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FOEEWORD

This report contains the resulta of the analysis of the additional issues
identified in the SOC/Shuttle Interaction Study extension. This data
supplesents the 50C/Shuttle Interactions identified in the originmal contracted
effort.

This effort wvas performed under Contract Number HAS9-16153, by the Space
Operations and Satellite Systems Division of Rockwell Internaticnal for the
National Aeronautics and Space Adminjistration, Johnaon Space Center. The
study was adainistersd under the technical direction of the Contracting
Officers Representative {JOR), Mr. S. H. Nasaiff, Program Development Office,
Enginesering and Development Directorats, Johnason Space Center.

The study was performed under the direction of A. J. Stefan, Study
Manager. The following persons made significant contributions to the
completion of the analysis.
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APPENDIX A

SERVICE FUNCTICNS DEFINITIONS

it



Function
Deploy
Observe /Inspect

Manuever

Retrieve
Repair
Maintain

Safe

Checkout /Test

Supply/Resupply

Reconfigure
Override

Return

Separate

Dock
Berth

Mate/Denmate

Stow

Prepare

S50C/Shuttle Interaction Extension Study

APPENDIX A
Service Functions Definitions

Definition
Extract/reposition payload out of cargo bay, extend/
retract appendages. Use a qualifier for further
clarification.

Examine, monitor, touch, gather data, investigate,
look into,

Stabilize, orient, transfer, transport, trim,.

Berth, dock, grapple, capture, recover, proximity
operations, Use a qualifier for further clarification.

Remove/replace inoperative parts, restore damaged areas,
unscheduled cor corrective maintenance. - :

Clean, preserve, adjust, calibrate, align, scheduled or
preventive maintenance.

Fasten/unfasten, tether, latch/unlatch, activate/
deactivate, shield/cover, secure, protect.

Diagnose/isolate, assess/analyze, self-check, verify,
activate /deactivate.

Fuel/refuel, replenish consumables (fluids, batteries),

Software change, hardware functional change, reliability
change.

Extend/retract, open/close, lLatch/unlatch (remotely
or manually).

Return to SOC, return to earth.

Separation of two spacecrafts from each other, release,
disconnect, detach.

Joining of two spacecrafts by RCS.
Joining of two spacecrafts by manipulator.

Joining/unjoining of two matching interfaces, connect/
dinconnect,

Store, Teserve, set aside.

Make ready, plan, rehearse.

A-l
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APPENDIX B

SERVICING ACTIVITY DATA SHEETS
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OTV -~ GROUND SERVICING
1.0 2.0 3.0 4.0 5.0
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SERVICING ACTIVITY DATA

SCENARIO: OTV Ground Servicing
ACTIVITY: 11,0 Unstow OTV

DESCRIPTION: Upon landing of the orbiter and its transportation to the
Orbiter Processing Facility, its OTV cargo will be unstowed
from the payload bay and loaded onto an OIV transporter,

SUPPORT EQUIPMENT:

{1) Crane for lifting OTV from orbiter.
{2) 0TV transporter.

CREW INVOLVEMENT: Hone.

SOC PROVISIONS: Rone .

OTV PROVISIONS: Fitcings to interface with crane.

ORBITER PROVISIONS: [None,

i, TIEE b3
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__SERVICING ACTIVITY DAT

FUNCTION 0TV Ground Sexvicing ATTACHMENT
ITEM _ 1l.0 Unstow OTV )
METHOD Crane PAGE

SUBJECT Selected Method

CRANE STRONGBACK

0TV CARRIER

With the orbiter in the Orbiter Processing Facility (OPF), manuslly attach
crane fittings (4) next to longeron trunnions. Release longeron deployable
fittings on the orbiter. Crane lifts OTV out of payload bay, separating the
electrical umbilicsl connection, and lowers the OTV into the OIV transporter
where the longeron trunnions are reczptured.

ORiCiN L ;o0 -
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_SERVICING ACTIVITY DATA

SCENARIO: 0TV Ground Servicing .
ACTIVITY: 12.0 Transport 0TV to 0TV Processing Facility

DESCRIPTION: Within its transporter, the OIV is moved to the OTV
Processing Facility where it is unloaded and instslled _
on the OTV Service Fixture for the start of servicing o
and repair operations. '

SUPPORT EQUIPMENT: O

(1) Crane for lifting OTV from transporter to Service
Fixture.

(2) OTY Tramsporter. L

(3) OTV Service Fixture.

CREW INVOLVEMENT: Nome. |

SOC PROVISIONS: Hoae .

OTV PROVISIONS: Interface compatibility with the service fixture.

ORBITER PROVISIONS: RNone,

ORIGINAL T
OF POOR G




_SERVICING ACTIVITY DATA

FUNCTION 0TV Ground Servicing . ATTACHENT
ITEM 12.0 Transport OTV to OTV Proc. Facilit \
METHOD Transporter/Crane |_PAGE ;

SUB.ECT Selected Meathod : !

ORBITER
PROCESSING
FACILETY

o
SERVICE
FIXTURE

otV
TRANSPORTER

OTV PROCESSING FACILITY

OTV is transported in the OTV transporter to the Pr ressing Facility.
A crane (equivalent %o 11.0) tranafers the OTV to the service fixture.
Umbilical interfaces are not connected.

ORIGHIN. Pon g
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S 1CING ACTIVITY DATA

SCENARIO: 0TV Ground Servicing
ACTIVITY: 13.0 Inspect OTV

14.0 Mate C/0 GSE

DESCRIPTION: A complete external inspection of the OTV is the first
servicing activity the OTV will undergo after installation
into the service fixture. Subsequently, a GSE checkout
umbilical will be manually mated to the OTV for further
servicing operations. .

SUPPORT EQUIPMENT:

{1) Service Fixture
{2) GSE Umbilical

CREW INVOLVEMENT: None.

SO0C PROVISIONS: None.

0TV PROVISIONS: Interface compatible with GSE.

ORBITER PROVISIONS: None. ‘35

ORiGﬁ'iAL F."-:R:'\;".‘ ~:
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_SERVICIHG ACTIVITY DATA

FUNCTICN OTV Ground Servicing ATTACHMENT
{ITEM  13.0 Inspect OTV & 14.0 Mate C/O GSE
| METHOD Manual PAGE
SUBECT Selected Mathod
ORIGINAL PAGE 173
OF POOR QuALIY
0TV SERVICE FIXTURE
13.0  Inspect
All accessible external aress are inspected wminually for evidence
of damage /wear,
14.0 Mate OTV With GSE

Umbilical interfaces are made by connector sxtensions duplicating
the in-space .ervicing by sSOC.

Cunnections are visually monitored to verify alignment and
attachment,

Additional manual connections may be made to individual LEU's and
subassenmblies if required.




SERICHG ACTIVITY DATA

FUNCTION  OTV Ground Servicing ATTACHMENT
METHOD PAGE

SUB.ECT Selscted Method

NN

D A m— —

SERVIEE

- TPA RALLS <

N \\i]\@] NN

=t

MopoLe

: v
SWING ARM ——’;’?’c’;ﬁ

QTv .

EXTENSON

N

The OTV Service Fixture must duplicate the umbilical connections to be
used in space (S0C) to werify the alignment and attachment functions

(pull=in, QD leakage, etc.).

v Pt ¥
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— SIRVICING ACTIVITY PATA

SCENARIO:

ACTIVITY:

DESCRIPTION:

OTV Ground Servicing
15.0 Test 0TV (Fault Isolation)

A coaplete systems test will be conducted to checkout
the operations of all systems, subsystems and LRU's.
The GSE test equipment will interface the OTV through
the umbilical on the service structure,

SUPPORT EQUIPMENT:

(1) Functional Test Station.
{2) OTV Service Fixture.
{(3) GSE Umbilical.

CREW INVOLVEMENT: None.

SO0C PROVISIONS:

0TV PROVISIONS:

ORBITER PROVISI

None.
Iaterface compatible with GSE.

ONS: None.

ORICGINAL [ .,i'.“:_
OF POOR QLALIY
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SRVICING ACTIVITY DATA

FUNCTION OV Ground Serxvicing ATTACHMENT
| ITEM 15.0 Test OTV (Fault Isolation)
METHOD Computerized Test PAGE

SUBJECT  Selected Method

pRT.% B A R -
opiaming ¢ b \
ﬁ".'l". .

OF FOOR tgabmea s e

OTV SERVICE FIXTURE

Compleve functional tests of the OTV system opersztions would be mada
through the electrical umbilicsl and any other manusl connections to
verify correctness of cperation., Identification would be made of faults
in system, LRU, and subassembly operations.

Tests would be pre-programmed with manusl program accession capability
to isolate faults to the lowest level.
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SERVICIRG ACTEYITY DATA

SUPPORT EQUIPMENT:

(1)
(2)

CREW_INVOLVEMENT:

SOC PROVISIONS:

OTV PROVISIONS:

ORBITER PROVISIONS:

SCENARIO:  OTV Ground Servicing
ACTIVITY: 16.0 Parform Scheduled Repair

DESCRIPTION: Only those LEU's which were scheduled for replacezent
are resoved from the O1V and new units installed.

LEU Storage.
Manual tools for assembly/disassembly.

Jone .
Hone .
None .

Rone.

B-11



SIRVICING ACTIVITY DA

FUNCTION 0TV Ground Servicing ATTACHVENT
TTEM 16.0 Perform Scheduled Repair .
METHOD Manual PAGE

SUB.ECT Selected Method

Scheduled Removzl of Time Limited LRU's

Scheduled LRU's are manually disengaged, removed, and transferred to
storage.

Replacement of Time Limited LRU's

New LRU's are withdrawn from new storage and manually installed and
engaged into their assembly locations,

T X )
OR‘G‘I;‘im'_ PR 'l
OF POOR QUAL_.HY
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SERVICING ACTIVITY DATA

SCEHARIO: OTV Ground Servicing
ACTIVITY: 17.0 Perform Unscheduled Rapair

DESCRIPTION: All subsystems, LRU's, structural areas, etc., that ware
identified in Activities 13.0 and 15.0 as faulty or
dapaged are repsired and tested at the component level
to varify satisfactory performance.

SUPPORT EQUIPMENT:

(1) Component, LRU Storage.
(2) Manual Tools.

CREW INVOLVEMENT: |[None.

SO0C PROVISIONS: Nons .

OTV PROVISIONS: Hone.

ORBITER PROVISIONS: MNomna.

calf
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_SRVICING £TIVITY 14TA

FUNCTION  OTV Ground Servicing ATTACHVENT
{ ITEM 17.0 Perform Unscheduled Repair )
METHOD PAGE

SUBJECT Selected Method

OTV SERVICE FIXTURE

Manual Operations

Provide repair/replacement of structurs, attached items, components, etc.

With active component replacement (comnector, valve, etc.) manually check
functional operation after replacement (conductivity, open/close activate,
etc.).

ORIGH AL i-‘.'\:-'".-f_ e
OF POOR QbALﬂY

B-i4




SRVICING ACTIVITY DATA

SCENARIO: OTV Ground Servicing
ACTIVITY: 19.0 Checkout OTV

DESCRIPTION: Functional tests will be conducted te verify system
readiness at the OTV Processing Facility. .

SUPPORT EQUIPMENT:
(1)
(2)
(3)

CREW INVOLVEMENT:

SOC PROVISIONS:

OTV _FROVISIONS:

ORBITER PROVISIONS:

Functicnal Test Station.
0TV Service Fixture.
GSE Umbilical.

None.

None.

Interface compatible with GSE,

None.

’ L s



SCRVICING ACTIVITY AT

FUNCTION  OTV Ground Servicing ATT.
ITEM 19.0 Checkout OTV ACHMENT
S ———— -
METHCD Computerized Test oace
SUB.ECT Selected Method : .
R

0TV SERVICE FIXTURE

.Complete functicnal tests of the 0TV system operations - same as 15.0.

OFiEN L v o

OF POGR Cui = Y
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SERVICJIG ACTIVITY TATA

SCENARIO: OTV Ground Servicing
ACTIVITY: 21.0 Verify OTV Iategrstion With Orbiter (CITE)

DESCRIPTION: The OIV must be removad from the service fixture and
loaded onto a transperter. It is then carried to the
Vertical Procesaing Facility where it is removed from
the cannister and inatalled into Cargo Integration Teat
Equipment (CITE) to verify its competibility with the
orbiter payload bay.

SUPPORT EQUIPMENT:

(1} Crane at OTV Processing Facility & Vertical Processing
Facility.

(2) OTV Transporter.
(3) CIIE.

CREW INVOLVEMENT: |[None.

SOC PROVISIONS: Hone.

QOTV PROVISIONS: Compatibility with CITE.

ORBITER PROVISIONS: HNope,

Lo




SSRVICING ACTIVITY DAT

FUNCTION OTV Ground Servicing ATTACHYENT
] ITEM 21.0 Verify OTV Integration With
METIED Orbiter (CIIE) PAGE

SUB.ECT Selected Method

21.1 Transport to Vertical Processing Facility

Vertical Processing Facility.

ORIGINAL PAGE 15
OF POOR QUALITY

Manually attach crane fittings {4) next to longeron truanions.
Crane lifts OTV out of service fixture and into the payload
cannister. Payload carnister is transported with OTV to

B-18




SERVICING ACTIVITY [ATA

FUNCTION  OTV Ground Servicing ATTACHMENT !

L ITEM 21.0 Verify OIV Integration With 5
METHOD Orbiter (CITE) PAGE it
¥

| |

SUBJECT Selected Method

7

e

21.2 0TV is removed from payload cannister and installed inte cargo
integration test equipment (CITE). (Payload bay mockup].

21.3 All OTV/orbiter interfaces are checked for correctpess.

. ey
. ORIGINAL PAGE W
OF POOR QUA‘LlTY
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OTV -- SOC SERVICING

1.0 2.0 3.0 4.0 5.0
S
! |
PAYLOAD RETURN OTV | DOCK OTV | MANEUVER
| SEQUENCE :L'“" Tosoc [ SAFEOTV [—¥ “yo50c [ SAFEOTV [ orv10 Fs¢
|
bmmm e 4
" 6.0 7.0 8.0 9.0 10.0 00
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UMBILICAL oV REPAIR REPAIR jugss
cRe
Za
. 26
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SRVICING ACTIVITY TATA

SCENARIO: OTV/SOC Servicing .
ACTIVITY: 1.0 Retumm OTV t> 50C

DESCRIPTION: Upon the completion of a mission, a zpace-basad OTV
returns to its base, the SOC for refurbishment, refueling

and mating to another payload as a prelude to the start
of anotimr mission.

SUPPORT EQUIPMENT:

Control and Monitor Station,

CREW INVOLVEMENT:

IVA crewaen to operate the control and meniter station.

SOC PKOVISIONS:

OIV control and wcnitor station.

QTV PROVISIONS:

Communications and dsta link with SOC and ground control
station.

ORBITER PROVISIONS: None,

e s o ek e et . b
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SERVICING ACTIVITY DATA

FUNCTION O1V/SOC Servicing ATTACHENT
} ITEM 1.0 Return 0TV to SOC .
METHOD Programmed Schedule/Update PAGE

SUBECT Selected Method

4

ORIGINAL PAGE 1S
OF. POOR QUALITY

8 socowr ‘ e )

Following the transport and relsase of the payload to its GEO orbit, the
OTV will ba returned to the SOC orbit by a pre-programmed schedule with
updats and corrections transmitted from ground-based or space-bassd control
stations not necessarily invelving S0C coatrol.

0 M.E. thruster turned on to approach SOC orbit ca 4 non-collision
course.,
M.E. thruater turned off at a pre—determined velocity.
OTV rotated for retrograde thrust.

M.E, thruster turned ou to stop OTV st SOC orbit in proximity
to SOC.

0 Main engine shutoff.
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SERVICIIG ACTIVITY DATA

L 2

FUNCTION  OTV/SOC Servicing ATTACHENT *
. ITEM 1.0 Raturn OIV to SOC !

METED PAGE )

SUB.ECT

satellite relay stations.

If SOC is configured to sssume control, monitoring, and correction of
the orbit transfer of OTV payload by the OTV, it would also be practical
for SOC to control the return orbit transfer of the OIV.

More likely Che transfers will be ground controlled directly or through®
Raturn transfer would be to an orbit cemsistant with the SOC orbit at
a location possibly § to 20 n.mi from the SOC in a direction from which

the S0C could wmaintain control over the subsequent closure transfar.

An IVA manned SOC contrel consols station with antenna control and data
transfer is required for this, and subsequent activities.

2-1
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_SERVICING ACTIVITY DATA N

SCENARIO: QTV/S0C Servicing
ACTIVITY: 2.0 Safe OTV

DESCRIPTION: While the OIV is parked in the prozimity of tha SOC upon
return from & wmission, it is ssfed for subssquent docking
to cthe SOC. Safing operations are controlled sutomstically
from the OIV control and monitor station on-board the 50C. A

SUPPORT EQUIPMENT:
Control and Monitor Statiom.

