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FOREWQRD

This report contains the results of the analyscs conducted by the Opace, .
Division of North American Rockwell during the Orbital Operations Study,
Contract NAS9-12068, and is submitted in accordunce with line item T of the
Duta Requirements List (DRL 7).

The data are presented in three volumes and three appendixes for ease
of presentation, handling, and readability. The report format is primarily
study product oriented. This study product format was selected to provide
maximum accessibility of the study results to the potential users. Geveral
of the designated study tasks resulted in analysis data across elements and
interfacing activities (summary level); and also analysis data for one
specific element and/or interfacing activity (detailed level). Therefore,
the final report was structured to present the study task analysis results
at a consistent level of detail within each separate volume.

The accompanying figure illustrates the product buildup of the study and
the report breakdown. The documents that comprise the reports are described
below: ' :

Volume I - MISSION ANALYSES, contains the following data:

o Generic mission models that identify the potential earth orbit
mission events of all the elements considered in the study

o Potential element pair interactions during on-orbit operations

o Categorized element pair interactions into unique interfacing
activities ‘

Volume II - INTERFACING ACTIVITIES ANALYSIS, contains the following data:
o0 Cross reference to the mission models presented in Volume I

~ o Alternate approaches for the interfacing activities

o Design concept models that are adequate to implement tHe approaches

e

Operational procedurés to accomplish the approaches

o Functional requirements to accomplish the approaches

.0

Design influences and preferred approach selection by element pairs.

- iii -
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This volume is subdivided into four books or parts which are:

Part 1. INTRODUCTION AND SUMMARY - Condensed presentntion of the -
. significant results of the analyses for all interfncing activitien

Part 2. OUTRUCIURAL AND MECHANICAL ACTIVITY GROUP

Mating

Orbital Assembly

Separation

EOS Payload Deployment

EOS Payload Retraction and Stowage

00000

Part 3. DATA MANAGEMENT ACTIVITY GROUP

o Communications

o Rendezvous

o Stationkeeping

o Detached Element Operations

Part 4. SUPPORT OPERATIONS ACTIVITY GROUP

Crew Transfer

Cargo Transfer

Propellant Transfer
Attached Element Operations
Attached Element Transport

0O 0000

Volume III - BASIC VEHICLE SUMMARIES, contains a condensed summary of the
study data pertaining to the following elements:

Earth Orbital Shuttle

Space Tug

Research and Applications Modules
Modular Space Station

0000

Appendix A - INTERACTIVITY ANALYSES, contains many of the major trades
' and analyses conducted in support of the conclusions and
recommendations of the study.

Appendix B - OPERATIONAL PROCEDURES, contains the detailed step-by-step

sequence of events of each procedure developed during the
analysis of an interfacing activity.

Appendix C - VEHICLE DESCRIPTIONS AND DATA SOURCES, presents a synopsis
of the characteristics of the program elements that were
included in the study (primarily an extraction of the data
in Appendix I of the contract statement of work), and a
bibliography of the published documentation used as
reference material during the course of this study.

- iv -
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1.0 INTRODUCTION AND SUMMARY

. Appendix B prescnts all of the operational procedures which have been
developed in the Orbital Operation Study. Each operational procedure 1s a
sequence of operations for performing an interfacing actlvity utllizing a
particular alternate approach., The relationship between thils appendix and
Volume 11 Is shown in Figure 1,0-1. As indicated, this appendix. supports
Volume 1l wlth detailed procedures for each of the 14 interfaclng activities
Included 1in Volume 11, and defined in Table 1.0-1,

A list of titles of a total of 38 operational procedures included herein
appears on Table 1.0-2. A procedure has been developed for each unique
alternate approach (see Volume II for discussion of approaches) for each inter-
facing activity. 1In a few cases it was deemed desirable to generate a single
procedure applicable to two alternate approaches. An example of this is
procedure No. 14-1 which applies equally to both internal and external attach-
ment approaches, :

The operational procedures are an end product in themselves. In addition,
they have assisted greatly in the identification of functional requirements
for the various interfacing activities and alternate approaches. These require-
ments are documented in Volume II and are cross-referenced herein in the pro-
cedures tables. '

1-1 ‘
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Table 1.0-1. Definition of Interfacing Activities
. |

Activity Title

Activity Definition

Mating

Orbital Assembly

Separation

Carqo Transfer

Crew Transfer

Propeltant Transfer

EQOS Payload Deployment

EOS Payload Retraction and
Stowage

Communications

Rendezvous

Stationkeeping

Attached Element Operations

Detached Element Operations

Attached Element Transport

The attachment in earth orbit of any two elements
(or modules), including the operations of final
closure prior to contact

The joining together of two or more major parts to
form a particular configuration of a single opera-
tional clement in earth orbit, or to facilitate

transport to funar orbit or high-encrgy earth orbit

The physical uncoupling of two mated elements,
and the subsequent mancuvers required to provide
adequate clearance between elements

The transfer of solid and fluid cargo between two
elements in orbit

The transfer of personnel between two elements
in orbit '

The transfer of large guantities of liquid hydrogen
and liquid oxygen between elements in orbit

The removal of a payload from the orbiter cargo
bay and readying it for operation or separation

The insertion of a payload into the orbiter cargo
bay subsequent to initial mating of the payload to
the orbiter

The transmission of sound, video, and digital/
analog data via space links from element-to-
element and from element-to-ground

The operations required to achieve close proximity
of one element to another for purposes of station-
keeping and/or mating

The maintaining of a predetermined (not neces-
“sarily fixed) relative position between two orbiting
elements

Support by one element to another attached
element while the latter is operating or being
serviced, checked out, or stored

The operational support required by a free-flying
element from another element and/or ground control

Support by a major propulsive element to an
attached payload (element or module) during
transport from one orbit to another :

1-3 ~
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List of Operational Procedures

| Interfacing Activity Prﬁﬁﬁ,dblgre Procedure Title
Mating 1-1 [é:rm:l l')ock - Manned Element to Manned or Unimanned
cmen
1-2 Manipulator = Manned Element to Manned or Unmanned
Element
1-3 Direct Automatic Dock = Unmanned Element to
Unmanned Efement
Orbital Assembly 2-1 Module to Unmanned Element - Shirtsleeve Assembly
2-2 Module to Manned Element - IVA Assembly
2-3 Module to Cislunar Shuttle - Automatic Assembly
Separation 3-1 Jet Translation - Manned Element from Manned or
Unmanned Element
3-2 Manipulator - Manned Element from Manned or
Unmanned Element
3-3 Jet Translation = Unmanned Element from Unmanned
Element '
Cargo Transfer 4-1 Manual Unaided - Shirtsleeve
4-2 Manual Unaided - IVA
4-3 Manual Unaided ~ EVA
4-4 Manual Aided - Shirtsleeve
4-5 Fluid (Plumbed) - Shirtsleeve
Crew Transfer 5-1 Shirtsleeve
5-2 IVA
Propellant Transfer 6~1 Direct Fluid Transfer
6-2 Direct Modular Transfer
EOS Payload Deployment 7-1 Manipulator
7-2 Pivot Mechanism
EOS Payload Retraction and 8-1 Manipulator
Stowage g8-2 Pivot Mechanism
Communications 9-1 Element to Ground ~ Direct
9-2 Element to Ground - via TDRS
) 9-3 Element to Element
Rendezvous 10-1 Independent Approach, Passive Element in Control
10-2 Independent Approach, Active Element in Control
10-3 Ground Controlled or Space Controfled
Stationkeeping 11-1 Autonomous - Both Elements Unmanned
11-2 Ground Controlled = Both Elements Unmanned
Attached Element Operations 12-1 RAM Operations
12-2 Service and Checkout
12-3 Quiescent Storage
Detached Element Operations 13-1 Ground Control - via MSFN
13-2 Ground Control = via MSFN and Relay Orbiting Element
13-3 Ground Control = via TDRS
13-4 Space Control = Element to Element
Attached Element Transport 14-1 Internal or External Attachment

1-4
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2.0 INTERFACING ACTIVITIES

This section presents the operational procedures developed for each of
the 14 interfacing activities in the Orbital Operations Study, In addition,
the applicability of each procedure to each element pair for each activity is
identified and discussed. '

~ The operational procedures and assoclated data are categorized and docu-
mented herein by interfacing activity. This categorization corresponds with
the breakdown used in Volume II, which this appendix supports. The tables
upon which the procedures are presented include the following information: the
operations presented sequentially, the primary element that is performing each
operation, and the rationale which explains the purpose or need for each oper-
ation. : .

For each interfacing activity a matrix is included that identifies the
applicability of procedures to the potential interfacing element pairs. These
matrices include 17 elements out of the total study inventory of 25 elements.

A discussion of the reasons for reducing the number of elements for detailed
study, and the rationale used in the element selection process, is presented
in Section 4.0 of Volume I.

2.0-1
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2.1. MATING

_ Tuis section presents the operational procedures for mating, and
includes one procedure for each alternate approach ldentified In Volume LI
of this report. Also presented and dilscussed 1s the applilcabllity of these
procedures to each clement palr Lncluded in the In-depth analysls portlon
of- the Orbltal Operatlons Study.

SD 72-SA-0007
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2.1.1 OPERATIONAL PROCEDURES

The development of operational procedures for mating required that a num-
ber of consideratlons be evaluated in order that each of the possible ¢lement
pairs in the study would be applicable to at least one of the developed proced-
ures.

There were three possible manned or unmanned element relatlonships. Both
of the mating elements could be manned, one of the elements could be manned
and the other unmanned, or both elements could be unmanned.

There were also three methods of performing the mating operation. The
operation could be performed using the direct dock method, it could be per-
formed using a special extension-retraction device, or it could be performed
with a manipulator attached to one of the elements. The extension-retraction
device was eliminated from the procedural development in that it was a simpli-
fied manipulator (single degree-of-freedom) and would not provide the proced-
ural depth of a manipulator concept.

A simple matrix, Table 2,1-1 , was prepared and the combinations analyzed
to determine what type procedures needed to be developed.

Table 2.1-1. Possiblé Procedural Development Array

Manned Manned Unmanned
to to to

Manned Unmanned Unmanned
Direct dock X X X
Manipulator berth X X X

The use of a manipulator for performing unmanned-to-unmanmned berthing
operations did not appear to be a viable option. Most manipulator designs
were developed around force feedback concepts or with man-in-the-loop to
at least perform override functions. Also, those elements that appear to be
candidates for built-in manipulators were elements that would probably be
manned. Therefore, it was ground ruled that manipulator berth of ummanned
elements~to-unmanned elements would not be investigated.

The direct docking concept is performed with one element essentially per-
forming a passive role in that it will probably only hold attitude while the
other element performs the maneuvers necessary to accomplish the dock. Because
only one element will be performing the active operations, particularly at final
docking phases, it was advantageous that the element should be ‘the mamned ele-
ment of a manned-unmanned pair. ' Therefore, the procedure for a manned-to-manned
or manned-to-unmanned direct docking would be so very similar that these two
procedures could be combined.

-+ SD 72-SA-0007 .
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Finally, when the preliminary procedures’ for manipulator berthing of
manned-to-manned elements and manned-to-unmammed elements were developted it
was found that they too were very similar and, like the direct docking, could
also be combined. ' '

Therefore, three procedures were developed: (1) direct docking - manned
elements to manned elements and manned elements to unmanned elements, (2)
direct docking - unmanned elements to unmanned elements, and (3) manipulator
berth — manned elements to manned elements and manned elements to unmanned elements,

Before preparing any procedure it was necessary to select a palr of ele-
ments to use as a model. By doing this, the procedure would not become so
generic that 1t could fail to uncover detail ambiguities of specific elements
that may affect design concepts or be sensitive to particular design require-
ments. Since the EOS orbiter could be mated with the full array of study
elements it was concluded that it be used in at least one of the procedures.
The modular space station was the next element selected in that it presented
the most stringent alignment problems with its variety of configurations during
assembly, and because of its always-present interferring appendages that must
be avoided during the mating operations. These two elements were utilized as
the model for the mamned direct docking concepts. Since the direct docking
concept was to be evaluated against the manipulator berth concept it followed
that the same elements should be utilized for the manipulator berth procedure
as well, such that the procedural deltas would not be design oriented, but
operationally oriented. For the unmanned element-to-unmanned element direct
docking procedure, two candidate unmamned elements (space tug and detached
research applications module) were selected. Table 2 1.p shows the final
operational procedures that were developed. :

Table 2.1-2. Mating Procedures

Manned Manned Unmanned
to to to
Manned Unmanned ’ Manned
Direct dock One procedure : Space tug
to
EOS orbiter to MSS DRAM

|
I

Manipulator berth One procedure
EOS orbiter to MSS

Procedural Comparison

The mating procedures include capture, attenuation of delta velocities
or impact forces, structural alignment of the mated pair, and configuring of
the interface between the elements for mated operations. The single manipu-
lator procedure was extended to include the transfer of a module from an EOS
_ orbiter cargo bay into a hard berth on the MSS so that these additional steps
could be analyzed for any new requirements.

SD 72~SA-0007
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Figure 2.1-1 is a general comparlson of a manipulator berth procedure
with a direct docking procedure. The central balloons represent common
procedures, whereas, the upper and lower balloons on the page represent pro-
cedural differences. The real difference between the procedures is that the
manipulator procedure is a two-phase operation, involving a capture and trans-
fer and mate, and the direct dock procedure performs capture at the mating
port and effects the mate in essentially the same operation. The manipulator
must null out the relative velocities between the vehicles after capture,
whereas, with direct dock, impact energy is attenuated at capture.

2.1-4
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OPERATIONAL PROCEDURE NO. 1-1

Mating — Direct Dock, Manned Element to Manned Element or Manned Element to
Unmanned Element

This procedure was developed uéilizjng an EOS orbiter and a modular space
station (MSS) as the model.

Assumpt fong

The KOS orbiter In cqulipped with control uystems whilch arce compatible with
the structural deslegn ol Lhe moted elements,

Initial Condlitions:

The EOS orbiter has rendezvoused with the MSS. Running and orientation
lights and communications between the elements have been activated and verified
during the rendezvous activity. All independent preparations required by the
elements to physically configure for the upcoming mate have been performed
(i.e., adapters installed or ports extended, captive latches cocked, mating
port environmental covers opened, TV cameras in place, viewing window covers
opened, cargo bay doors opened, etc.).

Final Conditions:

The mated elements are ready for assembly activities or separation activi-
ties.

Description:

During the mating operation one element assumes the passive role, whereby,
it will only maintain attitude hold while the other element actively performs
the maneuvers to accomplish the dock. For this operation, the EOS orbiter will
assume the "active" role and the MSS, the 'passive."

Because the manned MSS can assist with the docking, when it is manned, by
providing backup information, criteria are imposed on the EOS orbiter that may
not be applicable for other dockings (i.e., orbiter illumination).

The direct docking procedure is made up of three primary operations:
(1) precontact, (2) contact, and (3) post-contact)-.

Precontact operations include initiation of guidance aids, alignment, and
the vehicle maneuvers to accomplish the closing operation. The contact opera-
tion includes physical contact of the docking interfaces, the initial capture
of the vehicles, and the attenuation of the impact energy. Post-contact includes
the mechanical alignment of the mated vehicles and the configuring of the inter-
faces for mated operations.

2.1-6
SD 72-5A-0007
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ELEMENT INTERFACES:

OPERATIONAL PROCEDURE NO. 1-1

TITLE: ONE ELEMENT MANNED (ASSUMING ACTIVE ROLE); OTHER ELEMENT MANNED OR UNMANNED (ASSUMING PASSIVE ROLE)

EOS ORBITER (MANNED) /MSS (MANNED OR UNMANNED)

Operation

Performed
by:

Rationale

unmanned

attitude

Illuminate passive element

Active element commands passive
element to acquire stable atti-
tude (This step applies for

passive element only)

Passive element acquires stable

Passive/
active

Active

Passive

| visual accuity, requiring that the

mands transmitted from ground or anothen

The passive element is illuminated to
the extent that appendages can be
viewed and avoided during closing oper-
ations. Emphasis will, however, be
placed on the mating port to facilitate
inspection of the mating interface. If
backup docking capability exists in the
passive element, the active vehicle will
fequire illumination. Sun illumination
is acceptable when it is available, but
direct or specular glare emanating from
sunlight may hinder rather than enhance

vehicle orient itself such that the
operation is shadowed.

The unmanned passive element responds -
only to preprogrammed.commands or com-

‘controlling element. For this procedure
the active element will be sole source
of commands for the ummanned element.

|Prior to performing any alignment by thq

active vehicle, the passive vehicle musf
be in a relatively fixed attitude (wide’
deadband) .

.
4
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OPERATIONAL PROCEDURE NO. 1-1

Operation

Performed
by:

Rationale

Inhibit venting systems

Inhibit independent tracking and
maneuvering of large appendages

Maneuvers to inspect mating port

Inspect mating port

Active/
passive

Active/
passive

Active

Active

Propulsive vent systems that can cause
vehicle deviation during berthing
(except attitude control jets) and
venting systems that can contaminate
the mating elements must be inhibited.
during mating and mated operations or,
if required, the dump operations will
be accomplished on a periodic basis
utilizing times. where least contamina-
tion will occur.

The purpose of this step is to lock
into a noninterference plane such items
as solar arrays and gimballed antennas.

The maneuver will bring the elements
into a position where the inspection
can be performed with the available
aids on the active-element (TV, direct
viewing, telescope, etc.).

The mating port is inspected to verify
it is properly configured for mating
operations and was not damaged during
the last mate and separation operation.

\
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OPERATIONAL PROCEDURE NO. 1-1

Operation

Performed
by:

Rationale

10

11

Acquire  proper position to
begin closure operation

Active vehicle -commands passive
vehicle to acquire attitude hold
mode for final maneuvers
(required for unmanned element
only)

Passive element acquires narrow
deadband attitude hold mode
(attitude/rate stabilization)

Activate alignment/ranging aids
and verify

Active

Active

Passive

Active/
passive

The selected position is one that pro-
vides clearance from interfacing
passive element appendages and provides
a path that requires minimum maneuvers
to accomplish the mate.

This operation required only if the subq
sequent attitude hold mode did not pro-
vide sufficient attitude stability.

Docking port capturé tolerances and
alignment aid utilization requires that
the elements be in a relatively stable
attitude during the docking operation.

All aids (laser, TV cameras, targets,
special lighting effects, etc.) that
may be utilized to guide the active
vehicle into dock must be activated.
Verification includes the primary aids
as well as the backup aids such that
failure of a single aid will not create
a hazard that could cause accidental
collision.

s
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OPERATIONAL PROCEDURE NO. 3-1

/

Operation

Performed
by:

Rationale

12

13

14

15

16

Elements verify they are ready
for mate

Align elements

Perform the closing maneuvers

Declerate closing translation to
contact velocity

Contact and continue thrusting
until capture and verify

Active/
passive

Active

Active

Active

Active

Verification includes statusing the
primary systems as well as the backup
systems, Backup systems are statused
such that any time during the docking
they are ready to be utilized. System
verification shall include such things
as docking port configuration, guidance|
control properly configured, crew pro-
visioned at their appointed statioms,
solar arrays oriented and locked to
prevent impact loads from damaging them
loose equipment stowed, etc.

Element mating ports are aligned.
Docking guidance (alignment) aids will
be verified to be properly aligned
between elements {(i.e., laser trans-
mitted/reflected beam is aligned within
the reflector pattern).

This step occurs only if the preceding
step is performed at a higher velocity.

Thrusting is maintained to prevent the
elements from rebounding away from each
other and not effecting capture or
acquiring only a partial capture,

s
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OPERATIONAL PROCEDURE NO. 1-1

Operation Eerformed Rationale
y:

11-1°2°
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Inhibit ACS of one of the elements - This step should occur at capture veri-
fication. If both elements maintain an
active ACS then the elements may tend
to counteract the forces applied to
damp the velocities (lateral/rotational]
imparted by the docking as well as the
waste propellants.

Attenuate impact forces Active This step occurs in parallel with the
: contact operation. The docking impact

energy must be attenuated by the dock-

ing structure to prevent damage to the

elements.
Damp angular and translational - The vehicle whose ACS was not inhibited
applied motions (operational step 17) must damp the

impact residual relative motion.

Rigidize interface and mechan- Active Rigidization as applied to this step

ically align elements infers clampdown of the mating ports,
' the forced alignment of the elements

and sealing the interface., The tech-
nique can be automatic or semi-automatig
but must be capable of being rapidly
disengaged in case of abort.

1\
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OPERATIONAL PROCEDURE NO. 1-1

Operation Performed Rationale
by:
21 | Verify docking interface Active/ Prior to performing any extensive
passive maneuvers or relaxing the docking
vigilance, the latches are verified to
be engaged and locked, and the mated
- elements mechanically aligned.
22 | Assume mated operations flight Active Narrow deadband mode can be deactivated
mode to conserve propellant.
23 | Deactivate docking aids Active/
passive
The following operations configure the interface between the mated elements for shirtsleeve
crew transfer. These operations are viable for either a transfer of persomnel from a manned
element into an unmammed element or for transfer of personnel between two manned elements.
In both cases, the operations are performed by the crew of one of the elements only.
24 } Activate controls and displays Active Those controls and displays required

for entering tunnel area and
verify habitability of mated
element

(See shirtsleeve crew transfer
procedure for details)

for tunnel pressurizatien and leak
detection are activated. Communications
are established between the tunnel area
and the control center such that the

control center is cognizant of the opers¢

ations and can relay information to the
mated manned element or visa versa or
can pass information to the hatch open-
ing crew on the status of the unmanned
element. The necessary habitability
criteria can be obtained utilizing RF
link if it is still in existence.
(Antenna patterns coincide)

/)
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OPERATIONAL PROCEDURE NO. 1-1

Operation

Performed
by:

Rationale

25

26

27

28

Pressurize tunnel between
element hatches and equalize to
active element pressure

Verify tunnel leak rate

Open hatch to tunnel and inspect
mating interface

Pressurize unmanned element
(This operation applies for an
unmamed element only)

Active

Active

Active

| equalized.

However, if the RF link no longer exist$
then the required data must have been
acquired prior to mating. If there is
no RF link and the data were not avail-
able prior to mating, the extensive-
ness of the subsequent checkout opera-
tions must be expanded.

Prior to opening. the hatch the
pressure across the hatch must be

During and subsequent to the tunnel
pressurization the tunnel seal integ-
rity is verified.

The mating port interface is inspected
[for any damage that may have occurred
during the mating operations and also
to verify full engagement and lock of
latches.

If the unmamned element pressure has
bled off during orbital operations, the
element must be pressurized prior to.
entering.

V']
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OPERATIONAL PROCEDURE NO. 1-1

Operation Performed Rationale
by:

29 Isolate unmanned element and Active Verifies that the leak rate of the
verify leak rate (This opera- unmanned element can be supported by
tion applies for an unmanned the pressurization systems. The leak
element only) rate should be checked prior to fully

) pressurizing the element (preceding
operation) such that gas can be sal-
vaged rather than lost to space.

30 | Verify the unmanned element Active Prior to entering the ummanned element,
atmosphere is compatible with the atmosphere must be verified to be
the manned element atmosphere free of contaminants. It may be neces-|
(This. operation applies for an sary to circulate the atmosphere to -
unmanned element only) perform this task. Hardline interfaces]

- can be mated at the unmanned hatch
interface to provide command signals
or monitor the atmosphere.

31 ] Equalize pressure between Active For an unmamned element, the pressure
elements will be equalized to that of the

manned element. For two manned
elements, an interconnect valve
between the hatches will be opened to
equalize pressure.

32 | Open hatch to other element Active Final hatch is opened and access

between the elements can occur.

33 Connect and activate air circu- Active 1f the environment is to be freely

lation ducts

circulated between the elements, air
circulation ducting will probably be
required.

(V'3
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OPERATIONAL PROCEDURE NO. 1-1

Operation Performed Rationale
. by:

34 | Ingress element and perform Active An initial inspection is performed to
initial inspection (This oper-- verify the general condition of the
ation applies for unmammed ummanned element prior to extensive
element only) mated operations.

35 | Position tunnel crew restraint “Active Crew restraint devices are positioned,
devices : adjusted or emplaced as required to

) perform the subsequent operatioms.

36 Install-glectrical.1nterfaces Active Those electrical interfaces that are

‘ - o : to be installed between the elements
to support interoperations will be
made.

37 | Verify interface mate Active/ Prior to activating the interface, a

passive connector mate verification is
required. '

38 | Check out electrical interface | Active/

T o : passive
39 Connect plumbed-interfaces and Active Each interface seal is verified prior
verify seal integrity. to passing fluids to prevent contamin-
T ation of the area
40 | Activate fluid interfaces as Active/
' ' Passive

required

Thié concludes the direct docking¥procedure of a manned element to a maneed element

or unmanned element.-

e
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OPERATIONAL PROCEDURE NO. 1-2

Mating - Manipulator Afflixed to Manned llement, Other Klement can be Manned
or Unmanned

This procedure was developed utilizing an EOS orbiter and a modular space
station (MSS) as the model.

Assump tions

The EOS orbiter equipped with a manipulator does not transfer a module
from the cargo bay directly into a mate with a stationkeeping element; rather
it first berths that element to a port on the EOS orbiter, then performs the
subsequent module transfer operation.

Initial Conditions

The EOS orbiter has rendezvoused with the MSS. Running and orientation
lights and communications between the elements have been activated and veri-
fied during the rendezvous activity., All independent preparations required
by the elements to physically configure for the upcoming mate have been per-
formed (i.e., adapters installed or port extended, capture latches cocked,
mating port environmental coveres opened, TV cameras in place, viewing window
covers opened, cargo bay doors opened, etc.).

Final Conditions

The mated elements are ready for assembly activities or separation
activities.

Description

This operation involves the delivery of a module by a mamned transport
element (EOS orbiter) to a manned or unmanned orbiting element (MSS). Through-
out the procedure the EOS orbiter, which contains the manipulator, will be
known as the active element and the MSS as the passive. The procedure is
essentially a two-phase operation. The first phase involves the capture of
the MSS and its subsequent berth to the EOS orbiter. The second phase is the
transfer of the module from the orbiter cargo bay to a berth on the MSS. The
first phase i1s applicable for any manned element with a manipulator that will

be mating to a manned or unmanned element. Primary operations in the proced-
ure are as follows:

1. Precapture operations - includes orienting elements, statusing
systems, and performing closing operations

2. Capture operations - involves maneuvering of the manipulator to
effect capture of the unmanned element, capture, and after capture
nulling the relative velocities between the elements

3. Berth operations - transfer of the captured element from the
point of capture into a hard mate on the active element

2.1-16 o 72-8A~0007
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Post-berth operations - configures the berthing port for
temporary mated operations and crew transfer

Transfer module to passive element - includes engaging the
module in the cargo bay with the manipulator and maneuvering
it from the bay into a hard berth on the passive element

Post berth ovperatlons - post berth operatious for the module/
passlve e¢lement Interface lnvolve orbltal asgembly operatlons

2.1-17
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OPERATIONAL PROCEDURE NO. ;-2

TITLE: MATING - MANIPULATOR AFFIXED TO MANNED "ACTIVE" ELEMENT; OTHER ELEMENT "PASSIVE" AND CAN BE
D

ELEMENT INTERFACES: EOS ORBITER (WITH MANIPULATOR) /MSS

Operation bP;.rformed Rationale
Illuminate passive element Passive/ |The passive element is illuminated to
active the extent that appendages can be

Active element commands passive
element to acquire stable attitude
(This step applies for unmanned
passive element only)

Active

viewed and avoided during closing and
manipulator operations. Emphasis will,
however, be placed on the manipulator
end effector receptacle to assist with
alignment and engagement. The berthing
port is also illuminated to facilitate
inspection of the mating interface. If
backup manipulator alignment is per-
formed by a manned passive element,
illumination of the end effector and
manipulator arm is necessary. Sun
illumination is acceptable when it is
available, but direct or specular glare
emanating from sunlight may hinder
rather than enhance visual accuity,
requiring that the vehicle orient itself
such that the operation is shadowed.

The unmamned passive element responds
only to preprogrammed commands or com-
mands transmitted from ground or
another controlling element. For this
procedure, the active element will be
sole source of commands for the
unmanned element.
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OPERATIONAL PROCEDURE NO. 1-2

" QOperation

Performed
by:

Rationale

Passive element acquires stable
attitude

Inhibit venting systems

| Inhibit independent tracking and
maneuvering of large appendages

Active element maneuvers into

proper position to begin closure
operation

Activéte manipulator

Passive

Active/
passive

Active/
passive

Active

Active

Prior to performing any aligmment by
the active vehicle, the passive vehicle
nust be in a relatively fixed attitude
(wide deadband). ’

Propulsive vent systems that can cause
vehicle deviation during berthing
(except attitude control jets) and
venting systems that can contaminate

| the mating elements must be inhibited

during mating and mated operatioms or,
if required, the dump operations will
be accomplished on a peridoic basis
utilizing times where least contamina-
tion will occur. '

The purpose of this step is to lock
into a noninterference plane such items
as solar arrays and gimballed antennas.

Selected position is one that provides
most clearance from interferring pas-
sive element appendages and provides a
path that requires minimum maneuvers by
the active vehicle during the direct
translation.

Manipulator control must be activated
and the arm released from the retention
devices. '

2

[[2M20Y UBDLBWIY LHON

uois|AIg 8ceds




02-1°¢

L000-VS-2L TS

OPERATIONAL PROCEDURE NO. 1-2

Operation

Performed
by:

Rationale

10

11

Activate manipulator guidance
aids/verify

Translate active element to
within manipulator reach envel-
ope with respect to the passive
element '

Active element commands unmanned
element to assume a minimum
deadband mode - attitude/rate
stabilization (This operation
applies for unmanned passive
element only)

Elements acquire a minimum dead-
band flight mode - attitude/rate
stabilization

Active/
passive

Active

Active

'Active/

passive

All aids (TV cameras, targets, special
lighting effects, etc.) that may be
utilized to guide the manipulator into
position to effect capture are activa-
ted. Verification includes the primary
aids as well as the backup aids such
that when the capture operation begins,
a failure of an aid will not create a
hazard with manipulator control.

The active element must maneuver close
enough to the active element to effect
capture by the manipulator. The cap-
ture envelope includes the necessary
stopping distance required to null out
the relative velocities between the
elements.

Manipulator control requires that the
manipulator base and the target be
stable such that precise positioning
can be achieved.
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OPERATIONAL PROCEDURE NO. 1-2

Operation

Performed
by:

Rationale

12

13

14

15

16

Verify elements prepared for the
capture operation

Deploy and extend manipulatorito
effect capture of passive element

Contact end effector receptacle
and continue extending until
- capture and verify

Inhibit'captured element attitude
control system

Null the relative velocity differ-
entials between the elements

Active/ .
passive

Active

Active

Passive

Active

final berth.

Final evaluation of systems prior to
initiating the capture operation
(communications, attitude/rate stabili-
zation, capture latches armed, etc.)

Extension is maintained to prevent the
end effector from rebounding out of the
receptacle prior to positive engagement

When the capture of the passive element
has been verified, the captured element
attitude control is inhibited to pre-
vent it from counteracting manipulator
maneuvers. The passive element rate
stabilization may be required to prevent
an uncontrolled oscillation of the man-
ipulator/captured element during the
subsequent operations that lead up to

The manipulator must attenuate undesireq
motions of the passive element prior to
transporting it to the berthing port.

Wy
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OPERATIONAL PROCEDURE NO. 1-2

Operation

Performed
by: -

Rationale

K
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Verify positive capture

Deactivate capture aids
Activate berthing aids

Acquire flight mode (TBD) for
subsequent operations

Active

Active/ . -

passive

Active

Active

The manipulator will apply forces to
the captured element simulating the
forces that will be applied during the
transposition operation. The purpose
of the operation is to verify that the
manipulator has full control of the
captured element and that the element
will not escape during subsequent oper-
ations.

TV cameras, targets, etc., utilized for
the capture operation can be deactiva-
ted or utilized for another function.

Guidance aids utilized to perform the
manipulator berthing operation will be
activated and verified.

The selected flight mode for subsequent
operations has not been determined. An
attitude hold mode may cause erratic
movement of the manipulator arm with a
mass attached at the end when the atti-
tude control system torques the vehicle|
With free drift, changing sun angles
may hinder visual acuity and controller
(if it 1s not fully automatic) concen-
tration.

s
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OPERATIONAL PROCEDURE NO. 1-2

Operation Performed Rationale
by:

21 | Maneuver captured element to Active This step aligns the ports and provides
berthing port and orient for the capability for the active element
_final translation to inspect the passive element berthlng

' ' port,

22 | Inspect berthing port Active The berthing port is inspected to .-

: verify it is properly configured for -
berthing operations and was not damagedvl
during the last mate and separation 4._'_]
operation.

23 | Close at bertﬁing contact Active The manipulator maneuvers the passive
velocity and effect mate element into position and translates

o : it directly into a hard berth
24 } Rigidize interface Active/ Rigidization as applied to this step
- C passive infers clamp down of the mating ports
such that mated maneuvers can occur
and the interface seal seated.

25 | Deactivate berthing aids Active/ The berthing operation has been com-

' ) passive pleted. Subsequent steps configure the
interface for mated operatioms.

The following operations configure the interface between the mated elements for
shirtsleeve crew transfer. These operations are viable for either a transfer of
personnel from a manned element into an unmanned element or for transfer of per—.

sonnel between two manned elements.

by the crew of one of the elements only.

|

In both cases, the operations are performed
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OPERATIONAL PROCEDURE NO. 1-2

Operation

Performed
by:

Rationale

26

27

28

Activate controls and displays
for entering tunnel area and

verify habitability of mated

element (See shirtsleeve crew
transfer procedure for details)

Pressurize tunnel between element
hatches and equalize to active
element pressure

Verify tunnel leak rate

Active

Active

Those controls and displays required
for tunnel pressurization and leak
detection are activated. Communication
are established between the tunnel area
and the control center such that the
control center is cognizant of the
operations and can relay information to
the mated manned element or visa versa
or can pass information to the hatch
opening crew on the status of the
urmanned element. The necessary habit-
ability criteria can be obtained util-
izing the RF link if it is still in
existence (antenna patterns coincide).
However, if the RF link no longer
exists, then the required data must
have been acquired prior to mating.

If there is no RF link and the data
were not availahle prior to mating, the
extensiveness of the subsequent check-
out operations must be expanded.

Prior to opening the hatch, the pres=
sure across the hatch must be equalized

During and subsequent to the tunmel
pressurization, the tunnel seal integ-
rity is verified.

