat’s capture corridor (60 meters), followed by capture



Scenario 3-1 After Action Review

= Scenario 3-1 Identified Key Sensor and Relative Navigation Issues
» Sensor Lens Artifacts, Sun Glare and Improper Integration Times Generated False
Measurements and Rejected Good Ones
» Sensors Rejected Good Measurements With Motion Relative to Estimated
Navigation State
 Relative Navigation Accepted Bad States When False Measurements Occurred

= Corrective Actions
» Sensor Integration Times Adjusted to Reduce False Measurements
» Sensor Editing Modified to Edit Based on Object Brightness Not Relative Motion
 Relative Navigation Edit Thresholds Modified

= Conducted a Sensor Test to Validate Corrective Actions
* NextSat demated on Manipulator Arm and Moved Out Of Sensor FOV
» Tracked Bright Objects (Venus and Jupiter) and Deep Space to Verify New
Integration Times and Editing Criteria
» Tracked at Various Sun Angles to Verify Sun Glint Effects



Scenario 5-1

= Completed 16 June 2007
 Daylight Demate
* Single-orbit-rate  120x60m
flyaround
* +120m stationkeep for ~26
minutes
* —R-bar approach
 Daylight Direct Capture
= Vis-STAR track entire time
= AVGS track during
separation and approach

Separation
Corridor
Init (SCI)

3. Flyaround
Segment 1 Init
(FSI11)




Scenario 7

= Completed 23 June 2007 1 D kookiurk
= Daytime Demate = | ey

= Solar Inertial Separation _

to 130m o
= Phasing to -4k il _

L Return to '120m V'bar f_," T AI—"‘O-":'“'C ‘\ 1.-120m
stationkeep for 22 minutes ) TA BS F Y e—— | .
= 100m near-circular o 1\ .

. . [22. Grapple Init (G1) gy NNEAER 20 Final Approach INGERR 2 Tyaroun
inspection flyaround e - B

Al Init (FSI1)

= Transfer to 60m corridor SN I\
with solar inertial approach SO =
= Nighttime Free Flier = e
Capture

View Looking In
LWILH +% Direction

4. Rater Mnvr (NR) | 7,—"-
e




Scenario 8-2 Z

= Completed Lo;’::; .
29 June 2007 LULH #v
= Vis-STAR track " Direction
entire time 2. Corridor 3. Height Adjust Mnvr (NH)
F A\_/GS track /plz:rs)ﬁgul\;ivr 5. Coelliptic Mnvr (NSR) |ater Mnvr 2 (NR2)

during (NC)

se paratlcr)] n and el I
approac . i w

. I[I)\El)i(:ro Switch §'h;§§2';‘§‘z' /" Neandot
Failure During ——— N Init (T1) e
Grapple

9. Prox Ops Init (PO [ 4. Rater Mnvr 1 (NR1)

il

10. —120m Stationkeep Init

* Nighttime demate

« Solar inertial separation to ~78 m above and slightly left of
NEXTSat

* Phasing to —7 km (behind NEXTSat)

» Return to —120 m v-bar stationkeep for ~68 minutes

* 100 m near-circular inspection flyaround

* +120 m v-bar stationkeep for ~15 minutes

» Transfer to 60 m corridor and solar inertial approach

* Nighttime grapple With Manipulator Arm




Summary @

ASTRO and NextSat Met Orbital Express Mission Success Criteria

* Fluid and ORU Transfers accomplished in all required configurations
— Demonstrated repeatability before and after unmated operations

e Rendezvous and capture performed in all required configurations
— Solar Inertial, -R bar and +V bar
— Direct and Free Flier (Manipulator Arm) Capture

= NextSat (our “little spacecraft that could”) demonstrated the utility

of an auxiliary spacecraft during critical operational phases
— ASTRO is not the first satellite to experience potentially fatal pointing problems
during early orbit
— With an appropriate servicing architecture, a servicer could be “on call” to
provide host support (power, pointing, telemetry relay) while the ops team
diagnoses anomalies and works recovery strategies
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