CREW INVOLVEMENT:

IVA crevmen to control safing operations.

SOC PROVISIONS:

01V control and monitor station.

OTV _PROVISIONS:

Communice -ircy and data link with SOC and gi.and contrel
.t‘tt‘ ne

ORBITER PROVISIONS: None.

B-24



XRVICING ACTIVITY DATA

FUNCTION  OTY/SOC Servicing ATTACHYENT
ITEM 2.0 Safe OTV )
METHOD SOC Coatrol PAGE

SIBECT Selected Method

ORIGINAL PASI IS5
OF POOR QUALITY

Pollowing the return of the OTV to a relatively stable location in the
SOC orbit, the S0C will assume transmission control of the OYV.
© ACPS turned on to verify reasction control furnction capability.
o OTV main propulsion system safed.

Shut off main engine isolation valves and verify.
Shut off eryo isoletion valves and wverify.

8-25




SRVICING ACTIVITY [ATA

e e bt

FUNCTION  OTV/SOC Servicing ATTACHMENT
“91 2.0 Safe OTIV

METHOD PAGE
SIB.ECT

Main propulsion system would be safed prior to closure tranafer to prevent

any unauthorized main engine thrust during the approsch to SOC,

The main propulsion system would not be safed until ACPS coantrol is eata-
blished on the contingency that failure to assume ACPS control may require
main engine operation tec move the OTV away from the SOC orbit to prevent

collision.

Normal safing of main engine taoks would not be performed here in order to
maintain and conserve expendables, Contingency ducp and purge activity by

remote S0C control would be available if status feedback indicated a

dangerous condition.

B-26



: SERVICIG ATIVIIY i

SCENARIO: OTV/SOC Servicing
ACTIVITY: 3.0 Dock OTV to SOC

4.0 Safe 0TV

DESCRIPTION: The docking operation requires pulsing of the ACPS to
affact a hard dock of the 0TV to the service fixture
of the SOC Flight Support Facility. Upon wvarification
of docking, the OTV ACPS must bs safed prior to the
initiation of any other OTV related activity.

SUPPORT EQUIPMENT:

(1) Control and Monitor Station.
(2) Docking Port.

SUPPORT EQUIPMENT:

IVA crewvmen to control docking and safing operations.

SOC PROVISIONS:

{1) OTV control and wonitor station.
(2) Docking port on FSF.
(3) Instrumeptation for docking verificatiom.

OTV_PROVISIONS:

{1) Communications link with SOC and ground control
station,

(2) Docking port.

ORBITER PROVISIONS: Ncnoe.

8-27
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SRVICING ACTIVITY DATA

FUNCTION  OTV/SOC Servicing ATTACHVENT
1TEM 3.0 Dock OTV to SOC & 4.0 SAFE OVT
METHOD SOC Coatrol of ACPS . PAGE

SUBJECT Selected Mathod

OTV is under transmission control by S0C,

ACPS turned on to approach S0C on a non=collision course.
ACPS turned off at a pre-dete¢rmined velocity.
ACPS turned on to stcp OIV at close proximity to SOC (200am).

ACPS operated in comjunction with a dock monitoring system to
maneuver OTV and effect a hard dock to rhe docking port at the
outer end of ths gervice fixture.

© ACPS turned off and safed.

e & 0 ©

ORIGINAL pAzcn 15
OF POOR QUALYY
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SERVICIG ACTIVITY. DATA

' SCENARIO: OTV/SOC Serviecing
ACTIVITY: 5.0 Maceuver OTV to PFSF

DESCRIPTICN: Once docked to the PSF, the OTV must be transported to the
FSF side where repair and maintenance oparations can be
conducted.

SUPPORT EQUIPMENT:

(1) Manipulator

{2) Grapple Fixture

{3) PIDA Interfaces (2)
CREW INVOLVEMENT:

IVA crewoen to control OTV transfer operations to the
FSF side.

SOC PROVISIONS:

{1) Manipulator on FSF.
(2) PIDA interfaces (2) on translation rail.

OTV PROVISIONS:

(1) Grapple Fixture
(2) PIDA Interfaces (2)

ORBITER PROVISIONS: None.

B-29




_SRVICING ACTIVITY DATA

FUNCTION  OTV/SOC Sarvicing ATTACHVENT
ITeEM 5.0 Manuev:r OTV to FSF .
METHOD Mobile Servicing Manipulator System PAGE

SUBJECT  Selected Method

‘ =y >
e B L Y 41
d NN ‘

OTV is docked and safed in activities 3.0 and 4.0.

(1) SF manipulator arm (either side) attaches its end effector to
a grapple fixture (TBD) on a side normal to the OTV PIDA
interfaces.

(2} SP docking port latches are released.

(3) OIV is backed off -Z, translated +X and +Z, and docked -X
onto the SF carrier support PIDA docking interfaces.

(4} Menipulator arm releases grapple fixture,
(5) SOC maintains remote control and monitoring of OTV,

B-30
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SRVICIHG ACTIVITY TATA_ '

SCENARIO: OTV/SOC Servicing
ACTIVITY: 6.0 Mate Umbilicals

DESCRIPTION: Once the OIV ig berthed to the sides of the FSF, checkout
and gservicing umbilicals are deployed and connect tc the
OTV. Several umbilicals are required &s described on
the attached sketches. .

SUPPORT EQUIPMENT:

Umbilical Systems {4)

CREW INVOLVEMENT:

IVA crewman to connect umbilicals remotely.

SOC PROVISIONS:

Dmbilicals Systems (4},
OTY PROVISIORS:

Unbilical Interfaces.

ORBITER PROVISIONS: None.

B-31"




_RVICING ALTIVITY DATA

FUNCTION  OTV/SOC Servieing ATTACHMENT
ITEM 6.0 Mate OTV Umbilicsls
METHOD Service Fixture Umbilicsl PAGE
SUBJECT-  Selacted Mathod
+f
T L .
RANSLATE ! 2 :
SERVICE 1\
- ——
A (R ey p——" MODULE

(1) Service fixture carrier positions OTV to checkout station.

(2) Checkout umbilicals are extended from the service fixture and wmbiiicals
are inserted to meke coonection with OTV.

N 2 at 1S
QRIGINAL Prs




SERVICING ACTIVITY DATA

s

FUNCTION  OTV/SOC Servicing ) ATTACHMENT b
| ITEM 6.0 Mate OTV Umbilicals ) 4
METHOD Service Fixture Umbilicals PAGE ‘

SUBECT OTV Requirements

ORIGINAL PAGE IS - \
OF POOR QUALITY

H b8 ' — 1,3
le—2.L5 —-J ' '

OTV requires four umbilical comnections. Figure shows connections looking
down through the OTV into the service fixture. Connections are on the
far side of the OIV.

#1 Elactrical Connections - 3 Connectors

- digital control & monitering
.= hardwired C&M backup
- power
#2 LH7 Connections - Quick Discomnect
- Fill & drain 2 in. line
- Purge 1 in. line

#3 LOX Connections - Quick Disconnect

=~ Fill § drain 2 in. line

~ Purge 1 in. line

#4 GNy Fill & Drain 1 in. line
ACPS Fill & Drain 1l in. lipe
ACPS Purge 1 in, line

He Fill & Drain 1 in. line




ICIG ACTIVITY DATA

FUNCTION OTV/SOC Servicing : ATTACHVENT
1TEM 6.0 Mate OTV Umbilicals .
METHOD PAGE

SUBECT S0C Requirements

s | SNNREN |

SWING ARM o i

otV .
EXTENSON

sSoc _— LOM

Four umbilical sets on the service fixture between the PIDA rails and the
FSF corner.

The LH; umbilical in the storage deck area, the LOX umbilical and the GNj
ACPS and Hy umbilicals in the tankage area are fixed in location to mate
with the OTV at the servicing station. They extend from inside the FSF
approximately 1 meter to engage the OTV,

The fluid umbilicals are serviced by flexible hozes. The FSF contains
distribution/manifolding lines with valving and pumps to the stowage tanks.

ORIGIAY, Priia s
OF POOR QUALITY




SPVICING ACTIVITY TATA

pr —

J FUNCTION  OTV/SOC Servicing ATTACHENT
ITEM 6.0 Mate OTV Umbilicals .
METHD Service FPixture Umbilicels PAGE
SUBJECT $0C Bequirements

ORIGINAL FRSE 13
OF PQQR QUH’:..‘T‘-’

(L
(2)

(3)

1))

All SF uabilicals are with power pull-in after initjal alignmeat snd contact.

The fivid vmbilicals are stationary to mate with the OTV only at the check~
out ptation,

The electrical umbilical is on a swing arm located between the PIDA rTails
and the service fixture corner. The arm is on a track, using the outer
flange of the PIDA rail as shown. Kormal stowage of the arm is down agsinst
the FSF parallel to the tracks.

The umbilical has four degrees of freedom:

Linear tracking aiong the FSF,

Swing rotation about the X-axis to engage the lower surface
of the OTV. .

90° rotation at the base, about the Y-axis to follow the DTV
in later maneuvernp.

215% rotation at the end of the arm to foliow the OTV irn later
rotations.

e i
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SCENARIO: OIV/SOC Servicing
ACTIVITY: 7.0 Safe and Inspect OTV

DESCRIPTION: The OTV mst be ssfed and inspected prior to the initiation
of any rvepair activities. This entails checkout of systems
4nd asscssment of damages, if any, safing the individual
systsms, and inspecting the ianterior and exterior of the
o1V,

SUPPORT EQUIPMENT:

{1} Xou-propulsive purge system,

(2) Storage system for 0TV expendables.

(3) Manipulators (2) with CCTIV cameras.

(£) CCTIV Monitora.

(5) Manned Remote Working Station (open cherry picker).
(6) Manned Maneuvering Unit (M4U)}.

CREW INVOLVEMENT:

(1) IVA crewvusn to operate FSF controls.
(2) EVA crewman to man OCP or MMU.

S0C PROVISTONS:

(1) Non-propulsive purge system. .

(2) TIhird atorage containers and associated fluid systems.
(3) Mapipulators with CCTV cameras.

(4) CCIV monitcrs.,

(5) Storage for OCP and MM,

OTV _PROVISIONS:

(1) Accessibility design for inspection purposes.
{2) Automatic system checkout capability.

ORBITER PROVISIONS: Nome.
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_STRVICING ACTIVITY TATA

B

FUNCTION OTV/SOC Servicing ATTACHENT
ITEM 7.0 Safe and Checkout of OIV i
METHOD S0C Control of Services PAGE
SUBJECT  Selected Method
ORIGIMAL rimm s
OF PCOR QUALITY
. ¥
+Z
I SERVICE N
i -t
MODILE

With upbilicals connected, SOC assumes direct control of the OTV. OTV
reaains at C/0 atation,

1)

(2)
N
%)
(s)

Preliminary verification of connection control and status

feedback functions.

Shutdm antenna contreol and data transfer.

Shutdown OTV power system.

Extend expulsion jet arm from gervice fixture.

Transfer Expendables to SOC storage tanks purge and vent OTV

tankage systems.
(a) Main Engines
Purge main engine using He

Purge LH; tank and lines using M,
Purge LO; tank and lines using He or N2

Vent He tank and lipes

B-37
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SERVICING ACTIVITY DATA

FUNCTION OTV/SOC Servicing ATTACHRENT
JTEM 7.0 Safe and Checkout of OIV _
I METHOD $SOC Control of Services PAGE

StBECT Selected Nsthod (Cont'd)

(b) acrs

Purge N2 and MNH tanks using Wy
Purge thrusters and linss using H,

(c)} Electric Powar System

Vent ¥2 and Oy tanks
Veut H20 tank

(6) Retract expulsion jet are.
Retract fluid umbilicels.

(7) Perform functional checkout on OTV functions with pre-programmed
test s2ftware, through electrical umbilical.
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SERVICING ACTIVITY DATA

FUNCTICH  OTV/SOC Servicing ATTACHVENT
ITEM 7.0 Safe 0TIV _
METHOD SOC Control of Services PAGE

SLB.ECT Rationale

Safing is performed in sequence of worat failure conditisn since the OTV
is unmanned and sll controls are remote in the SOC.

(1) Isolate main engine operation (performed in Functienm 2).

(2) 1Isolste ACPS operation (Function 3).

(3) Bypsss OTV pover system.

{4) Transfer expendables.

(5) Farge and vent main engine system.

(6) Purge and vent ACPS system.

(7) Vent electrical system,
All systems sre safed prior to checkout.
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SERVICING ACTIVITY UATA

FUNCTION Q19/S0C Servicing ATTACHMENT
ITEH_ 7.0 Safe & Checkout OIV )
METHOD PAGE

SUBJECT 50C Raquirements

.
Ai!‘.“"‘_ { rle b
g?;o(')'ﬁ QUALITY

FIG 2

An expulsion system for purge and vent of QIV expendabies tanks:

Figure 1: An expulsion arm, extendable from the service fixture to transmit
overboard gasses away from the S50C to minimize or prevent con-

tamination.
A non-reactive jet to minimize or prevent reaction forces against

Figure 2:
the SOC assembly. Outboard ends of free-floating Shuttle absorb

all reaction forces such that the output orifices meter the flow
of gasses to ceater the Shuttle at s location resulting in a

ballanced reaction.
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FUNCTION  OTV/SOC Servicing ATTACHMENT
ITEM = - 7.0 1Inspect OIV .

METHOD coTv _ PAGE
SUBJECT  Selected Mathod -

ORIGINAL PAGE 1S
OF POOR QUALITY

Inspection and control at SOC control center by closed-circuit telescopic
V.

Inspection program includes limit values to restrict the manipulator and/or
camera Lo the area 1 meter outside the OTV.

CCTV changeout is required to shift from +X manipulator to -X wmanipulator.
Inspection is limited to assessment of external damage/or failures.
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- SFRVICING ACTIVITY DA

FUNCTION  OTV/SOC Servicing ATTACMENT
1TEM 7.0 Inspect OV _
METHOD ST Manipulator/Manned Cherry Picker PAGE

SUBJECT - Alternste Method #1

ORGINEL FiCE S
of POO

q Qbf“_uﬂ

‘OTY remains at checkout station. Electrical umbilical remains connected.
Inspection is performed by EVA on & cherry picker.

Access to all of the foreword (+X) areas of the OTV is by the service
fixture manipulator tracking along its carrier over the length of the OTV.

Access to the reverse (-X) areas is by the service fixture manipulator on
the opposite side tracking along its own carrier.

Inspection is extended to tactile assessment of external damage/or failures.

B-42
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FUNCTION OTV/SOC Servicing ATTAOHMENT
]} ITEM 7.0 Iaspect OTV .
METHOD M PAGE

SUBJECT Altarnative Method £2 -

ORIGINAL FiGI iS
OF POOR QUALITY

Sawe as Alternative Method f1, except that the FSF manipulator systea is
a0t required.

Inspection is further extended to aress that may be inaccessible to the
cherry picker such as between the body and the main engine cone.
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SCYRARIO: OTV/S0C Servicing.
ACTIVITY: 8.0 Teat OTV

DESCRIPTION: A coaplete test of the OTV will be conducted to assass
ite status and health and for scheduling of corrective
and preventive maiuntecance operzticns.

SUPPORT EQUIPMENT:

Test Tmbilical.
CREW INVOLVEMENT:

IVA crewman to coaduct 0TIV testing.

SOC -PROVISIONS:

Teat Umbilicsl.

OTV PROVISIONS:

Umbilical Interface.

ORBITER PROVISIONS: None.
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SERVICING ACTIVITY DATA

FUNCTION  OTV/SOC Servicing ATTACHYENT
| le 8.0 Test OIV .
METHOD Test Umbilical PAGE

SUBECT Selected Method

+Y RGE 1S
ORIGINAL P
% OF POOR QUAL‘TY

TEST UMDBILICAL

The test umbilical provides data monitoring and operational control signals
for test of on-board OTV monitoring,

Test and checkout can be pre-prograrmed, and manual selection by SOC test
operator.

Tests are performed to identify repair/replacement requirements prior to
maintaining storage.




SERVIC]HSS ACTIVITY TATA

SCENARIO:
AcTIVITY:

DESCRIPTION:

OTV/SOC Servicing
9.0 Perform Scheduyled Repair

Prescheduled praventive maintenance and repair will be
performed on the 0TIV, OIV must be designed for modular
{LRU) replacement of parts and comporents to minimize
the number of extraction/reinstallation operatioas.
Storage of spare LRU must be provided by SQC

SUPPORT EQUIPMENT:

(1) LR Storage/Retrieval System,
{2) LRU Extraction/Reingstallation System.
(3) Manipulator.

SOC PROVISIONS: y )

OTV PROVISIONS:

(1) LRU Storage/Retrieval System,
(2) LREU Extraction/Reianstallation System.
(3) Manipulator.