W
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OPERATIONAL PROCEDURE NO. 1-2

~ Operation

Performed
by:

Rationale

29

30

31

32

Open hatch to tumnel and inspect
mating interface

Pressurize ummanned element
(This operation applies for
unmanned passive element only)

Isolate unmamed element and
verify leak rate (This opera-
tion applies for unmanned
passive element only)

Verify the unmanned element
atmosphere is compatible with
the manned element atmosphere

(This operation applies for
unmanned passive element only)

Active

Active

Active

Active

The mating port interface is inspected
for any damage that may have occurred

during the mating operations and also

to verify full engagement amd lock of
latches.

If the unmanned element pressure has
bled off -during orbital operations, the
element must be pressurized prior to
entering,

Verifies .that the leak rate of the
unmanned element can be supported by
the pressurization systems. The leak
rate should be checked prior to fully
pressurizing the element (preceding
operation) such that gas can be sal-
vaged rather than lost to space.

Prior to entering the ummamned element,
the atmosphere must be verified to be
free of contaminants. It may be
necessary to circulate the atmosphere
to perform this task. Hardline inter-
faces can be mated at the ummanned
hatch interface to provide command
signals or monitor the atmosphere.

\
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Operation Performed Rationale
by:
Equalize pressure between elementq Active For an unmanned element, the pressure

will be equalized to that of the manned
element. For two manned elements,
intercomnect valve between the hatches
will be opened to equalize pressure.

Open hatch to other element Active Final hatch is opened and access
between the elements can occur.

Connect and activate air circu- Active If the environment is to be freely

lation ducts ' : circulated between the elements, air
circulation ducting will probably be
required. -

Ingress element and perform Active An initial inspection is performed to

initial inspection (This verify the general condition of the

operation applies for unmanned unmanned element prior to extensive

' passive element only) mated operations.
Disconnect manipulator from Active Manipulator can be disconnected from
passive element and stow berthed element and stowed or utilized

for another operation.

Position tumnel crew restraint Active Crew restraint devices are positioned,
devices adjusted or emplaced as required to
perform the subsequent operatioms.

Instéll electrical interfaces Active Those electrical interfaces that are to
be installed between the elements to
support interoperations will be made,

s
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OPERATIONAL PROCEDURE NO. 1-2

Operation Performed Rationale
- by:
40 | Verify interface mate Active/ Prior to activating the interface, a
passive connector mate verification is required
41 | Check out electrical interfaces Active/
' passive

42 | Connect plumbed interfaces and Active Each interface seal is verified prior

verify seal integrity - to passing fluids to prevent contamin-

' ‘ ation of the area.

43 ‘Activate fluid interface as Active/ .

required passive

manipulator.
an applicable port on the MSS.

44 Crewman traverses to unmanned

45

element berthing port where the
‘next module is to be mated
(This operation applies to the
unmanned passive element only)

‘Configure passive element for
berth of the module

Active

Passive

This concludes the mating operation of a manned or unmanned element to a manned element with a
Subsequent steps transfer a module from the cargo bay of an EOS and berth it to

Utilize crew and cargo transfer proced-
ure.

The assembly crew removes berthing port
covers and activates aligmment aids
(lighting/targets).

be installed or a crew member will be .
positioned at the wondow to view the
module closing and aligmment. The CCIV
will be monitored at the manipulator

If a berthing port
window is available, a CCTV camera will

([BMNO0Y UEDLBLUY YUON
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OPERATIONAL PROCEDURE NO. 1-2

Operation

Performed
by:

Rationale

46

47

48

49

50

Verify elements prepared for
transfer of module from cargo
bay to assembly element berthing
port

Manipulator engage module in
cargo bay

Verify manipulator/module inter-
face

Release module

Maneuver module to near berthing
orientation

Active/
passive

Active

Active

Active

Active

control console or if the crewman is
viewing the operation from the berthing
window he will have direct communica-
tions with the manipulator operator.

Prior to module tramsfer, alignment
systems including backup must be
statused.

The purpose of this operation is to
verify that the manipulator has full
control of the captured element and
that the element will not escape during
the subsequent transfer operation. The
manipulator will apply forces to the
captured element simulating the forces
that will be applied during the trans-
position phase.

The module tie downs are released and
the manipulator maintains the module
in position.

The manipulator maneuvers the module
into position for berth and aligns
the ports.

s
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OPERATIONAL PROCEDURE NO. 1-2 -

- Operation Performed Rationale
: by:
51 | Close at berthing contact velocity Active The manipulator translates the module
and effect mate/verify directly into a hard berth and main-

tains pressure on the interface until
mate is verified.

52 | Disconnect manipulator and stow Active Manipulator operations have been
completed.

53 | Deactivate berthing alignment Active/ Berthing operations have been com-

aids

pleted

This completes the mating operation of a module to an MSS utilizing a manipulator.

operations such as rigidization for prolonged activities or separation are covered in
assembly and separation procedures.

Further
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OPLERATLIONAL PROCEDURE NO, 1~3

Mating - Direct Dock, Unmanned Element to an Unmanned Ylement

This procedure was developed utilizing a space tug and detached RAM
(DRAM) for a model.

Assumptions

Both elements can be controlldd by a remote base (ground or orbital)
utilizing an RF data link. One of the elements is equipped with a television
camera mounted for external viewing. The pictures are transmitted to the
remote base for analysis of the operations.

Initial Conditions

Rendezvous has been accomplished. Communications between the involved
elements (base control, active element, passive element) have been established.
Conditions for mate are acceptable (i.e., communications are acceptable and

no interference expected, mating element subsystems verified, orbital position
is correct).

Final Conditions

The mated elements are ready for maneuver operations.

Description

This procedure directly docks two unmanned elements. Control of the
elements is automatic; however, a remote site (base control) will initiate
particular commands which can maneuver the elements into any required attitude.
Base control will always be able to abort the operation. The procedure assigns
one element the active role which is the element that performs attitude man-
euvers as commanded by base control. For this procedure, the space tug will
assume the active role and the DRAM, the passive. Base control follows the
operation by utilizing TV coverage with the TV camera viewing from the space
tug. A data link from both elements to base control is also available. The
primary operations are as follows:

1. Alignment - includes acquiring the target, guidance and
activation, and alignment of the elements

2. Closing -~ maneuvers to perform mate

3. Contact - includes contact, capture, and attenuation of the
docking forces

4. Post contact - involves the rigidization of the interface for
subsequent maneuvers. Inhibiting of systems for subsequent

mated operations is part of the attached element transport
procedure. :

2.1-30 SD 72~SA-0007
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OPERATIONAL PROCEDURE NO. 1-3

TITLE: 'MATING —»DIRECT AUTOMAIIC DOCK UNMANNED ELEMENT TO AN UNMANNED ELEMENT

ELEME‘NT INTERFACES: SPACE-BASED TUG (UNMANNED)/DRAM ' (UNMANNED)

Operation

Performed
by:

Rationale

Activate TV camera/verify

Illuminate passive element

TV camera acquire target

" Orient elements relative to the
sun angle and antenna patterns

Active

Paésivé:'

Active

Active/
passive

The active element (space tug) TV
camera is turned on. Verification is
a plcture at the receiving station

3 (base control)

Ihe pagsiye element is illuminated such

‘| that the TV can acquire the element and

base ‘control can verify element atti-
tude. The illumination will include
mating ports such that a subsequent
inspection of the port can be made.

The active element must maneuver to
align the camera or the camera is
gimballed or both, but whichever, the
camera must be maintained on the target
such that subsequent operations can be
controlled and monitored by base con-
trol

Elements are oriented such that sunlight
enhances rather than inhibits TV cover-
age. Orientation must also be such that
when one of the elements closes on the
other, the radiated antenna patterns for
base control coverage are not inter-
fered with.

\y
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OPERATIONAL PROCEDURE NO. ;_3

Operation

Performed |
by:

Rationale

10

11

12

13

14

Verify active element tracks the
passive target

Active element performs initial

closing operation utilizing a
minimum deadband translation.

Base control maintains override
control of the translation

Close at contact velocity

Contact and continue thrusting
until capture and verify

Active/
passive

Active

Active

Active

Subsequent steps require that the activ
vehicle fly down a limited corridor
into hard mate on the passive element.
The corridor limits are established

by the alignment sensor capabilities.
For this operation, the passive vehicle
can be rotated off alignment and the
active vehicle should track its motion
to maintain alignment.

Base control should maintain the capa-
bility to stop the closure at any time
for further inspection or to assure
attitude aligmment.

This step occurs only if the preceding
translation were being performed at a
velocity higher than the allowable
contact velocity.

Thrusting is maintained to prevent
elements from rebounding away from each
other and not effecting capture or
acquiring only partial capture. Veri-
fication will be a response signal from
interface sensors located at the captur%
interface. Sensed verification will
automatically cut off docking thArusters|

°
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OPERATIONAL PROCEDURE NO. 1-3

Operation

Performed
by:

Rationale

Passive element acquire attitude
hold mode

Activate docking guidance aids

Align docking guidance aids

Both elements acquire minimum
deadband attitude mode (attitude/
rate stabilization)

Inspect passive element docking
port

Passive

Active/
passive

Active

Active/
passive

Active

Base control commands passive element
to acquire mode. The passive element
assumes a wide deadband alignment such
that the subsequent coarse alignment
by the active element can occur.

Docking aids that will be utilized for
aligmment and range/range rate determind
ation between the elements must be
activated.

The maneuver will be performed by com-
mands transmitted from base control.

An option to maneuvering the vehicle
would be to maneuver the guidance
sensor (laser) until it acquires the
target, then track the sensor alignment
with the vehicle.

The docking alignment criteria allow no
more than a minimum deviation from
docking port centerline alignment.

The mating port is inspected to verify
it is properly configured for mating
operations and was not damaged during
the last mate and separation operation.

-
o
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OPERATIONAL PROCEDURE NO. 1-3

Operation

Performed
by:

Rationale

{2

15

16

17

18

19

Attenuate impact energy

Active

Inhibit ACS of one of the elementg -~

Damp angular and translational
applied motions

Mechanically align elements and
verify interface

Verify docking interface

This step occurs in parallel with the
previous step. Witheut ifmpact atten-
uation, damage to the elements may--
occur depending on Impact velecity.

This step occurs in parallel with the
previous step. If-both elements main-
tain an active ACS, then the elements
tend to counteract the forces applied
to damp the residual relative motion
imparted at docking impact as well as
waste propellants.

The impact will generate residual rela-
tive motion. This relative motion must

be damped by the element with the active

ACS to within the constraint of the
mated elements and the upcoming opexr-
ations.

Prior to any mated orbital maneuvers,
the interface must be rigidized and
the vehicle aligned structurally,

Prior to any mated orbital maneuvers,
the interface latches must be verified
to be engaged and locked.

e
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OPERATIONAL PROCEDURE NO. 1-3

" Operation Performed Rationale
by:
20 | Deactivate docking aids Active/ The docking operation is complete; the
passive aids may be deactivated to conserve

-This completes the direct docking procedure..

for subsequent orbital operationms.

power.

The mated elements are configured

1\
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2.1.2 PROCEDURES APPLICABILITY

Each procedure that was developed was reviewed for applicability to the
feasible mating combinations. Figure 2,1-2 shows the results of these
analyses in matrix form.

It is possible to mate all element pairs using either the direct dock or
manipulator berth approach. However, for this analysis it was assumed that
manipulators would not be installed on all elements. Those elements that do
not appear to be candidates for manipulators are the OIS, CPS, RNS, and OPD.
The first three elements which are booster-type vehicles are not candidates
for manipulators in that the secondary advantages gained by manipulators are
not applicable to the type missions performed by these vehicles. The OPD is
not a candidate in that manipulator operations involve a man-in-the-loop
concept and the OPD is an unmanned element. All matings, however, could be
performed utilizing manipulators if a third element with a manipulator is
available to support the operation.

2.1-36
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2.2. ORBLTAL ASSEMBLY

This section presents the operational procedures for Orbital Assembly,
and includes one procedure for each alternate approach identified in Volume II
of this report. Also presented and discussed is the -applicability of these
procedures to each element pair included in the in-depth analysis portion of
the Orbital Operations Study.

2.2.1 OPERATIONAL PROCEDURES

Two. types of orbital assembly activities must be procedurally evaluated.
One is the physical attachment of modules to, an element for extended opera- .
tions. The other is a temporary attachment of modules on.an orbiting booster
element (CPS, RNS) for subsequent transport to a higher energy orbit.

The primary operations required to acliieve the assembly of a module are
(1) mate, (2) rigidize the interface, and (3) connect the utilities across
the Interface. The extended mate operations involve all three operations,
but the temporary assembly involves only the first two operations. The mating
activity 1s performed utilizing one of the procedures developed in Section
- 2.1.1 of this document. The rigidization operation applies to rigidization
that is in addition to the rigidizing that occurs through the normal mating
function., Rigidization for the orbital assembly activity involves such con-~
cepts as installing cable tension ties, rigid stiffening members, interconnect
clamps, etc. The operation can be performed IVA, shirtsleeve, or can be an
automatic technique as in the case of using a multiple docking adapter to
provide rigidization across a number of parallel stacked modules. The develop-
ment of operations for IVA and shirtsleeve rigidization requires that the
rigidization techniques to be employed must be known. That is, the methods
used to install cable tension ties would probably be different from those used
to install a rigid member. Therefore, the procedures developed herein go only
to the depth of preparing for the rigidizing. eperatioén and in one step identi-
fies the rigidization operation. Utilities interconnect involves the mating
of electrical connectors and fluid couplings' and veriflcation of the inter-
face.

As noted, the rigidization operation could be prrformed IVA, shirtsleeve,
or automatically. For the permanent operation, all three concepts are viable;
however, for the temporary operatlon the automatic technique appeared to be
the only method that would be universally acceptable. Therefore, the proced-
ure for the temporary assembly operation was developed around an automatic
rigidizing technique and the other two techniques were covered under the
permanent assembly procedures.

 SD 72-SA-0007
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The mating techniques to be utilized could be either the direct dock or
the manipulator berth. It was arbitrarily decided that the direct dock con-
cept would be utilized for the temporary assembly and the manipulator berth
for the permanent assembly. Since two procedures had to be developed for the
permanent assembly in order to cover shirtsleeve and IVA rigidization tech-
niques, the manipulator for one procedure was placed on the element delivering
the module for assembly and in the other procedure, the manipulator was placed
on the element being assembled.

In order that the full array of assembly operations would be provlded
for, It was necessary to have a manncd element supporting assembly of a
manned clement and a manned element asscmblying an unmanned element.

Finally, 1t was necessary to identify the supporting elements to model
the procedure around. For the permanent assemblies, the EOS orbiter was

selected and for the temporary assembly, the space tug would be the assembler.

Table 2.2-1 shows the three procedures that were developed and the
variables selected to develop each procedure.

Table 2.2-1. Procedure/Criteria Matrix

Procedure Type of Model Manning Rigidizing
Type Mate Assy. Support | Assy. Support | Technique
Elem. Elem. Elem. Elem.
Manipulator EOS
Permanent on transport | MSS orbiter | Unmanned| Manned | Shirtsleeve
element
Manipulator EOS
Permanent on assembly MSS orbiter | Manned |Manned | IVA
element
Temporary Direct dock OLS on| Space Unmanned| Manned | Automatic
CPS tug

Procedural Comparison

As noted, the orbital assembly procedures have been developed around two
different types of assembly operations. One type is the assembly of elements
that are of a permanent nature where man is directly involved in the assembly
of the interface. Figure 2.2-1 outlines the operations for this type of
procedure and shows the deltas 1if the interface is configured using IVA
techniques as opposed to shirtsleeve operations. The single '"mate" balloon

_can be performed using any of the mating concepts. The only real differences
between IVA and shirtsleeve operations are the airlock and module depressur-
ization operationms.

2.2-2 |
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The second type of assembly 1is the temporary assembly of an element or
portion of an element on an orbiting booster that is used to place an element
into.a higher energy orbit. This procedure effectively configures interfaces
ut.:illzing automatic techniques. As shown by the figure, the automatic tech-
nique requires only three operational steps: (1) mate, (2) rigidization,

andl (3) interface connection/verify.

2,2-3 SD 72-SA-0007
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OPERATTONAL PROCEDURE NO. 2-1

Orbltal Assembly--Module to Unmanned Orbltal Wlement - Shirtsleeve Interface
Angenbly

This.procedure was developed utilizing for a model a manned EOS orbiter
with a manipulator delivering a module to an unmanned modular space statlon
(MSS) for assembly,

Assumptions

The EOS orbiter equipped with a manipulator does not transfer a module
from the cargo bay directly into a mate with a station keeping element; but
it first berths that element to a port on the EOS orbiter and then performs
the subsequent module transfer operation. '

Initial Condition

The EOS orbiter has rendezvoused with the MSS and all preliminary oper-
ations for mating activities have been accomplished.

Final Conditions

The MSS with the module fully assembled in position has separated from
the EOS orbiter and can perform routine operations.

Description of Procedure

This procedure involves the delivery of a module by a manned transport
element (EOS orbiter) to an orbiting unmanned element (MSS). The EOS orbiter
is equipped with a manipulator which it will utilize to capture the MSS and
berth it to a port on the EOS orbiter. After berthing the MSS, the module in
the EOS orbiter cargo bay is transferred and berthed to the MSS. The inter-
face between the MSS and the module is connected and rigidized utilizing
shirtsleeve procedures. The installation is checked out and the EOS orbiter
separates from the MSS.

To provide a more generic title to the elements such that the procedure’
can be more universal, the elements will be known as the "active' element
which will be the EOS orbiter, the '"passive' element which will be the element
being assembled (MSS), and "module' for the module being attached. ‘

©2.2-5
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OPERATIONAL PROCEDURE NO. 2-1

TITLE: ORBITAL ASSEMBLY - MODULE TO UNMANNED ORBITAL ELEMENT, SHIRTSLEEVE INTERFACE ASSEMBLY
ELEMENT INTERFACES: MANNED ORBITER WITH MANIPULATOR/MODULE/UNMANNED MSS

Operation Performed

by: Rationale

!
I

|

'
t
i
|
5
1
I
I
i

Transfer module from transport Active/
" element to element being passive/
assembled. For this operation, module

Mate transport element to element] Active/
being assembled. For this oper- | passive
ation, utilize Operations 1
through 43 of Operational Pro-
cedure No. 1~-2.

utilize Operations 44 through
53 of Operational Procedure
No. 1-2,

i The next series of steps involve the connection of the electrical and plumbing interfaces

. between the elements and the tigidization of the interface such that prolonged attached

. operations can occur. Rigidization applies to the structurally strengthening and stiff-

. ening of the element/module interface. The technique can be automatic or manual. Automatic
. techniques can be a series of succeeding operations to achieve rigidization (one sector

| rigidized, then the next sector, etc.) or the operation can be performed in a single step.

An automatic technique will include clampdown of the mating ports and seating of pressuri-
zation seals. If the technique is manual and utilizes IVA methods, then rigidization probably

. involves hardware that must be manipulated external to the element/module interface tunnel.
! If the operation can be achieved in a shirtsleeve environment, the hardware and interfaces

tinvolved must be located within the tunnel. The following steps assume a shirtsleeve
i rigidization scheme.
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OPERATIONAL PROCEDURE NO. 2-1

Operation

Performed .
by:

Rationale

Initial rigidization

Pressurize tunnel

Verify tunnel seal integrity

Open hatch to tunnel and inspect
mating interface

Illuminate tunnel

-Equalize module pressure with
_ tunnel -

Isolate module and verify leak

rate

Passive

Passive

" Passive

Passive

Passive

Module/
Passive

Passive

mating port interlock., It includes

_can occur.

Pressure between tunnel/module must be

Inifial,rigidization provides the final

pull-down of the interfaces and seating
of the pressure seals such that subse-
quent pressurization and crew transfer

The tunnel between the assembly element
and the module is pressurized and equal
ized to the passive element pressure
such that the interface hatch can be
opened. -

During and subsequent to the pressuri-
zation the tunnel seal integrity must
be verified.

The mating port interface is inspected
for any damage that may have occurred
during the mating operations and also
to verify full engagement and lock of
latches. : :

equalized to open hatch

Verifies that the leak rate of the
unmanned element can be supported by
the pressurization systems.

1\
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OPERATIONAL PROCEDURE NO. 2-1

Operation

Performed
by:

Rationale

10

11

12

13

14

15

16

Verify the module element atmos-
phere is compatible with the
manned element atmosphere
Equalize pressure between
passive element/module

Open hatch to other element

Conneét'éhd activate air circu-
lation.ducts

Ingress module and perform
initial inspection

Position tunnel crew restraint
devices

Installielectrical interfaces

Passive

Passive

Passive

Passive

Passive

Passive

Passive

Prior to entering the module, the
atmosphere must be verified to be free
of contaminants.

For an unmanned element, the pressure
will be equalized to that of the
passive element.

Final hatch is opened and access
between the elements can occur

If the enviromment is to be freely
circulated between the elements, air
circulation ducting will probably be
required.

An initial inspection is performed to
verify the general condition of the
module prior to extensive mated oper-
ations.

Crew restraint devices are positioned,
adjusted or emplaced as required to
perform the subsequent operations.

Those electrical interfaces that are
to be installed between the elements
to support inter operations will be
made.

e
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OPERATIONAL PROCEDURE NO. 2-1

- Operation

Performed
by:

Rationale

6-2°2 .

17

18
19
20

21

22

23

Verify interface mate

Check out electrical interface

Connect plumbed interfaces and
verify seal integrity

Activate fluid interfaces

Perform assembly rigidization
operations

Remove tools and restraint aids

Séparate active element from
passive element. For this
operation, utilize Operational

Procedure No. 3-2.

NOTE 1: Items noted refer to functional requirements 1,2,3,11,12,13,31,32,33,34,35,36,37

Active/
module

Active/
module

Passive

Passive/ -

module

Passive

Passive

Active/

passive

Prior to activating the interface, a
connector mate verification is required

Each interface seal is verified prior
to passing fluids to prevent contamin-
ation of the area

This step applies where rigidization
between the passive element and the
module is required beyond that avail-
able at the normal mating interface.

These aids are removed such that they
do not interfere with subsequent oper-
ations.

NOTE 2: Items noted refer to functional requirements 23, 24, 25, 26, 28, 29, 30

e
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OPERATTONAL PROCEDURE NO, 2-2

Orbital Assembly--Module to a Manned Orbital Element - IVA Interface Assembly

This procedure was developed utllizing for a model a manned EOS orbiter
dellvering a module to a mamed modular space station (MSS) which 1s equipped
with a manipulator.

Assumptions

The MSS is equipped with both manipulator berthing ports and direct
docking ports.

Initial Conditions

The EOS orbiter has rendezvoused with the MSS and all preliminary oper-
ations for direct docking have been accomplished.

Final Condition

The MSS has separated from the EOS and the module is fully assembled on
the MSS and routine operations can continue.

Description of Procedure

This assembly operation involves the addition of a module to an orbiting
manned MSS. The MSS for this procedure is equipped with a manipulator, how-
ever, particular mating ports have the capability to accept direct dockings.
The module will be delivered by an EOS orbiter. Hookup and rigidization
operations to secure the interface between the MSS and the module are per-
formed IVA. The IVA procedure assumes an airlock between the module and the
MSS proper. Basic procedures for the full operation are as follows:

1. Direct dock EOS orbiter to MSS. The EOS orbiter will function
as the "active" element and the MSS as the "passive."

2. The MSS manipulator will remove the module from the EOS orbiter

cargo bay and berth the module to a temporary holding port on
the MSS.

3. The EOS separates from the MSS utilizing a jet translation
method.

4. The MSS manipulator transfers and berths the module to the
permanent assembly port.

5. The assembly is rigidized and the interface utilities connected
utilizing IVA/shirtsleeve techniques.

2.2-10
'SD 72-SA-0007
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OPERATIONAL PROCEDURE NO. 2-2

TITLE: ORBITAL ASSEMBLY - MODULE TO MANNED ORBITAL ELEMENT, IVA INTERFACE ASSEMBLY
ELEMENT INTERFACES: MANNED ORBITER/MODULE/MANNED MSS WITH MANTPULATOR

Operation

Performed
by:

Rationale

Direct dock active element to the
passive element. For this oper-
ation use Operational Procedure
No. 1-1.

Interconnect communications link

between trans portcelement and
assembly element.

Prepare module for transfer

Activate manipulator guidance
aids

Active/
passive

Active/
passive

Active

Passive

If the RF communications link cannot
be utilized during mated operations, a
hardline communications link between
the elements must he established. If
the hatches hetween the elements are °
to be opened, Operations 24 through 32
of Operational Procedure 1-2 apply.

Transport element must prepare the
module which includes: positioning

the module in a manner that will facil-
itate capture by the manipulator and
disconnect of interfacing hardlines.
Module may be deployed out of the cargo
bay or remain within the cargo bay.

TV cameras, targets, special lighting
effects, etc. Each aid including
backup systems will be verified and tﬁﬁ
status known prior to starting manip-
ulator activities.
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OPERATIONAL PROCEDURE NO. 2-2

Operation

Performed
by:

Rationale

21-2°2

Configure passive element for
berth of the module

Verify elements prepared for
transfer of module from cargo
bay to assembly element berth-
ing port

Manipulators engage module in
cargo bay

Verify manipulator/module
interface

Passive

Active/
passive

Passive

Passive

The assembly crew removes berthing port
covers and activates alignment aids
(lighting/targets). If a berthing port
window is available, a CCIV camera will
be installed or a crew member will be
positioned at the window to view the
module closing and aligmment. The CCIV
will be monitored at the manipulator
control console or if the crewman is
viewing the operation from the berthing

'} window he will have direct communicatio

with the manipulator operator.

Prior to module transfer, alignment
systems including backup must be
statused.

The purpose of this operation is to
verify that the manipulator has full
control of the captured element and
that the element will not escape during
the subsequent transfer operation. The
manipulator will apply forces to the
captured element simulating the forces
that will be applied during the trans-
position phase.

7
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OPERATIONAL PROCEDURE NO. 2-2

Operation Performed Rationale
by: -
9 Release module Active The module tie-downs are released and
the manipulator maintains the module
in position.
Two options are available at this step.  The first would be to transport the moduie to a
berthing port on the assembly element. The berthing port could be the final assemblage
point or it could be a temporary position utilized until the transport element separates,
whereupon it is then transferred to the final assembly position. The second option is to
have the manipulator hold the module in a free position while the transport element separ-
" ates and then position the module at the flnal assembly point.:
For this. sequence of operations, the f1rst option will be used and the module will be
positioned at a temporary berthing port. ‘The selection of berthing port should be based
on ease of berthing operations and the minimum possibilities of interference with the
transport element.
10 ' Maneuver module to near berth- Passive The manipulator maneuvers the module
ing orientation into position for berth and aligns the
ports.
11 Close at berthing contact Passive The manipulator translates the module
.veloc1ty and effect mate/verify directly into a hard berth and main-
tains pressure on the interface umtil
mate is verified.
Rigidize the module and the Passive = |Rigidization as applied to this step

12

_ passive element interface

infers clampdown of the mating ports
such that mated maneuvers can occur
(next step). The seating of interface
seals is not required,

s
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OPERATIONAL PROCEDURE NO. 2-2

Operation l|:e"f0"me¢1 Rationale
y:

13

14

15

16

17 -

,Manipulator transport module to | Passive

The following operation (separation) may require that the assembly element be maneuvered
either attached to or independent of the transport element. If the manipulator cannot
remain attached to the module during maneuvers, due to forces that may be applied or to
ACS plume impingement contamination, it will have to be disengaged and stowed. For this
procedure, it is assumed that the manipulator can remain attached to the module.

Separate active element from Active/
passive element. For this passive
operation, utilized Operational
Procedure No. 3-1.

The féllbwing operations involve the transfer of the module from the temporary port to the
final mating port.

Unlock and disconnect rigidi- Passive Rigidization as applied to this oper-
zation system ation refers to the rigidizing per-

: formed at Operation 6.
Unlock berthing port capture Passive Disconnect of final interface between
latches passive element and module.

This step does not require that the
mating ports are not in contact. It is
a verification that all latches have
unlatched and separation can occur
without damaging mating port hardware.

Verify passive element and
module interface::ports are
freed (positive separation)

final assembly port and orient
for mate

s
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OPERATIONAL PROCEDURE NO. 2-2

* Operation Performed Rationale
by:

18 Translate the module at contact | Passive

velocity and effect berth to

passive element

The fbllowing operations apply to the rigidization of the mated interface. The

activities will be performed utilizing IVA techniques. '
19 IVA crewmen don IVA suits and Passive -

prepare facilities for »

- depressurization of compartment,

See Operational Procedure

No. 5-2 {section 2.5.5)
20 Depressurize compartment until Passive Before opening hatch, the pressure

equal with tunnel volume across it must be equal.
21 1 Illuminate tunnel area Passive:
22 : Open hatch to tunnel and inspect | Passive

interface -
23 Install restraint aids Passive Body restraints, tethers, tools and

S ‘ parts holders, etc., are installed and

24 .>~EQQé1ize'pressure between ~Before;opening module hatch, the
: - module and tunmel fpressure across it must be equal.
25 Open hatch to module

s
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Operation Performed Rationale
by:
26 Connect elect. interfaces Passive/ | Electrical interfaces are connected
module as required to provide lighting in the
module.
27 | Illuminate module Module Subsequent operations require the
module to be illuminated.
28 Perform preliminary inspection Module Before doing any iInterface preparations
of module for an extended mate operatiom, the
module should be inspected to verify
its general condition.
29 Connéct electrical interfaces Passive/ | The electrical interfaces between the
R module passive element and module must be
installed.
30 Verify interface connector mate | Passive/ | Before applying power across the con-
module nector(s) (other than power for
continuity checks) the mate must he
verified.
31 Check out electrical interface Passive/ | The electrical interface is verified to
module the extent that can bhe accomplished
prior to activating liquid cooling
systems.
32 | Connect plumbed interfaces Passive/
, o -module
33 Verify fluid seals Passive/ |Before activation of the fluid lines,
module the coupling seals must be verified to

be properly seated.

W
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OPERATIONAL PROCEDURE NO. 2-2

~ Operation Performed Rationale
by:
34 ‘Activate liquid cooling system Passive/ | The liquid cooling system is activated
: module in order that final check of the elec-
trical interface can be performed.
35 Complete electrical interface Passive/ | This operation verifies those electrica}l-
verification module interfaces that were not verified at
Operation 30.
36 Complete fluid line activation Passive/
module
37 Perfofm’aééeﬁbly rigidization Passive/ | All additional rigidization that is
operations - module required for extensive mated operations
o is installed (i.e., special seals,
tension ties, etc.).
38 Remove tools and restraint aids | Passive/ | All loose equipment must be removed
' module from the tunnel area and stowed.
39 IVA crewmen retreat to passive Passive
element :
40 Close hatch between passive Passive
element and tunnel
41 Pressutize tunnel and module to | Passive The leak rate of the tunnel and module
required operating pressure and is verified to be within tolerance.
status leak rate
42 Pressurize passive element Passive

compartment

1\
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OPERATIONAL PROCEDURE NO. 2-2

Operation Performed Rationale

by:

43 Open hatch between passive Passive

element and tumnel
44 IVA crewmen doff IVA equipment Passive IVA activities are completed; subse-
quent operations can be shirtsleeve.

45 Install air circulation ducts Pagsive/ |Air ducts will be installed to provide

module air circulation between the passive

element and the module.

.This completes the orbital assembly interface activity. The module is ready for internal

checkout activities.

NOTE 1: For functional requirements applicable to Operations 1 through 18, refer to
: the activities mating, separation, and payload deployment.

NOTE 2: 1Items noted refer to functional requirements 1,2,3,11,12,13,31, 32, 33,34,35,36,37

NOTE 3: Items noted refer to functional requirements 23, 24, 25, 26, 28, 29, 30

s
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OPERALTONAL PROCEDURE No, 2-3

Orbltal Assembly--Assembly of Llement on an Orbitlng Boouster Elcment

This procedure was developed utilizing for a model an orbiting lunar
station (OLS) that is to be assembled on a chemical propulsion shuttle (CPS).
The assembly is performed using a manned space tug. '

Assumptions

The OLS is in a parking orbit fully assembled. The OLS consists of 10
modules of uniform size. The OLS has a central control module which is
capable of maintaining attitude control and will respond to commands from the
space tug or another remote base control. The CPS is parked in the same
orbital plane within close proximity of the OLS. The space tug,without any
special navigation (direct flight), can travel between these two elements.

Initial Conditions

The 'OLS 's module utility interfaces have been disconnected (electrical
and fluid) and tunnels vented. The multiple docking adapters (MDA) that are
to be used in the assembly operation are mated to spare ports am the OLS.

Final Conditions

The OLS is stacked on the CPS and rigidized for subsequent boost to a
higher energy orbit.

Description of Operation:

This procedure defines the operations for assembling an orbiting lunar
station (OLS) on a CPS for delivery to lunar orbit. The assembly is not the
final lunar orbiting configuration, but an arrangement of the modules such
that they can be delivered to lunar orbit in a single launch without damaging
hardware through excessive g-loading. The operation essentially consists of
digassembly of a checked out OLS which is in low earth orbit in close proximity
to the CPS and reassembly of the modules on the CPS. The OLS configuration for
this operation consists of 10 modules of uniform size. The procedure will be
to direct dock a multiple docking adapter (MDA) on the forward port of the CPS,
direct dock five of the modules to this adapter, direct dock another MDA on top
of these modules, direct dock the five remaining modules to this adapter, and
finally direct dock a third MDA to the top of these five modules for additional
stiffness. The multiple docking adapters will be delivered by the EOS orbiter
and stowed at the OLS assembly until use. During disassembly of the OLS either
a special control unit (unmanned) which is docked to the assembly will be main-
taining OLS flight attitude, or the final module to be retrieved and docked to
the CPS will be capable of providing full control of the station. The CPS 1is
also equipped with an active attitude control system. Both elements can be com-
manded by ground or the space tug to assume selected attitude modes. Figure
2.2-2 shows an overview of the total procedure. To provide the procedure
with a more generic nature, the elements will be referred to as '"booster”
element, 'assembly" element, and "tug" element.

-
2.2-19
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Figure 2.2-2.

Orbital Assembly Procedure No. 3 - Flow Chart
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OPERATIONAL PROCEDURE NO. 2-3

TITLE: ORBITAL ASSEMBLY - MODULAR ELEMENT ON ORBITING BOOSTER ELEMENT
ELEMENT INTERFACES: oLS/CPS/SPACE TUG

Performed

For this operation, utilize
Operational Procedure No. 1-1,.
Operations 2 through 21

Operation by Rationale
y:
1 Illuminate booster and assembly |Booster/ Illumination of the elements is
elements assembly required to the extent that the tug can
always quickly determine their attitude
The tug must be equipped with flood-
lights if illumination available,
including sunlight, does not adequately
illuminate docking interfaces and dock-
ing targets.
2 Verify communications between Booster/ The tug will be transmitting commands
the involved elements assembly/ | to the booster/assembly elements and
tug receiving data transmitted by the
' elements. :
3 Direct dock tug to MDA No. 1. Tug Three MDA's have previously heen mated

to the OLS element. The first MDA to
be removed has five docking ports on
one side that will interface with OLS
modules and one docking port on the
opposite side that will mate with the
CPS. The tug docks to one of the OLS
ports to transport the MDA to the
booster element.
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OPERATIONAL PROCEDURE NO. 2-3

Operation

Performed
by:

Rationale

Separate MDA No. 1 from the
assembly element. For this
operation, utilize Operational
Procedure No. 3-1, Operations
18 through 26.

Direct dock MDA No. 1 to the
booster element. For this oper-
ation utilize Operational Pro-
cedure No. 1-1, Operations 2
through 21,

Separate tug from MDA. For this
operation utilize Operational
Procedure No. 3-1, Operations
18 through 26.

Direct dock tug to module on
assembly element. For this
operation, utilize Operational
Procedure No. 1-1, Operations
2 through 21.

Separate tug with module from
assembly element. For this
operation, utilize Operational

' Procedure No. 3-1, Operations
18 through 26,

Tug

Tug

Tug

Tug

Tug

]
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OPERATIONAL PROCEDURE NO. 2-3

Operation

Performed
by:

Rationale

.10

11

12

13

Direct dock module to MDA on
booster element. For this oper-
ation, utilize Operational
Procedure No. 1-1, Operations 2

through 21.

Separate tug from module on MDA
For this operation, utilize
Operational Procedure No. 3-1,
Operations 18 through 26.

Repeat Operations 7 through 10
four times '

At completlon of this step the booster element has an MDA mated to it and the MDA, in turn,

has five modules mated to it.

Direct dock tug to MDA No. 2 on
the assembly element. For this
operation, utilize Operational

Procedure No. 1-1, Operations 2
through 21.

Separate MDA No., 2 from the
assembly element. For this
operation, utilize Operational
Procedure No. 3-1, Operatioms -

" 18 through 26.

Tug

Tug

Tug

Tug

Tug

MDA No. 2 is equipped with 10 docking .
The tug will
utilize one of the ports to tramsport

ports, five on each side.

the MDA to the booster element.
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OPERATIONAL PROCEDURE NO. 2-3

Operation Performed Rationale
by:
14 Direct dock MDA No. 2 to the Tug
five modules stacked on MDA
No. 1. For this operation,
utilize Operational Procedure
No. 1-~1, Operations 2 through
21, ‘
15 Repeat Operation 6 Tug
16 Repeat Operations 7 through 10 Tug
four times . -
17 Diregtfddck aft port of space Tug MDA No. 3 is equipped with five docking
tug to MDA No. 3. ports on one side and one tramsport
' port on the opposite. The tug must
pick up the final MDA because it has
no attitude control system and when
the final module is removed the MDA
would be left in free drift.
18 Separate MPA No. 3 from final Tug
assembly module. For this oper-
ation, utilize Operational
Procedure No. 3-1, Operations
18 through 26.
19 Roiace tug 180 degrees Tug Tug is rotated in preparation of docking

the forward port to the final module.

1\
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OPERATIONAL PROCEDURE NO. 2-3

Operation Performed Rationale
by: '

20 Direct dock tug to final module. | Tug

For this operation, utilize

Operational Procedure No. 1-1,

Operations 2 through 21.
21 Deactivate assembly module Tug/ The assembly module will no longer be

‘ : systems assembly | required to perform attitude hold and
T the systems can be deactivated.
22 Repeat Operation 9 Tug
23 Repeé;‘opefation 10 Tug
24 | Rotate tug 180 degrees Tug Tug is rotated in preparation of docking
: MDA No. 3 to the five modules on

) MDA No. 2.
25 Direct dock MDA No. 3 to the Tug

"five modules mated to MDA

No. 2. For this operation,

utilize Operational Procedure

No. 1-1, Operations 2 through

21,

26 Repeat Operation No. 6

Thiéuchpletes the orbital assembly procedure.

NOTE 1: For functional requirements applicable to the operations herein, see the mating and

separation activities (direct docking and jet translation separation).

s
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2.2.2 PROCEDURES APPLICABILITY

Each procedure that was developed:'was reviewed for its applicability to
support the feasible assembly conditions. Figure 2.2-3 shows the results of
these analyses in matrix form.

Those interfaces identified by ''M" reptresent an interface where the oper-
ational assembly 1s solely one of mating. That is, the logistics vehicle
which will assist in the assembly activity by transporting and mating modules
to the identified clement. The "S$S" identification indicates a shirtsleeve
technique for manual assemblage of an interface between modules. This tech-
nique is applicable where the modules are equipped with 1life support hardware.
The IVA identification extends the manual assembly capability to modules that
are not equlpped to provide a shirtsleeve environment. Finally, the "A"
identifies those assembly operations where interfaces must be connected auto-
matically because IVA or shirtsleeve operations cannot be performed. It can
be seen that in some cases more than one concept is viable.

This matrix is a reduced version of the previous matrices presented in
Volume II. The reduction was due to the deletion of eight elements as dis-
cugssed in Section 4.0 of Volume I, It can be seen that those elements utili-
zing automatic assembly techniques are the vehicles that will be assembled
in a temporary complex aboard a booster element rather than in their final
configuration. Also, the modular RNS vehicle which can be assembled in low
earth orbit is an element which, because of its design, does not permit crew
travel to the assemblage point. Those elements that are built up into the
final configuration in low earth orbit can be assembled using either shirt-
sleeve or IVA techniques.

2.2-26
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Figure 2.2-3. Operational Procedures Applicability - Interface Activity: Orbital Assembly
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2.3 TSEPARALLON

This sectlon presents the operational procedures for separation, and
includes one procedure for each alternate approach identified ln Volume IT -of
this report. Also presented and discussed is the applicability of these pro-
cedures to each element pair included in the in-depth analysis portion of the
Orbital Operations Study. '

2.3.1 OPERATIONAL PROCEDURES

Separation can occur between manned elements, between unmanned elements,
and between manned and unmanned elements. Therefore, it was necessary to
develop procedures that encompassed these three possibilities. Because two
different separation concepts are being evaluated, i.e., jet translation
separation and manipulator separation, it was necessary that these concepts be
applied in the procedures development. If jet translation and manipulator
separation are both applicable for the three types of manned and unmanned sep-
arations, it would appear that a total of six procedures should be developed.
However, by applying the following logic the number was reduced. The first -
reduction was the elimination of a manipulator separation of two unmanned
elements. The need for this procedure was eliminated because the manipulators
presently being conceived are for man-in-the-loop operations. Also, those
elements that appear to be candidates for built-in manipulators are elements
that would probably be manned. The jet translation separation is performed
with one element essentially performing a passive roll in that it will prob-
ably only hold attitude while the other element separates and translates
clear. Therefore, the operations for a manned element separating from a
manned element should be very similar to those of a manned element separating
from an unmanned element, and the two procedures could be combined. After
developing the initial procedures it was found that the manipulator separation
of a manned element from a manned element was very similar to manipulator sep-
aration of a manned element from an unmanned element. Therefore, these
procedures, like the direct docking procedures, were also combined.

~ SD 72-SA-0007
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Before preparing any procedurc It was necessary to select a pair of
elements to use as a representative model. By doing this, the procedure would
not become so generic that it could fail to uncover detailed ambiguities of
specific elements that may affect design concepts or be insensitive to
particular design requirements. For the manned element separations, the EOS
Orbiter was selected as one of the elements because this vehicle would be
separating from all of the study elements. The Modular Space Station was
selected as the other element in that it presented the most stringent criteria,
particularly with alignment problems and the always present interfering appendages
that must be avoided during the separation. For the unmanned separating ele-
ments, a Space Tug and a detached Research and Applications Module (RAM), both
candidates for unmanned operations, were selected for the representative model,

The following matrix shows the final selection for operational procedures
development:

Manned From Manned From Unmanned From
Approach Manned Unmanned Unmanned
Jet One procedure Space tug to
Translation EOS Orbiter to MSS DRAM
Manipulator ‘One procedure ’
Separation EOS Orbiter to MSS
1

Procedural Comparison

The separation procedures include configuring of the element-to-element
interface for separation, the physical separation of the ports, and the mech-
anical extension or jet translation operation to provide a safe separation
distance between the elements.

Figure 2.3-1 1is a general comparison of a manipulator separation pro-
cedure with a jet translation separation procedure. The central bubbles represent
common operations with the bubbles on the upper and lower portion of the page
representing procedural differences. It can be seen that the only real differ-
ence occurs after separation of the mating ports in that the manipulator then
performs the separation by extending the arm, whereas, for a jet translation
separation, the separation is achieved through jet thrusting by one of the
elements until a safe separation distance is achieved.

2.3-2
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OPERATIONAL PROCEDURE NO, 3-1

Separation - Jet Translation Separation of a Manned Element From a Manned or
Unmanned Element

This procedure was developed utilizing an EOS Orbiter and a Modular Space
Station (MSS) for the model.

Assumptions

Compatible RF communications and data links are available between the
elements.

Initial Conditions

All checkout of subsystems required for separation and for operations
subsequent to separation have been performed.

Final Conditions

The elements are separated a sufficient distance where safe and relatively
independent operations can occur.

Description

This procedure includes two primary operationms, (1) mating port configuring
and (2) jet translation separation activity. Mating port configuring includes
the disconnect of all interfaces, hatch closure and the necessary checks to
verify that physical separation can proceed. Jet translation activity includes
the release of the mating port latches and the active translation by one of
the elements (for this procedure the EOS Orbiter will perform the translation).
Prior to separation only one elements' ACS is active. Activation of the other
elements' ACS is performed just prior to physical separation.

In order to identify individual element activities, one element will be
referred to as the active element and the other element, the passive. The
active element will be the manned element when one of the elements is un-
manned. When both elements are manned, the active element will be the element
that performs the translation operation. This procedure has the EOS Orbiter
identified as the "active" element and the MSS will assume the "passive" role.

SD 72-54-0007
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OPERATIONAL PROCEDURE NO. 3.1

TITLE: SEPARATION - JET TRANSLATION - MANNED ELEMENT FROM MANNED OR UNMANNED ELEMENT

ELEMENT INTERFACES: 505 ORBITER/MSS

Performed

Operation by:

Rationale

1 Verify ground communications link|Passive
with unmanned element (required
with unmanned element only) -

2 Verify corridor clear to begin Active

separation activity

3 Activate separation guidance aids Active/

Passive

4 Verify readiness of elements for Active/

separation Passive

The ground will monitor/track the un-
manned element after separation.

Prior to initiation of separation
procedures, the separation corridor
must be verified to be clear of other
orbital elements (i.e., experiment
modules, space tugs) and will remain
clear throughout the operations to
prevent possible collision with
another element.

Those aids utilized for alignment duriné
separation must be activated.

All subsystems required during separa-
tion including backup systems must be
verified as well as subsystems that are
to be utilized for operations after
separation that were deactivated during
mated operations. Some activities may
require that the mated elements perfonﬁ
some limited maneuvers (i.e., verifica
tion of an attitude control system
requires attitude maneuvers).
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OPERATIONAL PROCEDURE NO. 3.3

Operation

Performed
by:

Rationale

10

Isolate plumbed interfaces, purge
the interface lines, and equalize
line pressures

Disconnect plumbing lines

Verify integrity of coupling
interface seals

Stow interconnect linkages

Verify RF link between the
assive element and the active
glement

' Eeadface electrical interface

onnectors

Active/
Passive

Active/

Passive .

Active/
Passive

Active/
Passive

Active/
Passive

Active/
Passive

Prior to disconnection of an inter-
facing fluid line, the lines must be
deadfaced to protect against spillage,
the lines must be purged to eliminate
hazardous residue that remains at the -
interface. The line pressure must be
equalized to prevent damage to hardware
or personnel at separation.

The interface couplings are checked to
verify seals are not leaking such that
they may create a future hazard.

Interconnect linkages must be properly
stowed such that residuals that may
remain in the linkages cannot create
future hazards.

After the electrical interfaces be-
tween elements have been severed,
communications between the elements
must be RF. For the manned elements,
duplex voice is required and for the
manned and unmanned separation, a data
link is required.

Prior to disconnecting electrical inter-
faces, the connectors must be deadfaced
on both sides to prevent possible

electrical shorts or electrical shock tg

crewmen.

\y
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OPERATIONAL PROCEDURE NO. 3.1

Operation Performed Rationale
' by:
11 Disconnect electrical interfaces | Active/
: Passive
12 Stow electrical intercomnects Active/
' Passive
13 Remove and stow all loose equip- Active/ No equipment such as restraint aids or
ment utilized at the interface Passive tool holders unless they are of-
hatches permanent installation type shall be
left in the interface tunnel. Loose
items may damage mating ports or door
seals if they interfere with door
closure.
14 Close and secure hatch between Active
passive element and tunnel
15 Close hatch between active element Active
and tunnel :
16 Vent tunnel and verify seals Active Tunnel venting is required to prevent

a captured pressure at the interface
from imparting a noticeable delta-V to
the separating elements. Hatch seals
are verified to be properly functioning
at this time so that a seal failure will]
not be catastrophic in that the tunnel
can be repressurized and the seals
checked or the door recycled for proper
seating.

[[EMHOOK] UBOLIBLIY YHON

-
o

uojsiA|g 3deds



L000-V$=7/ qs™

OPERATIONAL PROCEDURE NO. 3.1

Operation

Performed
by:

Rationale

17

18

19

20

21

22

Align attitude reference systems

Il1luminate elements

Acquire sepération attitude

Stabilize connected elements

Verify elements prepared for
separation

Activate passive element ACS

Active/
Passive

Active/
Passive

Active

Active

Active/
Passive

Passive

Y} Proper vehicle orientation can provide

Attitude reference alignment is necessai
to prevent control systems from fighting
each other when the ACS of the passive
vehicle is activated. Common attitude
reference will also prevent any radical
vehicle movement at time of separation.

Elements are illuminated to aid in
viewing separation characteristics of
the elements.

the best sunlight angles to enhance TV
coverage. Also, proper orientation
may conserve propellant during opera-
tions subsequent to separation.

Mated elements are stabilized in a
minimum deadband mode (rates/attitude)
to provide the least deviation off
centerline of the mated interfaces at
time of separation.

Final verification prior to separation.
Communications bgtween mated elements
is via RF 1links.

Passive element ACS is activated such
that it can maintain attitude hold at
separation.

y

e

MO0 UBDLBUIY YUON|

UOI8JA|Q @dedg



-~

' /000-YS~ZL aS

6-¢"

OPERATIONAL PROCEDURE NO. 3.1

- Operation

Performed
by:

Rationale

23

24

25

26

Verify passive element ACS

Unlock and disconnect rigidization
system and release stored energy

Unlock capture latches

Vérify positive separation has
occurred

Active/
Passive

Active

Active

Active

Prior to separation, the passive element
ACS must be verified to be properly
operating. A failure of the ACS could
result in a catastrophic accident,

This step applies where rigidization
between mated elements is required
beyond that available in the normal
mating port capture latches. It can
include such things as pull-down

-ldevices, special rigidization latches,

and mechanical alignment aids. Any
stored energy in the form of seals,
tension ties, pull-down devices, shock
attenuators will be released to prevent
any noticeable delta-V being applied to
the elements at separation.

This is the disconnect of the final
physical interface between elements.
Reconnection of this interface may
require that elements be separated and
latches recocked or at the very least
reconnection will require that the
elements be forced together. '

Prior to performing a jet translation
the elements must be fully separated;
that is, no latches remain engaged.

-
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OPERATIONAL PROCEDURE NO. 3.1 .

Operation

Performed
by:

Rationale

27

28

29

30

31

Actuate translation jets
Complete separation maneuver
Update orbital parameters

Deactive separation guidance aids

Configure mating port for sub-
~sequent operations

independent orbital operations.

Active

Active

Active/
Passive

Active/
Passive

Active/
Passive

This’éompletes the jet translation separation éctivity. Elements can now resume

‘jhas been obtained.

To complete the separation procedure, a
minimum distance between the elements
must be established. The active elemeny
performs the translation maneuver and
the passive element maintains attitude
hold.

The separation maneuver is performed in
a minimum deadband mode which is
maintained until the minimum clearance

Small delta-V errors created by the
release of stored energy in the mating
mechanism at time of separation could
cause errors in subsequent flight
trajectories.

These aids can be deactivated to con-
serve power.

Mating ports may require special con-
figuring for quiescent operations (i.e.,
environmental covers provided to protect]
the mechanisms).
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OPERATIONAL PROCEDURE NO. 3-2

Separation - Manipulator Separation of a Manned Element From a Manned or
Unmanned Element .

This procedure was develeped utilizing an EOS Orbiter and a Modular Space
Station (MSS) for the model.

Assumptions

Compatible RF communications and data links are avallable between the .
elements. The active element ACS 1s being utilized for attitude control, the
passive element ACS is inhibited.

Initiavaonditions

All checkout of subsystems required for separation and for operatithv
subsequent to separation have been performed.

Final Conditions

The elements are separated a sufficient distance where safe and relatlvely
independent operations can occur.

Description

This operation begins with a manned or unmanned element (MSS) mated to
manned element (EOS Orbiter). The primary operations that occur are configuring
~ the mating ports for separation, manipulator interconnect with the MSS,

‘physical separation of the MSS utilizing the manipulator, and final release.
The MSS is a totally passive element (attitude control wise) until just prior
to release by the manipulator.

In order to identify individual element activities, one element will be
" referred to as the active element and the other element, the passive. The
active element will always be the element with the manipulator.

2.3-11 .
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OPERATIONAL PROCEDURE NO. 3-2

TITLE: SEPARATION - MANIPULATOR, MANNED ELEMENT FROM MANNED OR UNMANNED ELEMENT
ELEMENT INTERFACES: EOS ORBITER (WITH MANIPULATOR) /MSS

Performed

Operation by: Rationale
1 |Verify corridor clear to begin Active Prior to initiation of separation proced
separation activity ures, the separation corridor must be
verified to be clear of other orbital
elements (i.e., experiment modules,
space tug) and will remain clear through-
out the operations to prevent possible
collision with another element.
2 |Activate RF communications and Active/ The subsequent steps will sever the
other data links passive hardlines between the elements. Com-
munications between the elements will
still be required.
3 | Verify RF communications and Active/ The RF link between the elements must
data links passive be verified. Duplex voice is required
between manned elements. Between
manned and unmanned elements a data
link is required. The unmanned element
must also acquire a link with ground fox
subsequent operations.
4 | Verify readiness of elements for | Active/ All subsystems required during separ-
separation passive ation including backup systems must be

verified as well as subsystems that

are to be utilized for operations after
separation that were deactivated during
mated operations. Some activities may
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OPERATIONAL PROCEDURE NO. 3-2

Operation

Performed
by:

Rationale

€1-¢°'2

‘;ébléte plumbed interface, purge

fﬁe interface lines, and equalize
line pressures

Disconnect plumbing lines

Verify integrity of coupling
interface seals

Stow interconnect linkages

Deadface electrical interface
connectors

Active/
passive

Active/
passive

Active/

passive

Active/
passive

Active/
passive

to protect against spillage. The lines

require that the mated elements perform

some limited maneuvers (i.e., verifica-

tion of solar array sun tracking may
require attitude maneuvers) .

Prior to disconnection of an interfacin
fluid line, the lines must be deadfaced

must be purged to eliminate hazardous
residuals that remain at the interface.
The line pressure must be equalized to
prevent damage to hardware or personnel
at separation.

The interface couplings are checked to
verify seals are not leaking such that
they may create a future hazard.

Interconnect linkages must be properly
stowed such that residuals that remain
in the linkages cannot create future
hazards. '

Prior to disconnecting electrical inter-
faces the connectors must be deadfaced’
on both sides to prevent possible ,
electrical shorts or electrical shock
to crewmen, :

1\
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OPERATIONAL PROCEDURE NO. 3-2

Operation Performed Rationale
by:
10 | Disconnect electrical interfaces | Active/
passive
11 | Stow electrical interconnects Active/
- passive
12 | Remove and stow all loose equip- | Active/ No equipment such as restraint aids or
ment utilized at the interface passive tool holders, unless they are permanent
hatches installations, shall be left in the
interface tunnel. Loose items may
damage mating ports or door seals if
they interfere with door closure.
13 | Close and secure hatch between Active
passive element and tunnel
14 | Close hatch between active Active
element and tunnel
15 | Vent tunnel and verify seals Active Tumel venting is required to prevent

a captured pressure at the interface
from imparting a noticeable delta-V

to the separating elements. Hatch
seals are verified to be properly fumc-
tioning at this time so that a seal
failure will not be catastrophic in
that the tunnel can be repressurized
and the seals checked or the door
recycled for proper seating.
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OPERATIONAL PROCEDURE NO. 32

Operation

Performed
by:

Rationale

16

17

18

19 .

20

Activate manipulator system/
verify

Activate manipulator guidance
and alignment aids

Maneuver manipdlator end effector
to receptacle on element to be
separated and verify positive

"engagement.

Activate stationkeeping aids

.Acquire separation attitude

Active

Active/
passive

Active

Active/
passive

Active

-J will remain affixed to the passive

Manipulator system must be activated
and statused for subsequent operations

CCIV, general -and speciai lighting
effects, etc., are activated and veri-
fied. ‘

All forces that may be applied in any
direction during the separation shall
be tested to verify the end effector

element receptacle during the subsequent
maneuver operations.

If stationkeeping is to be performed
after separation the necessary aids will
be activated/verified at this time.
See stationkeeping requirements and
procedures for type of aids.

Proper vehicle orientation can provide
‘the best sunlight angles to enhance
visual acuity. Also, proper orienta-
tion may conserve propellant during
operations subsequent to separation.
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OPERATIONAL PROCEDURE NO. 3-2

Operation

Performed
by:

Rationale

21

22

23

Stabilize connected elements

Unlock and discommect rigidizatio
system and released stored energy

Unlock capture latches

1

Active

Active

Active

This step is required only if the
manipulator is to place the element in

a specific orbital position, otherwise .

a slow attitude drift rate may be
acceptable. Mated elements are rate
and attitude stabilized with the mode
being maintained until the minipulator
releases the element.

This step applies where rigidization
between mated elements is required
beyond that available in the normal
mating port capture latches. It can
include such things as: pull-down
devices, special rigidization latches,
and mechanical alignment aids. Any
stored energy in the form of seals,
tension ties, pull-down devices, shock
attenuators will be released to prevent
any noticeable delta-V being applied to
the elements at separation.

This is the disconnect of the final
physical interface between elements
except through the manipulator. Recon-
nection of this interface may require
that elements be separated and latches
recocked or at the very least reconnec-
tion will require that the elements be
forced together.

Y/
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OPERATIONAL PROCEDURE NO. 3-2

Operation | Performed - Rationale
by:
24 | Verify mating ports are freed Active | This step does not require that the
(positive separation) . ' mating ports not be in contact. It is:

a verification that all latches have
_ | unlatched and separatiom can occur
- | without damagmg hardware.

25 | Manipulator maneuver passive Active The required separation distance
1 element to required separation includes the distance required to null
distance out the separating velocity (next step)

26 | Stabilize separated element Active | Manipulator must damp the applied

‘separation velocities prior to separ-
ating the element.

27 | Align attitude reference systems | Active/ Attitude reference alignment is

- o ~ passive | necessary to prevent control systems
from bucking each other when the ACS
of the passive element is activated.
Common attitude reference will also
prevent any radical vehicle movement

[\

w
o

p—

ey .‘,I/

m ; .
RS at time of separation. )
: ’J) 28 Place passive element in wide Passive | Wide deadband mode is selected to >_
- ‘deadband. mode reduce possibility of engines firing '
il .

S : until after separation.
IS
_;N : 29. | Activate passive element ACS . Passive Passive element ACS is activated such -

and verify that it can maintain attitude hold at .

separation. Verification may require
that a programmed movement out of the
deadband range may be performed to
verify ACS.
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OPERATIONAL PROCEDURE NO. 3-2

Operation Performed Rationale
: by:
30 | Verify elements prepared for Active/ Final verification prior to independent
separation passive operations
31 | Disconnect/retract manipulator Active MSS remains in attitude hold until
- manipulator has cleared MSS volume of
influence.
32 | Maneuver active element to safe Active The active element maneuvers to the
separation distance required separation distance prior
: fully independent operations.
33 | Activate inhibited systems Active/ Those systems that were inhibited for
passive mated operations due to interference or
contamination problems (i.e., solar
array tracking, venting) can be
reactivated.
34 | Deactivate separation system Active/ This completes the separation activity,
passive the manipulator system and guidance
aids can be deactivated.
35 | Configure mating port for sub- Active/ Mating ports may require special con-
sequent operations passive figuring for quiescent operations

This completes the manipulator sg¢paration aq

independent orbital operations.

(i.e., environmental covers provided
to protect the mechanisms).

tivity. Elements can now resume
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OPERATIONAL PROCEDURE NO. 3-3

Separation - Jet Translation Separation of Two Unmanned llements

This procedure was developed utilizing a Space Tug and a detached -Research
and Applications Module (DRAM) for the model.

v

Assumptions

An RF data link exists between the ground or a remote base control and
each element.

Initial Conditioné

The checkout of subsystems required for separation and for operations
subsequent to separation have been performed.

Final Conditions

The elements are separated a sufficient distance for safe, independent
operations, '

Description

This procedure separates two unmanned elements which are docked to a
common mating port. The only interface existing between the elements is a
mechanical coupling. A remote site (base control) continuously monitors the
operation and transmits commands as required. A TV camera is strategically
located on the space tug to enable base control to view critical operations.
For this operation, one element assumes the passive role in that it does no
maneuvering except attitude hold maneuvers which it performs only after
separation. The other element assumes the active role performing all maneuvers
for the mated couple as well as the translation away from the other element
when separation occurs.

2.3-19 -
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OPERATIONAL PROCEDURE NO, 3-3

TITLE: SEPARATION - JET TRANSLATION SEPARATION OF TWO UNMANNED ELEMENTS

ELEMENT INTERFACES:

Operation

Performed
by:

Rationale

Verify elements prepared for
separation

Activate TV camera(s)

Illuminate elements

Activate separation guidance aids

Acquire separation attitude

Active/
passive

Active/
passive
Active/
passive

Active

All subsystems required during separ-
ation activities including backup
systems must be statused.

The TV camera(s) mounted on the one or
both elements will be utilized during
the separation procedure.

The element that is to be viewed during
the separation activity is illuminated
to provide adequate lighting for the TV
cameras or to highlight particular
reference points on the vehicle(s).

All separation guidance aids that may
be utilized during separation will be
activated,

Proper vehicle orientation can provide
the Best sunlight angles to emhance TV
coverage. Also, proper orientation may
conserve propellant during operations
subsequent to separation.

\p
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OPERATIONAL PROCEDURE NO. 3-3

Operation

Performed
by:

Rationale

10

Align attitude reference systems

Verify elements prepared for
separation

Stabilize connected elements

Activate passive element ACS

Verify paésive element ACS

Active/
passive

Active/
passive

Active

Passive

Active/
passive

Attitude reference alignment is neces—
sary to prevent control systems from
fighting each other when the ACS of the
passive vehicle is activated. Common
attitude reference will also prevent
any radical vehicle movement at time

of separation.

Final verification prior to separation.
Comunications between mated elements
is via RF link. )

Mated elements are stabilized in a
minimum deadband mode (rates/attitude)
to provide the least deviation off
centerline of the mated interfaces at
time of separation.

Passi&é element ACS is éctivated such

| that it can maintain attitude hold at

separation.

Prior to separatlon, the passive elemen
ACS must be verified to be prOperly
operating. A failure of the ACS could
result in a catastrophic accident.

T
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OPERATIONAL PROCEDURE NO. 3-3

Operation

Performed
by:

Rationale

11

12

13

14

Unlock and disconnect rigidizatior
system and release stored energy

Unlock-capturé latches

Verify positive separation has
occurred

Actuate translation jets

Active/
Passive

Active/
passive

Active/
passive

Active

‘| noticeable delta-V being applied to the

This step applies where rigidization
between mated elements is required
beyond that available in normal mating
port capture latches. It can include
such things as pull-down devices,
special rigidization latches, and
mechanical alignment aids. Any stored
energy in the form of seals, tension
ties, pull-down devices, shock atten-
uators will be released to prevent any

elements at separation. -

This is the disconnect of the final
physical interface between elements.
Reconnection of this interface may
require that elements be separated and
latches recocked or at the very least,
reconnection will require that the
elements be forced together.

Prior to performing a jet translationm,
the elements must be fully separated,
that is no latches remain engaged.

To complete the separation procedure

a minimum distance between the elements
must be established. The active element
performs the translation maneuvers and
the passive element maintains attitude
hold.

.
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OPERATIONAL PROCEDURE NO. 3-3

Operation Performed Rationale
: by:

15 | Complete separation maneuver Active The separation maneuver is performed
in a minimum deadband mode which is
maintained until the minimum clearance
has been obtained.

16 | Update orbital parameters Active/ Small delta-V errors created by the

: passive release of stored energy in the mating
mechanism at the time of separation
could cause errors in subsequent
flight trajectories.

17 ]| Deactivate separation guidance Active/ These aids can be deactivated to con-

aids passive serve pover.
This completes the jet translatio separation] activity of two unmanned elements.
The elements can now resume indep%ndent orbithl operations.

1\
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2.3.2 PROCEDURES APPLICABILITY

Each procedure that was developed was reviewed for applicability to the
feasible secparating combinations. Figure 2,3-2 shows the results of these
analyses In matrix form. :

It is possible to separate all element pairs using either the jet trans-
lation or manipulator approach. However, for this analysis it was assumed that
manipulators would not be installed on all elements. Those elements that do not
appear to be candidates for manipulators are the OIS, CPS, RNS, and OPD. The
first three elements which are booster type vehicles are not candidates for
manipulators because the secondary advantages gained by manipulators are not
applicable to the type missions performed by these vehicles. The OPD is not a
candidate because manipulator operations involve a man-in-the-loop concept and
the OPD is an unmanned element. All separations, however, could be performed
utilizing manipulators if a third element with a manipulator is available to
support the operation. . '

2.3-24 .
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O - Indicates the active vehicle or the vehicle with a manipulator is the element identified on the
verhcal scale.
- the active vehicle or the vehicle with a iput is the el identified on the
homonw scate. ’
Blank = Either efement can be active or have a mampulatov
= Refers to the applicable note?
1 - Refers to Procedure 3-1
‘2 - Refers to Procedure 3-2
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This ef is being d
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Figure 2.3-2, Operatlonal Procedures Applicability - Interface Activity: Separation
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2.4 CARGO TRANSFER

This section presents the operatlonal procedures for cargo transfer, and
includes one procedure for each alternate approach identified in Volume II of
this report. Also presented and discussed is the applicability of these pro-
cedures to each element pair included in the in-depth analysis portion of
the Orbital Operations Study.

2.4.1 OPERATIONAL PROCEDURES

Cargo transfer operational procedures have been developed for manual
unaided, manual aided, and automatic cargo transfer alternate approaches.
The shlrtsleeve, IVA, and EVA manual unaided operational procedures (No. 1,
2,.and 3, respectively) present the alternative crew operational modes for
the manual unaided alternate approach. Procedure number 4 presents a repre-
sentative operational procedure for the manual aided alternate approach in a
shirtsleeve operational mode. This procedure is applicable also to the auto-
mated alternate approach since the difference between the automated and the
manual aided 1s only that the former does not require manual translational
energy for movement of cargo items. A representative operational procedure
for fluid cargo transfer is presented in procedure number 5. This procedure
presents the operations for the manual temporary interconnect mode of fluid
transfer. No procedure was written for the automatic plumbed interconnect
since it would be identical to the manual temporary interconnect mode less
the manual interconnect operations.

For the manual aided and the fluid transfer operational procedures,
numbers 4 and 5, respectively, the shirtsleeve crew operational mode was
selected as the most representative. Furthermore, the differences for these
procedures between the shirtsleeve, IVA, and EVA modes would be similar to
the differences for the manual unaided approach, i.e., procedures 1, 2, and 3.

Common operations and procedural deltas between the manual unaided and
the manual aided/automatic are shown in Figure 2.4-1. Procedural deltas for
shirtsleeve and IVA/EVA modes are described under the crew transfer activity
(see Figure 2.5-1). Since the fluid cargo transfer activity has its unique
‘operations, it was not included in the comparison described in Figure 2.4-1.

2.4-1
SD 72-5A-0007
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Operational Procedure No. 4-1

Cargo Transfer - Manual Unaided in Shirtsleeve Mode

Agsumptions

1. Mrlock 1s available at orbiter interface but is not required for
shirtsleeve operations. :

2. The detached RAM s pressurizable and is capable of supporting
shirtslceve crew operations.

3. Cargo transfer requirements are within the capabilities.of manual
unaided transfer methods, i.e., transfer items are small and
quantity of items is few. ’

4, All subsystems necessary to support crew habitability during trans-
fer operations are prov1ded by element subsystems (i.e., no
portable equipment).

Initial Conditions

1. EOS orbiter (manned) has mated with an unménned detached RAM and
is in a stabilized attitude mode.

2, Mating operations of elements.have been completed.

Final Conditions

Servicing, checkout, and cargo transfer operations have been completed,
and the elements are in a condition for separation.

Description

Manual unaided cargo transfer in a shirtsleeve mode includes operations
associated with manual retrieval, transport, and stowage of cargo items
between elements. This involves such operations as:

1.

Activation and checkout of unmanned element and hatchway
controls and displays.

Positioning of cargo restraints and cargo.
Transfer of cargo and stowage.

Retrieval of resupply cargo and return.
Stbwage of cargo and restraiﬁts.

Deactivate unmanned element and hatchway controls and displays.

2.4-3 .
(/ ' SD 72-SA-0007
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TITLE:

OPERATIONAL PROCEDURE NO. 4-1

Cargo Transfer - Manual unaided in Shirtsleeve Mode

ELEMENT INTERFACES: EOS Orbiter (Manned)/Detached RAM (Unmanned)

Operation

Performed
by:

Rationale

Activate hatchway controls/
displays

Activate and verify
communication subsystem

Verify data link to unmanned
element

Activate lighting in unmanned
element

Confirm interface passageway is
accessible for crew transfer
operations

Make initial check of unmanned
element atmosphere

Manned

Manned

Manned

Manned

Manned

Manned

Pressurize tunnel between element$ Manned

Hétchﬁays controls/displays
are utilized for checkout of unmanned

element and for monitoring and control-

ling pressurizing operations.

Continuous communication with manned
element control center/flight station
is required.

Manned element control of unmanned
element subsystems, i.e, radiation
level monitoring, is required.

Adequate illumination is required for
visual checkout and crew transfer so
that crew positioning and visual
orientation are not inhibited.

Transfer passageway must be free of
obstructions which would inhibit crew

movement .

To verify that shirtsleeve operations
can proceed.