(1) Modular Design of Parts and Components.
(2) Accessibility.

ORBITER PROVISIONS: YNone.
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_SRVICING ACTIVITY DATA

FUNCTION OTV/SOC Servicing ATTACHVMENT
LITEM 9.0 Scheduled Repair _
m Remote SF Manipulator PAGE

SUBECT  Selected Method

O

PIDA WTERFALE

LRU'S

ORIGINAL P:T.-'_:E-Z i3
OF POOR QUALITY

Consists of scheduled replacement of subsystem modules.

Module LRU's are periferally mounted in the front of the LH tark at
the forward end;over an angle accessible while the OTV is mourted on
the service fixture at the PIDA interfaces.

(1) The SF manipulator arm with a special purpose end effector is
remotely controlled to remove and replace scheduled modules.

(2) Modules are stored and retrieved from the SF storage deck.
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SRVICING ACTIVITY DATA

SCENARIO: OIV/S0C Servicing
ACTIVITY: 10.0 Perfora Unacheduled Repair

DESCRIPTION: Corrective mainter nce will be performed on dazaged
surfaces and malfunctioning LRU and/or components that
were uncovered during inspection and testing activities.
Modular components will be replaced remotely in a similar
mannar to that of Activiety 9.0, EVA will be required to
repair thoge surfaces and componsuts that are not amenable
to remote operations.

SUPPORT EQUIPMENT:

{1) Space Ports.
(2) Open Cherry Picker § MMU,
(3) Manipulator.

S0C PROVISIONS:

(1) Storage for spare parts, OCP and MMU.
{2) Mauipulatnr.

OTV PROVISIONS:

(1) Modular Design of parts and comporents.
(2) Accessibility.

ORBITER PROVISIONS: None .
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_ERVICING ACTIVITY DATA

FUNCTION  OTV/SOC Servicing | ATTACHMENT
ITEM 10.0 Unscheduled Repair .
METHOD SF Manipulator/Manned Cherrvy Picker PAGE

SUBJECT Selected Method

ORIGINAL P70Z i3
OF POCR QuALITY

Replacenent of assemblies or components not in the turnaround schedule
scenario because of malfunction or damage.

Repair of components because o€ damage.

EVA performs repair or replacement using the cherry picker 2s an operating
station.




SERVICING ACTIVITY DA

FUNCTION OTV/SOC Servicing ATTACHVENT
ITEM 10.0 Unscheduled Repair .
METHCD MMI and/or Tethered EVA PAGE

SUBECT Alternative Method

ORIGINAL PACE 1S
OF POOR QUALITY

EVA performs repair or replacement using OTV handholds for stability.

Tethered EVA, although more difficult to provide transport to a repair site,
is assumed to have greater accegsibility tc remote and confiped areas.




SERVICING ACTIVITY IATA

SCENARIO: OTV/SOC Servicing
ACTIVITY: 11.0 ¥aintain OTV

DESCRIPTION: 1If the OTV is to awsit its next mission after being
serviced, it must be maintained in a state of readiness.
Systems that will maintain the OTV will be activated and
its health status will be monitored periodically.
Response to any and ali ccotingencies will also be part
of this activity,

SUPPORT EQUIPMENT: Electrical Umbilical.

S0C PROVISIONS: Electrical Umbilical.

OTV FROVISIONS: Interface for Electrical Umbilical.

ORBITER PROVISIONS: HNone.
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_SIRVICING ACTIVITY [ATA

FUNCTION OTV/SOC Servicing ATTACHVENT
TTEM 11.0 Haintain GTV & Mogitor .

METHOD

PAGE

SUBJECT  Selected Method

ORIGINAL PAAZ 1
OF POOR QUMALITY

($9
(2)

(3)

(&)

OTV remains at checkout station with electric umbilical cocnected.

SOC control station switches to maintenance software for continuous
monjtoring of temperatures, pressurcs, etc., and periodic control test
functions.

Manual override permits test aod checkout functions to be reinstated
for contingency.

For long term maintenance duving which a second OTV is to be serviced,
the manipulator may relocate OTV to an alternate station on the
opposite side of the FSF whersa a gingle maintepnance electrical
umbilical is provided, Alternate umbilical need not be a swing amm.
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. SERVCING ATIVIYY DATA

'ORICIMAL PAGE IS

SCENARIO: OTV/SOC Sarvici . .
—_— ! Tviciag OF POOR QUALITY !
ACTIVITY: 12.0 Checkout OTV .

13.0 EResupply Consucmables

DESCRIPTION: Once a payload is made ready for a mission and it is to be
msted to the JOIV, the OTV will be fully chacked-out and re-
supplied with consummables. The activity requires the
activation of an automatic chackout sequence and refueling
through the umbilical, Sufficient non-¢ryogenic consuzm-
ables will be atored on the 50C to refuel the OTV. Cryo-
genie consumnables will be supplied from tankage on board
the orbiter payload bay.

]

SUPPORT EQUIPMENT:

(1) ACE
{2) Umbilical System
{(3) Consummables

SOC PROVISIONS:

(1) AcCE
(2) Umbilical System
(3) Consuncables and Storage Containers.

OTV PROVISIONS: Compatibility with ACE and Umbilical Systes..

ORBITER PROVISIONS: None.
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_SERVICING ACTIVTY DATA

FUNCTION OTV/SOC Servicing ATTACHVENT
| ITEM 12.0 Checkout OTV & 13.0 Resupply i
METHCD Consummables PAGE

SUBECT Selected Mathod

ORIGINAL FF‘.C‘{-.: o
Oof POOR QUALY

. \
\ N the

GNz MMH He

control and data.

valve operations.
Engage and connect all three fluid umbilicals.
Using the manifold, valves, and pumping system of the FSF:

Refill OTV tanks with H,, MMH & GNa
Refill OTV tanks with LOX
Refill OTV tanks with LHp

Retract fluid wumbilicals.

OTV remains at checkout station with electric umbilical connected for power,

Test and checkout all operating functions including shut—off and isolation

B-54
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RVICING ACTIVITY IATA

SCENARIO: OTV/SOC Servicing
ACTIVITY: Mate OTV and Payload

DESCRIPTION: The mating operation of the OTV to its payload is dependent
on the type of payload. In this case, a COMMSAT is the
payload which requires the repositioning of the OIV to
provide clearance for all the COMMSAT apperdages and the
grappling and separation of the COMMSAT from its interface
at the end of SM~2 and translating it to an eventual mating
with the OIV, ‘ '

SUFPORT EQUIPMENT:

(1) Retractable PIDA Head on Iranslation Rail.
(2) Rotatable PIDA Head on Translation Rail.
(3) DUmbilical Compatible With Repositioned OTV.
(4) Manipulator.

SO0C PROVISIONS:

{1) Retractable PIDA Bezd on Translation Rail.
{2) Rotatable PIDA Head on Translatiom Rail.
{3) Unmbilical Compatible With Repositioned OTIV.
{4) Manipulator.

OTV PROVISIONS: Adapter to accept payload.

ORBITER PROVISIONS: None.

B-55




i SERVICING ACTIVITY TATA

FUNCTION OTV/S50C Servicing ATTACHMENT -
1TEM 14.0 Mate OTV & Payload .
m

METHOD PAGE

SUBECT Selected Method

aT:pz B

ﬁ
[]

1

t e -
vl e | etfrl

1 I .-

L

1

[

7

.
s

I

{A) OIV is at checkout station with electrical umbilical connected.
(B) OTV translated to =-Z end of service fixture.

(C) Rear PIDA head is unlatched and retracted. Front PIDA head is
rotated 909 to position OTV crossways on service fixture,

(D) Front PIDA head translates OTV to -Z end of service fixture.

ORIGITL 777
OF PGOR Guivs 410
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RVICING ACTIVITY JATA

FUNCTION OTV/SOC Servicing - ATTACHMENT
ITEM 14.0 Mate OTIV & Payload )
METHOD PAGE

SIBJECT Selected Method (Cenc'd)

DOLKING -
INTERFAZE
PLARES

With front PIDA head at no wmote than l.4m from -Z end of service fixture,
OIV may be rotated further to 135° or 180° with the plane of the OTV-
payload docking interface clearing the outline of the service fixture.

Uabilicals and service access ateas of the OTV are indicated.
OTV is rotated to an angle compatible with the paylosd to be docked.

ORIGINAL ppng oo
OF POGR QuaLiry
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FUNCTION  OTV/SOC Servicing ATTACHMENT
} ITEM 14.0 Mate OTV & Payload )
METHOD PAGE

_SERVICING ACTIVITY [ATA

SUBECT Selected Concept (Cont'd)

\.

l

s (N ]
ol

|

When OTV is in position the service fixture manipulator system picks up

the payload from the SOC and transports it to the OTV location making a
connection with the OTV docking port.

The OTV continues to be under direct umbilical control from the SOC control
station fer interface verification and payload checkout.

OfdGENRL Fhal U3
OF POOR QUALITY.
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FUNCTION  OTV/SOC Servicing ATTACHVMENT
I1TEM 14.0 Mate OTIV & Payload .
METHOD - PAGE

MMMB_I&TA

SIBECT SOC Support Operations

PDA TRACK  W3M
. == MBILILA TR —
UMBAICAL TROLLEY | ]

A B TSN o = - = T e———
-[ 0= T T ....-..-.-.--:-..-.—0:".".-.-.-." :
045M

& bmerem-

Rl I N =g o)

-----------------

oRiaimnL Fauil U8

Fnasmbes
07 POOR QUALITY

CONTROL UMBILICAL MATED WiTH
O™V ATTIST STATOM

aTv TRAHSLATEDTD AUTER
F5F LOCATION - UMBIULAL FOLOWE

RETRALT AFT PIDA- RATATE
OTY 90 X5 — UMBLICAL. RECEDES

MOVE OTY CLTBOARD ON SINGLE
FHD PIDA - {MBILICAL FOLOWS

ROTATE OTV O 135 - 180 DEly, =
UMBIULAL TRALKS.

.'LL - DA STATIONS
INEOARD : OUVBOATD

(1) Swing Arm Umbilical (5.0.
(2) DUmbilical Track Next to PIDA Rails (5.0)

Once connected to the OTV, the electric umbilical swing arm cac be free
to follow the OTV vassively along the service fixture.

In B&D above, the swing arm follows the OTV in translation.

In C4E above, the rotational motion of the OTV forcas the swing arm along

its track.

Nominal tracking forces may be programmed into the swing arm carrier to

assist in tracking.

The S0C interface for control snd monitering is maintained at the OTV from
Safe and Checkout (6.0) through Reposition and Mating (13.0) without dig=

connect.
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SERVICING ACTIVITY DATA_

SCENARIO: COMMSAT - Orbiter Servicing -

ACTIVITY: Initial Delivery

DESCRIPTION: The COMMSAT is delivered into orbit with the necessary ASE
as indicated on the next page. Subsequently, COMMSAT is
deployed and checked out, the OIV is launched, depioyed
and checked out and finally OTV and COMMSAT are mated,
checked out and separated from the orbiter. The sequence
of these operational events are described on the following

pages.
SUPPORT EQUIPMENT:

{1) Control and Monitor Station
(2) PIDA .
(3) HPA .

(4) Umbilical System

COMMSAT PROVISIONS:

(1) PIDA Head

(2) Grapple Fixture

. (3) HPA Interface

(4) COMMSAT/Orbiter System Checkout Interface

(5) Appendages With Remote Release Daploy & Latch System
(6) Manual Override Provisions for all Mechanisms

(7) Seafing System

(8) COMMSAT/OTV Structural & Functional Interfaces

(9) Accessible Component Degign

(10) Communication & Data Links With Orbiter Ground OCC

ORBITER PROVISIONS:

(1) PIDA

(2) HPA

(3) Retractable Umbilical System

(4) OTV Compatible With COMMSAT

(5) Open Cherry Picker 5 MMU

(6) COMMSAT Cortrol & Monitor Station

(7) Communication & Data Links With COMMSAT & Its Ground 0OCC
(8) System-Continuity Orbiter/OTV/COMSAT
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SERVICING ACTIVITY LATA

FUNCTION  COMMSAT/Orbiter Servicing AT [ATENT
ITEM - Delivery & Initial Check N
METHOD From Orbiter PACE

SUBECT Operation Identification

SCENARIO: Deliver aatellite (COMMSAT) to LEQ, <¢sploy appendages and
place in o-bit., Revisit delivering OTV, assemble and activate
for transfer to GEO, ’

o Open Paylcad doors
© Deploy RMS & Check Functions
© Deploy HPA & Check Functiuus

oo kW
IS - PR
GGl e

OF POOR QuiwitY
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_ SERVICING ACTIVITY DA

FUNCTION COMMSAT/Orbiter Servicing -~ - ATTACHMENT
[ITEM 1.0 thru 3.0 Deploy & Berth COMMSA

METHXD  From Orbiter PAGE

SUBECT Method Description

(1) PIDA devices activated deploying satellite.
(2) RMS5 removes satellite frow PIDA davices.
{3) RMS berths satellite on HPA.
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SIRVICING ACTIVITY DATA

COMMSAT /Orbiter Servicing

FUNCTION 4 0 Mate Umbilical & 5.0 Checkout ATTACHMENT
|ITE _ commsar

METHOD Prom Orbiter PAGE

SUBJECT Method Description

(1) BRMS locks onto umbilical.
(2) RMS connects umbilical to COMMSAT,
(3) Checkout of COMMSAT functions.

U R
Chitaao L b -

OF POCR (oY
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- _SRVICIG ACTIVITY DATA

FUNCTION  COMMSAT/Orbiter Seivicing ATTACHMENT
ITEM 6.0 Deploy COMMSAT Appendages .
METHOD From Orbiter PAGE

SUBECT Method Description

Deploy appendages in sequence shown.

(1) Solar arrays and radiators deployed.
(2) Antenna booms and horm mast extended.
(3) Antennas and horm assembly deployed.

ORIG!’-—'-.' L SR

OF PUCR GuaLivy
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FUNCTION COIMMSAT /Orbiter Servicing

7.0 thru 10.0 Checkout &

Release COMMSAT
From Orbiter

_SERVICING ACTIVITY DATA

Cmim g am—— s

ATTACHMENT

PAGE

SUBJECT

Method Description

(1)
(2)
(3)
(4)
(5)
{6)

Complete checkout of COMMSAT syatems.

Safe COMMSAT via RF.

PMS disconnects and stows umbilical.

REMS removes COMMSAT from HPA.
COMMSAT relea_sed to orbit.
Orbiter returns to earth.

ORITH - S
OF FOCH - e




SERVICING ACTIVITY DATA

3
-

FUNCTION COMMSAT/Orbiter Servicisg ATTACHYENT
1TEM 11.0 thru 13,0 Deploy & Mate OIV .
METHOD From Orbiter PAGE

SUBELT Method Description

Orbiter returns to COMMSAT's orbit.

{1) Open payload bay doors.

(2) Deploy RMS and check functions.
{3) Deploy HPA and check functions,
(4) BRMS locks on to OTV in bay.

(5) OTV removed and translated to HPA.
(6) RMS berths OTV to HPA.

OR:CI':‘:"L [ER I
OF POCR Q.l‘f,:;;
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SERVICING ACTIVITY TWTA

FUNCTION  COMMSAT/Orbiter Servicing ATTACHMENT
1TEM 14.0 Mate Umbilical & 15.0 Checkout OTY
METHOD From Orbiter PAGE

SUBECT Method Description

(1) RMS picksup umbilical and connects same to OTV,

(2) All OTV ststems checked out.

ORIGINAL F.'ut '
OF POOR QUALNY
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SERVICING ACTIVITY DATA

FUNCTION COMMSAT/Orbiter Servicing ATTACHMENT
ITEM %g-grvhtriew COMMSAT & 17.0 Mate

METHOD From Orbiter PAGE
SUBECT Method Description

(1) RMS retrieves COMMSAT.
(2) RMS mates COMMSAT to OTV,

ORIGA, rrcs

OF FUUR QUALITY
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XRVICING ACTIVITY DATA

FUNCTION COMMSAT /Orbiter Servicing ATTACHVENT
ITEM 18.0 C/0 & 19.0 Dﬂlte_ﬂnbﬂ.:'.CaI

METHOD From Orbiter PAGE
SUBECT Msthod Description

(1) Checkout integrated systems.
{2) BRMS demates umbilical and stows same.

DENAL PALS L

OF POOR QUALIYY
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SERVICING ACTIVITY TATA

FUNCTION  COMMSAT/Otbiter Servicing ATTACHVENT
1TEM 20.0 Separate & 21.0 Lauach Sat. Assy.

METHOD From Orbiter PAGE
SURJECT Method Degcription

(1) RMS removes OTV from HPA and replaces satellite assembly in orbit,

(2) OTV activated launching satellite to GEO.