'
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OPERATIONAL PROCEDURE NO. 4-1

Operation Performed Rationale
by: '
8 ] Test tunnel leak rate Manned Tunnel seal must be checked prior to
operiing hatch
9 | Equalize pressure between tunnel Manned Any pressure difference must be equal-
and EOS ized prior to opening hatch
10 | Open airlock hatch to tunnel and | Manned Mating port interface must be inspected
_inspect mating interface for any damage and to verify all
latches have engaged and are locked.
11 Connect electrical interfaces, as Unmanned/
required Manned
12 | Verify interface connector mate Unmanned/ | Connector mate integrity must be
Manned verified prior to applying power other
‘ than continuity check current.
13 | Checkout electrical interface Unmanned/
as required Manned
14 | Connect plumbed interfaces and Unmanned/ | Prior to activation plumbed interfaces
verify seal integrity as Manned will be purged for seal integrity.
required
15 | Activate fluid interfaces as Unmanned/
' required Manned
16 | Activate subsystems necessary Unmanned | Direct workspace lighting, environ-
for crew habitability mental system, etc.
17 | Prepare interface as required for | Manned/ Hardware/subsystems must be prepared
pressurization of unmanned Unmanned for pressurization operations (i.e.,

element

interface pressurization controls or
remote monitoring/control subsystem).

e

JEMYO0Y UBOLBLIY YHON

uo|s|AI(] @dedS



L000-VS~ZL dS

9-%'2

 OPERATIONAL PROCEDURE NO. 4-1

Manned

Operation Performed Rationale
by:
18 Pressurize unmanned element Manned/ To provide a shirtsleeve environment.
Unmanned
19 Test unmanned element leak rate Manned/ Leak rate must be within tolerance
Unmanned | that can be supported.

20 Verify the unmanned element Manned Prior to opening hatch the atmosphere
atmosphere is compatible with the must be verified to be free of
manned element atmosphere contamination

21 Equalize pressure in unmanned Manned Pressure between elements must be
element to that of manned element equalized prior to opening the final

interface hatch.

22 Open hatch between tunnel and Manned/
unmanned element Unmanned

23 Connect and activate air Unmanned/ | Air circulation is required for shirt-
circulation ducts Manned sleeve operations.

24 Ingress unmanned elements and Unmanned | Initial inspection will be made prior
perform initial inspection to performing subsequent operatioms.

25 Position tunnel crew restraint Unmanned/ | For crew stabilization during inter-
devices Manned face comnection and verification

operations.

26 Obtain cargo transfer items Transfer items will be restrained in

storage/use location.

s
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OPERATIONAL PROCEDURE NO. 4-1

Operation Performed Rationale
L by:
27.1 Verify cargo transfer items are Manned Individual cargo items will be restra-
in condition for transport ined to prevent movement.
28.| Adjust crew restraint devices Manned To position crewman during cargo
; handling.
29,| Affix cargo items to crewman Manned To provide positive control of cargo
cargo restraints items.
30.| Release from crew restraint Manned/ Manual transfer will utilize crew
devices and maneuver cargo to Unmanned mobility aids.
unmanned element .
31. | Adjust crew restraint devices Unmanned To position crewman during cargo
- handling at unmanned element worksite.
32. ] Remove cargo items from crewman Unmanned Temporary worksite restraints may be
cargo restraints utilized.
33. | Position transfer items in work- Unmanned Transfer items must be positively
site,or storage locations controlled.
34. | Perform unmanned element Unmanned Refer to operational procedure No.
resupply operations 12-2.
35. | Retrieve cargo transfer items Unmanned Transfer items will be restrained in
storage/use location.
36. | Affix cargo transfer items to Unmanned To provide positive control of cargo
crewman cargo restraints items.
37. | Crewman release himself from crew Manned Manual transfer will utilize crew

restraint devices and maneuver
e ) orkgite.

mobility aids.

\
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OPERATIONAL PROCEDURE NO. 4-1

Operation Performed Rationale
by:
38 Adjust crew restraint devices Manned To position crewman during cargo
handling at manned element worksite.
39 Remove cargo items from crewman Manned Transfer items must be positively
cargo restraints and position at controlled.
worksite
40 Repeat operations 26 through 39 Manned/ To complete unmanned element cargo
as required Unmanned transfer and resupply operations.
41 Verify all equipment is in EOS Manned/ Confirmation of retrieval of all
and hatchways are clear Unmanned- loose equipment and hatch clearance
42 Deactivate subsystems necessary Unmanned Subsystems support to crew operations
for crew habitability are no longer necessary.
43 Close hatch between unmanned Manned/
element and tunnel Unmanned
44 Disconnect plumbed interfaces Manned/ Interface disconnection required prior
Unmanned to closing hatch.
45 Disconnect electrical interfaces | Manned/ Interface disconnection required prior
Unmanned to closing hatch.
46 Disconnect air circulation ducts | Manned/ Interface disconnection required prior
Unmanned to closing hatch.
47 Close hatch between EOS and Manned/
tunnel Unmanned
48 Perform verification of readiness | Manned Confirm hatch sealing and preparation

for separation and depressurize
tunnel

for element separation,

W\
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OPERATIONAL PROCEDURE NO. 4-1

* Operation Performed Rationale
- B by: -

49, Confirm EOS and unmanned element ‘Manned Leak rates must be checked to verify
‘sealing ' ) sealing.

50. ] Deactivate crew transfer control | Manned Unmanned element subsystems which
link/subsystems of unmanned support crew operations can be -
element as required deactivated.

51. Deac‘ti#a_té_. hatchwal controls/ '~ ° | Manned Hatchway cohtrols_/displays

displays

can be deactivated with termination
of crew operations.

7
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Operational Procedure No. 4-2

Cargo Transfer - Manual Unaided in an IVA Mode

Assumptions

1.

2.

3.

4‘
Initial

l‘

The KOS cargo bay doors wlll remaln open for normal heat rejectlion
mode of operatlon,

An EOS alrlock will be provided so that IVA operations can occur
between the EOS and the external surface of the satellite.

Cargo transfer requirements are within the capabilities of a manual
unaided, IVA suited mode.

A second crewman will be employed for backup during IVA operations.
Conditions

An unmanned satellife has been retrieved by the EOS orbiter and
positioned and stabilized into the cargo bay by the manipulator.

The manipulator has positioned a hardline interconnect between the
elements to allow EOS orbiter monitoring and safing of satellite
subsystems,

Mobility aids and restraint devices are prepositioned along transfer
path and at cargo bay/satellite.

IVA operations will utilize 3.7 psig umbilically supported pressure
suits. This will provide the worse case IVA operations, i.e.,
utilizing suits of 8.0 and above psig will eliminate equipment and
operations required for prebreathing.

Final Conditions

The

satellite cargo transfer and resupply operations have been completed

and interface access has been terminated.

Description

Manual unaided cargo transfer in an IVA mode includes operations
associated with manual retrieval, transport, and stowage of cargo items

between

elements in an IVA pressure suited mode. This involves such

operations as:

l.

2.

Activation and checkout of unmanned element, and airlock and hatchway
controls/displays.

Donning of suits, prebreathing, and performing depressurization
operations and checkout.

2.4-10 SD 72-SA-0007
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Transfer of cargo items and stowage.
Retrieval of resupply cargo and return to airlock.

Stowage of cargo and restralnts -and perform pressurization
operations.

Deactivation of unmanned element.

Removal and service of suits, and deactivation of airlock
and hatchway controls/displays.

2.4-11 :
: SD 72~SA-0007



OPERATIONAL PROCEDURE NO. 4-2

TITLE: CARGO TRANSFER - MANUAL UNATDED IN IVA MODE
ELEMENT INTERFACES: EOS ORBITER (MANNED)/SATELLITE (UNMANNED) POSITIONED IN CARGO BAY
Operation Performed Rationale
1. Activate airlock and hatchway Manned Airlock and I{atchway controls/displays
controls/displays will be utilized for checkout of
unmanned element and for monitoring and
controlling pressurizing operations.
2, Activate and verify Manned Continuous communication with manned
r communication subsystem element control center/flight station
is required.
N .
N 3. | Verify data link to unmanned Manned Manned element control of unmanned
L element element subsystems, i.e., radiation
P N level, is required.
- T
N 4. | Activate lighting of unmanned Manned Adequate illumination is required for
element : visual/TV checkout of unmanned element.
o »
2 5. Confirm interface passageway is Manned Transfer passageway must be free of
. accessible for crew transfer obstructions which would inhibit crew
E:‘ "operations movement.
[72]
' 5; 6. | Verify environmental contamina- Manned Contamination levels in unmanned
S tion levels in unmanned element element must be checked to indicate
~N are within limits ' possible danger ‘to IVA crewman.
7. Deactivate lighting of unmanned Manned Since the unmanned element has been
element N\ visually checked and prebreathing
operations may take up to 3 hours,
lighting can be deactivated to con-
serve power.

s NP
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OPERATIONAL PROCEDURE NO. 4-2

" Operation Performed - ‘Rationale
- by: -
8.} Verify cargo transfer items are Manned Items to be transferred must be in éir4
‘} stowed in airlock : lock or pre-positioned outside manned
element.
9.] Don face masks and initiate pre- | Manned 3.7 psig space suits require crew to
breathing prebreath oxygen to accomplish de-
nitrogenation.
10. | Primary and backup crewman unstow | Manned l Suits are vented from ﬁmbiiical
and don IVA space suits excluding copnection - . _ ;
helmet and gloves. - ‘ '
11. | Checkout and prepare IVA equip- Manned All equipment use in the IVA operation
ment .- - <7 - ‘ will be checked out prior to use and
all crew transfer equipment stowed
outside airlock must be brought into
airlock,
12. | Enter airlock Manned
13, } Activate lighting in unmanned Manned Lighting must be reactivated for crew
element 3 - transfer so that crew positioning and
visual orientation are not inhibited.
14. | Close airlock hatch and initiaté | Manned
N2 purge .
15. Termiriate_ prebreathing and don Manned Crewmen are entirely supported by
helmet and gloves : umbilicals from airlock subsystems.
16. | Perform space suit operation and . | Manned Space suit sealing, communicationms,

integrity checks

coolant flow, etc. must be verified.

e
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OPERATIONAL PROCEDURE NO. 4-2

e AT

Operation Performed Rationale
PR by: - -
17. Deejeégg;ize airlock Manned
"18. | Confirm operation of space suit Manned Confirmed in depressurized airlock
systems prior to opening hatch.
| 19.] Equalize pressure between airlock | Manned Pressure differential across airlock
(7N ‘and unmanned element hatch must be equalized prior to opening
" 20. | open atrlock hatch to unmanned Manned
element
21. | Approach unmanned element and Unmanned |Initial inspection will be made prior
perform initial inspection to performing subsequent operations.
22. | Position cargo on cargo Manned Positive control of cargo items is
restraints ’ required during transfer.
23. Priﬁary IVA crewman traverse to Unmanned
"~ | unmanned element worksite
24, | Backup IVA crewman monitor IVA Manned To ensure against umbilical entangle-
‘ operation and control primary ment and be available for rescue
crewman umbilical operations.
25. ] Adjust worksite crew restraint Unmanned }To position crewman dufing cargo
devices ' handling at unmanned element worksite.

'26. | Transfer cargo items between IVA | Unmanned |[Cargo items will be removed from crew
crewman and unmanned element cargo restraints and installed on
' unmanned element

e
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OPERATIONAL PROCEDURE NO. 4-2

ST-%'7

LA

unmanned element and prepare for

Operation Performed Rationale
- e R by: - -
- 27.] Position cargo items temporary Unmanned |Positive control of cargo items is
restraints, as required required at all times.

28. | Transfer cargo items between Unmanned | Cargo items to be transferred to manned
unmanned element and IVA crewman element will utilize crew cargo restra-
crew cargo restraints. ints.

-29.] Crewman release himself from Unmanned
worksite crew restraint devices
and return to airlock.
30, } Adjust crew restraint device at Manned Positive crew control required during
airlock hatch transfer of cargo items to backup
S crewman at airlock. '
31. Transfer cargo items to backup Manned Primary IVA crewman will remain at un-..A
~ | crewman - P _-}manned element until cempletion of cargg
' e transfer operation.
32. | Stow cargo items in airlock Manned Cargo items will be positively res-
' trained to prevent damage.

33. | Perform unmanned element resupply | Unmanned Refer to operational procedure No 12-2.
operations ' -

34, | Repeat steps 22 thru 33 as Manned/ ‘To complete unmanned element eargo

- required Unmanned |transfer and resupply operationms.

35. | Verify all IVA equipment is in Manned Confirmation of retrieval of all loose

airlock and hatchway is clear equipment and hatch clearance.
. 36. | Close hatch between airlock and Manned

repressurization

1eMXO0] LeduBWY YUON
uo|siAlg ededg . '




-

T 912

L000-VS-2/ as

OPERATIONAL PROCEDURE NO. 4-2

controls/displays

Operation Performed Rationale
by:

37. | Repressurize airlock and verify Manned Airlock integrity will be verified
during and subsequent to repressuriza-
tion. ’

38. | Deactivate crew transfer control | Manned Unmanned element subsystems which

link/subsystems of unmanned support crew operations can be
element deactivated.

39. | Equalize pressure between airlock | Manned Must be accomplished prior to opening

and manned element hatch.

40. | Open hatch between airlock and Manned

manned element
41, Remove space suits, and service an{l Manned
stow all IVA equipment
42, | Deactivate airlock and hatchway Manned Airlock and hatchway controls/displays

can be deactivated with termination of

crew operations.
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Operational Procedure No. 4-3

Cargo Transfer - Manual Unaided in an EVA Mode

Assumptions

l. Cargo ltems to be transferred are within the handling capabllities
of a manual unalded, EVA sulted mode.

2. EVA operations will be conducted using a 3.7 psig pressure sult and
a portable life support system (PLSS). This allows for the worse
case conditions as an 8.0 and above psig suit will eliminate equip-
ment and operations required for prebreathing, and utilizing
umbilicals will eliminate donning of the PLSS (back packs).

3. A second crewman will be employed for backup during EVA operations.

Initial conditions

1. The tug has established a hardline interconnect with the satellite
to monitor subsystem status.

2. The satellite is positioned within reach of an EVA crewman without
requiring free space transfer.

3. A space base tug (manned) has retrieved an unmanned satellite by
an onboard manipulator and positioned it adjacent to the EVA
alrlock egress hatch.

Final Conditions

EVA operatlons to the satellite have been completed and the satellite is
in a condltlon for separation,

Description
Manual unaided cargo transfer in an EVA mode includes operations required
" for retrieval, transport, and stowage of cargo items between elements in an

EVA suited mode. This includes such operations as:

1. Activation and checkout of unmanned element, airlock and hatchway
controls/displays, and external EVA lighting.

2. Donning of suits and back packs, prebreathing, and performing
depressurization operations and checkout. :

3. Transfer of cargo item and stowage.
4. Retrieval of resupply cargo items and return to airlock

5. Stowage of cargo and restraints and perform pressurization operations.

2.4-17
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6. Deactivation of unmanned element.

7. Removal and service of sults and back packs and deactivation of
atrlock and hatchway controls/dlsplays.

2,4-18
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TITLE:
ELEMENT INTERFACES:

OPERATIONAL PROCEDURE NO. 4-3

CARGO TRANSFER - MANUAL UNAIDED IN EVA MODE
SPACE BASED TUG (MANNED) /SATELLITE (UNMANNED)

Performed

Operation by: Rationale

1, Activate airlock and hatchway Manned Airlock and hatchway cdntrols/displays

controls/displays will be utilized for checkout of
' unmanned element and for monitoring
and controlling pressurizing operations

2, Activate and verify Manned Continuous communication with manned
communication subsystem element control center/fllght station

: is required »

3. Verify data link to unmanned Manned Manned element control of unmanned
element element subsystems is required.

4, Activate external lighting, as Manned External lighting will be required to
required visually inspect satellite worksite

depending upon solar illumination and
shadowing:

5. Confirm interface passageway is {Manned ~Transfer passageway must be free of
accessible for crew transfer obstructions which would inohibit crew
operations movement,

6. Deactivate external lighting Manned Upon verification of worksite access,

lighting will be extinguished during
EVA preparation.
7. | Verify cargo transfer items are |Manned Items to be transferred must be in

stowed in airlock

airlock or prepositioned outside
manned element.
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OPERATIONAL PROCEDURE NO. 4-3

suit systems

Operation Performed Rationale
B . _ by: .
8.} Don face mask and initiate pre- Manned 3.7 psig space suit require crew to
breathing ) prebreath oxygen to accomp11sh
: denitrogenation.
9. Primgry g%i backup criwmag :?i;OW Manned Suits are 'vented from an umbilical
on space suits, ex ing- :
elget and gl gves _ ? | connection
10. Checkout and prepare EVA equip- Manned All equipment used in the EVA operation
ment will be checked out prior to use and
all transfer equipment stowed outside
airlock must be brought into airlock.
11. | Enter airlock Manned
12.| Activate external 11ght1ng, as Manned Lighting must be reactivated for
required transfer so that crew positioning and
visual orientation are not inhibited.
13. ﬁlose airlock hatch and initiafé | Manned
14, Life support system (back pack) Manned Confirm back pack interface with crew-
donning and checkout man and initiate purge flow.
15. | Terminate prebreathing and don Manned Crewman are entirely supported by
helmets and gloves umbilicals from airlock.
16. ] Perform EVA space suit operation | Manned Space suit sealing, communicationm,
and integrity check coolant flow, etc. must be verified.
17. Depréésurize airlock Manned
.18. ] Confirm operation of EVA space Manned Confirmed in depressurized airlock

prior to opening hatch.

s
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OPERATIONAL PROCEDURE NO. 4-3
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Operation Performed Rationale
o by:

19. | Equalize pressure between airlock | Manned Pressure differential across airlock
phd unmanned element hatch must be equalized prior to opening

20.] Open airlock hatch to unmanned Manned
element

21.| Egress airlock hatch and perform | Unmanned
initial worksite inspection

22} Position unmanned élement cargo Manned Positive control of cargo item is

’ items on crew cargo restraints required during transfer

23. | Backup EVA crewman monitor EVA Manned To ensure against tether entanglement
~operation and control primary and be available for rescue operatioms.
crewman tethetr :

24, Primary crewman maneuver cargo Unmanned |Crew mobility aids (hand holds/rails)
items to manipulator held will be used for translation control.
satellite '

25. ] Adjust worksite crew restraint Unmanned |Crew restraint device may be on unmanned
devices E ' - element or on manned element within

reach of manipulator held satellite.

26. |} Transfer cargo items between EVA |Unmanned |Cargo items will be removed from crew
crewman and unmanned element cargo restraints and installed on

unmanned element.

27. Position éargo items  temporary Unmanned |Positive control of cargo items is

restraints, as required

required at all times.

s
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OPERATIONAL PROCEDURE NO. 4-3

" Operation Performed Rationale
A by: -
28. | Transfer cargo items between Unmanned |Cargo items to be transferred to manned
unmanned element and EVA crewman element will utilize crew cargo
crew cargo restraints restraints.
29. | EVA crewman release himself from | Unmanned
worksite crew restraint device-
and maneuver cargo items to
manned element airlock
30. | Adjust crew restraint device at Manned Positive crew control required during
alrlock hatch ‘ftransfer of cargo items to backup
crewman at airlock.
31, | Transfer cargo items to backup Manned Primary EVA crewman will remain outside
crewman in airlock airlock until completion of cargo
transfer operation.
32, Stow cargo items in airlock Manned Cargo items will be positively
restrained to prevent damage. -
33. | Perform unmanned element resupply | Unmanned |Refer to operational procedure No. 12-2
operation
34, | Repeat steps 22 thru 33 as Manned/ To completion of unmanned element cargo
required transfer and resupply operationms.
35. | Verify all EVA equipment is in Manned Confirmation of retrieval of equipment
airlock and hatchway is clear and hatch clearance.
36. | Close airlock hatch and prepare Manned

for repressurization
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OPERATIONAL PROCEDURE NO. 4-3

Operation Performed Rationale
: N by: :

37.} Repressurize airlock and verify Manned . Airlock integrity will be verified
during and subsequent to repressuriza-
tion. :

38. ] Deactivate crew transfer control | Manned Unmanned element subsystems which

link /subsystems of unmanned support crew operations can be
element deactivated. ‘

39. | Equalize pressure between airlock | Manned Must be accomplished prior to opening

and manned element hatch.

40. | Open hatch between airlock and Manned

manned element
41. | Remove space suits, and service/ | Manned
stow all EVA equipment
42 Deactivate airlock and hatchway Manned Airlock and hatchway controls/displays

controls/displays

can be deactivated with termination.
of crew operations.
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Operational Procedure No. 4-4

Cargo Transfer -~ Manual aided in a Shirtsleeve Mode

Assumptions
1. A guide rail system will be utilized as the mechanical aid for
transfer of cargo items between elements. Manual translatfon will

provide energy for movement of cargo 1items.

2. The RAM I8 pressurizable and Is capable of supporting shlrtsleeve
¢rew operations,

3. Cargo transfer requirements are within the capabilities of manual
aided transfer methods.

Initial Conditions

1. An unmanned detached RAM has mated with a manned modular space
station (MSS).

2. Mating operations of elements have been completed.
3. Element has been pressurized, hatches are open, and subsystems
necessary to support crew habitability have been activated and

verified.

Final Conditions

Unmanned element is in a condition where subsystems required to support
shirtsleeve operations can be terminated,

Description

Manual aided cargo transfer in a shirtsleeve mode includes those operations
required to prepare and checkout the transfer mechanism, and to position,
transfer, and stow cargo items between elements. This involves such operations
as:

1. Deployment and checkout of transfer mechanism.

2. Positioning cargo and operating transfer mechanism.

3. Retrieval of cargo.

4. Deactivating and stowage of transfer mechanism,

2.4-24
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OPERATIONAL PROCEDURE NO, 4-4

' 1000~¥S-ZL 4S - -

rail/carriage interface

TITLE: CARGO TRANSFER - MANUAL AIDED IN SHIRTSLEEVE MODE
ELEMENT INTERFACES: MSS (MANNED)DETACHED RAM (UNMANNED)
Operation E;.rformed Rationale

1. Verify crew restraint devices Manned/ To'provide crewman body position contro
are positioned at element and Unmanned | at worksite locatioms.
‘interface worksites :

2. Retrieve transfer system guide Manned Guide rails for interface connectlon
rails will be installed by crew. ’

3. bDeploy transfer system guide Manned
rails. - B

4, Align transfer system guide Manned Guide rails will accommodate docking
rails port misalignment.

5. Adjust transfer system crew Manned/ Crew mobility aids will be used to
mobility aids Unmanned | maneuver cargo along transfer system.

6. Retrieve transfer system Manned The carriage assembly allowsinterconnec
carriage assembly of cargo to transfer system guide rails

7. Position -transfer system Manned
carriage on guide rails

8.  Verify carriage braking system Manned Fail safe braking system is actuated

from control handles.
9. Checkout transfer system guide Manned To verify alignment and clearances

along transfer route

tion
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OPERATIONAL PROCEDURE NO. 4-4

push/pull control handles

Operation Performed Rationale
‘ ) by:
10.|] Release from crew restraint Unmanned
devices and transfer carriage
assembly to unmanned element
cargo stowage area
11.} Set carriage assembly brake Unmanned
12, Adjust crew restraint devices Unmanned |To position crewman for cargo loading
, operations.
13. } Deploy carriage assembly cargo Unmanned Cargo items will be loaded into cargo
1 retainer retainer
14. | Retrieve cargo items from stowage | Unmanned
' location
15. | Position cargo items in cargo Unmanned | Individual cargo items mass, cg and
- I retainer volume will be identified
16. | Record mass of cargo items Unmanned |Transfer system mass handling capa-
loaded into cargo retainer bility must not be exceeded.
17. | secure cargo retainer net Unmanned |Positive control of cargo items within
restraints transfer system is required.
18. | Release from crew restraint Unmanned
: devices and release carriage
brake
19. | Maneuver cargo carriagé utilizing | Unmanned |Control handles afford leverage point

for push/pull maneuvering and carriage
braking.

W
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OPERATIONAL PROCEDURE NO.4-4

* Operation Performed Rationale
..... AN by: -
20.} At delivery site set carriage Manned
assembly brake
21.] Adjust crew restraint device Manned To position crewman for cargo unloading
- operations.
22.] Loosen cargo retainer net Manned
restraints.
23.§ Retrieve cargo from cargo Manned Cargo items size and mass will deter-
retainer : : ' -} mine whether one or two man operation
24, | Transfer cargo and position in Manned At delivery worksite cargo items will
stowage location be restrained in use/stowage locationm.
25. Repeat steps 14 thru 24 as Manned/ To complete cargo transfer operations.
' required Unmanned
26; Collapse carriage cargo retainer | Manned Preparatory to restowing carriage
assembly,
27. ]} Restow transfer system carriage Manned
assembly
28. | Retrieve transfer system mobility | Manned Mobility aids used specifically for
aids cargo transfer will be removed and
stowed. '
29. | Adjust crew restraint devices at | Manned To position crewman for interface

element interface

disassembly.
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OPERATIONAL PROCEDURE NO. b4

See }’rocedure 4-1 for closeout
of uyhmanned modfile

Operation Performed Rationale
_ by: -
" 30.} Retrieve guide rails from inter- Manned
face
31.} Restow interface guide rails. Manned
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’ Space Division
North American Rockwell

Operational Procedure No. 4-5

Cargo Transfer - Fluid (plumbed) in a Shirtsleeve Mode - Manual Unaided
Temporary Interconnect v

Assumptions

1. Crew access between elements can occur, 1.e., both elements are
manned.

Initial Conditions
1. The EOS orbiter (active) has positioned the attached RAM.

2. Crew restraint devices are pre-positioned at interface
worksite.

3. All subsystems have been activated to support crew
habitability at interface.

Final Condition

Fluid transfer operations have been completed.
Description

Fluid transfer in a shirtsleeve mode includes those operations required
for crew connection of lines at the interface worksite, and control and
monitor of the fluid flow between elements. This involves such operations
as:

1. Positioning aﬁd adjustment of crew restraint devices at worksite.

2. Alignment and verification of electrical and fluid interconnections.

3. Extend and engage gaseous and liquid flow lines.

4. Purge of compressor and transfer lines and monitof.

5. Perform fluid transfer and monitor expulsion/fill rate;

6. Terminate fluid transfer and purge lines.

7. Disengage and retract interconnects.

2.4-29
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TITLE:

OPERATIONAL PROCEDURE NO, 4-5

CARGO TRANSFER - FLUID (PLUMBED) IN SHIRTSLEEVE MODE

ELEMENT INTERFACES: MANNED EOS ORBITER (ACTIVE)/MANNED ATTACHED RAM (PASSIVE)

Operation

Performed
by:

Rationale

8.

Verify crew restraint devices are

positioned at interface worksite

Retrieve tools and equipment
for interconnection operations

Adjust crew restraint device

Align and verify electrical and
fluid interconnectors

Connect electrical interfaces

Verify operational readiness of
meters, controls and monitoring
sensors

Extend and engage gaseous flow
lines

Extend and engage liquid flow
lines

Active
Active

Active

Active/
Passive

Active/
Passive

Active/
Passive

Active/
Passive

Active/
Passive

To provide crewman body position control
at interface worksite.

Necessary equipment for operation will
be prepositioned at worksite.

Restraints adjusted to allow crewman
ability to perform interconnection
operations.

Interconnectors are within recesses at
element interface, coding and indexing
is utilized to prevent misconnection.

Connector mating integrity must be
verified prior to applying power other
than continuity check current.

Assures control of transfer functions i
both elements. 17
Physical connection of gaseous lines

across interface.

Physical connection of liquid lines
across interface.
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OPERATIONAL PROCEDURE NO. -5

~ Operation Performed Rationale
e by:
9. Purge compressor and transfer Active/ Interconnections and transfer System
lines . Passive will be cleared of contaminants.
10. | Monitor interconnectors and Active/ Transfer system integrity will be
“valves for leaks ' Passive verified prior to operation.
11.} Initiate combined element Active Linear acceleration is utilized for
- | controlled acceleration liquid transfer ullage control.
12. | Initiate pressurization and chill | Active
down of liquid transfer system
13. | Initiate fast liquid fill Active After transfer system has reached
’ T T ' press/temp levels for normal .operationd.
14, Terminate liquid flow Active/ Quantity gaging in passive element will
' : - Passive establish fill termination..
ViS. Drain liquid from transfer lines | Active/ 'Valves are reset to permit compressor
- R ‘ Passive to expel gasses through liquid trans-
fer lines.
16, | Purge compressor and transfer Active/ Preparatory to safe disconnection.
- | lines - ° ‘ Passive’
17. | Depressurize transfer subsystem Active/
PR ' Passive
18. | Terminate Acceleration Active
.19. Preésurize water transfer system _Active/ Positive water tank bladder pressure
Passive - will provide pressure head for water

‘transfer.
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OPERATIONAL PROCEDURE NO. 4-5

Operation

Performed
by:

Rationale

20.

21.

22'

23,

24.

250

. 26.

27.

Monitor expulsion/fill rate

Depressurize water transfer
system

Purge liquid from interconnecting
lines

Disengage and retract hazardous
liquid/gas interconnectors

Vent and purge hazardous liquid/
gas interconnectors
Disengage and retract nonhazard-

ous liquid/gas interconnectors

Verify shutdown of control valves
meters and monitoring sensors

Disengage and retract electrical
connectors

Active/
Passive

Active
Active

Active/
Passive

Active/
Passive
Active/

Passive

Active/
Passive

Active
Passive

Correlate with receiving element.

Equalize bladder pressure between
elements.

Remove all liquid from interconnectors
to prevent liquid spillage.

Hazardous liquid/gas (i.e., hydrogen)
transfer systems will be independently
disconnected.

To prevent buildup of hazardous
conditions.

Preparatory to separation, inter-
connectors are drawn back into
protective recess.

Final check prior to disengagement of
hardware connection used for fluid/
gas transfer information exchange.

Preparatory to separation, connectors
are drawn back into protective recess.

1\
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2.4,2 'PROCEDURES APPLICABILITY

Figure 2.4~2 presents the cargo transfer procedure applicability for
each of the element-to-element interfaces. The matrix indicates where the
manual unaided (shirtsleeve, IVA, and EVA) ‘and manual aided procedures apply
for mannéd-to~unmanned and manned-to-manned interfaces. In' general, all the
manned-to-unmanned element cargo transfer applicable interfaces with an air-
lock can support shirtsleeve and IVA manual unaided, manual alded, and fluid
transfer. '

1t 18 assumed thatfdepreésurization;of an entire habitable volume 1s a
contingency only operatlion and normal IVA or EVA operations would only occur
with a dedicated alrlock. -

The manned-to-unmanned interfaces involving a returnable and resupply
satellite can involve the manual unaided EVA procedure in addition to the
other procedures for manned-to-unmanned interfaces with an airlock. All
manned-to-manned cargo transfer applicable interfaces may involve shirtsleeve
manual unaided, manual aided, and fluid transfer operational procedures.

2.4-33
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Figure 2,4-2, Operational Procedures Applicability - Interface Activity: Cargo Transfer
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2.5 CREW TRANSFER

This section presents the operational procedures for crew transfer, and
includes one procedure for each alternate approach identified in Volume II of
this report. Also presented and discussed is the applicability of these pro-
cedures to each element pair included in the in-depth analysis portion of the
Orbital Operations Study. :

2.,5.1 OPERATIONAL PROCEDURES

Crew transfer operational procedures are included for shirtsleeve and
IVA alternate approaches. The shirtsleeve procedure considers the transfer
operation between an EOS orbiter (manned) and an unmanned detached RAM. This
element pair requires pressurization of the unmanned element to establish a
 habitable environment. These operations would be in addition to those required
for two manned elements which would involve activation checkout, and pressuri-
zation of the interfacing tunnel, and crew movement and performance of work
tasks.

The procedure for the IVA alternate approach involves crew transfer in
an IVA suited mode between an EOS orbiter (manned) and an unmanned modular
space station (MSS). 1In lieu of module pressurization,operations required
for shirtsleeve crew transfer, operations for airlock éepressurization/
pressurization and suit operations are required for the IVA mode. The
procedural deltas between the shirtsleeve and IVA procedures are presented
in Figure 2.5-1.

2,5-1
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Figure 2.5-1. Crew Transfer Procedural Comparison
(Manned Element to Unmanned Element)
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Operational Procedure No. 5-1

Crew Transfer - Shirtsleeve

Assumptions

1. A second crew member will be employed as a backup if operations-are
hezardous.

5, Alrlock will be available at EOS interface but 1s not required for
shirtsleeve operations.

3. All subsystems necessary to support crew habitebility during trans-

' fer operations are provided by element subsystems (i.e., no porteble
equipment). A

L. Detached RAM is pressurizable and cen support shirtsleeve crew
operations compatible with that of the EOS orbiter.

Initial Conditions

1. EOS orbiter has mated with an unmanned detached RAM.
2. Mating operations of elements have been completed.

Final Conditions
Elements are in a condition for separation.
Description

Shirtsleeve crew transfer includes those operations associated with crew move-
ment from one element to a worksite of the other element to perform a required
task and returning. This would include such operations as:

. Activation of hatchway controls/displays

Activation and checkout of unmanned element.

Perform pressurization operations of tunnel and unmanned element.

Use of & backup crew member if hazardous. -

Transfer to worksite and perform required tasks.

Return to manned element and perform depressurization operations

and checkout. I

7. Deactivation of unmanned element and hatchway controls/displays
displeys. ‘ -

o\l Fw N+

2.5-3
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OPERATIONAL PROCEDURE NO. 5-1

TITLE: CREW TRANSFER - SHIRTSLEEVE
ELEMENT INTERFACES: EOS ORBITER (MANRED)/DETACHED RAM (UNMANNED)

¥-G°7

T

amn

L000~-V¥S-2/ qs

Operation E;.'f”me" Rationale
Activate haEchwéy Manned Hatchway controls/displays
tontrols/displays. will be utilized for checkout of un-
manned element and for monitoring and
controlling pressurization operations.
Activate and verify airlock Manned Continuous communication with manned
communication subsystem. element control center/flight station
is required.
Verify deta link to unmanned Manned Manned element control of unmanned
element. element subsystems, e.g., radiation
level monitoring, is required.
Activate lighting in unmanned Manned Adequate illumination is required for
element. visual checkout of unmanned element and
for crew transfer so that crew position-
ing capabilities and visual orientation
are not inhibited.
Confirm interface passageway is Manned Transfer passagewsy must be free of
accessible for crew transfer obstructions which would inhibit crew >
operations. movement. Q%P
:8
Make initial check of unmanned Manned Must be made so that shirtsleeve o
element atmosphere. operations can proceed. . <
)
Pressurize tunnel between Manned g S
elements. i
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OPERATIONAL PROCEDURE NO. s5-1

- Operation

Performed
by:

Rationale

10

11

12

13

14

15

16

Test tunnel leak rate.