ORIG:;;;\;_ v
OF Poui; QUALL;y
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COMM SAT ---SOC SERVICING
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SCENARIO:
ACTIVIIY:

DESCRIPTION:

SXRVICING ACTIVITY DATA

COMMSAT/SOC Servicing
Initial Delivery

Servicing the COMMSAT on the SOC involves the delivery,
deployment and checkout of the COMMSAT and its orbit
transfer vehicle (0IV), final mating of the wo components
snd eventual launch to the to the COMMSAT operational orbit
(GEO). For this particular scenzTic, initial launch of

the OTV is assumed. Consequently, the OTV sarvicing
portion involves checkout and fuel loading operacions

onlyc

SUPPORT EQUIPMENT:

Sufficient ASE is required to accommodate the scenario as
listed below.

SOC PROVISIONS:

(1) Manipulator With Standard End Effector.

(2) CCIV Camera on Manipulator. ,

(3) Active Berthing Port With Alignment Monitoring System.
(4) Retractible Umbilical System.

(5) OTV Compatible With COMMSAT,

(6) System Continuity SOC/OTV/COMMSAT.

{(7) Open Cherry Picker & MMJ.

(8) COMMSAT Control & Monitor Station.

(9) Comnmunication & Data Link With COMMSAT & Its OCC.

COMMSAT PROVISIONS:

(1) PIDA Head

(2} Grapple Fixture.

(3) Berthing Port With Alignment Target.

(4) COMMSAT/SOC System C/0 Interface.

(5) Appendages With Remote Release, Deploy, & Latch System.
{6) Safing System.

(7) COMMSAT/OTV Structural & Functional Interfaces.

(8) Accessible Component Design.

{9) Communication & Dats Links With $OC & Ground OCC.

{(10) HManual Override Provisions for all Mechanisms.

ORBITEX PROVISIONS:

PIDA

RSN, S




_ SERVICING ACTIVITY DATA _ o

FUNCTION  COMMSAT/SOC Servicing ATYACHENT
ITEM Assembly & Servicing . ) TT '
METHOD At Space Operations Center PAGE

SIBECT Scenario

DOCKING
- PORT

SERVICE
FIXTURE

SOC is the hard back to which the COMMSAT is held for chackout, appendage
deployment and LEO station awaiting OTV delivery.

The OTV ig delivered and berthed to the SCC service fixture, which is used
as an assembly station for the twe compoments,

Transfer of vehicles and mating operation is accomplished with the aid of
the service fixturg wmanipulator.

g MY
GINAL PASE 20
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SERVICING ACTIVITY. DATA

FUNCTION COMMSAT/SOC Servicing ' ATTACHVENT
ITEM Delivery & Initial Check .

METHOD Proa Orbiter PAGE
SUBJECT Method Description

DOCKING
MODULE

COMHSAT

PIDA DEVICES

1)
)
(3)
(4)

Open Payload Bay Doors.

Deploy RMS and checkout functions.

Extend docking module and checkout systems.

Activate PIDA devices revolving COMMSAT out of payload bay.

™

ORIGINAL PAGE .3
OF POOR QUALITY
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—XRVICING ACTIVITY DATA

FNCTION  COMMSAT/SOC Servicing |  TTAGHYENT
M 1.0 Dock to SOC
METHOD By Orbiter ‘ PAGE

SUBJECT Method Description

ORtGiNAL E'l‘.(,‘"-'j ":-
OF POOR GUALLY

(1) Orbiter aligna with S0C and performs pre-dockirg activity.
(2) Orbiter docks to S0C's end docking port.
(3) Latches secured and interface systems checkout.
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SRVICING ACTIVITY DA,
FUNCTION  COMMSAT/SOC Servicing ATTACHMENT
1TEM 2.0 thru 5.0 Manuever & Mate to SOC
METHD From Orbiter to SOC PASE

SUBECT Mathod Desxcription

\\ ORIGINAL FAUl 3
N OF POOR QUALLIY

(69
2)
(3)
%)

(5)
(6)
N
(8)

RMS Activated locks on to COMMSAT.
FIDé devices release COMMSAT,
RMS translacte CUMMSAT towards service fixtura.

RMS stabilires COMMSAT while service fixture maripulator is activated
and locks onto same.

RMS releases COMMSAT and retuins to orbiter.
Manipulator <rznsfers COMMSAT to end docking port.
Manipulator performs berthing vperation.

Systems maied through docking port interface.

B-77



SERVICING ACTIVITY DATA
FUNCT ION COMMSAT/SOC Servicing ATTACHENT
1TEM 6.0 C/O0 & 7.0 Deploy Appendagss
METHOD By SOC Control PAGE
SUBJECT Method Description

98
(2)
(3
)

Preliminary checkout of COMMSAT systems
Solar arrays and radiators deployed.
Antenna bocms and horn mast extended.
Antennas and horm assembly deployed.

ORIGIMAL T

OF POCR Qb

by SOC.

)
LY
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SERVICING ACTIVITY DATA

FUNCTION  COMMSAT/SOC Servicing
pITEM

; ATTAOHENT
Delivery & Initial Check OTV

METHOD From Orbiter PAGE

SUBECT

\
b\ . X »
%" - . 30" ‘b
e / ~S
- DOCKING MODULE

(1) Open payload doors.

(2) Deploy EMS and check functicas.

ORIGINAL PACE 13
OF POOR QUALITY
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SIRVICING ACTIVITY DATA

FUNCTION COMMSAT/SOC Servicing ATTACHMENT
1TEM 12.0 Dock to SOC .
METHOD By Orbiter - PAGE

SUBJECT Mathod Description

L \ A , .74 -
SR
k- --

AR

(1) Orbiter aligns with SOC and performs pre-docking activity.
(2) Orbiter docks to 50C's end docking port.
(3) Latchea secured and interface systems checkedout.

ORIGIIAL FATY '.'.‘a
OF POCR QuUAL.TY
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SERVICING ACTIVITY [ATA

chrlm - COMMSAT/SOC Servicing ATTACHVENT
JTEM - 13.0 thru 17.0 Barth & Checkout OTV

METHOD From Orbiter to SOC PAGE
SURJECT Hethor;l Description

(1) RMS locks onto the OTV removing it from bay.
(2) FRMS translates OTIV towards service fixture.

(3) OTIV is berthed to track mounted PIDA device. Assistance (or takeover)
may be required from the service fixture manipulator for this
operation.

(4) RMS returns to orbiter.
(5) OTV umbilical mated to service fixture interface (EVA operation).
{6) OIV systems checked out by SOC control.

e

ORIGINAL PACT 15

L

OF POOR QUianaiy
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FUNCTION  COMMSAT/SOC Servicing ATTACHMENT
[TEM 8.0 thru 10.0 C/0 5 Demate Umbilical
METHOD By S0C , PAGE

SUBECT Mathod Description

(1) Checkout COMMSAT system via SOC control.

(2) Safe COMMSAT aystems.
(3} Close disconnect, etc., at interface ready for separation.

. P 1.1
ORl'unJAL AL W

OF POCR QuAlitY
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SERVICiNG ACTIVITY DAT

FUNCTION COMMSAT/SOC Servicing: ATTACHVENT
| ITEM 11.0 & 18.0 Manuever & Mate COMMSAT

METHOD By SOC & orv PAGE

SUB.ECT Method Description

(1)
(2)
(3)
(4)

Rotate OTV 9C° to se)vice fixture (PIDA device rotates).

Activate manipulator and lock on to COMMSAT.
COMMSAT released snd maneuvered towards OTV.
Manipulator berths CCMMSAT to SOC.

OF FOOR QUALIT
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SERVICING ACTIVITY PATA

FUNCTION conisnisoc Servicing ATTACHYENT
{ ITEM 19 through 23 C/Q & Launch COMMSAT/

METHOD By SoO OIV Assembly PAGE

SUBJECT Method Description

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Re-activate COMMSAT systems.

Checkout integrated systems.

Supply OTV with consummsbles (EVA operatiom).

Demate OTV umbilical (EVA operation).

Manipulator locks on assembly.

Release PIDA device latches,

Manipulator maneuvers assembly clear and releases same.
OTV activated via RF, launching COMMSAT tc GEO.

ORI nL o2l 0

OF POOR GUALITY
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SPACE PROCESSING FACILITY -- ORBITER SERVICING
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- SERVICING ACTIYITY TATA

SCENARIO: SPF/Orbiter Servicing

ACTIVITY: Initial Delivery

DESCRIPTION: The scenaric includes the initial lsuach, deployment,
checkout and release of the SPF into its parking orbit
and the Shuttle revisit to exchange processing experiment
canpisters. For the initial launch, fueling provisions
are not required. Refueling during revisits will be
asccomplished by exchanging the entire ACS package.

SUPPORT EQUIFMENT: As listed below.

SPF PROVISIONS:

(1} Grapple Fixture

(2) PIDA Head Fittings

(3) SPF/Orbiter System Interface

(4) Module Latching & Release Mechanism

(5) Experiment Cannister Latching & Release Mechanism
{6) Replaceable Module & Cannister Design

(7) Communication & Data Link With Orbiter & Ground OCC

ORBITER PROVISIONS:

(L) Scuff Platesa

(2) EHPA

(3) SPF/Orbiter Umbilical

(4) Spee

(5) Module & Cannister Storage & Retrieval System
(6) mw

(7) Communication & Data Link With SPF & Its Ground OCC
(8) SPF Control & Monitor Station

B-86




_ SERVICING ACTIVITY TATA

FUNCTION  SPF/Orbiter Servicing ATTACHMENT
ITEM Delivery & Initial Chack

" Space Processing Facility From Orbiter
METHOD ’ * d PAGE

SUBJECT Operation Identification

SCENARIO: Deliver satellite {SPF) to orbit.
Revisit & perform service functions.

¢ Open payloud bay doors,
© Deploy RHS & check fuacticns.
o Deploy HPA & check functions.




Varid e LT

FUNCTION S$PF/Otbiter Servicing ATTACHMENT
ITEM 1.0 Deploy & 2.0 Maneuver Space

METHOD Processing Facility From Orbiter PAGE
SIBRECT Method Description:

(1) Activate RMS and lock-on to SPF.
{2) Remove SPF from orbiter. bay.
(3) Maneuver SPF for attachment to HPA,

ORIGHSAL PACS 3
OF POOR QUALIYY

8-88




_SERVICING ACTIVITY TATA

FUNCTION SPF/Orbiter Servicing ATTACHVENT
ITEM 3.0 Berth & 4.0 Mzte Umbilical Space
' METHOD Processing Facility From Orbiter PAGE .

SUBJECT Method Description

UMBILICAL

(1) Berth SPF to HPA via KMS,
(2) RMS loc:ie onto uambilical,
{3) RMS connects umbilical to SPF.

ORIGINAL fsprz e
OF POOR QUALITY
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SERVICING ACTIVITY DATA

FUNCTION  S?F/Orbiter Servicing ATTACHVENT
1TEM 5.0 & 6.0 C/O & Demata Umbilical

METHOD Space Processing Facility From Orbiter PAGE
SUBECT Method Description

(1) Checkout SPF systems.

o

[+]
Q
o

Command link
Pover
Thermal

ACS

(2) RMS disconnects and stows umbilical.

ORIGINAL FECL 12
OF POCR QUALITY




SIRVICING ATIVITY DATA

FUNCTION SPF/Ozbiter Serviciog ATTACHYENT ,
ITEM - 7.0 §epnnte & Releuse Space Processin g

METHOD Firility from Orbiter paE

SUR.ECT Method Description

(1) BMS locks oato SPF.

(2) BRMS removes SPF from HFA.
{3) Satellite relezsed.,

(4) SPF systems activated by RF,
(5) Orbditer leaves.

ORIGINAL PAGE S
OF POOR QUALITY
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FUNCTION  SPEF/Orditer Servicing ATTALDYMENT
§ ITEM 8.0 & 9.0 Safe & Ketrieve Space ,

Procesaing Pacility From Crditer

SUB.ECT Method Description

Aftor completion of SPF miseion operation, crbiter returns to a pronimity
orbdit: '
(1) stationkeop
(2) sSafe SPF system via RF,
~ {)) Recapturs SPF via RKXS.
(4} Maneuwwr SPT for attachment to HPA.

ORIGINAL PACT 10
OF POOR QUALITY

B-92




SERVICING ACTIVITY DAT

FUNCTION SPF/Orbiter Servicing ATTACHMENT
LI1TEM 10.0 through 16.0 Berth & C/O Operatioans.

METHOD Space Processing Facility From Orbiter PAGE

SUBJECY Method Description

ORIGINAL PAGE & ]
OF POOR QUALITY

[/ [ / | l] l’f_nll li :’ l' 'l 'J "

RMS berths SPF to HPA.

RMS locks oa to umbilical.

RMS connects umbilical to SPF.

All systems verified safe,

Visual check of SPF with RMS CCIV assist.
Systems check via umbilical.

Repair and maintain SPF via EVA.
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—SERVICIHG ACTIVITY DATA

(2)
(3
(4)
(5)
(6)

FUNCTION SPF/Orbiter Servicing ATTACHMENT
1TEM 17.0 thru 19.0 Cannioter Changzout _
METHOD Space Processing Pacility From Orbiter PAGE
SUBJECT Mathod Descripticn
ORIGINAL PAGE 1S
OF POOR QUALITY
CANNISTER
STORAGE
CRADLE
(1) BRMS locks onto used SPF cannister.

RMS translates cannister to orbiter bay.
Cannister inserted into storage unit.
RMS removes new materials cannister.
Cannister inserted into empty SPF orific.

RMS locks onto next used cannister and above procedure repeated
until all cannisters have been exchanged.




SERVICING ACTIVITY BATA

FUNCTION SPF/Orbiter Servicing ATTACHVENT

17.0 thru 20.0 Module Changeout

Space Processing Facility Froa Orbiter
. s Y PAGE

SUBECT Alternate Method Description

ORIGINAL PAGE IS
OF POOR QUALITY

DEL IVERY AND
RETURN CRADLES

NEW MATERIALS MODULE

(1)
@
€Y
(&)
(s)
(6)
¢
(8)
(9

(10)

RMS locks onto materials module.

Locking latches released.

RMS translates material module to bay.
Used module deposited into support cradle.
RMS released and translated to new module.
RMS locks onfo nevw module. -
New wodule trasnslate to SPF.

Module locked in place.

RMS returns to rest position,

All SPF systems checkedout.

(NOTE: 1Identical procedure used for exchange of controls moduls,)
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SIRVICING ACTIVITY DATA

FUNCTION SPF/Orbiter Servicing ATTACHENT
1TEM 21.0 Resupply Consummables :
W Space Procesaing Tacility From Orbiter PAGE

SBECT Method Description

PAGE 13
QUALTY

ORIGINAL
of POOR

CONSUMABLES
STORAGE CRADLE

{1) ‘ RNS unscrevs and locks onto ACS packags.
(2) RNMS deposits package into storage cabinet.
(3) RMS picks up replecement ACS package.

(4) ACS package aligned and screwed in place.
{5) Procedurs repeated for second ACS.

8-96
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SERVICING ACTIVITY DATA

FUNCTION §PF/Orbiter Servicing : ATTACHMENT

ITEM

" 22,0 thru 24.0 Demate & Release

Space Processing Facility From Orbiter

PAGE

SUBJECT

Method Description

ORIGINAL PAGE IS
OF POOR QUALITY

(89
(2)
(3)
(4)
(5)
(6)

RMS disconnects aud stows umbilical,
RMS locks oato SPF.

BMS removes SPF from HPA.

Satellite released.

SPF system activated by RF.

Orbiter leaves.

B-97
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SPACE PROCESSING FACILITY -- SOC SERVICING
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SRVICING ACTIVITY DATA

SCENARIO: SPF/SOC Servicing
ACTIVITY: Initial Delivery

DESCRIPTION: In contrast to SPF servicing by the orbiter, this
scenario does not include the initial launch because
there is no SOC involvement in that phase of the operg-
tion. Only servicing during revisits to the SOC are ~
included as described on the following pages.

SUPPORT EQUIPMENT: As listed below,

SOC PROVISIONS:

(1) SPF Control & Monitor Station

{2) Communication & Data Links With SPF & Its Ground OCC
(3) Mobile Manipulator With Standard End Effector

{(4) Spee

(5) CCTV Camers on Mobile Manipulator

{6) Open Cherry Picker & MMU

(7) Retractable Umbilicals With Refueling Provisions

(8) Module & Canmnister Storage & Retrieval System

SPF¥ PROVISIONS:

(1) Grapple Fixture

(2) PIDA Head Fittings

(3) SPF/SOC System Interface

(4) Module Latching & Release Mechanism

{5) Experiment Cannister Latching & Release Mechanism
(6) Roplacesble Module & Cannicter Design

(7) Compunication & Data Link With SOC & Ground OCC

ORBITER PROVISYONS:

{1) Scuff Plates
{(2) HPA
(3} Module & Cannister Storage

B-99
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SERVICING ACTIVITY [ATA

FUNCTION SPF/SOC Servicing =~ ATTACHVENT
1TEM Turnaround Servicing i
F_mF Space Processing Facility At SOC PAGE

SUBJECT Scenario

E ‘ \(2 END.DOCKING PORTS

DOCKING
PORT

SERVICE N
F IXTURE g

-

2 MANIPULATORS

SOC is the Space Base at which turnaround servicing can be performed.

The SPF is & free-flyer which is capable of "flying" in close enough to
the SOC for capture by manipulator.

Individual aodule or canniater changecut operation accomplished by manipu-
lator with EVA assist as required.

ORIGINAL PACE I3
OF POOR QUALITY
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SERVICIHG ACTIVITY DAY

FUNCTION SPF/S0C Ssrvicing ATTACHMENT

1.0 thru 3.0 Safe § Capture
Space Proceseing Facility By S0C

— PAGE

SURECT Method Description

ORIGINAL PAGE IS
OF POOR QUALITY

REVISIT

CAFTURE

1)

2)
3)
(&)
(5)
(6)

SPF retutns to S30C - adjacent to and within the reach envelope of
the eervice structure.

Solar arrays retracted via SOC RF,

All SPF systems gafed via SOC RF,

Service structure manipulator activated.
Manipulater captures SPF.

SPF transported towards service structure.

e
.
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SRVICING ACTIVITY DATA

FUNCTION SPF/SOC Servicing ATTACHVENT
1TEM 4.0 thrs 10.0 Berth & Checkout
METHOD Space Processing Facility By S50C PAGE
SURECT Method Description
e NE X A
| - 1 —
F
2 s L
#3 . ) o | \
S @ .
)
9 B O
BERTHED '
(>
(1) Manipulator berths SPF on PIDA device.
{(2) Umbilical connected to interface via EVA.
{(3) All SPF systems verified safe.
{4) Visual checx of SPF by manipulator CCIV and/or EVA crewman.
(5) Systems checked thru umbilical.
(6) Repair and maintain SPF via EVA operations.

ORIGINAL PAGE 13
OF POOR QUALITY
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_XRVICING ACTIVITY DATA

FUNCTION  SPF/SOC Servicing _ ATTACHVENT
1TEM 11.0 thru 15.0 Changeout Items . ‘
METHOD Space Processing Facility By 50C PAGE
SUBJECT Method Description
= N 2
TRANSFER
STORAGE
UNIT
! - N = /
2O :
: Z Z
) v P-4 \ Ymrrr——
FOSER Ve e
.O_ J é o & @)
Z )
EXCHANGE . .
CANISTERS - . >

(1) Manipulator transfers storage unit from its stowed location (i.e., zpare
docking port or resupply by orbiter) and berths same to service fixtures
end docking port.

(2) Manipulator locks onto used cannister and transfers same to storage
unit. )

(3) A new cannister is removed from the storage unit and placed j:to the
empty SPF orific.

(4) Manipulator removes second used cannister, rep=ating procedure until
all cannisters bave been exchanged.

(5) SPF systems checkout.
{6) Manipulator exchanges consummebles with EVA agsist.

ORIGINAL PAGE 1S
OF POCR QUALITY
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SRVICING ACTIVITY DATA

T O e ¢ tporr
-0 thru i8.0 l_:e_& cags

MET\CD Space Proecessing Facility By SOC PAGE

SUB.ECT Kethod Description )

RELEASE

1
2}
3)
&)
(5)
(6)

EVA crewman disconnects umbilical.

Manipulator locks onto SPF.

PIDA device releases SPF.

Manipulator maneuvers SPF away from SOC and releases same.

SOC control activates all SPF systems and deploys solar arrays.

All systems go = ACS firer taking SPF to its mission rendezvous.

ORIGIAL FAC
OF POCR QUALITY
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APPENDIX C
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APPREDIX €.
DETAILED TINE ARD MANPOVER ESTINATES

Thie apprendiz containe several tables listing detailed estimntes of time,
erew requirements, and san-hours required for esch task and acenario
considered in Jection 4.4.

The waterial ie generally arranged ia "packsges” of informstion dealing
with one ecenario at a time. That ia, the time and manpower estimates for
groudd servicing of the 0TV are presented in the firet package, the esatimates
for OTY servicing at the S0C are next presented, and so on, through the
gommunioatione satellite and apace processing faclility scenarios. The level
of detail of analysis is different for some sosharios than for others, as a
conesquence of specific concerne for potestial impact on operaticone costs of
the different types of operations. However, sach forsat generally includes at
least the following: .

1. A tadle giving elapwed time, crew sise, Baun-houre, and rationale for
each function.

2+ A timeline chart.

In some cames, there ie included a detailed breakdown of time, crew sibe,
man-hours, otc., for specific, limited portione of the activity. These may be
preliminary eatimates which 30 not correspond exactly to ltems 1 or & above.

In addition to the above, there 19 & tadble of general guidelines for
typical tize slements used in the variocuc estimates.

OCA4R
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TABLE C~1. TINE RATIONALE -~ OTY GROUND SERVICIEG

ELAPSED
TASK TIME | CREW| MAN-
Mo, TASK DESCRIPTION (HR) QrY | HR RATIONALE
1.0 | RETUAN OTY TO OMBITER (MONITOR FLT) 4.0 & 16 CROSS-TRAINED CREW, INCL. RMS WARAWUP
2.0 | SAFE OTV (DEACTIVATE MAIM EMGINE) & 0.5 4§ 2 INCL. RMS CHECKOUT
PROXIMITY MANEUVER
3.0 | RETRIEVE OTV (RMS GRAPPLE & DEACT}- 0.5 i 2 1 BASED ON SIMULATION RESULTS
VATE ATTITUDE CONTROL PROPULSION
o) SYSTEM)
]
N
h.0 | BERTH OTY TO HOLDING FIXTUAE 0.5 [ 2 NGR, ESTIMATE; Assmes LIGHT SIDE
Amvm
5.0 | SAFE OTV & INSPECT FOR LEAKS 2.0 [ 8 ENGR, ESTIMATE
6.0 | STOW OTV IM PAYLOAD BAY 0.5 § 2 ST, BY SINILARITY TO SPAR SIMULATION
RESULTS
7.0 | RETURN TO EARTH 6.0 b 24 [ 5-HR BARBECUE; 1-HR ENTRY (MiN)
8.0 | SERVICE ON GROUND - - - (OVERALL TITLE OWLY)
9.0 | SAFE ORBITER
2.0 - - | eAsED on ST M 2o)nmu£ FOR ORBITER
10.0 | TRANSPORT TO OPF
P>111.0 | UNSTOW 0TV 20.0 3 | e SINILARITY TO OABITER. _
12.0 | TRANSPORT 0TV TO OTV P.f. SCHEDULE FOR TURRAROUWD (STAR 20}
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TABLE C-1. TIME RATIONALE - OTV GROUND SERVICING (COWT.)

ELAPSED
TASK _ TIHE | crew | man-
NO. TASK DESCRIPTION (wr) B ovy | wm RAT ) ONALE
13.01 INSPECT OTV | COMPATIBLE MITH DRBITER TURKARGUND
0 16 | 21 coneoure (sTan 20) O
'h-o M‘E CHECKOUT GSE ‘ v o A iyt
15.0] TEST oTv 5.0 | 6 24 ENGR. ESTIMATE .
16.0 | PERFORM SCHEDULED REPAIR 2ho0 | 3 72 | ] %0 HR ELAPSED TIME (PARALLEL OPERA-
TIONS); SIMILARITY TO ORBITZR TINE
17.0 | PERFORM UNSCHEOULED REPAIR 6.0 | 3 |20 f PEQUIREMENTS (STAR 20) >
18.0 | MAINTAIN OTV . 9g
19.0 | CHECK QUT OTV 5.0 6 30 ENGR, ESTIMATE o]
£NG 38
20.0 | OEMATE CHECKOUT GSE _ S =
21.0 | VERIFY OTV INTEGRATSON WITH ORBITER ey
(cit) 2ty
8.0 | 6 | 48 | enGh. ESTIMATE = 13
PR 1 -
22.0 | TRANSPORT TO LAUNCH PAD w
23.0 | RESUPPLY NON-CAYO CONSUMABLES
7.0 |6 Vi BASED ON ORBITER TURNAROUND T1ME

2\.0

STOW OTV IN ORBITER PAYLOAD BAY

SEGRENT (STAR 200,

f w——
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TARLR C-1. TINE RATIONALE - OTV GROUND SEEVICING (CONT.) .

ELAPSED
TASK Tike | onew | man-
NO. TASK DESCRIPTION {HR) QTY | HR RAT 1 ONALE
25.0 § RESUPPLY CRYO CONSUMABLES 6.0 | = | = 1) nawrover sy nasa conrracton (onsiten
26.0 | SHUTTLE LAUNCH OF oTv so |- |- ‘ PACED TINE ELEMENTS) |
SUBTOTAL 134.0 576
27.0 | 8005t ¢ cIncuLARIZE oBIT; CHECK 6.0 1 & | 20 | nrEwpEZvOUS wiTH ‘ComuumIcaTIONS
OUT 0TV SATELLITE IN LEO
TOTAL 140.0 | 4.29 | 600
AVG. # .

*CALCULATED BY: AL

ED

TOTAL MAN-HOURS

]

s s
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FUNCTION NO.
RETURN OTY 1O ORSR m ]
SAFE, RETRIEVE & BERTH 2,3,4) 0
i SASE& STOW (5+6) 1] L) g
! (]
. RETURN TO EARTH @ (W S P
SAFE NSP, TO OPF (9,10 O Z -
UNSTOW OTV, TR, TO OTVP.F, (11,12 S| S
INSPECT, MATE C/O GSE (13,14 0 5.’1‘
1E57 OTV (15) 0O “

_ | scneoneran ) i:

& | UNSCHED REPAR an [
c/0 O (18, 19,20 :
VEREY ORBR INTEGR

& TRANSPORT TO PAD (21,22
RESUPPLY NON-CRYO
ZONSUM & STOW INORRR (23,24 |
RESUPPLY CRYO (25) Ol |
SHUTTLE LAUNCH OF OTV (28) - ‘
1 4 I 1 L ‘
20 40 60 80 120 140

ncm C-l []

ELAPSED TIME (HOURS)

CHECKOUT/SERVICING TIKELINE OTV - GROUND SERVICING
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TABLE C-2. TIME RATIONALE - OTV TURNAROUND AT SOC
ELAFSED
TASK TIME | CREW | maN-
WO, TASK DESCRIPTION - ta) | Q1Y | HA RATIOHALE
: 5 le b4
18 | RETUAMOTV TO SOC (PREPARATION a8 5 208 | PLANNING INCLUDES ALL ASSIGNED CREW;
BY CREW) ' ACOUISITION & MCRITGRING INCLUDED
20 | SAFE CTV (DEACTIV, MAIN ENGIKE) AND 5 ) 15 | PRELIMINARY ESTIMATE
PERFORM PROXIMITY MANZUVERS R
{STATIONKEEPIKG) e
. i P 0 | SMILAR TO ORBITER DOCKING: SAFETY.
16| moskoVIOSIC as 28 | CRITICAL MANEUVER; EXTRA “EYES® REQ'D
40 | SAFE OYV (DEACTIVATE ATTITUDE 0 : 12 | MULTIPLE CREW AT READINESS
CONTROL SYSTEW)
50 | MANEUVER OTV TO FSF (USING MANIP) . b 26 | RMSOPERATOR, SOC COR, FS5F GPERATOR,
0TV DIRECTOR GBSERVER
88 | MATE CHECKOUT UMBILICALS 0 5 25 | RMSOFERATION,SIMLAR TO SPAR DATA
74 | (s} SAFE OTV (POWER, FLUIDS) 85 ‘ 20
() INSPECT OTV (RMS TV CAMERA) 28 : a4 [} enon. esTuaTes
38 | TESTOTV (ELECTRONICS & MECH, 19 ' 49 | INCLUDES GROUND COMMUNICATIONS
ACTUATORS-VERIFY ONGDARD TEST SPECIAL PROGAAMS
EGUIPFENT DATA)
9.0 | PERFORM SCHENULED MAINTERANCE 29 3 728 | TWOKODULES REPLACED @2 HR
EACH SERIALLY
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TABLE C-2. TIME RATIONALE - OTV TURNAROUND AT S0c (CONT.)

ELAPSED
TASK TIME | CREW | MAN
M. TASK DESCRIPTICN Mm) | ery MR RATIOMALE
109 | PERFOAM UNSCHEDULED (CORRECTIVE) 16.0 3 430 | IHRPER FAILURE, 2 FAILURES IN 58 HR
MAINT. REPAIR (RMS REPLACEMENT O (EST.); MATURE, RELIABLE DESIGN
LRU'S) .
1.8 | MAINTAIN OTV {NOT USED-SEE 8.0) - - ~ | ouPLICATION-NOT USED
128 | CHECKOUT OTV 15 4 6 | 0.75HA PER FAILURE, 2 FAILURES IN
50 HR (EST)
138 | RESUPPLY CONSUSIABLES 60 ] 24 | PRELIMINARY ESTIMATE, ASSUMES ADEQUATE
LINE $I1ZE
TOTAL 73 | 3 197
AVG*

. JTQTAL MAN.HOURS_
*CALCULATED BY: 7o7a1 ELAPSED TIME
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FUNCTION NO,
RETURN OTV TO SOC (1) ]
SAFE OTV M.E. & 0 #DELAYS AND REST/SLEEP
PROXIMITY MANEUVER  (2) PERIODS NOT INCLUDED
DOCK OTV 10 5OC @) 0
SAFE OTV ACPS @ 0
MANEUVER 10 FSF 5) 0
' 28
MATE C/O UMBIL ) O -5
QZ
SAFE & INSP OTV @ 3 SE
QM
TEST OTV © O £
PERFORM SCHED - 5 o
MAINTENANCE ® — 1@
PERFORM UNSCHED C }
MAINTENANCE (10
MAINTAIN OTV (1 | (NOT USED)
CHECKOUT OTV 2 .
RESUPPLY CONSUMBLS 03 O
1 | ! | |
0 5 10 15 20 125 30
ELAPSED TIME (HOURS)
PIGURR C-2. CHECKOUT/SERVICING TIMELINE

OTV TURMAROUND AT SOC
(WITHOUT P/L MATE)

o
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PABLE C-3. TIME RATIOHALE - COMMUNICATION SATELLITE SERVICIEG AT ORBITER
ELAPSED
TASK TINE CREV | man-
no. TASK DESCRIPTION () QY { wm RATIONALE
1.0 | DEPLOY COMM SAT FROM PAYLOAD BAY 0.3 3.0 0.9] BASED ON SPAR Sin,
OATA (TABLE A-9)
2.0 | MANEUVER COMMUNICATION SATELLITE 031 3.0] 0.3 "
3.0 } BERTH TO HOLDING FIXTURE 0.2 3.0 0.6 "
4.0 | MATE CHECKOUT UMBILICAL 0.5 3.0] 1.5 Exth. ESTLRATE
5.0 | PRELIN. CHECKOUT OF COMM SAT A2 3.0F 10.5] FROM TASLE A-3
6.0 | DEPLOY APPEMDAGES (ANT., RADIATORS) ;0.7 3.8] 70.9] FROM TASLE A-S
7.0 | CMECK OUT COMMUNICATION SATELLITE 12,8 2.7} 37.6 “
8.0 ] SAFE COMMUMICATION SATELLITE 0.5 s.of s "
9.0 [ DEMATE URSILICAL 0.5 3.0 1.5 "
10.0 | RELEASE COMM SAT (PRAKING OARIT) 0.5 3.0f 1.8 "
V1.0 | DEPLOY OTV FROM PATLOAD BAY 0.3 3.01 0.9} SASED ON TABLE A-9
12.0 | manguver oTv 0.3 3.0] ©.9] BASED ON TABLE A-~9
13.0 | BERTH OTV TO HOLDING FIXTURE 0.2 3.0 ©.6) Exer. ESTIMATE
EA.D | MAYE OTV UMBILICAL 0.5 3.0] 1.5] FaOM TABLE A-S
15.0 | CHECK OUT OTY 2.5 2,00 5.0] From TABLE A-5
16.0 | RETRIEVE COMMUNICAT|OM SATELLITE 1.0 3.01 3.00 Ench. ESTHMATE
17.0 | MATE 0TV & COMM SAT 1.0 3.0 3.0 rmow TABLE A-5
18.0 | CHECK OUT INTEGRATION SYSTEM 1.0 Aol A0 " '
13.0 | DEMATE OTV UMBILICAL 0.5 3.0] r.5] rmom Taste A-S,
NO SERVICING REQ'D;
FUELED GM SROUND
20,0 | SEPARATE INTEGRATION PAYLOAD 2.8 3.0 A&.5] From TABLE A-5
21,0 [ Lamen TO GEO 1.5 1.0] &.5] FROm TAMLE A-5
TOTALS $0.8] $£3.0f 1648
.. AVERAGE PER TASK 2.4 ol 7.8
c-9
0084R
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FUNCTION NoO.,

DEPLOY, BERTH & CHECKOUT -

COMMSAT a-n -

DEPLOY COMMSAT

APPENDAGES ) | 3

COMMSAT C/O & ALIGN ] L J

SAFE, DEMATE AND PARK

(ORBIT) COMMSAT (8-19) 0

DEPLOY, BERTH, C/O - OTV  (11-i5) -

MATE COMMSAT/OTV -C/O  (16-18) O

DEPLOY COMMSAT OTV ..