Equalize interface pressures
between tunnel and EQS -

Open EOS hatch to tunnel and
inspect matlng 1nterface.q

Prepare 1nterface as requlred for
pressurlzatlon of unmanned
element.,

Pressurize unmanned element.

Isolate unmanned element and
verify lesk rate.

Verify the unmanned element

atmosphere i's compatible with the
manned element atmosphere.

Equaliie pressure in unmanned
element to that of manned element.

Open Hatch between tunnel and

unmanned element.

Manned

Manned

Mannéd/
Unmanned

Manned/
Unmanned

Manned/ '
Unmanned

Manned
Manned

Manned/
Unmanned

Tunnel seal must be checked prior to
opening hatch

Any pressure difference between tunnel
and EOS must be equalized prior to
opening hatch

Mating port interface must be inspected

-for any damage that may have occurred
during the docking and to verify that al

latches have engaged and are locked.

Hardware/subsystems (i.e., monitor/

control'functiOns) of manned and/or
unmanned element must be prepared for
pressurization operations..

To provide a shirtsleeve environment..

Leak rate must be within tolerance thgt
can be supported.

| Prior to opening the hatch to the un-

manned element the atmosphere in the
unmanned element must be verified to be
free of contamination.

The pressure between the two elements
must be equalized prior to opening the
final interface hatch.

e
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OPERATIONAL PROCEDURE NO. 5-1

klement worksite.

Operation Performed Rationale
by:
17 JConnect and activate air Manned/ Air circulation is required for shirt-
circulation ducts. Unmanned | sleeve operations.
18 |Ingress unmanned element and per- | Unmanned | Initial inspection will be made prior
form initial inspection. to performing subsequent operations.
19 |Position tunnel crew restraint Manned/ Restraint devices must be positioned
devices. ' Unmanned | for crew stabilization during inter-
face connection and verification
operations.
20 |Connect electrical interfaces, as | Manned/ B
required. Unmanned
21 Verify-interface connector mate. Manned/ Connector mate integrity must be veri-
‘ Unmanned [ fied prior to applying power other than
continuity check current.
2o  [Checkout and activate electrical. Manned/
interface Unmanned
23 |Connect plumbed interface and Manned/ Prior to activation, plumbed interfaces
verify seal integrity, as ° Unmanned |will be tested for seal integrity.
required. :
24k Jctivate fluid interfaces as Manned/
required. Unmanned
25. ActiVaﬂe subsystems necessary for | Umnmanned |} To support crew operations in unmanned
crew habitability. element, e.g., direct worksite lighting,
ECS trim.
126 [Krewman traverse to unmanned Unmanned

W
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OPERATIONAL PROCEDURE NO. 5-1

Operation Performed Rationale
‘ by: _
2T jAdjust work31te crevw restraint Unmanned | Restraint devices must be positioned
devices. for crew stabilization for performing
tasks at worksite. :
28 |Perform work tasks as required. Unmanned
29 . |Crewman releasé.himself from work-| Unmanned
site crew restraint devices and
return to tunnel/airlock.
30 |Operations 26 through 29 can be Unmanned -
repeated as requlred
31 Deactlvate subsystems necessary foy Unmanned | Subsystems éupport to crew operatioms i
crew habitability. unmanned element are no longer necessar?.
32 Disconnect plumbed interfaces. Manned/ Plumbed interfaces are no longer '
Unmanned | necessary and must be disconnected prio3
‘to closing hatch.
33 Disconnect electrical interfaces. Manned/ Electrical interfaces are no longer
Unmanned | npecessary and must be disconnected
prior to closing hatch.
34 - |Disconnect air circulation ducts. ‘ Manned/ Air circulation ducts are no longer
: Unmanned | necessary since shirtsleeve crew
operations in unmanned element have
terminated and must be disconnected
prior to closing hatch. '
35 |Verify all equipment is in airlock Manned/ A1l equipment will be returned to air-
Jand hatchways are clear. Unmanned | lock, and hatchways must be clear

prior to closing hatches..

s
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OPERATIONAL PROCEDURE NO. 5-1

Operation Performed Rationale
by:
36 Close hatch between unmanned Manned/
element and tunnel. Unmanned
37 [Close hatch between EUS Manned
tunnel.
38 |Depressurize tunnel. Manned Tunnel depressurization is required for
' confirming hatch sealing and preparation
for element separation.
39 lconfirm EOS and unmanned Manned | Leak rates must be checked to verify
element sealing. ' pressure sealing. '
40 |Deactivate crew transfer control Manned Unmanned element subsystems which
link/subsystems of unmanned support crew operations can be
element as required. deactivated.
k1 |Deactivate héfchway o Manned The héichway{controls/

controls/displays.

displays are no longer necessary and
can be deactivated with termination of
crew transfer operations.

[\
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Operational Procedure No. 5-2

Crew Transfer - IVA

Assumptions

1.  Airlock is provided as an interfuce between elements.

2. IVA operations will utilize 3.7 psig umbilically supported pressure
suits. The 3.7. suit will show the worse case IVA operations, i.e.
utilizing suits of 8.0 and ebove psig will eliminate equipment and

_ operations required for pre-breathing.

3. Permanently installed lighting is provided along trensfer routes
end at worksite(s). Portable lighting may be used for some
operations but 1s not recommended.

.4, A second crewman will be employed as a backup

Initial Conditions

1. EOS orbiter has meted with an unmenned Modular Space Station (MSS).

2. Hard mating operations of elements have been completed.

3.. Mobility aids and restraint devices are prep051t10ned along transfer
path and at worksites.

Final Conditions
Elements are in a condition for separation.
Description

IVA crew transfer includes those operations associated with pressure suit IVA
movement from an airlock of one element to a worksite of the other element

to perform a required task and returning. This would include such operations
as: :

Activation of airlock/hatchway controls and displays.

Activation and checkout of unmanned element.

Donning of suits, pre-breathing, and performing depressurization
operations and checkout.

Transfer to worksite and perform required tasks.

Return to airlock and perform pressurization operations.
Deactivation of unmanned element subsystems.

Removel and service of suits, and deactivation of airlock/hatchway
controls and displays. :

-3 O\\n = w o
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OPERATIONAL PROCEDURE NO. 5-2
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TITLE: CREW TRANSFER - IVA
ELEMENT INTERFACES: EOS ORBITER (MANNED)/MSS (UNMANNED)
Operation E;."fm'm‘*d Rationale

Activate airlock and hatchway Manned Airlock and hatchway controls/displays

controls/displays. will be utilized for checkout of un-
manned element and for monitoring and
controlling depressurization/pressuri-
zation operations.

Activate and verify airlock Manned Continuous communication with manned

communication subsystem. element control center/flight station
is required.

Verify data link to unmanned Manned Manned element control of unmanned

element. element subsystems, e.g., for radiation
level monitoring, is required. -

Activate lighting in unmanned Manned Adequate illumination is required for

element. visual/TV checkout of unmanned element.

Confirm interface passageway 1is Manned Transfer passageway must be free of

accessible for crew transfer obstructions which would inhibit crew

operations. movement.

Verify environmental contaminat- | Manned Contamination levels in unmanned must

ion levels in unmanned element be checked to indicate possible danger

are within limits. to IVA crewmen.

Deactivate lighting in unmanned Manned Since the unmanned element has been

element. visually checked out and pre-breathing
operations may taske as long as 3 hours,
ightiog, 1y yanenned clepspt, cen be

\s
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IOPERAT10NALAPR0CEDURE NO. 5-2

Operation Performed Rationale
i} by: o
8 |Don face masks and initiate Manned 3.7 psig space suits reguire crew to
‘| pre~breathing. : pre~breathe oxygen for a sufficient
) length of time to accomplish denitro-
genation.
9 Primaﬁy and backup crewmen unstow | Manned
and don IVA space suits excluding
helmets and gloves.
10 }Checkout and prepare IVA Manned A1l equipment used in the IVA operation
equipment. . . .] will be checked out prior to use and
S all crew transfer equipment stowed out-
side of.airlock must be brought into.
airlock.
11  |Enter airlock. Manned
12 fActivate lighting in unmanned Manned Lighting in unmanned element must: be
element. reactivated for crew transfer so that
crew positioning capabilities and
visual orientation are not inhibited.
13 |Close airlock hatch. Manned
14 Terminaté pfé—breathing and don Manned Pre-breathing masks must be removed and
‘ helmets and gloves. helmets and gloves donned so that crew-
: men are entirely supported by umbilical
from airlock subsystems.
. _ . _ ) _ » : " _
15 JPerform space suit operation and Manned Prior to dépressurization, integrity of
integrity checks. space suit sealing, communications,
: coolant flow, etc., must be verified.
16 |Depressurize airlock. Manned

|

e
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OPERATIONAL PROCEDURE NO. 5-2

Operation

Performed
by:

Rationale

17

18

19

20

21

22

23

25

Confirm operation of space suit
systems.

Equalize pressure between tunnel

‘{and airlock.

Open airlock hatch to tunnel and
inspect mating interface.

Equalize pressure between tunnel
and unmanned element.

Open hatch between tunnel and un-
anned element.

Ingress unmanned element and
perform initial inspection.

Position tunnel crew restraint
devices.
[Connect electrical interface as
required.

Verify interface connector mate.

Manned
Manned

Manned’

Manned/
Unmanned

Manned/
Unmanned

Unmanned

Manned/
Unmanned

Manned/
Unmanned

Manned/
Unmanned

Operation of space suits must be con-
firmed in depressurized airlock prior tJ
opening hatch.

Any pressure difference between tunnel
end airlock must be equalized prior to
opening hatch.

Mating port interface must be inspected
for any damage that may have occurred
during the docking and to verify that
all latches have engaged and are locked

Must be éccomplished prior to opening
final interface hatch.

Initial inspection will be made prior
to performing subsequent operations.

Restraint devices must be positioned
for crew stabilization during interface
convection and verification operations.

Connector mate integrity must be verifie
prior to applying power other than con-
tinuity check current.

e
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OPERATIONAL PROCEDURE NO. s5-2
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~ Operation Performed Rationale
. by:
26 Checkout electrlcal interface as Manned/
requlred. Unmanned
27 Connect plumbed interface and Menned/ . Prior to activation, plumbed'interfaces
"~ |verify seal integrity as required.| Unmenned |will be purged for seal integrity.
28 |Activate Pluid 1nterfaces as Manned/
' required. Unmanned -
29  |Primary IVA crewman traverse to Unmanned
: unmanned element worksite. -
30 Backup IVA crewman monitor IVA Manned/ - IVA crewmen will playout/retrieve
" Joperation and control primary Unmanned | primary crewman umbilical to ensure
‘|lerewman umbilical. against entanglement, and be available
: ’ for rescue operations.
31 Adjuet worksite crew restraint Unmanned Restraint devices must be positioned
devices. for crew stabilization for performlng
tasks at worksite.
32 |Perform work tasks as required, Unmanned
33 |Crewman release himself from work- | Unmanned
: site crew restraint devices and
return to tunnel/airlock.
o 3& Operations 29 through 33 can be , . | Unmanned
" ‘jrepeated as required.
35 |Disconnect plumbed interfaces. Manned/ Plumbed interfaces are no longer
‘ Unmenned |necessary and must be dlsceﬁnected pr101

to closing hatch.

e
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OPERATIONAL PROCEDURE NO. 5-2

Operation Performed Rationale
by:
36 {Disconnect electrical interfaces. Manned/ ‘Electrical interfaces are no longer
Unmanned | necessary and must be disconnected
prior to closing hatch.
37 |Verify all IVA equipment is in air-4 Manned/ All equipment will be returned to air-
lock and hatchways are clear. Unmanned | lock, and hatchways must be clear prior
to closing hatches.
38 |Close hatch between unmanned Manned/
element and tunnel. Unmanned
39 Close hatch between airlock and Manned
tunnel and prepare for
repressurization.
40 [Repressurize airlock and verify. Manned Airlock integrity will be verified duri&g
and subsequent to repressurization.
k1 Deactivate crew transfer control Manned The control link/subsystems of unmanned
1ink/subsystems of unmanned element that are no longer necessary
element as required. can be deactivated.
L2 Fqualize pressure between airlock | Manned ‘ Must be accomplished prior to opening
and manned element. hatch.
43 en hatch between airlock and Manned
anned. element.
L4  Remove space suits, and service and| Manned
tow all IVA equipment.
45 Deactivate airlock and hatchway Manned The airlock and hatchway controls/

bontrols/displays.

displays are no longer necesgar¥.and
can be deactivated with termination of

IVA operations.

s
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2.5.2 PROCEDURES APPLICABILITY

Figure 2.5-2 presents the crew transfer procedure applicability for each
of the element-to—element interfaces. The matrix indicates where shirtsleeve
and ILVA operational procedures apply for manned-to-unmanned and manned-to-
manned interfaces. In general, all manned-to-unmanned element crew transfer
applicable interfaces with an airlock will accommodate both shirtsleeve and
IVA transfer operations; those interfaces without an airlock can only accom-
modate the shirtsleeve mode. All manned-to-manned crew transfer applicable
interfaces will have the shirtsleeve crew transfer operational procedure apply.

2.5-15
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Figure 2,5-2, Operational Procedures Applicability - Interface Activity: Crew Transfer
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2.6 PROPELLANT TRANSFER

This section presents the operational procedures for propellant transfer,
and includes one procedure for each alternate approach identified in Volume II
of this report. Also presented and discussed is the applicability of these
procedures to each element pair included in the in-depth analysis portion of
the Orbital Operations Study.

2.6.1 OPLRATIONAL PROCEDURES .

Introduction

Essentially, two general procedures are indicated for delivery of propel-
lants to elements in earth orbit. These are delivered by fluld transfer
through propellant lines or by transfer of the propellant and its container
(tank or module) as an integral unit. Any combination forms of dellvery will
still be based upon these two fundamental delivery procedures. Whichever
method of transfer is used, the transfer may be made directly from a source
element (e.g., orbiter tanker) to a user element (e.g., space-based tug). _
Other source and receiver elements and intermediate transfers to a depot may
also be utilized to accomplish either of the two delivery procedures. The use,
of a depot can involve storage for later retransfer; if such transfer is by
container, it may be transferred later to a user vehicle by modular transfer, .
or pumped through the depot to the user vehicle by fluid transfer.

Essential differences between the two delivery procedures involve
basically the operations involved in transferring the propellant after
initial mating of the two elements is accomplished. In fluid transfer, pro-
pellant and system lines are extended through the mating interface, controlled
flow is implemented through ullage, pressurization, settling, chilling down,
and filling operations. In modular transfer, a number of tank matings and
separations may be involved, utilizing deployment mechanism operations and
the use of a temporary tank holding port on one of the elements during the -
transfer procedure. ' < :

The procedures for direct fluid and module transfer from an orbiter
tanker to a space-based tug are described -in the following procedures, No.
6-1 and No. 6-2. Mating is a prerequisite to initiating propellant transfer,
and communications during all transfer operations 1s a supporting procedure.

-y

2,6-1
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Operational Procedure NO. 6-1

Propellant Transfer - Direct Fluid Transfer - Orbiter Tanker To Space-Based Tug

1. Concept involves direct transfer of liquid hydrogen and
oxygen propellants at low earth orbit from an Orbiter Tanker
to a Space-Based Tug for refueling to continue performing
its payload mission.

2. 1t is assumed that all activities and operations prior to actual
propellant transfer operation have been made and both vehicles
are ready for transfer.

3. It is assumed that the orbiter tanker will be the control center
for all transfer operations involving either or both interfacing
elements,

Initial Conditions

1. Mating between the space tug to be refueled and the orbiter
tanker has been completed.

2. The orbiter is maintaining attitude héld and the tug is in
free drift mode.

3. Rigidity and alignment of connections have been checked out.
Final Conditions

1. After completion of propellant transfer, the elements are ready
to separate.

Description

1. This procedure commences after hard docking the vehicles and
"rigidizing with the docking fixtures. The docking interfaces
are provided with line interconnect fixtures. A triangular move-
able rack on the orbiter fixutre is extended toward the tug
stationary fixture and indexing probes are engaged. The extension
is continued until the electrical connectors on the fixtures are
engaged. Then by means of line extension bellows, the propellant
and system lines are extended and all connections verified for
engagement and alignment. The operational sequence for propellant
transfer may now be made and basically consists of transfer pre-
paration and checkout, propellant settling (e.g., spinup),
pressurization, purging and chilldown, transfer, transfer line
draining, depressurization, spindown, checkout and secure. During
these operations sensors monitor operation, controls initiate and
terminate the sequences based on the sensor outputs, and appropriate

2,6-2 .
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physical and operational means are provided for safety. Dis-
engagement and separation take place after the transfer is
completed and verified. Figure 2.6-1  shows a block flow
diagram of the procedure involved.

The operational sequences for direct propellant transfer
between other vehicles and between an OPD and a vehicle are
basically the same, differing mainly in transfer time, rate
of transfer and number of flights and refills required.

Operational Procedure Number 6-1 shows the detailed sequence

. of operations for direct fluid propellant transfer from a

source element (orbiter) to a receiving element (tug), including
the element performing the operation, the rationale for the
operation, and the reference to the functional requirements
supported by this operation.

SD 72-SA-0007
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TITLE:

OPERATIONAL PROCEDURE NO. 6-1

PROPELLANT TRANSFER - DIRECT FLUID TRANSFER

. 'ORBITER TANKER TO SPACE-BASED TUG
ELEMENT INTERFACES: (SOURCE ELEMENT) TO (RECEIVER ELEMENT)

Operation bP;.'h""ed : Rationale
Extend moveable line interconnect |[Source To meet stationary rack on tug and for
fixture (rack) and engage indexing |[Element alignment by engaging tapered probes intd
probes jtapered drogues, throughout mating inter-
~ face -
Continue extension to engage Source Conduit encased electrical lines through
lelectrical connectors Element . the extension system make contact with
receptacles on tug rack
‘Sxtend propellant and system lines | Source  Peparate LH, and LO, lines and non-prop-
: : Element tllant lines, insulated by panels in racy,
' re stretched by means of bellows to meedt
torresponding line receptacles on tug
rack. ‘
Rigidize interconnections and Source To prevent leakage or grounding, assure
verify Element continuity.
[ransfer preparation and checkout Source To prepare and checkout normal long time
Element controls, checkout equipment, sensors,
meters, and assure functional and safe
readiness.
Purge propellant tank and lines Source To assure removal of any contamination
Element hnd to clean lines before use
Initiate controlled acceleration Source For ullage control to force propellant
(ullage) Element put of partially empty tank.

OO0 UBOLBWY YHON
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OPERATIONAL PROCEDURE NO. 6-1

Operation Performed Rationale
by:
7a | By means of linear acceleration Orbiter
76 | By means of centrifugal (rotation)|Tug, OPD
acceleration
8 Verify propellants settled Source After acceleration, assure settling by
: Element Feans of cap probes and point sensors
19 Start propellant transfer cycle Source To assure appropriate pressure and temp-
with pressurization and slow Element lerature levels reached through slow
£i1l chill down. transfer and monitoring.
9a |Set flow control valves for gas To measure line and tug tank temperature
flow jand pressure
9b |Gas generator on, push gas pro- Increase in pressure forces liquid pro-
pellant into orbiter tanker at pellant to flow to tug tank; increased
slow rate temperature creates more gas and more
ressure,
9c |Regulate pressurant flow and o monitor and maintain pressure level,
measure ullage pressure y means of sensors, controls and/or
enting to prevent rupture or flow
toppage
10 }Initiate fast fill Source t appropriate pressure/temperature
Element evels and operation normal, flow rate
s increased to effective maximum.
11 |Continue monitoring, control and |[Source o maintain normal operating conditions
regulation of flow |[Element ith fast fill, utilizing meters, cap
robes and point sensors

[BAMOO LBDLIBWIY YHON]
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OPERATIONAL PROCE.D'URE. NO. -1

Operation Performed Rationale
by:
12 | Throttle the fluid flow Source To slow down the flow prior to tramnsfer
‘ Element termination, by flow control valves and
[neasured by point sensors at tank outletf
when meter measurements show tug tank
nearing fill
13 |} Terminate fluid flow with pump Source When tug tank is full or orbiter tanker
shutdown valve closure Element is empty; flowmeters, cap probes and
point sensors verify termination
14 Drain=1iquid:from transfer lines by Source |To reduce propellant losses, assure
resettling valves for compressor Element safety from leakage and contamination
gas propellant into transfer ’
lines.
15 |jPurge compressor and transfer Source To assure safety from contamination
lines Element
16 |Depressurize the transfer system Source To return pressure/temperature levels
by turning gas generator off and Element and operations to normal engine feed
venting valves levels .
17 |Continue taking ullage pressure Source To assure normal pressure/temperature "
measurements Element |levels
29
18 Discontinue acceleration for Source To return conditions to normal %-g
ullage control Element >e
- 39
19 [Checkout post-transfer conditions’ Assure. secure system 8 %
Al J &
S
8
]
<
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OPERATIONAL PROCEDURE NO. 6-1

Operation Performed Rationale
by:
20 | Disengage and retract propellant | Source Preparatory to separation, moveable
and system lines Element rack and interconnected lines return
to orbiter rack receptacles
21 | Monitor/measure open propellant Source To assure safety from hazardous vapors
lines and interface and vent/purgd Element around open lines and interface
if necessary
22 Close meters, valves, sensors "Source Preparation to separation, to assure
after final checkout Element appropriate conditions for safe
separation
23 | Disengage and retract electrical | Source Preparatory to separation, return rack
connectors and moveable rack Element and electrical interconnectors to

orbiter for end of transfer procedure

s
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Operatidnal Procedure No. 6-2

Propellant Transfer - Directhodular Trans fer — EOS Orbiter to Space-Based Tug

AsS@mptiops

1.

Initial

1.

2.

Final Conditions

Concept involves direct modular transfer of liquid hydrogen and
oxygen propellants at low earth orbit from an)Orbiter to a Space-
Based Tug for refueling to continue performing its payload mission.

It is assumed that all activities and operations prior to actual
propellant transfer have been made and both vehicles are ready for
the transfer.

It is assumed that the orbiter will be the control center for all
transfer operations involving either or both. interfacing elements.

It is assumed that a combination of manipulator arm and pivoting
platform mechanisms are available for deployment and retrieval of
_the full and empty propellant module tanks to and from internal
(cargo bay) or external attachments or holding ports on the orbiter
and tug. '

It is assumed that the propellant tank sets (modules)‘are equipped
with compatible neuter docking mechanisms on both ends to facilitate
multiple transfer maneuvers.

Conditions

The tug must be coasting with empty tank set attached to the nose of
the propulsion and control stage when the orbiter mates with it.

Rigidity and alignment of mating connections have been checkeﬂ;bﬁpg

1. After completion of propellant module transfer the elements are ready
to separate. '
Déscription
1. This procedure commences after the vehicles rendezvous and maintain

requisite attitude for mating and propellant module transfer.
Orbiter maneuvers to place its docking mechanism directly opposite
that on the end of the tug empty tank set, then uses its manipulator

. arms to attach and mate the empty tank set to a temporary holding

port. The elements separate with the orbiter holding the empty tank

set on a temporary holding port. The orbiter then uses the pivoting

platform to deploy the full tank set from the cargo bay and maneuvers
to place it in docking position to tug. The manipulator arms will
detach from the empty tank set to attach to the tug and assist in
alignment and mating of the full tank set to the tug. The orbiter

2.6-9 SD 72~SA-0007
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separates agaln and attaches the manipulator arms to the empty tank
set, then maneuvers to mate the empty tank set on the orbiter tem-
porary port to the full tank set on tug and the orbiter separates
leaving both tanks attached to the tug. Now the orblter maneuvers
to bring the pivoting mechanism in line with and to mate with the
empty tank set on tug. After this mating operation, the orbiter
separates with the empty tank set and retracts the pivoting platform
to stow the empty tank set into the cargv bay, leaving the tug with
the full tank set to proceed on its mission or to stationkeep while
awaiting a second propellant module transfer. Figure 2,.6-2 shows

a block diagram of the procedures involved.

The operational sequences for direct propellant module transfer
between other vehicles and between a depot and vehicle are basically
the same, dlffering mainly in transfer time, rate of transfer, and
number of flights and modules required.

Operational Procedure 6-2 shows the detailed sequence of operations
for direct propellant module transfer from a source element (orbiter)
to a receiving element (tug), including the element performing the
operation, the rationale for the operation, and the reference to the
functional requirements supported by this operation.

2.6-10 SD 72-SA-0007
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OPERATIONAL PROCEDURE NO, 6-2

TITLE; PROPELLANT TRANSFER--DIRECT MODULAR TRANSFER

ELEMENT INTERFACES: EOS ORBITER TO SPACE-BASED TUG (SOURCE ELEMENT) TO (RECEIVER ELEMENT)

Operation

Performed
by:

Rationale

Maneuver orbiter to tug empty
tank

Activate manipulator control
station and attach manipulator
arms to tug empty tank

Mate tug and empty tank set to
orbiter temporary holding port

Verify attachment of empty tank
set
Command release of empty tank set

Release empty tank set

Maneuver for separation

Report attachment of empty tank
set and separation

Source
Element

Source
Element

Source
Element
Source
Element
Source

Element

Receiver
Element

Source

Element

Source
Element

To line up docking mechanism of

orbiter temporary holding port directly

opposite docking mechanism of exposed
end of empty tank set

To prepare for mating the tug empty
tank set to orbiter temporary holding
port

Empty tank set remains attached to tug
and mated to temporary holding port

To assure that empty tank set will
remain attached during maneuvers
following

To prepare for separation of tug and
orbiter

To allow separation
To separate short distance while
manipulator helps hold empty tank set

during maneuver

To inform mission control

s
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OPERATIONAL PROCEDURE NO. 6-2

Element

Operation Performed Rationale
by:
9 Deployifull tank set ‘Source Full-tank sét is deployed out of orbiter
' Element
10 | Maneuver orbiter and full tank Source Orbiter translates until docking
set to tug Element mechanism on full tank set is directly
opposite that on tug
11 | Attach manipulator arms to tug Source Manipulator arms are detached from
Element empty tank set to attach to tug to
Jassist in the alignment and guidance
of the docking mechanisms and inter-
connect fixtures -
12 Verify“alignment of inter- Source To prevent subsequent damage to an&/or
connectors Element  |malfunction of interconmnectors when
extended
13 | Mate orbiter full tank set to tug'|Source Mating completed by engaging both dock-
Element ing mechanisms, keeping both inter-
connect fixtures aligned
14 | Verify electrical grounding Source Grounding needed to prevent static '
across physical interface Element discharge near propellant feed lines
15 }Report full tank mating to tug Source To inform mission control
. ' Element
16 Comﬁéﬁd engagement of electri gl}} Source Commands to tug and full tank set to
feed lines and venting of .-+ Element extend and engage interconmmnectors and
interconnectors lines preparatory to propellant use
17 | Release full tank set and separate}Source Preparatory to separate short distance

)
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OPERATIONAL PROCEDURE NO. 6-2

Operation

Performed
by:

Rationale

18

19

20

21

22

23

24

Detach manipulator arms from tug
and attach to full tank set

Maneuver to align docking
mechanism of empty tank set on
orbiter to that of full tank
set on tug

Mate empty tank set to full tank
set

Release empty -tank set and
separate

Detach manipulator arms from
full tank set and attach to
empty tank set

Maneuver to align docking
mechanism of empty tamk set
directly opposite that or orbiter
pivoting platform

Mate empty tank set to orbiter
pivoting platform

Source
Element

Source
Element

Source

Element

Source
Element

Source
Element

Source
Element

Source
Element

Preparatory to guiding a docking of
full tank set with empty tank set

Maneuvering until docking mechanism of
empty tank set on orbiter temporary
holding port is directly opposite that
of full tank set on tug to prepare for
mating

Mating with aid of manipulator arms to
guide docking

To remove empty tank set from orbiter
temporary holding port in preparation
for separation to short distance

Preparatory to separation of empty
tank set and mating to orbiter

Maneuvering to get docking mechanisms
opposite each other to prepare for
mating

Mating with aid of manipulator to guide
alignment for mating

1\
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OPERATIONAL PROCEDURE NO. 6-2

* Operation Performed Rationale
e A by: - .
25 Command release of docking Source Preparatory to separation
mechanism between full and empty | Element »
tank sets
26 Separate empty tfank from full Source Move away safe distance from tug and
tank set Element full tank set
27 | Stow empty tank set in orbiter . Source. To place empty tank set in positioh
bay Element for deorbit
28 ! Report empty and full tank sets Source Mission control informed that both
in position and tanks are in readiness position for
Receiver | respective tug and orbiter missions
Elements
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2.6.2 PROCEDURES APPLICABILITY

Flgure 2.6-3 summarilzes the procedures developed for each of the two
alternate approaches for propellant transfer. The two procedures have esscen-
tlally nothing In common other than the Inltlal operatlon of mating the
tanker (suppller) to the user element. The fluid transfer procedure involves
the unique operations of connecting fluid lines between the elements, provid-
ing the ullage force, transferring the propellants through lines and termin-~
ating fluid transfer operations. The modular transfer procedure involves a
series of matings, separations, and maneuvers related to the handling of the
module.

Figure 2.6~4 presents in matrix format the procedures applicable to the
interfacing elements in the space vehicle inventory. Moving to the right in
the upper half of the figure is the list of potential recipients of large
quantities of propellant, supplied by one of the elements in the vertical list.
Moving downward in the bottom half of the figure is the list of potential
suppliers of large quantities of propellant to one of the elements in the
horizontal list. Of the 17 elements listed, at least 4 are potential suppliers
and/or recipients of large quantities of propellants. Recipients include the
space-based propulsive vehicles (space-based tug, CPS/CLS, RNS) and the OPD.
Suppliers include the EOS orbiter, space-based tug, earth orbit resupply mod-
ule, and OPD. The OPD and the space-based tug may act either as supplier or
recelver of propellant.

Within each coordinate box in the matrix an entry is shown, indicating
the applicable propellant transfer procedure for the pair of interfacing
elements involved. Of 14 interfacing element pair interactions identified
for propellant transfer, the 4 involving the EO resupply module (acting only
as a supplier to space-based tug, CPS/CLS, RNS and OPD) may be serviced only
by a direct fluid transfer procedure (Procedure Number 6-1). The other 10
element pairs may be serviced by either a direct fluid transfer (Procedure
Number 6-1) or by a direct modular transfer procedure (Procedure Number 6-2),
of which 7 will involve tanker delivery (4 by EOS orbiter, 3 by space-based
tug), while 3 will involve transfer from an OPD.

2.6-16 o
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2.7 EOS PAYLOAD DEPLOYMENT

This section presents the operational procedures for EOS Payload
Deployment, and includes one procedure for each alternate approach identified
in Volume II of this report. 'Also presented and discussed is the applicability
of these procedures to each element pair included in the in-depth analysis
portion of the Orbital Operations Study.

2.7-1
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2.7.1 OPERATIONAL PROCEDURES

Two operational procedures were developed for EOS payload
deployment, one for each of the conceptual approaches. Procedure
number 7-1 applies to the EOS equipped with a manipulator. Procedure
number 7-2, is applicable to the F0S with a pivoting mechanism in the
cargo bay.

Assumptions

The following major assumptions were used in developing the
operational procedures. The second assumption applies to the manipulator
concept only:

(a) Solar illumination not available or inadequate. The
procedure was developed with contingencies being planned
to handle the situation when either insufficient solar
i1lumination existed or the procedure was required during
the night part of an orbit,

(b) Second manipulator arm for backup only. The EOS models
utflized in the development of this procedure had a
manipulator concept with two arms. All procedural steps
were designed capable of being accomplished with a single
failure. Each manipulator arm was considered to be a
single failure. Therefore, the assumption was made that
the operations would be developed with the second arm
being considered for backup only.

Initial Conditions

The following initial conditions are applicable to both
procedures,

(a) Communication and data links have been established between
the EOS and any program element that the payload is being
delivered to,

(b) The final phases of rendezvous are completed. The
procedure is subsequent to rendezvous of the shuttle to
the system receiving the payload or after specific payload
deployment position (attitude, inclination) has been
acquired,

(c) The EOS cargo bay doors are open to permit active
thermal contrel via door mounted radiators.,
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Final Conditions
The following two major final conditions apply to both procedures.

(a) Payload separation complete on a manner that does not preclude
retrieval of the payload just released or a subsequent payload.
Separation of plumbing and wiring connections shall leave
them in a state such that they can be reused. Some missions
require retrieval of the same payload as deployed on that
mission (e.g., ground based tug missions). In these cases,
hardware communication links and propellant purge and vent
lines would be reconnected.

(b) Verification of payload operational status-—after the release
of the payload and prior to the EOS return to Earth the EOS
will have to utilize communication links and possible visual
observation to determine the operational status of the payload.

Description of Procedures

The procedures for EOS Payload Deployment were written utilizing
two approaches. Each of these approaches is developed with one of
selected alternatives; manipulation (procedure 7-1) and the pivot
mechanism (procedure 7-2). Both procedural approaches have operations
that potentially involve other interfacing activities (mating [2.1]
attached element operations [2,12] and separation [2.3]). These inter-
‘faces were handled by reference only. The following two sections are
descriptions of each procedure,

A. Procedure No. 7-1 (Manipulator Approach)

This procedure contains 30 operations that commence with activation
of the manipulator subsystems through the stowing of the manipulator and
the deactivation of the subsystem., There are three BY-PASSES (see
Figure 2.7-1  in the logic flow. These By-Passes relate to the adapter
and are utilized if the intention of the mission is strictly payload
deployment without a requirement for crew ingress. The charts that
follow the flow diagram contain remarks and rationale relating to each
operations step of the procedure. The procedure was written to handle all
activities associated with deployment of EOS cargo bay compatible payloads.
It also has a recycle feature designed to the payload to facilitate the
missions that involve multiple payload deployments,

2,7-3
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B. Procedure No. 7-2 (Pivot Mechanism)

This procedure (7-2) contains 9 operations that commence with reading
the cargo bay for deployment through the securring of the pivot mechanism
for Earth return. As in the procedure that was developed for the manipu-
lator approach this procedure contains a By-Pass that is utilized if no
crew ingress is required prior to deployment, It also contains a recycling
to allow for multiple deployments. A description of the remarks and
rationale for each operation of the procedure is contained on the pages
that follow the flow diagram, Figure 2,7-2,

2.7-4
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EOS Payload Deployment (Manipulator Approach)
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OPERATIONAL PROCEDURE NO. 7-1

TITLE: EOS PAYLOAD DEPLOYMENT - MANIPULATOR

ELEMENT INTERFACES: EOS Orbiter, with Manipulator (Active)/Payload (Passive)

Operation

Performed
by:

Rationale

Initial Conditions

Activate manipulator subsystem

EOS

EOS

This procedure is subsequent to rendez-
vous of the shuttle to the system
receiving the payload or after the
specific payload deployment position
(altitude, inclination) has been
acquired. The EOS cargo bay doors are
open to permit active thermal control
via door-mounted radiators. Communica-
tion links required have been secured,

A control center in the crew compart-
ment must be brought to an operational
status from either a powered-down or

a standby mode. Dependent upon the typ
of payload and degree of automation,
either a manual or preprogrammed mode
may be selected. The manipulator arm
and its effector end are in a stowed
position to prevent damage to the
manipulator and/or the myloads., There-
fore, this activation does not include
physical movement of the arm. However,
TV, floodlight and force feedback
sensors will provide verification of
arm activation.