LAUNCH TO GEO (19-21) -

1 I | N 1

0 10 20 30 40 50

ELAPSED TIME - HOURS

FIGURE C-3. CHECKOUT/SEEVICING TIMBLINE, COXM SAT AT ORBITER

1R EDINO
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TABLE C~4. TIME RATIOHALE - COMMNICATION SATELLITE SERVICING AT S0C
1twsn
TASK TIME 3§ CREV HAN-
&) TASK DESCRIPTION W) | ory HR RATIOMALE
1.0 | DOCX ORBITER YO 30C 3.25 | 3.0 9.8 | AVE. 1.75 MR, BASED
OM DAYL IGHNT DOCKING
4+ UNLOAD FUEL
. (1.5 WR)
2.0 | DEPLOY LOMM SAT FROM PAYLOAD BAY 0.3 3.0 0.9 | BASED ON SPAR $im,
DATA (RMS PREV,
CHECKED)
3.0 | MANEUVER COMM SAT TD SOC 0.8 3.0 2.6 § SPAR SiH, DATA
(ROEBUZK $0C WORK~-
BAY HANDBOOK)
4.0 | BERTH COMM SAT TO SOC 0.2 3.0 0.6 | MDT TEST ZIMILARITY
5.0 | MATE CHECXOUT UMBILICAL 0.5 5.0 2.5 3 LIKE OTvV TIME
6.0 | PRELIN. CMECKDUT OF COMM SAT 5.4 1.0 16.0 | PRON TABLE A-5
7.0 | DEPLOY COMM SAT APPENDAGES 18.2 P 70.9 i
8.0 | CHECK CUT COMM SAT 12.8 2.8 17.6 "
9.0 | SAFE (ONM SAT 0.5 3.0 1.5 "
10.0 | DEMATE COMM SAT UMBILICAL 0.5 3.C 1.5 | EMGR. £ST'WWATE
11.0 1 KANEUVER COMM SAT TO 0TV 2.0 3.5 7.0 § FRG: TABLE A-5
12.0 | DOCK ORBITER TO 50C 1.25 3.0 0.9 SiAE AS 1.0 (INCL.
UNLOAD FUEL)
13.0 | DEPLOY OTV FROM PAYLOAD BAY 0.3 30 0.9 | SEE 2.0
14.0 | MANEUVER OTV TO SOC 0.8 3.0 2.4 § SEE 3.0
15.0 | BERTH OTV TO $OC FSF 0.2 3.0 0.6 | SEE 4.0
16.0 | MATE 0TV UMBILICAL 0.5 5.0 2.5 | SEk 5.0
17.0 1 CRECK OUT OTV 2.5 2.0 5.0 T FRON TABLE A-S
18,0 | MATE OTV & COMM SAT 1.0 3.0 3.0 "
19.0 | CHECK DUT INTZERATED SYSTEM 1.0 4.0 A0 L
20.0 } SUPPLY OTV WITH CONSUMABLES 1.5 3.0 &5 "
21.0 | SEMATE OTVY UMBILICAL 1.0 3.0 3.0 "
22.0 | SEFARATE INTEGRATED SYSTEM 1.5 3.0 4.5 "
23.0 | LAUNCH TO GEO 3.0 3.0 9.0 1
TOTALS 1.0 | 73.4 199.6
AVERAGE PER TASK 1.6 | 3.2 8.7
c-11
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FUNCTION! _No..

DOCK ORBITER | ' o

DEPLOY & BERTH COMMSAT es '| O

COMMSAT FIRST CHECKOUT 6 (.

DEPLOY COMMSAT v I | ]

COMMSAT CHECKOUT (8) I

COMMSAT - OTV MATE (#-11) 0

DOCK ORBITER 2 (12) O

DEPLOY & BERTH OTV (13-16) 0

OTV CHECKOUT an ' 0O

OTV/COMMSAT CHECKOUT (18-19) 0

SEP. LAUNCH COMMSAT TO GEO  (20-23) ]

i | | L 1 |

0 10 20 30 40 50 60

ELAPSED TIME -~ HOURS
FIGURE C-4. CHECKOUT/SERVICING TIMELINE, COMM SAT AT 80C
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FUNCTION NO,
SAFE & SHUTDOWN SPF @ 8
ACQUIRE SPF - SMS " 0
BERTH SPF TO ORBITER ao,in | O
SAFE & INSPECT SPF (12,13 3 o¢c
UNLOAD & STOW CANNISTERS (14,15  — 2 ﬁ;‘
YEST SPF (16) 0 ; f_:
UNSCHED MAINT & C/O (17,17.1)  — z l
SCHED MAINT 8 = P
LOAD MATERIALS CANNISTERS (9 1
CHECKOUT CANNISTER CONTROLS 20y 0
SERVICE FUELS @n O
READY SPF - SEPARATION (22 B
SEPARATE SPF (23,24 -]
MOVE ORKTER FROM SPF (25,25, 1) -
] | | | l
) 5 10 15 20 25 30

ELAPSED TUME HOURS)

FICURE C-5. CHECKOU?/SERYICIEG TIMELINE,
SPACE PROCESIING FACILITY AT ORBITER

[
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TABLE C-6.

TINE RATIONALE -~ SPACE PROCESSING TURWAROUND OPERATIONS
AT OBBITER

€LWwSED
TASK . T | caEY § -
" TASK DESCRIPTION (vm) ary [}

RATIONALE

6.¢ SAFL & SAUT DOMM LPF 1.0 ] }.0

TRE ORIITER WAS APFPRODACWED THE 3PF MAINTAINING A SAFE BIS-
TAMCE USING THE COMMAND LINK, THE OARITER COrmANDS THE

SPF TO THE APPROPRIATE BERYHING FOSITION, OARITIR COMMWN
4 COMTROL PLACES ALL 3PF SYSTIMS 18 A SAFE O SWUTDOWM CON-
BITION (CATW MEIQUIRED—A, B, €},

9.0 | acquint s | os ) 1s

USE THE DEPLOYED ORBITED RANS ANO ACQUIAL THE %P7, MOVE THE
SPF WITHIN CLOSE PROXINITY OF THE ORSITER SERTHING POSITION
featy RiQuIRED—C, 8, ©).

10.0, HEATH SPF TO ORDITER 1.0 ] ).0

USE TWE fvS TO BERTH TeE SPF TO THE ONBITER. I8 LIKE
MARCER, MAKE ALL ELECTRICAL & FLUYD COMMECTIONS, (OCK ALL

MATING INTEATACES WITW THE Moty (CAEV REQ°'9—8, ¢, 0), 3}

11,0, SATE AND (NSPLCT SPF 2.0 L] 8.0

SAFL OR POMER DOV ALL ELEC. & FLUID SURSYSTEMS, WSE VIS~
VAL & RINOTE A1DS TO INSFECT TééE SPF (CREV RIQuUIRER—C, B,
m).

.., ULOAD AND STOM MATERIALS LN ] 16.0
5.0 CANISTEARS

POSITION THE CANISTER WANDLING FITTURE TO TRE UNLOADINS
LOCAT:S=. USE THE RMS TO UNCOAD THE FOUR MATERIALS CAM-
ISTERS ONTO THE MANDLING FILXTURE. STWO FIXTURE AND CANI-
STERS IN ORBITEA (CREV REQUIRED—B, €, 2B).

5.9 TIST $9F 1.9 4 LR

APPLY ORBITEIR PUR TO SPF, PWR UP ALL SFF STSTIMS. WSE
BUILY-IN TEST & QAPITER C/0 IYSTIM 10 PERFORA €/0 OF ALL
P/ SYSTENS, USE OREITER FAULT 1S0LATION ROUTINES 10 {50
LATE DLFECTIVE STITENS OR COMPORINTS, IDERTIFY DEFICTIVE
MARCWARE FOR RIPAIR, POWER PCWH AME SAFE ALL STSTEMS FOR
MATNTEMANCE ACTIVITY (CREv REQUIRED—A, 8, €, ).

17.9 VNECNENLED MAINTENARNCE 5.0 L) 0.0

TWO WARSUARE SYST, FAILURES AAL PAEDICTED BASID OW A 25-M
MISSION, RIMOVE & REPLACE TWO BEFECTIVE LRVU's VSING THL
RUS AT 2 MR EACHM. TEST TINE FOLLOWING CORRECTIVE MAIRTVEN-
AKCE 13 0.5 MR EACH {CREY REGUIRED—S, ¢, 20).

.1 e (20 ) 1.0 L] Ao

POVIR o0 ALL SYSTENS GSING ORSITER POMIR; Wil 3PF WEILT-IN
TEST & ORDITER C/¢ EQUIP, TO CONFIAM SUCCESHIULL DPERATION
OF ALL 3PF SYSTENS, POUER POWN OR S2FE ALL SYSTEMS AT
CONCLUS ION OF CHWECRDUT (CRIW RIQUINLD—-A, B, C, D).

19.9 LOAD WATIRIALS ho L 6.0
CARISTERS ONTO SPF

POSITION MATERIALS WABDLIWE FINTURE WITH LOADED CAMISTERS
OW LOADING ARIA; LOAD CANISTIRS ON 327 USING s CLOSE
OUT CAMTSTERY: STOM FIXTURE 13 ORSITER STOUAGE ARLA
(CRSY REGUIRES—A 8. 0),

SCODEL FOR TRIV RICYUIREMENTS ARS CIVIN AT EXD OF THis TAME.

AUIWNYD H00d 40
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TABLE C-6. TINE RATIONALE - SPACE PROCESSING TURNAROUND OPERATIONS
AT ORBITER (CONT.)

TASK

TALK DESCRIPTION

l(l”uﬂ
Tint
{ne)

caEy
[

RATIONALE

0.0

COECROUT —MATER EALS
PAOCESSinG CONTROLS

3

3.0

APPLY ORDITER POVER TO SPF, ACTIVATE SPF-ORBITER CMCCROUT
SYSTEM; ACTIVATE SPF MATERIALS PROCEISING CONTAOLS; PER- |
FORM FURCTIONAL TESTS OF ALL COMMWAND AND CONYRDL FumCTIONS
POMER DOWM Of SAFE PAL SYSTUMS (CREV REQ°D-~A, 8, t).

SERVICE FUELS

LN

ACTIVATL SPF SERYICING SYSTEM; YERIFY SERVICE COMMECTIONS
VALID; PLACE ORBATER SERVICING SYSTEM 17 READY: IMITEATT
FLUID TRANSFEN TO 1PF; COMPLETE SEAVICING OPCRATION;
PLACE ALL SPF SYSTERS Iw SAFE (CRIV REQ'D—A, 8, C, D).

.0

AEADY SPF FOR SEPARATION
FROM ONBITER

Ao

VERIFY ALL SPF SYSTEMS IN SAFE OR POMIAED-DOWM NODS ;
REMOYL ORDITER POMER FROA SPF; INITIATE SPF POMER SYSTIN;
SAFE O SHUT DO ALL 3#F SYSTIEMS: ULt WS TO atmove ALL
URBILICALS: STOW UMEILICALS (CREW REQ'D—A, B, C, B).

1.9,
.0

SIPARATE SPF FAGH ORBITIR

ULE THE RS TO DEMATE THE SPP FROW THE OABITIR. AARIUNIR
14E SPF MITH THE RAS TO A SAFE BISTANCE TROM THE ORBITER.
QRIENT SPF TO APPROPRIATE FRLE-FLICHT ATTITURE, REMOVE
AMS FAOM 3PF; STOM ARS N ORRITER (CREV REY‘D—A DL B),

15.9

MOYE ORBITER FROM SPF

INITIATE ORBITEA ACS ANG MOYE ORSITIR A SAFL DISTANCE
FRON SPF, {NITIATE SPF SPALE PROCISSING SYLITEMS Mmd
YIRIFY PROPLR QPERATION WING ORSITER COMANG ¢ COWNTADL.
VLING MATN PAOPULSION OR ACS, XOVE ORBITER TO PARKRING
ORDIT {CAEY REQUIRED~—S, C).

STOM AND SECURE RS

STOM ANO SECURE AorS (N OARITER 1N PREPARATION FOR LAATM
RETURN (CREW REQUIRED~A, B, C}

1. CKEW CODES (OABITER

A~P1LOT (COMRAIDER
8—CO-PILOT (SAFETY)
C~3PF BIRECTON
P—SPECIALIST

ALL ELAPSED TIMES DEVELOPED ARE BASED O ENGINEERING CSTIMATES
OF TIMES RIQUIRED TO ACCOMPLISH EACW BETAILED TASK,

d 400d 30
vd TYNIDINO
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are0o

LT=2

FUNCTION NO,
RETURNSMFTOSOC (W [
SAFE & DOCK ey |\ 0O
SAFE & SHUTDOWN (9 1]
UNLOAD MAT'LS 5)  —
SAFE & INSPECT (6
TEST ) 0
SCHED. MAINT ) )
UNSCHED, MAINT - {9 c—]
CHECKOUT (1o 1
LOAD = MATERIALS (1)
LOAD MODULEC/O (1)
SERVICE = FUELS (13
READY & SEPARATE  (14,15)
PLACE AT SAFE DIST,  (16)

1 1 i [

ALYND ¥O0d 0

o} T4 TYNIDIMO

5 10 15

20

ELAPSED TIME (HOURS)

PICURE C-6. CHECKOUT/SERVICING TIMELINE,
SPACE PROCESSING PACILITY TURKAROUND OPERATIONS AT 80C
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TABLE C-7+ ¥INE RATIONALE - SPP TURNAROUND OPERATIONS WITH S0C

5] Sati)

TASK ELAPSED
NO. TASK DESCRIPTION TIHE (HR) MAN-HOURS RATIONALE
1.0 SPF RETURN TO 50C 3.0 3 9.0
2.0 SAFE SPF 0.5 3 1.5 REMOTE OPERATION
3.0 ARETRIEVE SPF 0.5 b 2.0 SPF DOCX TO S0C
4.0 BERTH TO FSF 0.5 L 2.0 BERTH TO FSF WITH RNS
5.0 MATE UMBILICALS 0.5 4 2.0 CONNECT UMBILICALS
6.0 SAFE & SHUT DOWN SPF 0.5 3 1.5
7.0 INSPECT SPF 1.0 ] k.o PREL{IMINARY INSPECTICN
8.0,9.0 1 UNLOAD & STOW CANISTERS h.o 4 16.0 PROCESSING CANISTERS
10.0 INSPECT & CHECK OUT SPF 2.5 4 10.0 FAULT ISOLATION
11.0 UNSCHED. MAINTENANCE-REPAIR 5.0 k) 15.0 25-HR MISSION, 2 FAILURES
1.1 SPF CHECKOUT 1.0 b 4.0 HAINT. VERIFICATION
12,0 SCHEDULED MAINTERANCE 2.0 3 6.0 ADJUST, ALIGN, ETC.
13.0 LOAD MATERIALS CANISTERS 4.0 h 15.0 FOUR MODULES
14.0 CHECKOUT—CANISTERS 1.0 3 3.0 CHECK QUT FOUR MODULES
15.9 RESUPPLY CONSUMABLES 1.0 L] h.0 SERVICE FUELS
16.0 PREPARATION FOR SEPARATION 0.5 3 1.5 SEP., UMBILICALS, ETC.
17.9 SEPARATE 5PF FROM S0C 0.3 L 1.2 USE RMS
18.0 SPF TO FREE ORBIT 3.0 3 9.0 SOC MONITOR & CONTROL
TOTAL ji.o0 1] 108.0
AVERAGE PER TASX 1.7 6.0

100d 40
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TABLE C-B. TYPICAL ON-ORBIT CHECKOUT/SERVICING OPERATIONS ESTIMATION
GUIDELINES (APPLICAELE TO OTY, SATELLITES, SPACE PROCESSING PACILITY, ETC.)