W
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

I1luminate cargo bay

Unstow manipulator arm

Attach manipulator to payload

" adapter

EOS

EOS

EOS

This is a precursor to subsequent
activities and required to allow TV
coverage of the cargo bay activities.
The shuttle can maneuver to. a sunlight
orientation of cargo bay, or floodlight
may be employed.

—t—

Captive latches can be released via a
hardwire signal from the control center
However, a manual force override is
required for contingency to prevent a
single failure from discontinuation of
the retrieval operation. The physical
movement of the shoulder, wrist, exten-
sion, and effector end can now be
verified. TV coverage via cargo bay
and direct visual can be employed.

Certain payloads may require an adaptor
to provide either reach or interface
compatibilities between the EOS airlock
and the payload. The adapter is stowed
in the cargo bay with its manipulator
attachment points visible by either
cargo bay TV, or direct from the crew
compartment. This dternative viewing
is required as a backup to the mnipula-
tor arm mounted TV, The effector end i$
physically engaged with either of the
redundant attachment points.
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

Verify attachment integrity

Release payload adapter

Translate adapter to cockput
airlock

EOS

EOS

The manipulator arm applies the simulat-
ed normal operations forces to the
interface prior to release of the reten;
tion mechanism, Visual and touch senso
feedback to the control centers are
required to verify the integrity of the
interface connection.

Captive latches can be released via a
hardwire signal from the control centexr
However, a manual release must be pro-
vided for contingency. If the force
requirement for pullaway (must exceed
that of step 5 and the launch forces)
exceeds practical manipulator design,
an alternate procedure must be employed
either using the redundant manipulator
arm or EVA,

After release the adapter is tramslated
to a position in direct alignment with
the airlock. If a cooperative arm mode
is utilized, arm #2 can enhance the
operation by providing illumination and
TV coverage. In addition the mating
interfaces can be inspected and capture
latches armed. In the single arm mode
the inspection and latch arming (if
required) would be sequenced prior to
step 4,

e
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OPERATIONAL PROCEDURE NO. 7_;-1

Operation

Performed
by:

Rationale

10

Berth and verify adapter/airlock
mating

Prepare payload for removal from
cargo bay ’

Verify'payload conditioned for
removal” ‘

EOS

EOS

EOS

The mating velocity is imparted to the
adapter via the manipulator and physi-
cal contact acquired. Verification of
the mating is required prior to release
of the manipulator arm. A force is
applied to test the interface with TV
and touch sensor feedback sent to the
control center for verification.
Dependent upon the design concept, addij
tional rigidizing of the interface may
be required. This rigidizing can be
accomplished externally with the mani-
pulator or internally. Release of the
manipulator from the adapter can be
sequenced at this point or just prior
to step 11. Failure to release the
manipulator can result in mission dis-
continuation, therefore alternative
procedures must be employed.

Monitoring and service umbilicals must
be disconnected and deadfaced. Sub-
system equipment may require activation
(thermal control, electrical power) or
change in operational state,

TV inspection and illumination required
to assure all physical attachments

removed from payload. The payload re- }-

tention/stowage mechanism may be
required to erect to a predetermined
position to provide cargo bay clearance

L4
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

11

12

13

Attach manipulator to payload

Verify attachment integrity

Translate payload to adapter

EOS

EOS

EOS

The effector end is extended to engage
one of the redundant attachment points.
Illumination and TV coverage can be
supplied by the manipulator. However,
the shuttle and payload can be position
ed to enable sun illumination and dired
visual as a contingency mode. A second
manipulator arm also can be employed as
a backup.

After engagement of the effector end
with the payload attachment point, the
manipulator provides forces equal to
the subsequent translation maneuver's
magnitude to verify attachment. The
forces are applied in a direction that
will not lead to shuttle impact if the
attachment is not fully secured. Visud
and touch sensor feedback are provided
to the control center.

The payload is translated within close
proximity to the EOS with the berthing
port aligned with the airlock. If
either of the two berthing interfaces
require cocking of capture latches, the
cocking will be accomplished by the
manipulator at step 10. The ktch
cocking, if required, can also be
accomplished via the redundant manipu-
lator arm at this step,

\/
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

14

15

16

17

Berth and verify payload/adapter
mating

Connect service/monitoring
umbilicals

Prepare for crew ingress to

payload

Ingress and perform service/
checkout

EOS

EOS

EOS

EOS

The mating velocity is imparted to the
payload via the manipulator and physical
contact acquired. Verification of the
mating is required prior to release of
the manipulator arm. A force is applid]
to test the interface with TV and touch
sensor feedback to the control center.
Dependent upon the design concept,
additional rigidizing of the interface
may be required.

The connection of umbilicals will be
accomplished either shirtsleeve or IVA
via the cockpit airlock. The shirt-
sleeve case will require the adapter to
be pressurized and equalized before the
airlock external hatch is opened.

The operational activities associated
with this step are detailed in the
Attached Element Operation procedure.
Briefly, the following types of activi-
ties are required: (a) sense payload
atmosphere (toxic, humidity, tempera-
ture, pressure, etc.); (b) dump, purge,
pressurize, equalize pressure; (c) open
hatches, verify latches, rigidize; (d)
connect IVA umbilicals and communica-
tion/instrumentation lines.

The operational activities associated
with this step are detailed in the
Attached Element Operations procedure.

W
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

18

19

20

21

Condition payload for deployment

Prepare shuttle for payload
deployment

Separate payload from adapter

Translate payload to deployment
position

EOS

EOS

EOS

EOS

Subsystem equipment must be placed in
their operational status. Appendages
such as solar arrays, antennas, and
airlocks require deployment. Protect-
ive covers must be removed from windows
airlocks and sensors.

Selected subsystem and scientific sen-—
sor equipment are sensitive to contam-
ination; therefore, the shuttle will be
required to iInhibit engine firing and
manage the venting of effluents., The
shuttle will be required to conduct
orbital maneuvers to enable closed-loop
check of orientation devices and
attitude control,

This operational activity is detailed
in the separation procedure. Failure
of the release mechanism is a mission
continuation hazard. For the payloads
that do not require an adapter and are
berthed to the airlock, failure of the
release mechanism is a safety critical
problem that can potentially prevent
reentry. Alternate means of accomplish;
ing the release must be provided.

The deployment position for specific
payloads is a function of: (a) external
appendages, (b) sensitivity to solar
orientation for arrays, sensors and
thermal control, (c¢) minimizing propul-

v

sive impingement on either the payload

or the shuttle, and (d) antenna view angles.

s
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OPERATIONAL PROCEDURE NO. 7-1

Operation

Performed
by:

Rationale

22

23

24

25

26

Release manipulator from payload

Translate manipulator to payload
adapter

Attach manipulator to payload
adapter

Verify attachment integrity

Release adapter from cockput
airlock

EOS

EOS

EOS

EOS

EOS

Failure to release the effector end is
a critical mission continuation failurej
therefore, redundant means to effect
the physical separation must be provid-
ed.

The payload adapter must be removed
from the airlock prior to configuring
the shuttle for earth return. The pay-
load adapter can be returned to the
cargo bay for reuse or left on-orbit.
The MSS buildup currently plans for the
adapter . to be placed on the end of a
module for subsequent shuttle revisits.

The adapter must be returned to the
cargo bay for stowage. Any external
rigidizing must be removed prior to
engaging the effector end of the mani-
pulator to either of the redundant
attachment points.

Force is applied via the mnipulator
with TV and touch sensor feedback sent
to the control center, '

Automatic release of capture mechanism
is possible, however manual backup is
required due to the criticality of a
release failure,
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OPERATIGNAL PROCEDURE NO. A7‘1

Operation

Performed
by: -

Rationale

P1-L°2

27

28

29

30

Translate adapter to cargo bay

Mate adapter to retention/
stowage device’

Release manipulator from payload
adapter

Stow manipulator and deactivate
subsystem

EOS

EOS

EOS

EOS

The manipulator provides the transla-
tion positioning the adapter in line
with its retention/stowage mechanism.
Cargo bay illumination and TV coverage
requiréd as a backup.

The mating velocity is imparted via the
manipulator. If captive latches need
cocking, the activity is performed
prior to step 26 or by the redundant
manipulator arm.

Release of the effector end is accomp-
lished only after verification of
attachment integrity. Redundant means
of release must be provided.

The manipulator arms are physically
restrained in the cargo bay to prevent
damage and eliminate a hazard to the
payload(s). The control center conductf
a normal shutdown sequence after
verification of stowage.

N\
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Figure 2,7-2, Description of Procedure No; 7-2
E EOS Payload Deployment
" . (Pivot Mechanism Approach)

\/

[[EM00Y UedLiBwY YHON

UoISIAl(] doedg



L000-VS-Z/. as

91-L "2

TITLE:
ELEMENT INTERFACES:

OPERATIONAL PROCEDURE NO, 7-2

EOS PAYLOAD DEPLOYMENT--PIVOT MECHANISM
EOS ORBITER, WITH PIVOT MECHANISM (ACTIVE/PAYLOAD (PASSIVE))

Operation

Performed
by:

Rationale

Ready Cargo Bay for Payload
Deployment

Pivot Payload Out of Cargo Bay

EOS

EOS

Multiple payloads may be installed in
the cargo bay. Repositioning of one
payload may be required prior to remov-
ing the payload to be deployed. The
payload mating interface (pivot mech-
ism) is secured in a stowed position

to eliminate hazards from loads induced
during launch and orbit insertionm.
Therefore, retention devices must be
activated. The docking mechanism may
require re-engagement. Disengagement
may be required to preclude absorption
of payload 'induced structural loads.

A manual backup is required for all
release operations to prevent a mission
discontinuation.

Current designs imploy an electrical .
motor to drive the erection mechanism.
A manual means must also be provided
as both a backup and an override. The
payload is positioned 90 degrees
maximum in pitch with minimum roll and
yaw excursions.
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OPERATIONAL PROCEDURE NO. ;_,

Operation

Performed
by:

Rationale

Prepare for Crew Ingress

Ingress and Perform Service/
Checkout

Condition Payload for Deployment

EOS

EOS

EOS

The operational activities associated
with this step are detailed in the
attached Elements Operations Procedure.
Briefly the following types of activ-
ities are required: (a) sense payload
atmosphere, (b) dump, purge, pressurize
and equalize pressure, (c) open '
hatches, NOTE: Crew ingress is
possible when the payload is stowed in
the cargo bay and may have preceded
this point in the procedure.

The bperatioﬁal activities associated
with this step are detailed in the
Attached Elements Procedure.

Subsystem equipment must be placed in
their operational state. Appendages

such as solar arrays antenna, and
airlocks require deployment. Protectivg
covers must be removed from windows,
airlocks and sensors.

Selected subsystém and scientific
equipment are sensitive to contaminatior
and direct impingement of engines.

Therefore, the EOS will be required to
selectively inhibit engine firings and
manage the venting of cabin effluents.

W

[BMYD0Y UEDLIBLWIY YHON

uo|S|AI(g @oedg



LGt

£L000-VS~-ZL as

OPERATIONAL PROCEDURE NO. 7-2

Operation

Performed
by:

Rationale

Disconnect Service/Monitoring
Umbilical

Sepafate Paylbad

Reposition Pivot Mechanism
to Cargo Bay

Secure for Earth Return

EOS

EOS

EOS

EOS

The EOS will be required to conduct
orbital maneuvers to enable closed
loop verification of orientation
devices and attitude control prior to
separation.

The complexity of the interface
between EOS and respective payloads
will vary. For the minimum complexity
case automatic disconnect can be
employed, however manual backup must
also be provided.

The operational activities associated
with this step are detailed in the
separation procedure. Redundant means
to effect physical separation must be
provided. :

The 90 degree extended position detent
or physical retention must be overcome.
Alternate means must be provided to
effect release. The movement of the
payload interface to the cargo bay

can be accomplished electrically or
pheumatically, however, a manual means
must be provided as both a backup and
an override.

All mechanisms must be passified and
physical restraints engaged.

1\
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2.7.2 PROCEDURES APPLICABILITY

Three distinct types of commonality analyses will be reported in
this paragraph. The first commonality is between EOS payload deployment
and EOS payload retraction and stowage. The majority of EOS flights will
perform both deployment and retraction on the same mission. A second
commonality analysis was also conducted for both the manipulator and the
pivot mechanism approaches. Some operational advantages were uncovered
for each approach. 7The third commonality analysis to he reported 18 the
applicability of the procedure(s) to the aspecific payload elements
identified in the matrices. The combined deployment/retraction and
stowage procedure developed as part of the first commonality analysis was
used for this task.

A. EOS Payload Deployment/Retraction & Stowage Commonality -

Both scheduled and unscheduled activities were investigated for
examples where the deployment and retraction of EOS payload is required
as part of the same mission. The following briefly shows some of the
substantiating examples that drove the combination of the two interfacing
activity procedures. ‘

1. Scheduled Activities
a, Module Exchange

Examples (1) MSS cargo module exchange
(2) MSS power module exchange
(3) OPD propellant module exchange

b. Element Replacement

Examples (1) TDRS replacement
(2) Space based tug replacement

¢, Routine Service

Examples (1) Detached RAM resupply
(2) Tug resupply

d. Multiple Elements -

Example (1) Deploy MSS module and retrieve a satellite

2.7-19
SD 72-SA~-0007



‘ Space Division
North American Rockwell

2. Unscheduled Activities
a. Rescue

Examples (1) EOS rescue
(2) MSS rescue

b. Maintenance

Examples (1) Detached RAM
(2) Space tug

The examples identified create the need for a common deployment
and retraction procedure., However, there are many additional examples
where only a deployment or a retraction activity is required. Therefore,
a common procedure must include the following five separate operational
options:

1. Deploy payload only

2. Retract and stow payload only

3. Deploy one payload, then retract and stow a second payload
4, Retract and stow one payload, then deploy a second payload
5. Retract a payload (service) then redeploy the same payload

All options except (4) can be performed with either a manipulator
or a pivot mechanism. Option (4) would not be practical with the current
design concepts of the pivot mechanism. Options 3 and 4 cover two
separate payloads while option 5 is for a single payload.,

Figure 2,7-3 shows the procedural steps for each of the operational
options. A procedure flow diagram was prepared for both the manipulator
approach and the pivot mechanism approach.

Manipulator Approach (Refer to, Figure 2,7-3)

The first three steps are basic to either a deployment or retraction
activity. At step 4, either a deployment path (4D) or a retraction path
can be followed (4R). Steps Al through A6 represent a side path for either
deployment or retraction where a payload adapter is required and the
payload is to be placed at the external airlock. Steps 5D through 8D
cover the preparation of the payload for removal from the cargo bay.

Steps SR through 8R cover the operations associated with attaching the
manipulator to the payload. Steps Bl through B7 include the operations
required during service at an external airlock for the following: (1)
Prior to initial deployment, (2) Prior to redeployment, or (3) Prior to
retraction and stowage in the cargo bay. If no service is required at
the external airlock, a direct path can be taken from step 8 to step 9.
Steps 9D through 12D cover the operations for both the deployment and
the redeployment options. A recycle path from step 12D to step 4D is
provided to include the deployment of subsequent payloads. Steps 9R
through 12R cover the positioning of a retrieval in the cargo bay.

A recycle path back to step 4R is provided for the retraction of
subsequent payloads. Steps A7 through Al2 cover the operations with the

2.7-20
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removal of the payload adapter from the external airlock and the stowage
in the cargo bay. These steps are companion to Al through A6 and only
exist if an adapter is required.  The remaining two steps (13 & 14) are
the reverse steps 1 & 3, and cover the manipulator stowage and
deactivation which 18 common to either deployment or retraction.

Figure 2.7-4 1llustrates the five major operational options
represented by the basic procedure. Each of the numbered circles
corresponds to an operational block of the procedure. This figure
illustrates how the procedure can be used for each option that the various
payloads may require. The options 1 through 5 will be used in subsequent
matrices to show applicability to the EOS payloads as a result of the
third phase of the commonality analyses.,

Pivot Mechanism Approach (Refer to Figure 2.7-3)

This procedure is structured in a format similar to the manipulator
approach previously discussed. The operational blocks with the letter
"D" are for deployment with the "R" designator for retraction and stowage.
Steps Al, A2, and A3 are provided for the case where manned ingress is
required as part of the service prior to either deployment or retraction
with the payload pivoted out of the cargo, bay.

Operational Option number 4, retract and stow one payload, then
deploy a second payload, is not possible with the current pivot mechanism
and cargo bay configuration., The remaining four options are applicable
as follows.

-Option 1 ~ Deploy payload 6nly
Sequence 1, 2D, 3D, 4D, 8D, Al, A2, A3a, 9D, 10D, 11D
Option 2 - Retract and stow payload only
Sequence 1, 2R, 3R, 4R, 5R, 6R, 7R, 8R, Al, A2, A3b, 9R, 10R
Option 3 - Deploy one payload, then retract and stow a second payload
Sequence 1, 2D, 3D, 4D, 8D, Al, A2, A3a, 9D, 10D, 2R, 3R,
4R, 5R, 6R, 7R, 8R, Al, A2, A3b, 9R, 10R
Option 5 - Retract a payload (service), then redeploy same payload

Sequence 1, 2R, 3R, 4R, 5R, 6R, 7R 8R Al, A2, A3a, 9D,
lOD llD - ;

B. Manipulator and Pivot Mechanism Approach Commonality

The manipulator approach has an apparent operational advantage
associated with the deployment and/or retrieval of multiple payload on the
same mission. No current requirement for this multiple payload option
has been identified. Thisg study is constructed to considered pairs of
orbital elements; therefore, no penetration was conducted to derive a
requirement, The pivot mechanism could be augmented with a special device
to permit multiple payload deployment; however, the retraction and stowage

Precedmg page hlank 1 2.7-23
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case would be the most difficult design case.

The pivot mechanism has an apparent operational advantage for the
case where crew ingress and/or checkout of a payload must be conducted
with the payload out of the cargo bay. The interface remains intact through-
out the transfer of the payload from the cargo bay to the 90° deployment
position. The manipulator approach requires a complete separation and
reconfiguration of the interface at an external airlock.

The pivot mechanism does not readily permit the operational option
of retracting and stowing one payload prior to deployment of a second
payload during the same mission, This apparent operational disadvantage
may not be significant as no known requirement for this option has been
uncovered during this study.

The following commonality exists between selected operational steps
of the manipulator and pivot mechanism procedures.

Table 2.7-1, Commonality Comparison

Manipulator | Pivot Mech
Common Function.  (Refer to Figure. 2.7-3) |  Operatfon .| Operation |

Illuminate cargo bay , 2 1
Transmit payload conditioning commands 5R 3R

Verify payload retrieval condition 6R 4R
Prepare for crew ingress B4 _Al
Ingress and perform service B5 A2
Condition payload for deployment B6a A3a
Condition payload for earth return B6b A3b
Verify payload operational status | 12D 10D

Table 2.7-1 shows that only a small degree of commonality exists
between the two procedural methods at the detail function level.

C. Operational Procedure Applicability

The five separate operational options combined with both manipulator
and pivot mechanism approaches combine for a total of 10 possible procedures
for each payload element. The matrix of Figure 2.7-5 shows the
applicability of each of the 10 procedure alternates to the payload
elements. The matrix has two distinct parts with the abscissas displaying

2.7-25 :
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manipulator applicability and the ordinate displaying the pivot mechanism

applicability. A summation of both ordinate and abscissa for identical coded
blocks will indicate how many of the procedure alternates are possible for each
payload element, The returnable tug for example has all five manipulator pro-

cedure possibiliticvs and four pivot mechanism procedure possibilities for a
total of nine.

D 2,7-26
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2.8 EOS PAYLOAD RETRACTION AND STOWAGE

This section presents the operational procedures for EOS Payload
Retraction and Stowage, and includes one procedure for each alternate approach
identified in Volume II of this report. Also presented and discussed is the
applicability of these procedures to each element pair included in the in-depth
analysis portion of the Orbital Operations Study.

2,8.1 OPERATIONAL PROCEDURES

Two operational procedures were developed for EOS Payload Retraction and
Stowage, one for each of the conceptual approaches., Procedure number 8-1
applies to the EOS equipped with a manipulator, Procedure number 8-2 is
applicable to the EOS with a pivoting mechanism in the cargo bay.

Assumptions

The following three major assumptions were used in developing the opera-
tional procedures. The third assumption applies to the manipulator concept
only: ’ '

8, A cooperative payload state is achievable. The commands
: (whether from the ground or the EOS) required to ready the
payload in a mode/condition for retrieval were assumed to
exist and function. Non-cooperative payloads were considered
- beyond the scope of this procedure.

b. Solar illumination not available or inadequate. The procedure
was developed with contingencies of artificial light being
planned to handle the situation when either insufficient solar
illumination existed or the procedures was required during the
dark part of an oybit. '

c¢. Second manipulator arm for backup only. The EOS models
utilized in the development of this procedure had manipulator
concepts with two arms. All procedural steps were designed
capable of being accomplished with a single failure. Each
manipulator arm was considered to be a potential single

3 failure. Therefore, the assumption was developed that the

' - second manipulator arm was considered for backup only.

2.8-1
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Initial Conditions

The following initial conditions apply to both procedures:

a.

b.

Communications and data links have been established between the
FOS and any program element that 1s beilng retrieved.

The final phase of rendezvous are completed. 'The procedure is sub-
sequent to rendezvous of the LOS to the system delivering the
payload or after specific payload retrieval positlon (altitude,
inclination) has been acquired.

The EOS cargo bay doors are open to permit active thermal control
via door mounted radiators.

Final Conditions

The following two major final conditions apply to both procedures:

a.

Payload secured in cargo bay. Once the payload has been retrieved
and stowed, the EOS will provide retention devices. The EOS will
verify that the payload is secured and ready for transfer.

Monitoring/service umbilicals connected to provide the support
necessary to service the payload and determine its status prior

to final disposition (earth return or possible redeployment), the
service lines and umbilicals necessary to accomplish this will have
to be connected and secured.

Description of Procedures

The procedures for EOS payload retraction and stowage were written in
the same manner as the Payload Deployment procedures. There are two pro-

cedures:

(8-2).

one utilizing manipulation (8-1), the other a pivot mechanism

The following two paragraphs describe the unique features of each

procedure approach.

a.

Procedure No. 8-1 (Manipulator Approach)

This procedure contains 35 operations. The flow diagram, Figure
2.8-1 , contains three by-passes that are utilized if the mission
does not require manning of the payload. Also referenced were two
interfacing activities (Attached Element Operations 2.12, and
Separation 2.3). The Attached Element Operations were referenced
for those operations that would be utilized if crew ingress of a
payload is required. The Separation procedure is referenced to
cover the operations involved with the removal of an adapter

located on the cockpit airlock. The remarks/rationale for each
operation of the procedure are described in the following paragraphs.

2,8-2
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Procedure No. 8-2 (Pivot Mechanism Approach)

The pivot mechanism approach was developed in essentially the same
manner as the manipulator approach. The operations with reading

the FOS for retrieval, the payload and then c¢ffecting the retrieval
It algo covers the possible operations assoclated with crew ingress
Lf servicing and maintenance are required prior to positioning the
payload in the EOS cargo bay. The flow diagram also contains a
by-pass that i1s used if no crew ingress is required by the mission.
A description of the rationale/remarks for each of the 14 operations
of the logic flow are contained in the pages following the block
flow diagram, Figure 2,8.2,

2.8-3
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OPERATIONAL PROCEDURE NO, 8-1

TITLE: EOS PAYLOAD RETRACTION AND STOWAGE -~ MANIPULATOR
"ELEMENT INTERFACES: EOS ORBITER, WITH MANIP. (ACTIVE) /PAYLOAD (PASSIVE) »

Performed
by:

Rationale

Operation
1 Activate manipulator system
2 | Illuminate cargo bay
3 Unstow.manipulator arm

EOS

EOS

EOS

A manipulator control center in the

jerew compartment must be brought to an

operational status from either a powered
down or a standby mode to determine the
operational status at the manipulator.
Dependent upon the type of payload and
degree of automation either a manual or
preprogrammed mode may be selected. The
manipulator. arm and its effector end are
in a stowed position to prevent damage
to the manipulator and/or the payloads.
Therefore, this activation does not
include physical movement of the arm.
However, TV, floodlight and force feed-
back sensors will provide verification
of arm activation.

This is a precursor to subsequent
activities and required to allow TV
coverage of the cargo bay activities.
The shuttle can maneuver to a sunlight
orientation or cargo bay floodlights
may be employed.

The manipulator arms and effector ends
have been stowed in a position to pre-
vent damage to the manipulator and/or
the payloads. Therefore, this restraint
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

Attach manipulator to payload
adapter

Verify attachment integrity

EOS

EOS

‘I coverage via cargo bay and direct visual

must be released prior to operational
use of the manipulator. Captive latches
can be released via a hardwire signal
from the control center. However, a
manual force override is required for
contingency to prevent a single failure
from discontinuation of the retrieval
operation. The physical movement of
the shoulder, wrist, extension, and
effector end can now be verified. TV

can be employed.

Certain payloads may require an adapter
to provide either reach or interface
compatibilities between the EOS airlock
and the payload. The adapter is stowed
in the cargo bay with its manipulator
attachment points visible by either
cargo bay TV or direct from the crew
compartment. This alternative viewing
is required as a backup to the manipu-
lator arm-mounted TV, The effector end
is physically engaged with either of
the redundant attachment point.

Whenever the manipulator will be used
to move an object in order to prevent
damage from a faulty or incomplete
attachment this physical junction will
have to be verified. The manipulator
arm applies the simulated normal ops

Y
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

Release payload adapter

Translate adapter to cockpit
airlock

EOS

EOS

lrelease must be provided for contingency

forces to the interface prior to releasgq
of the retention mechanism. Visual and
touch sensor feedback to the control
center are required to verify the inte-
grity of the interface connection.

The adapter must now be placed on the
cockpit airlock. Captive latches can
be released via a hardwire signal from
the control center. However, a manual

If the force requirement for pullaway
(must exceed that of step 5 and the
launch forces) exceeds practical manipuo
lator design, an alternate procedure
must be employed either using the
redundant manipulator arm or EVA.

After release, the adapter is translated
to a position in direct alignment with
the airlock. If a cooperative arm mode
is utilized, arm #2 can enhance the
operation by providing illumination

and TV coverage. In addition, the
mating interfaces can be inspected and
capture latches armed. In the single
arm mode the inspection and latch arm-
ing (if required) would be sequenced
prior to step 4.

[
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OPERATIONAL PROCEDURE NO. 8-1

~ Operation

Performed
by:

Rationale

10

Berth and verify adapter/airlock
mounting

Transmit payload retrieval

conditioning commands

Verify payload conditioned for
retrieval

EOS

EOS

EOS

.{required. This rigidizing can be

The mating velocity is imparted to the
adapter via the manipulator and physi-
cal contact acquired. Verification of
the mating is required prior to release
of the manipulator arm. A force is
applied to test the interface with TV
and touch sensor feedback sent to the
control center for verification. Depen-
dent upon the design concept, additionaJ
rigidizing of the interface may be

accomplished externally with the manipud
lator or internally. Failure to releassg
the manipulator can result in mission
discontinuation, therefore alternative
procedures must be employed.

Single or multiple commands must be
transmitted to the various payloads to
initiate the following types of payload
activities: (a) inhinit spin, nutation)]
or tumble; (b) enable/disable attitude
control; (c) inhibit appendages such as
antenna booms, solar arrays, etc.; (d)
retract appendages; (e) close airlock
doors and sensor protective shutters;
(f) vent hazardous fluids and gases.

To avoid damage to either the payload
or the EOS, during the final retrieval
activities, the shuttle will be required
to selectively inhibit engine firings

v o
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OPERATIONAL PROCEDURE NO. .8-1

Operation

Performed
by:

Rationale

11

12

Attach manipulafor to payload

Verify attachment integrity

EOS

EOS

‘{attachment points. Illumination and TV

and hold the venting of effluents. The |

verification of the payload response
to the conditioning commands can be
accomplished by direct visual from the
crew compartment and/or TV coverage of
the payload via the manipulator arm. -

Attachment is required to complete the
mating sequence, The effector end is .
extended to engage one of the redundant

coverage can be supplied by the manipu-
lator. However, the shuttle and payload
can be positioned to enable sun illumi-

nation and direct visual as a contingendy

mode. A second manipulator arm also can
be employed as a backup. '

Whenever the manipulator will be used
to move an object in order to prevent
damage from a faulty or incomplete
attachment this physical function will
have to be verified. After engagement
of the effector end with the payload
attachment point, the manipulator pro-
vides forces equal to the subsequent
translation maneuver's magnitude to veri
fy attachement. The forces are applied
in a directi n that will not lead to
shuttle impact if the attachment is not
fully secured. Visual and touch sensor
feedback is provided to the control

center.
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

13

14

15

Translate

Berth and
mating

payload to adapter

verify payload/adapter

Connect service/monitoring

umbilicals

EOS

EOS

EOS

‘Dependent upon the design concept,

The payload is translated within close
proximity to the EOS to enable the
berthing port to be aligned with the
airlock. If either of the two berth-
ing interfaces require cocking of
capsule latches, the cocking will be
accomplished by the manipulator at

step 10. The latch cocking, if required
can also be accomplished via the redun-
dant manipulator arm at this step.

The mating must be verified prior to
the connection of umbilicals and the
start of servicing and crew ingress.,
The mating velocity is imparted to the
payload via the manipulator and physical
contact acquired. Verification of the
mating is required prior to release of
the manipulator arm. A force is applied
to test the interface with TV and touch
sensor feedback to the control center.

additional rigidizing of the interface
may be required.

The connection of umbilicals will be
accomplished either shirtsleeve or IVA

via the cockpit airlock., The shirtsleeve

case will require the adapter to be
pressurized and equalized before the
airlock external hatch is opened.

\
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

16

17

18a

18b

Prepare for crew ingress to
payload

Ingress and perform service/
checkout

‘Condition payload for earth

return

Condition payload for redeployment

EOS

EOS

EOS

EOS

The operational activities associated
with this step are detailed in the
Attached Element Operations procedure.
Briefly the following types of activi-
ties are required: (a) sense payload
atmosphere (toxic, humidity, temperature
pressure, etc.); (b) dump, purge,
pressurize, equalize pressure; (c) open
hatches, verify latches, rigidize; (d)

Jconnect IVA umbilicals and communication

instrumentation lines.

The operational activities associated
with this step are detailed in the
Attached Element Operations procedure

Scientific sensors and subsystem equip-
ment will require protective packaging
and tie-down to eliminate damage or a
hazard during the reentry and landing.
Manual retraction of external append-
ages and passification of equipment

are required. '

Subsequent to the service and checkout
activities, those equipment items passi-
fied or put into standby or deactivated
modes will require reconfiguration to
operational status. The EOS will be
required to perform orbital maneuvers

to verify correct response of attitude

control, solar array orientation, anten
q:ation.

positioning, and scientific sensor orie
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

19a

19b

20

Prepare cargo bay for payload EOS

receipt

Prepare'EOS for payload deployment} EOS

Separaté,payload from adapter EOS

‘Iselected for capture may require manual
cocking of latches with the manipulator.|

Illumination of the cargo bay may be
accomplished by shuttle maneuvers or”
floodlights mounted in the bay. Reten-
tion devices may be required as well as
special cradles or pallets. These
various payload retention devices can
be fixed mounted or adjustable. For
the adjustable cases the manipulator is
a potential backup for failure of the
erection mechanism. The design concept

Selected subsystem and scientific sensor
equipment are sensitive to contamination
Therefore the shuttle will be required
to selectively inhibit engine firing
and manage the venting of cabin efflu-
ents. The shuttle will be required to
conduct orbital maneuvers to enable.
closed loop verification of orientation
devices and attitude control.

This operational activity is detailed

in the separation procedure. Failure
of the release mechanism is a mission
continuation hazard. For the payloads
that do not require an adapter and are
berthed to the airlock, failure of the
release mechanism is a safety critical
problem that can potentially prevent

reentry. Alternate means of accomplish-

ing the release must be provided.
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

2la

21b

22

23

Translate payload to cargo bay

Translate payload to deployment
position :

Mate payload to retention/
stowage mechanism and verify

Connect service/monitoring

umbilicals and verify

EOS

EOS

EOS

EOS

The manipulator positions the payload
close to the cargo bay in direct all
alignment with the retention/stowag
mechanism. :

The deployment position for specific
payloads is a function of: (1) external|
appendages, (2) sensitivity to solar
orientation for arrays, sensors and
thermal control, (3)minimize propulsive
impingement on either the payload or
the shuttle, and (4) antenna view °
angles, ‘

A mating velocity is imparted to the

payload via the manipulator and physical

contact acquired. The verification of
the interface is by application of forcd
from the manipulator with TV and touch
sensor feedback sent to the control
center. Illumination and TV coverage
from the cargo bay may be required as
a backup.

Payload status must be provided to give
warning of a potentially hazardous
condition. The payload may require
vent lines to remove residual fluids and
gases. Either the manipulator or a
special device may be used to connect
the umbilicals.
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

24

25

26

27

28

Release manipulator from the

payload

Translate manipulator to payload

adapter

Attach manipulator to payload

adapter

Verify attachement integrity

Releasé adapter from cockpit

airlock

EOS

EOS

EOS

EOS

EOS

Jmating.

The failure to release the manipulator
arm from a payload either in the cargo
bay or separted from the shuttle is a
critical condition that requires alter-
nate means to accomplish physical
separation. The release of the effecton
end is not accomplished until a force
test has been conducted to verify the
integrity of the retention/stowage

The payload adapter must be removed
from the cockpit airlock and returned
to the cargo bay or in the case of the
MSS, placed on the station core module.

The adapter must be returned to the
cargo bay for stowage. Any external
rigidizing must be removed prior to
engaging the effector end of the mani-
pulation to either of the redundant
attachment points.

Force is applied via the manipulator
with TV and touch sensor feedback sent
to the control center.