61-0

TASK TIHE CREW REQUIRED .
ACTIVITY {HOURS) QUANTITY MAN-HOURS REMARKS
RETURN TO SOC VICINITY MOVE ) MILE—0.5 FT/SEC
READY TO DOCK 3.0-h.0 13-k {(a+C+0) 9.0-16.0 RETURN OR DEPART S0C
(LARGER NUMBERS FOR OTV)
SAFE THE UNIT 0.5 3 (A+C+D) ‘ 1.5
INSPECT THE UNIT 2.0 b (AsC+O+E) 8.0 DIRECT & REMOTE VISUAL
: o
BDOCKING QR SEPARATION 0.3 4 (A+C+D+E) 1.2 MANIPULATOR IS USED - g
vo
TEST OR CHECKOUT 1.0 b (AeC+D+E) 5.0 END TO END; POWER UP L g 2
SHUT DOWN =5 t‘..'
Q=
SERVICE FLUIDS 1.0 & (A+C+D+E) k.0 SETUP ¢ TEARDOWN—0.5 HR % :;;
FUEL—0.5 HR & £
UNSCHEDULED MAINTENANCE 2.0} 2.5 ReR 3 (C+D+E) 6.0 }8 o REMOVE & REPLACE (REMOTEN 1“’ ‘
REPAIR—PER FAILURE 0.5f°° C/0 & (A+CeD+E) 2,0 - CHECKXOUT (SUBSYSTEM) : -
CREW CODES
A—S0OC COMMANDER E—SPECIALIST
B—LIFE SUPPORT DIRECTOR ® MAHIPULATOR
C—PROGRAH DIRECTOR ® TEST
. D—=SAFETY £ MAINTENANCE ® FUEL SERVICE




TABLE C-9. TYPICAL EMS FUNCTICN TIME FROM SPAR STUDIES

TIME
FUNCTION MINUTES | HOURS

UNCRADLE AND CHECK OUT ARM 60 1.0
DEPLOYMENT (32 KLB) .

® MANEUVER TO GRAPPLE PAYLOAD 15 0.25
® DEPLOY FROM GUIDES 5 0.08
® MANEUVER TO RELEASE POSITION 20 0.33
RETRIEVAL (32 KLB)

® TRACK & CAPTURE {TERM{NAL PHASE) 15 0.25
® MANEUVER TO GUIDES 15 0.25
® BERTH PAYLOAD 5 0.08
® STOW RMS 15 0.25

e S

Source: Middleton, J.A., Considerations for Payload
Manipulation, in: Proceedings, RMS Users' Conference,
Skyline Hotel, Toronto, Canada, 5-7 May 193].

Oaictlsb Ll 13
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ORIGINAL ¥Flus v

OF POOR QU ALITY

COST ANALYSIS SHEET

ITEM G FULCTION FioE 1 ¢oF 3
OTV SERVICE FIXTURE WITH SERVICE CONNECTION f——
NO.
PROJECT/SYSTEM
OTV—GROUND SERVICING wos
ACTIVITY FLOW CHART
SERVICE & C/0 OTV M0. 112.0

DESCRIFTICH/SPECIFICATION/DESIGH

SERVICE FIXTURE TO SURROUND OTV AS
SHOWN TO PROVIDE ACCESS TO ALL
AREAS IN NEED OF SERVICE—MUST HAVE
TWO UMBIL!CAL ARMS SIMILAR TO SOC
SERVICING CONCEPT (SEE SHEET 2)

PAYLOAD OPERATIONS

DDTEE s=H TFY

TOTAL MASS (xc) 000

STRUCTURAL MASS  (KG) 3.992 " 3980 3.088

MECHANISHS MASS (kc) 8.028 Jdozo . (see p. 2)

ELECTRI{CAL/PD MASS (KG) o————————— 8904

ELECTRONIC MASS (kG) ——

REQUIRED QUANTITY AL .
COMMENTS (DDTEE OR TECHNMOLOGY STATUS)

TYPICAL FIXTURE $12,020 $11.992

CER'S/FALTORS
SIMILAR TO AIRCRAFT SERVICING FIXTURE

D-1




COST ANALYSIS SHEET

ITEM OR FUNCTION FAGE 2 oF 3
UMBILICAL ARMS ON OTV SERVICE FIXTURE TEF
NO.
PROJECT/SYSTEM 8BS
OTV—GROUND SERVICENG w.
ACTIVLITY NO. FLOW CHART
SERVICE & C/0 OTV 12.0
DESCRIFTICN/SPECIFICATION/DESIGH
OTV SERVICING FIXTURE MUST BE
EQUIPPED WITH TWO UMBILICAL ARMS
SIMILAR TO THOSE USED IN SOC FLIGHT
SUPPORT FACILITY.
SEE ATTACHMENT FOR CONCEPT
DDTSE S$= M RECURRENG

TOTAL MASS (xG) -

STRUCTURAL MASS  (KG) 0.477

&l
| A0 0.50

KECHANTSMS MASS  (KG) 3.769 28 _____  6.619
ELECTRICAL/PD MASS (KG) —_—
ELECTRONIC MASS (xG) 0.372 _5_0___ 0.810
REQUIRED QUANTITY -
COMHENTS (DDTLE OR TECHNOLOGY STATUS)
$ 7.929

§ L.618

N OO
g?\;OOR QuALI(?

CER's/FALTORS

D-2




SERVICING ACTIVITY DATA

FUNCTION ATTACHENT
1TEM 2.2 Mate OTV/ a39s .
LS,
METHOD PAGE 3 of 3

SUBECT Payload Fixture Requirements

DNANNNNN]

SERvied “___m:r:: =~ s VALY

- - - - — - PIDA PAILS - —
MopuLe ~

NAUNNAIN A/

Vis o7

The payload fixture must duplicate the umbilical connections to be
used in apsce {S0C) to verify the alignment and attachment functions

{pull=in, QD leakage, etc.)

OoRIMAL PARE i3
OF PCOR QUALITY

D=3



ORIGINAL PL2E 4
OF POOR QuUALITY

COST ANALYSIS SHEET

ITEM 63 FUNCTION rACE T e 1
OTV FLUIDS INTERFACE ON ORBITER Ti R
. ND.
PROJECT/SYSTEM vas
OTV—GROUND SERVICING Ng.
ACTIVITY LOADING CRYOGENICS AND OTHER NO
PROPELLANTS AND FLUIDS . 25.0

DESCRIFTICH/SPECIFICATION/DESIGN

CRYOGENICS AND OTHER CONSUMAELES WILL BE LOADED ON OTV WHILE OTV 1S IN

ORBITER PAYLOAD BAY ON THE LAUNCH PAD.

FLUID INTERFACES BETWEEN GSE AND

ORBITER AND BETWEEN ORBITER AND OTV AND ASSOCIATED LINES ARE NEEDED.
INTERFACES WILL BE QUICK CONNECTS/DISCONNECTS (LO2, LH2, He, Nz, HYDRAZINE)

DDTSE $=H RECURRING
TOTAL MASS {xG) - 110
STRUCTURAL MASS (xc) 0.708 - 0.711
MECHAN!ISHS MASS (xg) 1.531 60 2,035
ELECTRICAL/PD MASS (KG) ——

SEE NEXT
ELECTRONIC MASS (KG) ) SHEET
REQUIRED QUANTITY ' B LD 5 LHp

COMMENTS (DDTELE OR TECHNOLOGY STATUS)
$2.746

$2.239

CER'S/FALTORS
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ORIGHIAL Fiite wo
OF POOR QUALITY

COST ANALYSIS SHEET

ITEM 63 FUNCTION PAGE v oor |
OTV ELECTRICAL INTERFACE ON ORBITER b
' ND.
PROJECT/SYSTEN ] B
OTV—GROUND SERVICING "o
ACTIVITY MONITOR OTV & LOADING OF NO 25.0
FLUIDS ON OTV . .

DESCRIFTIOH/SPECIFICATION/DESIGH

AN ELECTRICAL INTERFACE SIMILAR TO THE FLUID INTERFACE WOULD BE
REQUIRED TO OPERATE FUEL LOADING SYSTEM & MONITOR HEALTH & STATUS

OF OFv.

BoTEE s=H TR
TOTAL MASS (xG) - S0.0
- STRUCTURAL MASS (kg) ©.263 20.0 0.143
MECHANISMS MASS  (KG) ©.385 10.0 0.222
ELECTRICAL/PD MASS (KG) .
ELECTRONIC MASS  (KG) 1.u56 20.0 0.299
REQUIRED QUANTITY —_—
COMMENTS (DDTEE OR TECHNOLOGY STATUS)
$ 2.104 $ 0.664

CER's/FALTORS

D=5
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0¢ POOR Q'.;'.’v-.;.l'l'\'

COST ANALYSIS SHEET

ITEM G FUNCTEON . _
FAGE 1 or 1
OTV COWTROL & MONITOR STATION ON ORBITER ST
ND.
PROJECT/SYSTEM . _
¢ wBS
OTV—GROUND SERVICING us.
ACTIVITY
MONITOR . HEALTH & STATUS OF OTV NOD. 5.0, 6.0
DESCRIFTICN/SPECIFICATION/DESIGH
RETRIEVAL OF OTV & STOWAGE IN PAYLOAD BAY
PRIOR TO RETURN TO EARTH WILL REGQUIRE THiIS
SERVICE. OTV SERVICE PANEL WILL BE IN
AFT FLIGHT DEUX.
DDTSE  $= W TFY
STRUSTURAL MASS (xe) 3.586 * 900 2.970
MECHAN1SMS MASS (k6) —————
ELECTRICAL/PD MASS (KG) i .
ELECTRONIC MASS (kg)} 1.076 200 1.170
REQUIRED QUANTITY R I,
COHMENTS (DDTLE OR TECHNOLOGY STATUS)
$4.662 $4.140

CER'S/FACZTORS




ORiIGHAL GRS

OF POOR QUALITY

COST ANALYSIS SHEET

tTEM OR FUNLTIDR FAGE 1 oF 1
OTV CONTROL & MONEITOR STATION ON SOC TEF
(SOFTWARE AND 175 STORAGE ONLY) No.
PROJECT/SYSTEM -
OTV—S0C SERVICING ua.
ACTIVITY "o
SERVICING £ C/0 OF OTV 1.0 THROUGH 14,0

DESCRIFTICH/SPEC ' FILATION/DESIGN

CONTROL. STATI0Y & COMPUTERS WOULD BE STANDARD
EQUIPMENT ON 80ARD. BUT DEDICATED OTV SERVICING

SOFTWARE WOULD BE REQUIRED.

TOTAL MASS (kG) Jo
STRUZTURAL MASS {vG) r———
HECHANISMS MASS (xG) e————
ELLCYRICAL/PD MASS (XG) —————
ELECTRONIC MASS {KG) —————
REQUIRED QUANTITY Y r—
COMMENTS (DDTEZE OR TECHHOLOGY STATUS)
$1,000,000

CER's/FLITORS

-7
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COST ANALYSIS SHEET

[T ...-.—--f-..»-.‘-u.n-d‘

LTEM OR FUNCTION rest v oF 2
EXTENDABLE NON-PROPULSIVE B0OM Nz iR
wh.
PRAJECT/SYSTEN s
OTv—S0C SERVICING wa.
ACTIVITY NO
PURGING & VENTING OTV b 7.0
DESCRIETEC:/SPECIFICATIONDISIGN 1
BOOM REQUIRED TO AVOID CONTAMINANTS
FRCK PURGE GASES. SEC ATVACHMENT,
DDTSE $=R TRy
TOTAL MASS (xG) L3 S
STRUZTURAL MASS {xg) 0.26) - 28 0.143
MECHANI SHS MASS (xG) 0.655 2. . 0.3
ELECTRICAL/PD MASS {Ks) e ———
TLECTRONIC MALS {xc) 0,09 | 0.020
REQUIRED QUANTITY i
COMMENTS (DDTSE OR TECHNOLOGY 3TATUS)
$0.9)7 $0.562

CER e /FLITORS

b-8

/



_SERVICING ACTIVITY DATA

! ATT NT
1TEM ™ 6.0 Safe & Chechout OTV ‘ ACHME
PAGE 2 of 2
SUBECT $OC Requirements
ExTEn O ASE
’ T — 3”"
‘ Sy - | t:’
i SM 1. '/
: R
1
Fig |

OR.C“\:' LIRS "_: -
OF FOGK QuatlrY

FiG e

Ao expulsion system for purge & vent of OTV expendibles tanks =~

Figura 1. An expulsion arw, extendible from the sarvica fixture to

transait overboard gaoses eway from the SOC to minimise or prevent
contsmination,

Figurs 2. AD non-reactive jet to minimize or prevent reaction
forces against the 50C assembly,

Out board ends of free-floating shuttle absorb al) reaction
forces such that the input orifices meter the flow of gasses.

To center the shuttle at & location resulting in a balanced
resction.

ool
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COST ANALYSIS SHEET

ITEN 0 FUNCTION rAGE 1 er 2
RETRACTABLE UMBILICALS T
No. )
PROJECT/SYSTEN vas
OTV—S0C SERVICING 0.
ACTIVITY ND.
RESUPPLY ING CONSUMABLES 5.0 ¢ 13.0

DESCRISTICU/SYECIFICATION/DESIGH

SEE ATTACHMENT FOR CONCEPT, UMBLICAL ARM WOULD BE
STANDARD EQUIPHENT ON FLICKT SUPPORT FACILITY, BUT
DOES NOT MORMALLY INCLUDE CRYOGENIC OISCONNECT.

DDTSE $=R RECURRING
TOTAL MASS (xg) - -1 1 B
STRUZTURAL MASS  (KC) 0.477 " 180 0.500
HECHANISMS MASS  (KG) 3.769 S80 .  6.819
ELECTRICAL/PD MASS (KG) —————
ELECTRONIC nASS  (xG) 0.372 S50 0.810
REQUIRED QUANTITY LS

COMHENTS (DDTEE OR TECHNOLOGY STATUS)
$6.618 $7.929

COSTS OF LO2 & LH; DISCONNECTS ARE ONLY RELATIVE INPUTS THAT ARE REQUIRED
IN THIS ITENM.

CER's/FALYORS

ORIGINAL Filii:
. OF POOR QUALI{TY
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SERVICING ACTIVITY IATA

1TEM fon 5.0 Mate OTV Umbilicals . ATT.
METHOD PAGE 2 of2

SUBECT SOC Requirementa

NN

T SERVEE ESSrz I 2TAS
MepuLe i - PR RAILS — -

__- \l\l\l\\l

. Four umbilical sets on the service fixture between the pida rails
and;rpe FSF corner.

- -u--.

The LH, umbilical in the storage deck area, the lox umbilical and
the Gﬂz Es and he umbilicals in the tankage area are fixed in locatiom
to maté€ with the OTV at the servicing station. They extend from inside
the FSF approximately 1 meter to enmgage the OTV.

The fluid umbilicals are serviced by flexible hoses.

The FSF contains distribution/manifolding lines with valving and
punps to the stowage tanks,

ORIGHNAL 145 -
OF POOR Quhl-ll {
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ORIGINAL PACGE 13
OF POOR QUALITY

COST ANALYSIS SHEET

Lnn OR FUNCTION

' FAGE 1 er 3
RETRACTABLE UMBILICAL SYSTEM REF.
, NO.
TEM -
PROJECT/SYSTE BS
COMMSAT—GCRBITER SERVICING 9.
ACTIVITY NO 4.0 ¢ 14.0
CHECK OUT COMMSAT 5 OTV * ] 5.0¢ 15.0
DESCRIFTICH/SPECEFICATION/DESIGK
SEE ATTACHMENTS FOR CONCEPT. ONLY ELECTRICAL
CONNECTIONS—HO FUEL. :
DDTEE $ =W TFU
TOTAL mAsS (x6) - Jdo0
- STRUCTURAL MASS  (xg} 0.263 <20 0,143
MECHANISHS MASS  (kG) 1.32) — . 0.869
ELECTRICAL/PD MASS (KG) e ———
ELECTRONIC MASS  (xg) 0.372 —0 e 0.3I5
REQUIRED QUANTITY ——ee
COMMENTS (DDTCE OR TECHNOLOGY STATUS)
$1.956 $1.427

CER's/FACTORS

il




_SERVICING ACTIVITY DATA

FUNCTION 4.0 Mate Umbilical & 5.0 Check=-out ATTACHENT
JTEM Comsat
From Orhiter PAGE 2ot 3

mcf Method Dascription

CQMMSAT

_ HPA
UMBILICAL
& 4
} /
b 3 ——/-’_—‘:;A';-—:—— 4 & 4
—— e
Y \ :
% - /

0 RMS locks on to umbilical.
0 BRMS connects umbilical to SPF,

0 Check-out of comsat functions.

ORIGHIAL FACE 13
OF POOR QUALNY




SERVICING ACTIVITY [AT

FUNCTION 14.0 Mate Umbilical & 13.0 Check-out ATTACHVENT
TN - _
METHOD From Orbiter PAGE Jorl

SURJECT Method Description

0 RMS picks-up umbilical & connects same to OTV

0 All OTV systems checked-out

S

P SRR
Chigp i e -

OF POOR QUALITY

RN 1---,-_‘-.1
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ORIGINAL FAGE ¥
OF POOR QUALITY

|

COST ANALYSIS SHEET

1TEN 0] FUNCTION PAGE T
COMMSAT “CONTROL & MONITOR STATION 7%
NO.
PROJECT/SYSTEN . . uBS
COMMSAT—CRBITER SERVICING w3,
ACTIVITY NO. 5.0 THROUGH 8.0
C/0 OF COMMSAT & OTV 15.0 & 18.0
DESCRIFTION/SPECIFSCATJON/DESIGN
CHECKOUT OF COMMSAT & OTV WOULD BE CONTROLLED AND
MONITORED FROM STATION IN AFT FLIGHT DECX.
DOTSE $=H Try
TOTAL MASS {(xc) - 1000
STRUSTURAL MASS (x6) 1.169 0.792
HECHANISMS MASS (KG)

ELECTRICAL/PD MASS (KG)

ELECTRONIC

REQUIRED QUANTITY

MASS (kc) 1.076

]
-200 . 1.346
———een

COMMENTS (DDTEE OR TECHNOLOGY STATUS)

$2.245

$2.138

CER's/FALTORS

i b mar o o e w-q--:w,s-ﬁ
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COST ANALYSIS SHEET

ITEM GR FUNCTION PAGE ' oF 3
RETRACTABLE UMBILICAL SYSTEM " FEF.
. ND.
PROJECT/SYSTEM . . 8BS
COMMSAT—S0C SERVICING by
ACTIVITY NO.
C/0 COMMSAYT & DEPLOY APPENDAGES 6.0 THROUGH 9.0

DESCRIFTICN/SPECIFICATION/DESIGN

ELECTRICAL UMBLICAL ONLY, INTERFACE MUST BE THROUGH -
END PORT OF SERVICE MODULE NG. 2.

wre  suR ™
TOTAL HASS (x6) - L

- STRUCTURAL MASS  (KG) 0.09} © 5 0.0m
HECHANISMS MASS  (KG) 0.385 19 0.2
ELECTRICAL/PD MASS (KG) —_———
ELECTRONIC MASS  (KG) 0.109 10 0.075
REQUIRED QUANTITY D ——

COMMENTS (DDTEE OR TECHNOLOGY STATUS)
$0.585 $0.3M

INTERFACE CONMECTION SIMILAR TO THAT ON DOCKING MODULE OF ORBITER.
SEE ATTACHED SKETCHES.

CER's/FACTORS
. ORIGH A 7 S

OF POGR QL‘-.—“.__‘.'{“{
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 SERVICING ACTIVITY DATA

Ty

1

FUNCTION 2.0 Thru 5.0 Manauver & Mate to 50C ATTACHENT
1TEM Comsat . . .
METHOD From Orbiter to SOC PAGE 2 of 3

SUBJECT Method Description

Qi\\\ COQMSAT

SERVICE MODULE N22

- s

ORIGHAL Pl 65
OF POOR QUALITY

0 RMS activated locks on to comsat.
0 PIDA devices release comsat,
0 RMS translate comsat towards service fixture.

0 RMS stabilizes comsat while service fixture manipulatoer is activated
and locks on to same,

RMS reléasel comsat & returns to orbiter.
Manipulator transfers comsat to end ducking port.

Manipulator pirformz berthing operation,

o o (=] o

Systems mated thru docking port interface.

D-17
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SERVICING ACTIVITY DATA %
FUNCTION (8.0) Separation of Crawv Module ‘t'raa ATTACHMENT
ITEH 0TV Core
‘ MOTV/OTV ) 3 ef
METHOD R/A PAGE

SUBJECT Typical Separation Mechanism concepts

& ‘ Lo

ELECTRICAL
CONNECTORS

ACTUATOR,

C i
MECHANISM MECHANISM

REMOTE ACTUATED INTERFACE CONNECTORS CONCEPTS

Three types of mechanisms are required to separate the crew module from
the avicnics/propulsion module. The first type iz a set of solenocid
operated latches similar to those utilized in docking mechanisms. Their
main function is to maintain a struciural connection batwesn the crew
wodule and the core. The other tvo types are functivnally similar in
that each consists of a motorized actuator driving acme screws to which
attached is s platten that supports the alectrical or fluid connsctions
as illustrated above. These active halves of the interfaces will be
located on the crew module side. The other halves, on the avionics/
propulsion core module will be passive devices that accepts the
illustrated plattens. Appropriate guides and alignment pins will be
incorporated into the platteas.

ORIGIIAL i0- =
OF POOR Qv tid

D-18
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B COST ANALYSIS SHEET
§ 1TER OR FUNCTION - FAGE 1 eF
J COMMSAT CONTROL & MOHITOR STATION ON SOC ST
(SOFTWARE & ITS STCRAGE ONLY) NO.
PROJECT/SYSTER ) s
COMMSAT—S50C SERVICING ",
ACTIVITY n0. | 6.0 THROUGH 9.0

C/C & DEPLOYMENT OF APPENDAGES

& 19.0

DESCRIFTICU/SPECIFICATION/DESIGH

CONTROL STATION & COMPUTERS WOU' D BE STANDARD
EQUIPMENT ON BOARD SOC, BUT DEDICATED COMMSAT
CHECKOUT SOFTWARE WOULD 8E REQUIRED,

TOTAL MASS (xg) -
- STRUCTURAL MASS {xc)
MECHANISHS MASS  (KG)
ELECTRICAL/PD MASS (KG)
ELECTRONIC MASS  (XG)
REQUIRED QUANTITY

COMMENTS (DDTEE OR TECHNOLOGY STATUS)

$2,000,000

CER's/FALTORS

CRIGEAL T'7
OF POOR Giir. ..




ORiGHIAL PR3E 18
- OF POOR GUALINY

| : COST ANALYS!S SHEET
tTEM O FURCTION FagE 1 0F -
UABILICAL PEF.
NC.
f PROJECT/SYSTEN BS
SPF—O0RBITER SERVICING o,
ACTIVITY No.
MATE UMBILICAL
DESCRIFTIQN/SFECIFICATION/DESIGH
SEE ATTACHMENT—ELECTRICAL CONNECTEONS ONLY.
DOTSE $ = M TFU
TOTAL MASS - (KG)- ¥ { S,
STRUZTURAL MASS (KC) 0.263 T2 O1k3
MECHANISMS MASS (xG) 1.32% =0 . 0.86%
ELECTRICAL/PD MASS (KG) ———
ELECTRONIC MASS (xG) 0.372 .50 0.293

REQUIRED QUANTITY

COMMENTS (DDTLE OR TECHNOLOGY STATUS)

$1.956

$1.305

CER's/FALTORS

D-20



: _ SERVICING ACTIVITY PATA

FUNCTION 3.0 Berth & 4.0 Mate Umbilieal ATTACHVENT
ITEM Space frocessing Facility T
METHOD From Orbiter PAGE 2 of 2

SUBJECT  Method Description

ORIGHU L Lo %
OF POCR Qui-+¥

0 Berth SPF to HPA via RMS.
0 RMS locks on to umbilical.

0 RMS connects umbilical to SPF.

D=21
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ORIGINAL PAGE IS
OF POOR QUALITY

COST ANALYSIS SHEET

SPEE 1S SIM
GRAPPLE END

JLAR IN SIZE, WEIGHT, & COMPLEXITY TO STANDARD
EFFECTOR.

[——_
ITEM GR FUNCTION PAGE 1 or 2
SPECIAL “PURPOSE END EFFECTOR (SPEE) ST,
NO.
PROJECT/SYSTEM . BS
SPF—ORBITER SERVICING §o.
ACTIVITY "o
DEPLOY § STOW EXPERIMENT CANISTERS " Ji7.0519.0
DESCRIFTION/SPECIFICATION/DESIGH
SPECIAL-PURPOSE END EFFECTOR NEEDED TO EXTRACT & STOW
EXPERIMENT CANISTER AS SHOWN 'ON ATTACHED SKETCH.
DDTEE $=F TFY
TOTAL MASS (x5) - . | S
- STRUZTURAL MASS (xg) 0.351 : 15 0.142
KECHANISMS MASS  (kg) 0.758 _18 0.0k
ELECTRICAL/PD MASS (KG) - -
ELECTRONIC MASS  (kg) 0.23k -2 .03
REQUIRED QUANTITY N
COMMENTS (DDTZE OR TECHNOLOGY STATUS)
$1.343 $0.582

CER's/FAZTORS

D-22
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SERVICING ACTIVITY DATA

RO

FUNCTION 3.0 Berth & 4.0 Mste Uphilical ATTASHMENT
1TEM Space, Processing Facilic: .
TER‘E-— From Orbiter PAGE 20f 2

SUBJECTMethod Description

ORIGINAL PAGE 1S
OF POOR QUALITY

CANISTER
STORAGE
CRADLE

O Berth SPF to HPA via RNS.
0 RMS locks on the umbilical.

0 RMS connects umbilical to SPF.




{ COST ANALYSIS SHEET
“TTcr OR FURCTION P \ oF 2
MODULE & CANISTER STORAGE & RETRIEVAL PEF.
: WO,
PROJECT/SYSTEN WBS
SPF=—ORBITER SERVICING “g.
ACTIVITY NO.
DEPLOY & STOW EXPERIMENT CANISTERS 17.0 & 19.0

DESCRIFTICU/SPECIFICATION/DESIGN

CANISTERS. SEE SKETLR.

STORAGE MODULE COULD BE A CRADLE WITH CAVITIES

FOR STORING EXPERIMENT

ORIGINAL PAGE 13
OF POOR QUALITY

wree s TRy
TOTAL MASS (xc) - 833
STRUCTURAL MASS (xg) 1.767 1497 1.348
RECHANISMS MASS (kg) 1.659 68 1.128
ELECTRICAL/PD MASS ({KG)
ELECTRONIC MASS  (kG) 2.919 68 0.845
REQUIRED QUANTITY SR S
COMMENTS (DDTCE OR TECHNOLOGY STATUS)
56.355 $3.321

CER's/FARITORS
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SERVICING ACTIVITY DATA

I

17.0 chru 19.0 Cannister Changsout
';%nm Space Processing Facility ATTACHMENT
st s r— rl'ﬂ orbi:.r *
METHOD PAGE 20f2

SUR ECT Nethod Description

ORIGRNAL ¥ -
Or POOR QuALIY . |

ik

I3
L

&
(1}
]

CANISTER
_ STORAGE/
CRADLE

RMS locks on to used 5PF canister.

RMS translates canister to orbiter bay,
Canister insterted into storage unit,
RM5 removes nev materisls canister,

Canister inserted into empty SPF orific.

o O © o o o

RMS locks on to next used canister & above procedure repsated until
all canisters have been sxchangad.

D=23




ORIGINAL PAGE 13
OF POOR QUALITY

COST ANALYSIS SKHEET

S .

SPF CONTROL & MONITOR STATION »  [PEF.
_ NO.
PROJECT/SYSTEM wBS
SPF—0RBITER SERVICING wy.
ACTIVITY no. | 5-9, 12.0 THROUGK
CHECK OUT SPF 21.0
DESZRIFTICN/SPECIFICATION/DESIGN
CHECKOUT OF SPF WOULD BE CONTROLLED FROM
STATION IN AFT FLIGHT DECK. -
DDTSE $=F TFRU
TOTAL MASS (xc) - —t000___
. STRUCTURAL MASS  (kg) 3.587 oS00 2.970
ELECTRICAL/PD MASS (KG) ————
ELECTRONIC MASS  (KkG) B8.487 —200__ _ 1.397
REQUIRED QUANTITY Y e—t—
COMMENTS (DOTELE OR TECHNOLOGY STATUS)
$12.074 $4.367

CER's/FALTORS

D=26



COST ANALYSIS SHEET

ITEM OR FUNCTION rast 1 o 1
SPF CONTROL & MONITOR STATION ON SOC S
(SOFTWARE & ITS STORAGE ONLY) ND.
I PROJECT/SYSTEM wBS
SPF—SO0C SERVICING w9,
ACTIVITY N0
l CHMECKOUT & SERVICING OF SPF :

DESCRIPTION/SPECIFICATION/DESIGK

CONTROL STATION & COMPUTERS WOULD BE STANDARD EQUIPMENT ON BOARD sot.
ONLY DEDICATED SPF SOFTWARE WOULD BE NEEDED.

()RKBWJ’- TSR
OF POOR QUALITY

TOTAL MASS (k) -
- STRUCTURAL MASS (xc)
MECHANISMS MASS (kG)
ELECTRICAL/PD MASS (KG)

ELECTRONIC MASS (xc)

—
(=]

REQUIRED QUANTITY

COHMENTS (DDTLE OR TECHHOLOGY STATUS)
$2,000,000

CER'$/FALTORS

b-27
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COST ANALYSIS SHEET
-
ITEM O FUNCTION PAGE 1 oF 2
SPECIAL ‘PURPOSE END EFFECTOR (SPEE) T,
NO.
TEM -
PROJECT/SYS vos
SPF=S0C SERVICING ua.
ACTIVITY HO .
DEPLOY & STOW EXPERIMENT CANISTERS " ] 11.0 THROUGH 15.0
DESCRIFTECH/SPECIF ICAT |ON/DES tGN
SEE ATTACHED SKETCH.
DOTSE s= R 2]
TOTAL HASS (KG) - —
STAUCTURAL MASS  (KG) 0.35) s 0.142
MECHANISMS MASS (xe) 0.758 B 0,00k
ELECTRICAL/PD MASS (KG) ———
ELECTRONIC MASS  (KG) 0.234 —2  0.03
REQUIRED QUANTITY L
COMMENTS (DDTLE OR TECHNOLOGY STATUS)
$1.343 _ $0.582
SPEE SIMILAR IN SiZE, WEIGHT & COMPLEXITY TO STANDARD GRAPPLE
END EFFECTOR.
CER's/FAZTORS
ORIGIN L PREE 1
- OF POO: QUALITY

D-23




SERVICING ACTIVITY DATA
FUNCTION 11,0 thru 15.0 Change-out items ATTACHENT
1TEM Space Processing Facilicy .
METHOD By soc PAGE 20f2

ma H.thod DQSC!iptiOﬂ

TRANSFER . X A=A &
STORAGE ‘ .
UNIT .

EXCHANGE P
CANISTERS . ‘ e
SPEE P — [( ‘.va
0 Manipulator transfers storage unit from its stowed location (i.e.

spare docking port or resupply by orbiter) & barths same to service
fixtures end docking port. .

Manipulator locks on to used canister §&§ transfers same to storage unit.

A nev canister is removed from the storage unit & placed inzo the
smpty SPF orifi:z,

Manipulator removes 2nd used canister, repeating procedure until all
canisters have bean exchanged.

SPF syscems check out.

Maripulator exchanges consumesbles with EVA assist,

ORIGINEE Facs 3
6F POOR QUALITY

D-29




COST ANALYSIS SHEET

\TER 0 FUNCTION rAGE | of 2
MODULE & CANISTER STORAGE & RETRIEVAL SYSTER |oer
NO.
PRIJECT/SYSTEM . ] BS
SPF=50C SERVICING 0y,
ALTIVITY NO
DEPLOY & STOW EXPERIMENT CANISTERS * §11.0 THROUGH 15.0
DESCRIFTIQ:H/SPECIFICATION/DESIGH
MODULE COULD BE A CRADLE, BUT WITH BERTHING PORTS ON BOTH
ENDS AS SEEN IN ATTACHED SKETCH.
DOTSE ) RECURRING TFU
TOTAL MASS {xc) - P % 5 S
STRUCTURAL MASS (kc) 6.117 k97 10.016 5.565
MECHANISMS MASS (xc) 1.659 - I, 2.030 1.128
ELECTRICAL/PD MASS (KG) ———
ELECTRONIC MASS (xe) 2.919 8 1.520 _0.845
REQUIRED QUANTITY o
COMHENTS (DDTEE OR TECHHNDLOGY STATUS)
$10.695 $13.566 $7.538

ORIGINAL PAGE IS
OF POOR QUALITY

CER's/FACTORS
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SERVICING ACTIVITY DATA-

e It T T
I R ~— ks BRI
—r

OF PGU LJALN

FUNCTION 11.0 thru 15.0 Change-out items ATTACHVENT
1TEM Space Processing Facility
MTHOD %Y 5 PAGE 2of2
SUBJECT Method Description
TRANSFER SN &
STORAGE
umT
[ - N - /
Ot e\
= | — —
X -;5 . - | ——
Yol - =
=i 4 2
¢
EXCHANGE : © \
CANISTERS :
| — i —
0 Manipulator transfers storage unit frow its stowed location (i.e,
.. spare docking port or rvesupply by orblter) & berths same to service
f:xtures end docking port.
0 Manipulator locks on to used canister & transfers same to storage
unit.
0 A new canister is removed from the storage unit & placed into the
emply SPF orific.
0 Manipulator removes 2nd used canister, repeating procedure until
a1l canisters have been eychanged.
0 SPF systems check out. '
. 0 Manipulator exchanges consumables with EVA assist. '

D-31
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