Automatic release of capture mechanism
is possible, however manual backup is
required due to the criticality of a
release failure. '
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OPERATIONAL PROCEDURE NO. 8-1

Operation

Performed
by:

Rationale

Functional

29

30

31

32

Translate adapter to cargo bay

Mate adapter to retention/
stowage mechanism

Release ménipulator from payload
adapter

Stow manipulator and deactivate
subsystem

EOS

EOS

EOS

EOS

-fmanipulator arm

]lrestrained in the cargo bay to prevent

The manipulator arm provides the
translation positioning the adapter

in line with its retention/stowage
mechanism. Cargo bay illumination and
TV coverage required as a backup.

The mating velocity is imparted via the
manipulator. If captive latches need
cocking, the activity is performed
prior to step 26 or by the redundant

Release of the effector end is accom-
plished only after verification of
attachment integrity. Redundant means
of release must be provided.

The-maﬁipulator arms are physically

damage and eliminate a hazard to the
payload(s). The control center conducts
a normal shutdown sequence after
verification of stowage.

Regmt,
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OPERATIONAL PROCEDURE NO, 8-2

TITLE: EOS PAYLOAD RETRACTION AND STOWAGE ~ PIVOT MECHANISM
ELEMENT INTERFACES: EOS ORBITER (ACTIVE)/PAYLOAD (PASSIVE)

Operation

Performed
by:

Rationale

0 Initial Conditions

1 Ready cargo bay for payload
retrieval -

2 Activate and position mating
interface

EOS

EOS

EOS

EOS has established communication link
with payload and rendezvous has occurred
The cargo bay doors are open.

The retrieval of one payload can be
accomplished prior to delivery of a
second payload already in the cargo bay.
In addition, a second payload may have
been retrieved and secured in the cargo
bay. In either of the two cases, a
reconfiguration of the loaded payload
and the retraction/stowage mechanisms
may be required to free the payload
mating interface. The loaded payload
may be pivoted out of the aft end or
slid on rails to the aft portion of the
cargo bay.

Current reference design concepts employ]
a mating interface that is collapsible
and restrained in the cargo bay when
inactive and repositioned 90 degrees to
extend outside the cargo bay for '
docking with payloads. Activation of thi
mating interface is dependent upon the
design concept selected for the align-
ment during docking. Laser radar, TV
cameras and illumination equipment

[[EMO0Y UBDLSLIY YHON]
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OPERATIONAL PROCEDURE NO. 8-2

Operation

Performed
by:

Rationale

Transmit payload retrieval
conditioning commands

Verify payload conditioned for
retrieval

Tranéléte EOS and dock to payload

EOS

EOS

EOS

(if installed) will require actiyation

and verification. The 90-degree docking

position will require some locking
devices and verification that the propel
position has been reached and rigidized

Single or multiple commands must be
transmitted to the various payloads to
initiate the following types of pay-
load activities: (a) inhibit spin,
nutation, or tumble; (b) enable/dis-
able attitude control: (c) inhibit
appendages such as antenna booms, solar
array, etc.; (d) retract appendages;
(e) close airlock doors and sensor
protective shutters; (f) vent hazardous
fluids and gases.

During the final retrieval activities
the shuttle will be required to selec-
tively inhibit engine firings and

hold the venting of effluents. The
verification of the payload response to
the conditioning commands can be
accomplished by direct visual from the
crew compartment and/or TV coverage of
the payload via the mating interface.

The detailed steps and the alternatives
for the docking activity are delineated
in a separate procedure entitled
"Docking". Briefly, this sequence

3
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OPERATIONAL PROCEDURE NO. 8-2

Operation

Performed
by:

Rationgle

7 |Connect service/monitoring
jumbilicals

8 [Prepare for crew ingress to
"~ payload ’

6 |Verify attachment integrity

EOS

EOS

EOS

includes the following: (a) target
acquisition and aligmment; (b) closing;
(¢) capture; (d) impact attenuation
and relative velocity damping; and

(e) rigidization.

This verification is via remote sensors
that indicate the state of the capture
and rigidizing mechanisms. Visual
verification can be provided; however
the design solutions are complex.
Visual inspection can be performed
shirtsleeve after hatch opening which
should preclude the need for external
visual verification,

This activity can be accomplished auto-
matically after the docking using remot

coupling mechanisms or manually after T
the EOS mating interface hatch has been
opened. For the manual case, shirtsleeye
or IVA may be employed. The umbilicals
will include electrical, communication/
data fluid, and gas dependent upon the

type of payload.

The operational activities associated
with this step are detailed in the
Attached Element Operations procedure.
Briefly, the following types of acti-
vities are included: (a) sense payload
atmosphere; (b) dump, purge, pressurize,
and equalize payload pressure; (c) open
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OPERATIONAL PROCEDURE NO. 8-2

Operation

Performed
by:

Rationale

10a

10b

11la

Ingress and perform service/
checkout-

Condition payload for earth return

WCondition payload for redeployment

méposition payload to cargo bay

EOS

EOS

EOS

ment will require protective packaging

hatches and inspect interface (rigidize
if necessary); (d) connect umbilicals

The operational activities associated
with this step are many and varied.
Refer to Attached Elements Operations
Procedure for details.

Scientific sensors and subsystem equip-~

and tie-down to eliminate damage or a
hazard during entry and landing. Manual
retraction of appendages, manual closing
of external ports and protective covers
may also be required. Some scientific
and subsystem equipment may require
passification.

Subsequent to the service and checkout
activities, those equipment items
passified will require reconfiguration
to operational status. The EOS will be
required to perform orbital maneuvers
to verify correct responses of attitude

control, solar array orientation, antenﬂ

positioning, and sensor orientation.

The pivotal mechanism that positioned
the mating interface from the cargo
bay to its current 90-degree mating
state must be resequenced. Failure to
accomplish this retraction can result

a

\
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OPERATIONAL PROCEDURE NO. 8-2

Operation

Performed
by:

Rationale

11b

12

Separate payload

Secure payload in cargo bay and

. fverify

EOS

EOS

in a mission continuation failure,
therefore redundant means must be pro-
vided for both release and positioning.
The mechanism shall be capable of this
activity while the attitude control is
enabled and correcting attitude.

This operational step is detailed in
the separation procedure that covers
the various means of accomplishment

1 with either or both EOS and payload

providing the release thrust. Failure
to release the payload is a mission
continuation failure that requires
alternate means of accomplishment.

Special attachement hard points must be
provided to take out the landing loads

and restrain the payload. Verification}
| can be accomplished via TV and/or

capture mechanism sensors.

e
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2.8.2 PROCEDURES APPLICABILITY

Three distinct types of commonality analyses will be reported in this
paragraph. The first commonality is between EOS payload deployment and EOS
payload retraction and stowage. The majority of EOS flights will perform
both deployment and retraction on the same mission. A second commonality
analysis was also conducted for both the manipulator and the pivot mechanism
approaches. Some operational advantages were uncovered for each approach,
The third commonality analysis to be reported is the applicability of the
procedure(s) to the specific payload elements identified in the matrices,
The combined deployment/retraction and stowage procedure developed as part
of the first commonality analysis was used for this task.

A. EOS Payload Deployment/Retraction and Stowage Commonality
Both scheduled and unscheduled activities were investigated for
examples where the deployment and retraction of EOS payload is
required as part of the same mission. The following briefly
shows some of the substantiating examples that drove the combina-
tion of the two interfacing activity procedures:
1. Scheduled Activities

a. Module Exchange

Examples (1) MSS cargo module exchange
(2) MSS power module exchange
(3) OPD propellant module exchange
b. Element Replacement

Examples (1) TDRS replacement
(2) Space based tug replacement

c. Routine Service

Examples (1) Detached RAM resupply
(2) Tug resupply

d. Multiple Elements

Example (1) Deploy MSS module and retrieve a satellite

2. Unscheduled Activities

a. Rescue

Examples (1) EOS rescue
(2) MSS rescue

2,8-22
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b. Maintenance

Examples (1) Detached RAM.
(2) Space tug

The examples identifled create the need for a common deployment

and retraction procedure. llowever, there are many additlonal
examples where only a deployment or a retraction actlivity 1s
required,  ‘Thercefore, a common procedure must Include the

followlng flvc sepdarate operatlonal optionsg:

1. Deploy payload only

2. Retract and stow payload only

3. Deploy one payload, then retract and stow a
second payload

4. Retract and stow one payload, then deploy a second
payload ' ,

5. Retract a payload (service) then redeploy the same
payload : :

All options except (4) can be performed with either a manipulator
or a pivot mechanism. Option (4) would not be practical with the
current design concepts of the pivot mechanism. Options 3 and 4
cover two separate payloads while Option 5 is for a single payload,

Figure 2,8-3 shows the procedural steps for each of the operational
options. A proceduré flow diagram was prepared for both the

manipulator approach and the pivot mechanism approach.

Manipulator Approach (refer to Figure 2.8-3)

The first three steps are basic to either a deployment or retraction
activity. At Step 4, either a deployment path (4D) or a retraction
path can be followed (4R). Steps Al through A6 represent a side
path for either deployment or retraction where a payload adapter is
required and the payload is to be placed at the external airlock.
Steps 5D through 8D cover the preparation of the payload for removal
from the cargo bay. Steps 5R through 8R cover the operations
associated with attaching the manipulator to the payload. Steps Bl
through B7 include the operations required during service at an
external airlock for the ‘following: (1) Prior to initial deployment,
(2) Prior to redeployment, or (3) Prior to retraction and stowage in
the cargo bay. If no service is required at the external airlock,

a direct path can be taken from Step 8 to Step 9. Steps 9D through -
12D cover the operations for both the deployment and the redeployment
options. A recycle path from step 12D to Step 4D is provided to
include the deployment of subsequent payloads. Steps 9R through 12R
covers the positioning of a, retrieval in the ‘cargo bay. A recycle
path back to Step 4R is provided for the retraction of subsequent
payloads. Steps A7 through Al12 covers the operations with the
removal of the payload adapter from the external airlock and the
Stowage in the cargo bay. These steps are companion to Al through

_ 2.8-23
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A6 and only exist 1f an adapter is required. The remaining two
steps (13 and 14) are the reverse of Steps 1 and 3, and cover
the manipulator stowage and deactivation which is common to
either deployment or retraction.

Figure 2.8-4 1llustrates the five major operatilonal options
represented by the basic procedure. Each of the numbered circles
corresponds to an operational block of the procedure. This
figure illustrates how the procedure can be used for each option
that the various payloads may require. The Options 1 through 5
will be used in subsequent matrices to show applicability to the
EOS payloads as a result of the third phase of the commonality
analyses.

Pivot Mechanism Approach (refer to Figure 2.8-3)

This procedure is structured in a format similar to the
manipulator approach previously discussed. The operational
blocks with the letter "D" are for deployment with the "R"
designator for retraction and stowage. Steps Al, A2, and A3
are provided for the case where manned ingress is required as
part of the service prior to either deployment or retraction
with the payload pivoted out of the cargo bay.

Operational Option Number 4, retract and stow one payload,
then deploy a second payload, is not possible with the current
pivot mechanism and cargo bay configuration. The remaining four
options are applicable as follows:
Option 1 - Deploy payload only

Sequence 1, 2D, 3D, 4D, 8D, Al, A2, A3a, 9D, 10D, 11D
Option 2 - Retract and stow payload only

Sequence 1, 2R, 3R, 4R, 5R, 6R, 7R, 8R, Al, A2, A3b, 9R, 10R

Option 3 - Deploy one payload, then retract and stow a second payioad

‘Sequence 1, 2D, 3D, 4D, 8D, Al, A2, A3a, 9D, 10D, 2R, 3R,
4R, 5R, 6R, 7R, 8R, Al, A2, A3b, 9R, 10R

Option 5 - Retract a payload (service), then redeploy same payload

Sequence 1, 2R, 3R, 4R, 5R, 6R, 7R, 8R, Al, A2, A3a,
9D, 10D, 11D

2,.8-24
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Same as Figure 2.7-3

Figure 2,8-3, EOS Payload Deployment/Retraction and Stowage
Operational Procedures Alternatives

Same as Figure 2,7-4

Figure 2,8-4. EOS Payload Deployment/Retraction and Stowage
Operational Mode Options

2.8-25
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Manipulator and Plvot Mechanlsm Approach Commonality

The manipulator approach has an apparent operational advantage
associated with the deployment and/or retrieval of multiple
payload on the same missiorni. No current requirement for this
multiple payload options has been identified. This study is
constructed to consider pairs of orbital elements; therefore,

no penetration was conducted to derive a requirement. The pivot
mechanism could be augmented with a special device to permit
multiple payload deployment; however, the retraction and stowage
case would be the most difficult design case.

The pivot mechanism has an apparent operational advantage for
the case where crew ingress and/or checkout of a payload must
be conducted with the payload out of the cargo bay. The inter=-
face remains intact throughout the transfer of the payload from
the cargo bay to the 90-degree deployment position. The
manipulator approach requires a complete separation and recon-
figuration of the interface at an external airlock,

The pivot mechanism does not readily permit the operational
option of retracting and stowing one payload prior to deploy-
ment of a second payload during the same mission. This apparent
operational disadvantage may not be significant as no known
requirement for this option has been uncovered during this study.

The following commonality exists between selected operational
steps of the manipulator and pivot mechanism procedures:

Table 2,.8-1. Operational Commonality

Common Function (Refer to Figure Manipulator Pivot Mech
2.8-3) Operation Operation
I1luminate cargo bay 2 1
Transmit payload conditioning commands 5R 3R
Verify payload retrieval condition 6R 4R
Prepare for crew ingress B4 Al
Ingress and perform service B5 A2
Condition payload for deployment Bb6a A3a
Condition payload for earth return B6b A3b
Verify payload operational status 12D 10D

Table 2.8-1 shows that only a small degree of commonality
exists between the two procedural methods at the detail
function level.

2.8-26
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Operational Procedure Applicability

The five separate operational options combined with both
manipulator and pivot mechanism approaches combine for a

total of ten possible procedure alternates to the payload
elements. The matrix presented in Figure 2.8-5 has two distinct
parts with the abscissas displaying manipulator applicability.
A summation of both ordinate and abscissas for identical coded
blocks will indicate how many of the procedure alternates are
possible for each payload element. The returnable tug for
example has all five manipulator procedure possibilities and
four pivot mechanism procedures possibilities for a total of
nine.
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2.9 COMMUNICATIONS

‘This section presents the operational procedures for communications, and
includes one procedure for each alternate approach identified in‘Volume‘ II of
this report. Also presented and discussed is the applicability of these pro-
cedures to each element pair included in the in~depth analysis section of.the
Orbital Operations Study.

2.9.1 OPERATIONAL PROCEDURES

Three sets of opexational procedures were developed, one for each alter-
nate approach. Each set contains sub-sets for the different types of commun-
ications activity, {.e., data transfer, tracking and ranging and command and -
control. Modifications are also noted to account for unscheduled, urgent and
non-urgent operations in the ground-to-element interface (either direct ground
via the Ground Network or by TDRS). Although the three approaches appear as
alternates, it 1s likely that each alternate link will be used during any
elements mission. This drives the requirement for element-to-element links to
be compatible with Ground Network and/or TDRS links. It should also be noted
that the Ground Network or TDRS communications links will require a handover
procedure from one station to the next when the contact carries on beyond the
element containment in the field of view of a single station. Handover
accounts for the major differences between the procedures. Element-to-element
links can be continuous, as necessary, since it is assumed that the two elements
are always in line of sight of each other. The other delta - the processing
and routing of data - differs only in respect to the location of the data
processing. It is likely that one of the space elements in the element-to-
element interface will process the data and either digsplay it on board or
store it for future transmission to ground for subsequent routing to user.
Such a case would occur in the case of a space station and RAM. The space
station would collect data from the RAM, process it and either display it on
board or store it and then transmit to ground at the appropriate time. It
is important to note that communications is not an-activity in itself. It is
~ a support to almost every other interfacing activity. Initial and final
conditions are therefore completely dependent on the interface activity being
supported. : :

Details of the assumptions, initial and final conditions are included
with each of the operational procedures contained in this section.

| 2.9-1
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OPERATIONAL PROCEDURE No. 9.1

Communicatlons—=Element-to-Cround (Direct)

Assumptions

Ground stations will be used for the ground terminal in accordance with
NASA model (Reference DS~504). This establishes the frequency bands of
operation (S-band), the ranging system (PRN ranging) and the location of
usable ground stations., The major impact, other than the frequency compatibility,
is the need for a cooperative transponder on the space element for the ranging
function. A live wake-up receiver is needed to support the initiation of any
operational procedure for unmanned space elementg, This could be either on
S or VHF frequencies.

The procedures are generic. They can be used for any combination of
elements, either manned or unmanned. When unmanned elements are used, commands
are initiated either from ground or by an automated, pre-programmed element
sequencing system. Manned elements take advantage of the availability of man
to initiate commands and control the operations.

Initial Conditions

Space element is in quiescent gtate and the unmanned elements contain
a live wake-up receiver alert and available to receive command signals. It
is in a predictable orbit that is programmed in the ground station scheduled
operations, Since communications is a supporting activity, the time and
duration of the operation depends on the activity being supported.

Final Conditions

After completion of communications support, the orbital element terminal
equipment is de-activated and returned to a quiescent mode; i.e., a live wake-
up receiver is available. This allows conservation of space element power
and leaves the ground and/or TDRS station available for other operations.

Description

Considerations of the Space Element operations will be limited to those
necessary for orbital operations only., No operations concerned with the
element ascent or descent will be considered. During orbital operations, the
Element/ground direct interface activity is used to provide for transmission
to ground of TLM digital data, TV data and voice and the reception at the
Space Element of digital command data and voice. Tracking and ranging are
also provided and are performed at the ground station either by ground direction
or by Element request. Tracking data is derived at the ground by utilizing
antenna pointing angles from the ground station 85-foot antennas. Range and
range rate data is provided by the transmission from the ground station of an
appropriate PRN range code, its reception at the Element and subsequent turn-
around transmission of its code back to ground., By comparative means range
is derived at the ground station from the correlation of the PRN code and the
measurement of round trip time. Range rate can be obtained either by succes-
sive measurements or by doppler measurement,

2.9-2
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Establishment of the links, transfer of appropriate data and tracking and
ranging of the space element require certain operational procedures. These
procedures involve signal acquisition, transmission and reception of data
signals and/or performance of the tracking and ranging functlon. Performance
of these operations must be scheduled to satisfy the tlme requlrements of each
misslon. ‘Triacklng and ranglng needs to be performed on a regular basls (one
to three tlmes per orblt) Lo establish accurate orbltal paramcters. Certaln
mlsslons may requlee knowledge of state vectors at speclfle times. Status
telemetry may be necessary on an almost contlnuous basls, Volce and experl-
ment telemetry are random requirements, but may requlre operatlon for a period
of more than onc orblLt on as continuous a basis as posslble. Contact time per
orbit depends .on the orbital altitude, orbital inclination and the location
of ground stations. NASA reference ground model defines the use of Goldstone,
Madrid, Canberra, Rosman and Fairbanks. All of these are 85-~foot antenna
stations. Use of these ground stations, with their attendant narrow beam
antenna patterns (85 feet = 0.3 degree), dictates efficient planning to opti-
mize contact time. Two types of operation are possible. Figure 2.9-1 illus-
trates the types of operation and the flow that is described below. One type
of operation is that associated with the situation where the ground station
is dedicated on a full-time basis to the space element mission. In this case,
all operations will be prescheduled and each ground network station will
acquire and perform previously scheduled functions whenever the element is in
its view.

Space element operational procedures are associated with equipment moni-
tor and control to provide the proper data transfer. If the ground station is
not dedicated to the particular space element mission, but is used on an as
required basis, two types of operation result. One would be similar to the
dedicated type mission, utilizing a prearranged contact schedule. The only
difference from dedicated is that the ground stations must be ready to acquire
signal at the prearranged time and the element must ensure the availability
of a singal at this time. It is also possible that contacts need to be made
at unscheduled times, initiated by either the space element or ground. In
this case, if the space element wishes to establish contact, there are two
choices dependent on the urgency of the situation. One is to alert the ground
during the last scheduled contact prior to the unscheduled operation. If
there is a gap, and the ground must be contacted, other than S-band must be
used. 1If there is a gap, and ground must be contacted, other than S-band must
be used, since the S-band link is constrained by the field of view of the
ground system antenna. Alert signals or voice could be used via TDRS or
direct to ground (voice only). VHF TDRS and ground antenna systems have a
wide enough field of view to receive the space element signal whenever it is
in line of sight of the station. After being alerted, normal acquisition and
contact can be implemented. Ground to element unscheduled contact is simpler
since the S-band space element terminal utilizes a semi-directive antenna that
can be illuminated from ground whenever necessary. Both type operations
require that continuous monitoring of the link frequency be implemented by
ensuring a live receiver at the proper frequency and the existence of some
type of alert indication to the system operators. A typical set of operational -
sequence for the element to ground is included.- '
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OPERATIONAL PROCEDURE NO. 9-1

G-6°2

TITLE: COMMUNICATIONS-~ELEMENT TO GROUND--DIRECT
ELEMENT INTERFACES: EARTH ORBITAL SHUTTLE--GROUND
Operation E;,.rformed Rationale
FOR PRESCHEDULED SITUATION--DATA TRANSFER |
1.] Transmit signal, activate S-band | Space Provides signal for ground acquisition
receiver Element
2. ] Orient antenna to prescheduled Ground To ensure contact ASAP after element
orbital position Station entry into field-of-view of ground
antenna
3.] Activate receiver, acquire signal| Ground
and put antenna in auto-track mod$ Station
4. ] After acquisition, transmit Ground Ensure optimum data transfer--minimum
readiness signal to space element| Statiomn data loss
5. | Activate proper modulator, route | Space Initiates data transfer
data to modulator, start trans- Element
mission
6; Receive signal, route to Ground For end use, either listen, display or
destination Station record and route
7. | Check accuracy or quality of Ground To ensure accurate signal transfer
signal, send verification or Station
rejection to space element
8. | Continue data transmission ‘Space After verification
Element
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OPERATIONAL PROCEDURE NO. 9-1

Operation Performed Rationale
by:

9,] Alert next ground station to Ground To allow acquisition of signal as soon
orient antenna for space element Mission as space element comes into antenna
acquisition Control field-of-view

Center
10.]| Next sequence of operations same | Ground Continues data transfer for length of
as steps 2 through 8 and Space | time required
) Element
11.| Send end of message signal to Space Terminate data transfer when completed
ground when applicable Element
12, | Terminate link operations Ground To allow ground station to implement
: other links :
13.} Stop all transmissions but leave | Space In readiness for next scheduled
receiver live Element operation or a ground alert for contact|
Reduces power drain.
UNSCHEDULED OPERATIONS--NOT URGENT
1.A| Before end of last transmission, Space Need for transmission not previously
send request for data transfer Element to| scheduled--not an urgent requirement
at next statlon or on next pass Station
Ground
1.B| Schédule acquisition and data Ground To ensure readiness to handle
transfer operation for next requirement
station or on next pass
1.C}| Perform operations 1 through 8 Ground These operations are the same once
to | same as Prescheduled Situation and Space | contact has been established
8.A Element

s
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OPERATIONAL PROCEDURE NO. 9-1

Operation

Performed
by:

Rationale

11.A] Terminate contact in same manner
to as steps 1l through 13 of

13,A} Prescheduled Situation
UNSCHEDULED OPERATIONS—--URGENT

1.A} Activate alert transmission

1.B | Ground receives alert alamm and
acknowledges contact
1.¢ | Transmit request for audience

1.D{ Verify contact, transmit readiness]
.signal to receive request

Ground
and Space
Element

Space
Element

Ground
Station or
TDRS
Ground
Station

Space
Element

Ground
Station

No difference between unscheduled and
prescheduled operations for these steps

To request unscheduled operation--can
use VHF (136-144 MHz) through TDRS--or
VHF (225-400 MHz)* direct to ground--
these are non-directive antenna

‘| systems L,

Ground stations must be continuousl¥
monitoring space element frequency(_).

Ensure readiness and link establishment

*If Available.

(1L Néed,avéilability of link other tham "S" band since space element must be in "FOV" of MSFN "'s"

. band antenna,
(2) Either on VHF or "S" band.

\
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OPERATIONAL PROCEDURE NO. 9-1

Operation

Performed
by:

Rationale

1.

1.F

4.

Transmit request or data

Activate "S" band system, orient
antenna to intercept and acquire
space element

Perform operations same as
remainder of steps 4 and over
from Prescheduled Operation as
applicable -

COMMAND ‘AND CONTROL OF ELEMENT
Element control center initiates
command request to mission
control center

Alerts specific ground station
Receives request, orients antenna

and sends readiness signal to MCC

MCC issues commands to ground
station

Space
Element

Ground
Station

Ground
and
Space
Element

Element
Control
Center

MCC
Ground
Station

MCC

"S" band link is needed if data is
either TV or needs data rate transfer
>10 Kbps (1)

To activate a specific element
operation. All control must go through
MCC

To schedule and initiate antenna
orientation for acquisition of element

Use "S'" band--high gain antenna and
system

(1) Orientation and auto-track procedﬁres same as prescheduled steps.

(2)

Same steps as prescheduled data transfer for orientation and auto-track or must computer track

until element signal is available for auto-track.

s
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OPERATIONAL PROCEDURE NO. 9-1

schedule more than one ground station to complete the transmission.
events are used to perform the command transfer with subsequent ground stations. Handover
from one to another can be accomplished when the element is in view of both stations at the
same. time. If this is not true, a gap may need to be tolerated before the next ground station
acquires signal lock. Steps 9 through 13 of Prescheduled data transfer would be used for. this

. handover.

Operation Performed Rationale
by:
5. |Receives command, verifies link Ground Ensures element can receive command
acquisition with element, sends Station prior to transmission
command
6. |Receives command data, decodes, Element To ensure proper command reception
processs, holds and returns
verification
7. |Transmit command execute signal Ground
' Station
| 8;erbnit¢?;¢o@maﬁa operation, trans- |Element | To send verification of command
late to'digital format and completion to Ground Control
transmit =
9. Receives command monitor data Ground Ensures activity has been accomplished
and verifies completion of command | Station in accordance with plan
to MCC '
10. |Terminates contact with element Ground To release Ground Station for other
as applicable Station operations(l)
(1) If the contact time is not long enough for the series of commands, it may be necessary to

The same sequence of
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OPERATIONAL PROCEDURE NO. 9-1

Operation

Performed
by:

Rationale

5.

UNSCHEDULED OPERATIONS (URGENT
OR NON-URGENT) GROUND INITIATED~-~
DATA TRANSFER

"g" band recelver is live in
listening mode

Element control center requests
data transfer to element

Mission control center receives
request, checks element orbital
parameters, requests proper
ground station to point "S-band"
antenna at computed position and
become ready for data transmission

Receives request, orients antenna
to point at predicted orbit and
tracks by computer commands,
acknowledges request and confirms
readiness to MCC

Issués_command to element to
activate proper demodulators and
to transmit a beacon signal

Element

Element
Control
Center

Mission
Control
Center

Ground
Station

MCC and
Ground
Station

To be available for alert signals--
element S-band antennas are semi~
directive and can receive any signal
transmitted from ground on assigned
frequency

To inititate unscheduled operations

Mission control center has computer
file on predicted orbital parameters
and chooses ground station that is in
view of space element

Computer controls antenna until signal
from element is acquired tracking
starts when element comes in view over
horizon

To alert element to need for contact
and to provide signal so ground station
can auto=track

s
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Operation Performed | - Rationale
by: '
6. |Receives command, activates Element To ensure proper equipment is activated
demodulator, activates transmitter| : for data reception
transmits verification and readi-
ness signal
7. |Receives signals including Ground
verification and readiness and Station
advises element control center and MCC
8. |Starts dgté transmission on MCC and | (1)
_commanduo:_reCeipt from element Ground o
control center - | station
9, |Simultaneously, puts "'S band" Ground Begins after acquisition of element
antenna in auto-track mode Station signal" :
10. [Receives data, routes to proper A Space For processing, recording, or display
 |location Element
11. [Send end of message signal when Ground To verify completion and release
applicable and terminate trans- Station Ground Station for other operations
mission '
12, |Turn off transmitter, leave Space | To delete unnecessary power consumption
receiver live Element and release frequency
1). If.gfbﬁhd request is for data from the space element, procedure is to go through operational

. sequence to command proper data transmission and then perform data transfer as per data transfer

operational sequence.
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Operation Performed Rationale
by:
PRESCHEDULED OR UNSCHEDULED
TRACKING AND RANGING
1, |Transponder is active--receiver Space Either by prescheduled operation or by
listening and transmitter is Element prior ground command to activate trans-
transmitting signal ponder—--to provide signal for auto-
tracking and path for ranging.
2. |Orient "S band" antenna to pre~ Ground To be ready for space element contact
dicted orbital position Station - ‘
3. |Puts "S”Bandﬂ'antenna in auto- Ground After space element comes in antenna
track mode, Station field-of-view and element signal is
acquired
4, ]Transmit PRN ranging code to Ground To initiate ranging operation
space element Station
5. }Extract antenna pointing angles Ground For calculation of Space Element state
(Az/Ep) from antenna gimbal Station vectors
servo error signals (auto-track : :
processor)
6. JReceive PRN range code route
through transponder transmitter
and transmits signal
7. Receives turn-around range code Ground
: : Station
8. |Perform correlation function Ground To compute range by measurement of
- Station round trip time

s
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* OPERATIONAL PROCEDURE NO. 9-1

~ Operation - Performed Rationale -
by:
9. |Extract doppler frequency shift Ground To compute range—raté
from T-A signal ‘ - Station
10. |Route tracking data, range rate, Ground For calculation of orbital parameters
range data to computer Station and element state vectors
11. |pPerform calculations, route Ground To provide data to element for
resulting data for transmission, Station | navigation, to. control or for position
display and/or recording monitoring
12, Dgaétivateﬁfanging function alert | Ground .-} To provide availability of link for
|space element to completion Station other possible data '
13.. Turn-rangihg transponder trans- Space To conserve power and keep frequency
‘ o Element. spectrum clear

mitter off
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OPERATIONAL PROCEDURE NO, 9,2

Communications—--Element to TDRS

Assumptions

In accordance with NASA Model (DS-504), the TDRSS will be a system of
two satellites at 15°W and 145°W in an equatorial orbit. Each satellite will
contain the capability to support communications user spacecraft links on Ku
band (2 each) and VHF (20 each). VHF is usable for voice and low data rates
(<10 Kbps) while Ku band is usable for data rates up to 50 Mbps per channel,
Details are noted in functional requirements, Operations must consider the
need for a VHF order wire to alert TDRS and to be alerted by TDRS. This
requires the need for a live VHF wake-up receiver to support the initiation
of unscheduled operations with TDRS.

Initial Conditions

The space element in a quiescent state and contains a live VHF wake-up
recelver alert and available to receive command signals. It is in a pre-
dictable orbit that is programmed in the ground control center so that TDRS
may point to the proper position. Since communications is a supporting
activity, the time and duration of the operation depends on the activity being
supported.

Final Conditions

After completion of communications support, the terminal equipment is
de-activated and returned to a quiescent state, i,e., a live VHF wake-up
receiver is available. This allows conservation of the space element power
and leaves the TDRS channel available for other operations.

Description

Orbital operations for the element to TDRS link involve all the same
activities as the element to ground direct link. Since the TDRS 18 used as a
communications relay for the element to ground link these element operations
are impacted by TDRS characteristics, The primary data link from element to
TDRS is in Ku band, VHF is used for voice, low data rate transfer and command
signals, Ku band operation requires high gain, directive antennas on the
orbital element, capable of auto-tracking the TDRS. Ranging can be performed
by ground via the TDRS, Tracking for position determination is performed by
successive measurements by a single TDRS or by utilizing two TDRS's. Reference
DS-504 gives tracking uncertainties between 2 to 6 meters for range and 0,05 to

0.6 meters (10 second to 1 second integration times) for range-rate for basic
equipment,

2.9-14
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TDRS characteristics that impact the space element are included in
Table 2.9-1. Unless otherwise stated these characteristics are derived from
the NASA reference model (Reference DS=504). Some characteristics were not
included in this reference but from the NASA RFP for the TDRS (Reference
DS-503) and are identified in Table 2 9-1.

As noted in the characteristics, only two return link channels are
available for high data rate transfer. Thug, high data rate channel use must
be gcheduled in advance either by pre-mission planning or by request via the
TDRS VHF channels., All data transfer contacts must be processed through
ground TDRS control. Upon request, either advance pre-scheduled or new schedule,
the IDRS control can command TDRS to point its Ku band antenna to the predicted
orbital position and acquire the user signal, User element Ku-band antenna
system must In the meantime be commanded to point at the TDRS.

Twenty low data rate return channels are available at each TDRS by user
elements. Pre-scheduling is probably necessary for these links but not as
critical as for high data rate transfer. VHF antennas do not require pointing
and thus signal acquisition is simpler, Data rates are, of course, limited to
10 Kbps. A single voice channel can also be supported.

The operational sequences will portray those opéerations unique to the
element to TDRS interfacing activity., Only those activities required during
element orbital operations will be covered. These include element command
. and control from ground via TDRS, tracking and ranging through TDRS and the
transfer of data either digital or analog-to-ground via TDRS.

2.9-15
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Table 2.9-1.

TDRS Characteristics

Forward Link Return Link
Ground to TDRS to Element Element to TDRS to Ground
Frequency Frequency
User Rate Data Rate MHz Channels Data Rate MH, Channels
Low =} 100 VHF* 2 - (B 100 bps VHF* 20 - 10 Kbps
1000 bps (@) 126 - 130 10 Kbps 136 - 144 +1 Voice
100 Ku* 1 Mbps (@) | Ku* 2 - 50 Mbps*-
High 1000 bps (@) 13.4 - 14,2 1-( 14.4 - 15,35 | ~---
Analog Data GHz GHz Color TV
to TV
(@) From TDRS RFP of May 11, 1971. Reference DS-503,

*

From NASA Model Reference DS-504,
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OPERATIONAL PROCEDURE NO. 9-2

ELEMENT INTERFACES: ELEMENT TO GROUND VIA TDRS

Operation | E;' formed Rationale
COMMAND AND CONTROL OF ELEMENT
1. | Element control center initiates |[Element . | To activate a specific element
- | command request to TDRS ground operation
1 station -
2, ] Command transmitted From TDRS | Ground to TDRS link is on Ku band
L [Ground _
Station
to TDRS’

3. ] Signal received/frequency TDRS Ground to TDRS is Ku band/translation

‘translated and signal transmitted : to either another Ku frequency or
~ viF (1)

4, ] Receive command data, decode, Element To ensure prbper command reception
process, hold and return :

5. ] Receive command vérification, Ground TDRS again acts as a relay by frequency
decode and compare to command from TDRS translating signal from element to
transmission v from ground Ku band frequency

Element

(1) Most commands can be transmitted over the VHF TDRS-to element channel. No antenna orientation

is necessary at VHF. If commands are to be transferred via Ku band, the element Ku band antenna
and the TDRS Ku band antenna must be oriented to point at each other and to auto-track on
signals from each terminal., Acquisition of target must be verified prior to command trans-

 mission. Both Ku band antenna (element and TDRS) must therefore be commanded (or prescheduled)

for the proper pointing direction. TDRS to element command may be accomplished via VHF, Ground
to TDRS is performed over the normal Ku link. o : ;
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OPERATIONAL PROCEDURE NO. 9-2

Operation Performed Rationale
by:
6. |Transmit command; execute signal |Ground to | TDRS again accomplishes frequency
Element translation to transmit to space
via TDRS element
7. JReceives command executes command {Element Actual command accomplishment
by releasing and routing command
signal to terminal point
8. |Monitor command operation, Element to | To send verification of command
translate to digital format and TDRS to completion to ground control
transmit Ground
9, |Receive command monitor data and |Ground TDRS again performs relay function
verify completion of command from
: element
via TDRS
10. |Terminate all transmission to Ground to { Or continues with se?uence of further
element as necessary Element commands as required 1)
: via TDRS
(1) If command link needs to be maintained for a period of time that requires contact with two TDRS's

for continuity, a handover procedure will need to be followed. This would include orientation
of both element and TDRS antennas to acquire each other and then continuance with second TDRS in
same manner as steps for TDRS No, 1. If the element has two Ku band tracking antennas, it may
be possible to orient the second antenna to the new pointing position and obtain handover with
no interruption. According to orbital altitudes, there may be short periods where both TDRS's
are occulted. Figure 2.9-2 {llustrates this possibility.

e
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OPERATIONAL PROCEDURE NO. 9-2

‘Operation Performed Rationale
: by:
TRACKING AND RANGING OF SPACE
. ELEMENT
1. Request for tracking and ranging | Element To determine element ephemerides
to be performed Control
: Center
(Ground)
2. | Initiate tracking and ranging TDRS
| activity: : Control
3. Trahsmiﬁslcoﬁmands to TDRS to TDRS = | Element control provides previously
'] orient antenna to predicted Control - computed and updated orbital data
element position ‘ ‘ : .
4. | orients antenna to element TDRS Ku band TDRS antenna Beamwidth =
_ predicted point 1 degree at 3 db'points(l)
S;. Command transmitted to orient TDRS Command follows same procedure* as
element antenna to point at TDRS | Control steps under command/control operational
via TDRS | sequence(2)
(L) The'TDRS‘antenﬁa is continuously controlled‘by.ground program either computer directed or by
signal quality loop.
% See steps 2 through 9 of Command and Control of Element,
1(2) Vefifiéétipn of command then execute may bé'unhecessary. Operation will be confirmed by

acquisition of signal. Command to element for antenna orientation may be accomplished over the

TDRS/Element VHF link or may be a preprogrammed scheduled operation.
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OPERATIONAL PROCEDURE NO. 9-2

Operation Performed Rationale
by:
6. Orient antenna and transmit Element Signal transmission is necessary
signal to provide link acquisition
7. Confirm link acquisition, command JTDRS Element antenna must also be placed
TDRS antenna to auto-track Control on auto-track
element
8. | Transmit PRN ranging code from TDRS
range code generator Ground
Station
9, Receive PRN code, translate TDRS Ranging signal is repeated through
frequency, transmit on Ku element TDRS, Delay time through TDRS is
frequency known-~previously calibrated
10, Receive range code route through |Element - Provides turn-around ranging signal to
transponder transmitter ground processing
11, Receive turn-around ranging TDRS Turn-around ranging signal is repeated

signal, translates frequency,
retransmits on Ku ground
frequency

through TDRS to ground. Delay time
through TDRS is known--previously
calibrated.

\y
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OPERATIONAL PROCEDURE NO. 9-2

" Operation - | Performed Rationale
: by:

12, ] Receives turn-around range signal,| TDRS- Range rate computed from doppler shift
processes, computes range, range Ground extracted from carrier or by succes-
rate numbers Station sive range measurements, 1,

"113. | Route tracking and ranging data TDRS To perform calculation of orbital
to computer center : Control parameters and element ephemerides
Center ‘ -

14, | calculate ephemerides, format TDRS _To”éitherimiSSion control for element
and transmit data to required Control - control or to element through TDRS for
terminal points _ : Center : -update of navigation parameters

¢9) The-pfocéésing'of range and range rate must consider the delay times in the TDRS repeater
operation (both ways) and any time jitter associated with this operation. TDRS position and
movement in relation to the ground station must . also be accounted for to accomplish accurate
measurements, :

(2) It is likely that range and range rate measurements should be made via both TDRS's when the

element is in view of both, Figure-2,9-3 shows that a single TDRS range measurement would
take more than 30 minutes to reach position uncertainties of less than 1 kilometer, With
simultaneous tracking by two TDRS's, these uncertainties can be reduced to less than 100 meters
within 5 minutes, Simultaneous operation to two TDRS's, however, adds considerable complexity
to the element Ku band system. A requirement for two Ku band systems with separately pointed
antennas is imposed on the element. The narrow beamwidths of these antennas and the 130 degre
separation of TDRS's causes this requlrement. Further studies should be made to determine the
feasibility of TDRS tracking,

W
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OPERATIONAL PROCEDURE NO. 9-2

Operation Performed Rationale
by:
15. Continue tracking and ranging TDRS Continue for period that ensures
function as applicable Control accuracy required for specific
TDRS operation(l
Element
16. | When applicable discontinue TDRS Perform command functions similar to
tracking and ranging and issue Ground normal commands and release equipment
command deactivate this loop Control for other uses
PRESCHEDULED OPERATION
1. At prescheduled time, transmit TDRS To put both TDRS and element in
commands to orient TDRS-element control readiness for Ku band contact utilizes
Ku antennas to proper pointing predicted orbital parameters
angles
2, TDRS and element receive command,| TDRS and | Element can verify either over Ku
orient antennas and sends Element band or VHF link, Ground control must
verification signals continue to command antenna oriemtation
by computer program until link is
established and auto-track initiated
3. | Transmit command to element to TDRS Command can be processed through TDRS
activate proper terminal equip- Ground to element, Antennas are in auto-
ment and start transmission Control track mode
4, Receives command, activates Element Activation of sensors, recorders,
equipment, starts transmission from TDRS | modulators, etc., according to type of
data transfer
(1) It TDRS handover is necessary, it is described under data transfer and command operations.

1\
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Operation Performed ~ Rationale
‘ by: ‘
5. | Receives signals, translates TDRS

frequency, transmits to ground
6. | Receives signals, confirms TDRS Ensures quality of signal
quality, routes to element Ground .

control center

7. Data transfer continues as long Element If transfer continues until out of view

as necessary to TDRS of TDRS No. 1, handover to No. 2 TDRS !
: : : to Ground | necessary
8. Perfofmehandover maneuver to TDRS TDRS ground control initiates commands )
TDRS No., 2 if necessary Ground similar to steps No, 1-6 for TDRS
: No. 2 link(
9. Issue commands to terminate link, | TDRS Involves same command sequences to both
when applicable Ground TDRS and element as steps 1 through 4

Control but results in deactivation of link by
. shutting down element terminal and
TDRS—-element operation

(1) Prescheduled handover is performed by commands to the second TDRS while the first TDRS is still
in view of the element. If the element has two Ku band systems and antennas, the second antenna
may be oriented to the second TDRS and the link acquired and data transfer continued without
interruption. If the element has only one antenna, it must be command via TDRS to reorient its
Ku antenna and repeat any data transfer missed during the interruption until re-acquisition and
confirmation of link operation. After acquisition and confirmation, data transfer may continue as
applicable. Similar operational procedures will need to be initiated for elements at low altituded
when the data transfer continues for more than one orbit. Loss of view of both TDRS's may occur
for a short period, Reorientation, signal acquisition, configuration and continuation of data
transfer, Figure 2.9-2 ° illustrates typical v1ewing situations of element to TDRS for both two-
TDRS view period and loss of contact time.
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OPERATIONAL PROCEDURE NO. 9-2

Operation Performed Rationale
by:

10, Recelves command, stops Element To save power consumption, Ku band
transmission, turns off all Ku system can be awakened via VHF or S-
equipment band direct from ground

11, Receives command, release Ku TDRS To provide TDRS availability to other

band system to operate with other
elements

c.

users

\
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Figure 2.9-2.
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TDRS NO. 1

USER POSITIONS
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Communicationg~-Element to TDRS—-Unscheduled Operations

As pointed out in the element-to-ground operations, there may be
a requirement for unscheduled-urgent or non-urgent operations, These could
be either element or ground initiated. Since the TDRS operation must be
controlled and scheduled by TDRS Ground Control, these speclal requirements
must be requested through TDRS. Ground Control. A space element urgent request
can be made through the TDRS via the VHF element/TDRS link or, if available,
via element/ground network link. Non-urgent, element initiated requests can be
scheduled at the end of a prior transmission or in the same manner as above,
Ground initiated requests from the Element Control Center wiuld be given
directly to TDRS Ground Control. All operations after request acceptance,
would be implemented in the same manner as listed for the scheduled operations.

2.9-26
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OPERATIONAL PROCEDURE NO, 9-3

Communications-—Element-to-Element

Assumptions

Since most elements will operate with ground and/or TDRS during their -
operations, the same frequency and modulation type links are assumed to be
utilized during element-to-element communications operations., This .
establishes Ku, S and VHF bands as the communication link frequencies. It
- 18 generally assumed that the controlling element is a manned element, It.
18 possible, however, that both units could be un-manned. In this case, the
controlling element would require an automated system-sequence timer or
computer operated timing--to initiate and control the operations,

Initial Conditions

' All communications equipment is in a quiescent state witﬁ‘cbnprol;edg_;,
element containing a live wake-up receiver that is alert and ready to receive
any command signals from the controlling element, - o e

Final Conditions

" The comﬁunications equipment is de-activated and.placed,in-qﬁiésééntl'
state as described under initial conditions, : ' \\' e

o .

During orbital operations, element-to-element operation invgives the
transfer of data between elements, command, tracking and ranging of the
controlled element (probably urimanned) by a controlling element (pfpbably
manned), Data transfer will vary according to the mission ranging from low
rate telemetry data (up to 10 Kbps) to digital experimental data (uﬁ to
50 Mbps) or analog TV of 2,9 MHz baseband, Operations of the unmanned element -
will be controlled by the manned element to perform mission activities. This
command and control provided by the|communications link higital command

Description

transmission will initiate‘all’expeqimental.tasks and orbital maneuverswofﬁthél~T‘-

element, ~Efficient and accurate accomplishment of these|activities neces- .-
sitates the accurate knowledge of the controlled element\orbital'paramete:s D
and ephemerides, This, in turn, requires that the contro}ling4element must
know its position accurately, if it|performs the ranging and tracking of the
detailed element directly, -An alternate method would be to establish .
‘position information at the éontrcll@d element, Figure ~2,9-4 illustrates

the 1inks established for the communications element-to-element interface
actifity. Tracking of the controlle@ element requires a tracking antenna . _
system on the controlling element., Ranging requires that the PRN range system .
be implemented on both ends, Turn-around transponding capability is necessary
in the controlled element, The controlling element needs the capability to

,\'
!
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-

transmit the PRN signal, receive the turned-around signal from the target
vehicle and compute the range and range rate of the target vehicle. All of
these operations need to be performed at a time consistent with mission
support. Tracking and ranging are needed as required consistent with the
mission. The controlled vehicle must continuously monitor the command and
control frequency to be ready for mission performance. Certain activities
will probably be automatically performed and timelines prescheduled. All
other activities will be performed at the initiation and direction of the
controlling element. Operational sequence for element-to-element operations
will be classified as follows: :

I. Controlling to Controlled Element
A. Transmigsion of command data and/or computer data
B. Ranging and/or tracking

II. Controlling Element to Controlled Element

Transmission of digital and analog data

\\ \
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Ground \\

Tracking
and
Ranging

CONTROLLED
ELEMENT

CONTROLLED
ELEMENT

l
!
|
!
!
I
|
l
|
|
|
|
|
1

Digital Commands
<10 Kbps

e}——— Computer Update Data

<500 Kbps

Ranging Signal
2500 Kbps

A. COMMAND AND CONTROL LINK

Experiment Data
<50 Mbps

Systems Telemetry
<10 Kbps

Analog Televisions
~2.,9 MHz

Turn-Around Ranging Signal
=500 Kbps

B., DATA TRANSFER LINK

CONTROLLING
ELEMENT
///Ground

Tracking
and
Ranging

CONTROLLING

ELEMENT

* COLLECT EXPERIMENT DATA
* PERFORM ORBITAL MANEUVERS

* RESPOND TO RANGING SIGNALS

|
I
|
|
|
1
]
1
!

These are typical types of data/
each element will require data
in accordance with mission and
specific activity.

DIRECT CONTROLLED ELEMENT
OPERATIONS

TRACK AND RANGE CONTROLLED
ELEMENT

MONITOR CONTROLLED.ELEMENT
SUBSYSTEMS

MONITOR, REDUCE OR RELAY
EXPERIMENT DATA

Figure 2,9-4.

Communication Link Interface
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OPERATIONAL PROCEDURE NO. 9-3

TITLE: CcoMMUNICATIONS

ELEMENT INTERFACES:

ELEMENT-TO-ELEMENT

Performed

Operation by: Rationale
TRANSMISSION OF COMMAND DATA
1. | Activate command transmitter, send] Control- |To prepare controlled vehicle for
command signal for activation of | ling reception of commands
command processing Element
2, | Activate command processing Control-
equipment send readiness signal led
Element
3, | Send command data Control- |To control specific activities
ling
Element
4. | Receive command data, decode, Control-
process, hold and return verifi- | led
cation of commands Element
5. | Receive command verification, Control- | To ensure correctness of received
decode and compare to command ling command
transmission Element
6. | Transmit command to initiate Control-
verified commands ling
Element
7. | Receives initiate command, Control-
releases and route command data led
to terminal point Element

\y

fBMY00Y UedUBWNY YHON]

uoISIAIg aoedg



L000-VS-¢L ds

- 1€-6°2

OPERATIONAL PROCEDURE NO. 9-3

* Operation Performed Rationale
by:

8., {Monitor command operationm, Controlled | To send verification of command
translate to digital format and Element completion to ground control
transmit

9, | Receive command monitor data and Control- Ensure proper completion of command
verify completion of command ling

' - Element
10, {When applicable, transmit de- Control- To put controlled element in standby
activate signal ling | condition
. - Element
11. Receives-dé—activate signal, puts |Controlled | To reduce power requirements
communication terminal in standby [Element
condition (receiver on-ready for
activation signal)
12, |Terminate all transmission to Control-
controlled element ling
Element
PERFORMANCE OF TRACKING AND
RANGING

1. |Establish tracking and ranging Control- To ensure availability of ranging
link by sending command to ' ling transponder and signal for tracking
(controlled element) activate Element. :
transponder transmitter

2. |Receive command, activate Controlled
transponder Element

[BMMDOY UBDLIBLIY YUON
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OPERATIONAL PROCEDURE NO. 9-3

Operation Performed Rationale
by:
3. |Transmit PRN range code Control-
ling
Element
4. |Receive PRN code, route to Controlled | To provide signal to controlling
transponder transmitter and Element element for processing and range
transmit . calculation
5. |Receives turned-around PRN ranging |Control-
code and routes to range computer |[ling
' Element
6. |Performs range and range rate Control-
calculation 1ling
: Element
7. |Switch tracking antenna to auto- |[Control- Utilizes signal being transmitted by
track mode ling controlled element for auto-track
Element operation and processing
8, |Extract tracking information from jControl- To determine controlling element
auto-track error signals ling direction in relation to controlled
Element element
9. |Compute ephemerides of controlling |Control- To obtain accurate ephemeris data
element by utilizing this infor- [ling
mation (range, range rate and Element

tracking data) and controlling
element ephemeris data

\
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OPERATIONAL PROCEDURE NO. 9-3

Operation Performed Rationale
by:
10, |Utilize data for required Control- For pointing of sensors, maneuvering
operations ling of controlled element, information,
Element etc.
11. Continue ranging and tracking for |Control- To ensure timely and accurate ephemeris
as long as necessary ling data .
: Element
12, | Terminate tracking and ranging Control-
as applicable ling
o Element
13, De-activafé-ranging transmitter Control- To release tracking and ranging
{and range code generator ling function for other element operations
‘ Element
14, |Transmit command to de-activate Control-
ranging transponder transmitter ling
Element
15, |Receive command, de-activate Control- To reduce power consumption, and de-
transponder transmitter ling activate unnecessary systems
Element
TRANSFER OF DATA (ANALOG OR
DIGITAL) FROM CONTROLLED ELEMENT
1. Activéte cbmmand transmitter, send}Control- To prepare controlled vehicle for
command signal for activation of |ling reception of commands
command processing Element ‘

s
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OPERATIONAL PROCEDURE NO. 9-4

Operation Performed Rationale
by:
2, JActivate command processing Controlled
equipment send readiness signal Element
3. |Send command to start data Control- Command includes proper address and
transfer ling code to activate required data route
Element and mode specific to the particular
requirement
4, |Receive command data, decode, Controlled | To ensure correctness of received
process, hold and return verifi- |Element .} command
cation of commands
5. |Receive and check command Control-
verification 1ling
Element
6. |Transmit initiation of data Control-
transfer command ling
Element
7. |Receive command, activates Controlled | Initiates the required data transfer
activity, starts transmission of |Element -
data '
(L According to the type of activity and the necessary data transfer--i.e., digital--bandwith--

voice. to television--specific combinations of communication equipment need to be activated.
Specific modulation modes, frequency bands and antennae are needed for each case. Data could
either be a real time transfer of experimental data or the dump of data from a tape recorder.
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OPERATIONAL PROCEDURE NO. 9-4

Operation Performed Rationale
by:
8. | Receive data and route to Controllingd Data is routed to displays and/or re-
applicable terminal use Element corder for real time utilizatiom or
recording for later data reduction and/
or transmission to ground
9, |Monitor data and perform Controlling Ensure adequagy'of data, use for other
necessary operations on data Element control activities, etc.
10, |When applicable, transmit de- Controlling
actiyate signal Element
1. Receive -de-activate signal, puts |Controlled| Receiver is on, ready for activation -
communication terminal in standby jElement signal '

conditioh

\r
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2.9.2 PROCEDURES APPLICABILITY

Communications is a supporting activity to other orbital operations
activities. Examination of the element pair matrix (Figure 2.9-5) indicates
that only element-to-element orbital pairs are included. For these pairs, the
alternate approach for element-to-element communications is the only applicable
operational procedurc. There 18, however, the requirement in most cases to
communicate with grohnd, for data transfcr and/or monitor and control of the
orbliting element., Thus, most orbiting elements wlll nced to Interface with
ground utilizing cither a direct to ground link or the link through TDRS to
ground., Under certaln clrcumstances, the element-to-ground link might also
be used for element-to-element communications. 7This would occur if the orbital
elements were out of communications line of sight with each other. 'The
communications link would probably not be a direct relay, but rather an element-
to-ground transmission, a deciphering by ground control, a ground control
decision, and then finally a ground-to-element transmission. The basic area
for examination of commonality is the communication frequency band or bands to
be utilized for element-to-element interface that will account for compatibility
with the element~to-ground frequency bands. As discussed in the functional
requirements section (Volume II), this involves an iteration of requirements
to ensure the proper choice of parameters to fulfill all the requirements
with equipment commonallty and complex1ty considerations.

2.9-36
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2,10' RENDEZVOUS

This section presents the operational procedures for rendezvous, and
includes one procedure for each alternate approach identified in Volume II
of this report. Also presented and discussed is the applicability of these
procedures to each element pair included in the in-depth analysis portion of
the Orbital Operations Study.-

2.10-1 |
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2.10.1 OPERATIONAL PROCEDURES

The sequences of events which occur when rendezvous is conducted via the
independent approach (with either the passive or active element in command),
the ground control or space control approach (three procedures in all) are
presented in this subsection. One procedure can be utilized for either
ground or space control rendezvous by utilizing the term controller to indi-
cate elther the space control element or the ground control system element.
Procedure 10-3 introduction indicates in greater detail the proper applica-
tion and differences. These procedures, while for a specific approach, are
general to the extent that they can be applied to any applicable element pair
as ldentified in subsection 2.10.2 and are applicable to any particular
flight plan. No specific flight plan or definitive number of impulse maneu-
vers are assumed necessary to achieve rendezvous. All the operations prece-
ding and following any delta-V maneuver are defined. Most rendezvous proce-
dures do need at least three delta-V maneuvers including the terminal phase
initiation (TPI) maneuver to establish the active rendezvous element on a
terminal intercept trajectory with a target point in space or a passive ren-
dezvous (target) element. The actual number of impulse delta-V maneuvers
required during any particular rendezvous is dependent on the orbital phasing,
orbital transfer, and plane change maneuvers required.

Figure 2.10-1 indicates the basic procedure flow and the differences
between the two major alternate approaches, i.e., Independent and Separate
Control (Space or Ground).

Terms used in this diagram are explained below:

1. Rendezvous Control Center (RCC). The RCC is a manned center which
is in command and control of all rendezvous operations. The RCC may
be located on the ground or on-board an earth orbiting space element.

2. Controlling Element or Controller. The controlling element or con-
troller is the home of the RCC for the rendezvous approach and pro-
cedure in question. The controlling element or controller must
always be manned and may be located on: v

(a) the ground (ground control approach)

(b) a space element not one of the rendezvous elements (space
control approach) .

(c) one of the rendezvous elements (independent approach).

3. Active Element. " The active element is the rendezvous element which
under the direction of the RCC performs the impulse delta~V maneu-
vers required to effect rendezvous. The active element may be
manned or unmanned. The active element if unmanned must be fully
automated so that it can be operated by remote commands from the
RCC via a communications link.

4. Passive Element. The passive element is the rendezvous element
which serves as the target element for the active element. The
passive element may be manned or unmanned.

2.10-2 SD 72-SA-0007 -
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The initial rendezvous activity as indicated in Figure 2.10-1 consists
of establishing the initial orbital parameters and ephemerides of the rendez-
vous elements and calculating the delta-V impulse maneuvers required to
effect the necessary phasing changes and orbital transfers so that rendezvous
will occur within a desired time period, usually dictated by favorable lighting
conditions during terminal rendezvous. The velocity change calculation is
generally determined through the use of an algorithm that may include the
prediction of the future state of each element. Associated with each delta-V
maneuver is a series of functions which must be performed by the active ele-
ment and/or ground or space-based flight support elements. These functions
involve: (1) configuring the active element for the maneuver, (2) establish-
ing the required actlve element flight attitude, (3) performing the delta-V
maneuver, (4) performing post-burn verification, (5) configuring the active
element for orbital coasting operations, (6) determining the new state-vector
and orbital parameters to determine the success of the delta-V maneuver, and
(7) computing the time, magnitude, and direction of the next required delta-V
maneuver. The sequence of events which follow the initial rendezvous activity
start with the TPI maneuver, which puts the active element into a trajectory
which will intercept the target.

The terminal phase finalization (TPF) maneuvers are planned to occur on
a particular elevation angle such that the velocity changes are primarily
along the line-of-sight to the passive element. The TPF maneuvers then con-
sist of a series of braking burns required to satisfy a braking gate criteria
wherein the allowable relative closing velocity between the target and the
active element is limited to a value which varies with closing distance.

The operations required to effect ‘a rendezvous between two orbiting
bodies can be conducted by any of the three rendezvous alternate approaches.
If the independent rendezvous approach is employed, the space navigation
operations and computations required are conducted on-board one of the rendez-
vous elements with no up-dates required from the ground or other orbital
element. This approach does require that the controlling rendezvous element
have apriori knowledge of the other rendezvous elements ephemerides.

Presented for each of the procedures are operations required together
with: (1) a rationale explaining the reason each operation is required,
(2) which element (active, passive,.or controlling) performs each operation,
and (3) the functional requirements identified in Volume II which are
associated with each operation.

General Assumptions

IR
)

1. The controlling element whether ground or space-based has the neces-
sary navigation and/or tracking and ranging equipment to determine
the orbital parameters and state-vectors of the rendezvous elements.

2. Communications links with voice and digital data transfer capability
are available between elements as well as between the space or
ground control elements and the rendezvous elements.

2.10-4 8D 72-SA-0007
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The RCC has the computational capability, given the necessary input
data, to compute the rendezvous element ephemerides and the delta-V
maneuvers (tlme, magnitude, and direction) required of the active
element to effect rendezvous.

The active element Is capéble of executlng all requlred delta-V
maneuvers. : :

All earth orbit rendezvous are affected by the active element/
passive element approach which evolved from the Gemini Program and
was used on all Apollo flights. This, however, does not preclude
the passive element from having just previously made delta-V maneu-
vers to acquire its present orbit. :

Near continuous communications are possible between the RCC and all
rendezvous elements through use of TDRS whenever the elements are
not within line-of-sight.

The active element must be equipped with some type of attitude
reference and attitude control system and be capable of either
manually or automatically orienting itself in inertial space.

Alignment of attitude reference systems is performed either manually
or automatically,based either on on-board navigation or update from
the RCC. - o

General Initial Conditions

Initial conditions common to all rendezvous approaches and procedures
are as follows:

1.

All space elements participating in rendezvous operations are in some
initial earth orbit, i.e., boost to orbit procedures are not con-
sidered. ‘

All participating rendezvous elements .are free to perform rendezvous
operations without first engaging in separation or other type acti-
vities, i.e., no other interfacing activity procedures are covered
in this section.

General Final Conditions

Final conditions common to all rendezvous approaches and procedures are:

1. The active and passive elements are in close proximity in essentially

identical earth orbits with zero range-rate between the two.

2. At the point that rendezvous operations cease either stationkeeping

or mating operations commence.

&
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Operational Procedure No. 10-1. Rendezvous-Independent,
Passive Element in Control

Assumptions (Also see General Assumptions)

1. The passive element which in this case 1s also the controlling
element 1s manned and has all of the controlling element capabilities
defined under general assumptions.

2. The passlve element ls capable of maintalning and changing Its flight
attltude.

3. The passive element has both navigation and truacking and ranging
equipment so that it can, with the ald of TDRS or ground network,
autonomously compute both its own and the active elements orbital
parameters and state-vectors.

4., The active element is either manmed or fully automated and is capa-
ble of receiving, performing, and transmitting verification of

commands from the controlling element.

Initial Conditions (See General Initial Conditions)

Final Conditions (See General Final Conditions)

Description

The sequence of operations for the independent rendezvous approach,

with the passive element in control, is presented in Procedure 10-1. In

this rendezvous approach the passive (controlling) element first establishes
and verifies that all required communications links (i.e., voice, data
transfer, and tracking and ranging) are operational. If the active element
is unmanned and in a quiescent state, the passive element commands activation
of all active element subsystems and then commands alignment of the active
elements attitude reference system. The passive element then aligns its own
attitude reference system and determines its own orbital parameters and state-
vector. The active element orbital parameters and state-vectors are determined
using either on-board navigation equipment or by direct tracking and ranging
from the controlling vehicle. The controlling (passive) element then ini-
tiates the rendezvous computer program(s) and, based on the now known rendez-
vous element position data, computes the element ephemerides and the delta-V
maneuvers required of the active element to effect rendezvous. The control-
ling (passive) element then commands the active element to execute the pre-
maneuver operations including attitude orientation, the required delta-V
maneuver(s), and verification culminating in the terminal phase initiation
(TPI) maneuver. The controlling (passive) element then orients itself and
the active element to the flight attitudes preferred during terminal rendez-
vous and commands the active element to activate any required rendezvous aids
-such as beacon lights, targets, etc. The passive (controlling) element (and
the active element, if manned) determines (short-range tracking and ranging
aids) and displays the range, range-rate, bearings, and bearing angle rates
between the rendezvousing elements. The passive (controlling) element then
commands the active element to execute the terminal phase finalization (TPF)
braking maneuvers resulting in rendezvous.

2.10-6 . SD 72-5A-0007
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OPERATIONAL PROCEDURE NO. 10-1

TITLE: RENDEZVOUS-INDEPENDENT APPROACH,

PASSIVE ELEMENT IN CONTROL

ELEMENT INTERFACES: Modular Space Station (Passive and Controller)/Tug (Activé)

Operation

Performed
by:

Rationale

Establish and verify communica-
tions links

Command activation of all active
element subsystems

Command alignment of active
elements attitude reference system

Align attitude reference system
“jof active element

Align attitude reference system of
passive element

Determine passive elements
orbital parameters and state
vector

Controller
(passive)

Controller
(passive)

Controller
(passive)

Active

Passive
(controller]

Controller
(passive)

Data transfer including command and
control signals will be required
during subsequent operations.

If the active element is initially
in quiescent storage its subsystems
must be activated via RF command(s)

prior to initiating rendezvous opera-

tions.

Required to minimize fuel consumption
due to attitude errors during the
rendezvous delta-V maneuvers.

See above.

This operation is required to minimize
errors in the computation of orbital
parameters and state vectors made in
subsequent operations.

Required as initial and periodic input
to the rendezvous computer program(s).
Also required prior to the determina-
tion of the orbital parameters and
state vector of the active element
which are determined by and relative
to the passive element.

s
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OPERATIONAL PROCEDURE NO. 10-1

. Operation

Performed
by:

Rationale

10

11

12

13

14

Command active elements G&N
subsystem to determine its state
vector and orbital parameters and
transmit data to rendezvous con-
trol center (RCC) )

Active element performs navigation
sightings and relays position and
velocity data to RCC

Perform tracking and ranging of
active element

Determine active elements orbital
parameters and state vector

Initiate rendezvous navigation
program(s)

Command active element to con-
figure for delta-V maneuvers

Configure active element for

jdelta-V maneuvers

Command active element, assume
desired attitude

Controller
(passive)

Active

Controller

(passive)

Controller
(passive)

Controller
(passive)

Controller
(passive)

Active

Controller
(passive)

These data are utilized in the deter-
mination of the active elements
orbital parameters and state vector.

-

See above.

Required in the determination of the
active elements orbital parameters and
state vector.

Required as initial and periodic input
to the rendezvous computer program(s).

Required to compute the ephemerides of
the rendezvousing elements and to cal-
culate the required active element
delta-V maneuvers necessary to effect
rendezvous.,

Required to brevent damage to extended
solar panels, etc., while maneuvering.

See above.

Active element must be positioned per
RF command(s) from the rendezvous
control center (RCC) so that its thrust
vector will be in the desired direction
during the coming impulsive maneuver,
as determined in Operation 1ll.

Page 2
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OPERATIONAL PROCEDURE NO.

10-1
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r* Th]]

(i}je., repetition of Operations No.
orbiral changes..
the¢ terminal rendezvous sequence.

* S .
Depending on the rendezvous procedure% employed,
7

The final delta-VAmIé

s operation repeats Operations 7 tHrough 10.

Operation Performed Rationale
| by: A
‘15 | Maneuver active element to Active See above.
desired flight attitude for delta-
V maneuver and malntain throughout
. the maneuver .
16 |Command active element execute Controller | Required to effect the desired change(s)r
delta-V maneuver : (passive) in the active elements orbital para-
' meters as part of the rendezvous pro-
cedures.
17 |Execute required delta-V Active See above.*
maneuvers ‘ .
18 Determine'acfive elements orbital |Controller | Required to verify the success of the
parameters and state vector#*#* (passive) foregoing delta-V maneuver.
19 Command active element perform Controller | Required to initiate post-maneuver
post-maneuver procedures (passive) procedures following each delta-V
: ' maneuver,
20 |Perform maneuver verification Active Required to ensure proper operation
after each delta-V maneuver.
21 | Command active element conflgure - |Controller | Required to configure the element for
for orbital coast (passive) | orbital coasting operation.
22 Conflgure active element for coast Active See above.

through 22)

different numbers of delta-V maneuvers
are required to effect various phasing Tn
euver in this series is the TPI maneuver which inigi

d
ates

Page 3
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OPERATIONAL PROCEDURE NO. 10-1

Operation

Performed
by:

Rationale

23

24

25

26

27

28

29

Command active element attitude
change

Active element maneuvers to and
maintains the required attitude
for terminal rendezvous

Passive element maneuvers to
required'att}tude for terminal

Command active element activate
rendezvous aids

Active element activates rendez-
vous ailds

Determine and display in the RCC
the range, range-rate, bearings,
and bearing-rates between
rendezvousing elements

Determine and command the active
element to execute TPF delta-V
maneuvers

Controller
(passive)

Active

"|Passive '
|(Cantroller)

Controller
(passive)

Active

Controller
(passive)

Controller
(passive)

Following the TPI maneuver the RCC
sends the RF commands required to put
the active element into the flight
attitude required during the terminal
rendezvous operations.

This attitude is dictated by the retro-
grade delta-V maneuvers required and to
properly orient any docking aids such
as targets, beacon lights, etec.

This attitude required to permit both
visual and instrument tracking of the
active element as it approaches along
the anticipated line-of-sight.

An RF command is required to signal
to active element to activate any
required rendezvous aids.

Rendezvous aids such as lights, targets,
etc., may be required during terminal
rendezvous operations.

During the terminal phases of rendez-
vous, safety considerations require
that manned elements and the controller
be capable of determining and displaying
on a continuous basis, the relative
position of the rendezvousing elements,

The RCC is required to compute ‘the TPF
delta-V maneuvers and initiate RF
commands to the active element to

cause it to perform the required
braking maneuvers.

’

Page 4
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OfERATIONAL PROCEDURE NO. 10-1

" Operation Performed Rationale
by:
30 |Active element executes TPF Active Upon receipt of the proper RF commands
delta-V maneuvers the active element performs the impul-
S sive TPF braking maneuvers calculated
and commanded by the RCC. ' These
maneuvers are required to satisfy the
established rendezvous braking gate
criteria.
31 |Complete rendezvous, and ‘|Controller | When the rendezvousing elements have
deactivate rendezvous aids (passive) | closed to within the prescribed dis-

and "Active

tance, rendezvous is completed. The
RCC issues the necessary RF commands,
which are then executed by the active
vehicle, to deactivate any rendezvous
aids such as beacon lights.

Page 5
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Operational Procedure No. 10-2

Rendezvous-Independent, Active Element in Control

Assumptlons (Also sece General Assumptlons)

1. The active element which in this case 1s also the controlling
element 1ls manned and has all of the controlling element capabilities
defined under general assumptions.

2. The passive element, which is either manned or unmanned, is capable
* of maintaining and changing its flight attitude.

3. The active (controlling) element has both navigation and tracking
and ranging equipment so that it can, with the aid of TDRS or ground
network autonomously compute: both its own and the passive elements
orbital parameters and state vectors. ’

Initial Conditions (See General Initial Conditions)

Final Conditions (See General Finél Conditions)

Description

The sequence of operations fer the Independent Rendezvous approach with
the active element in contrel is presented in Procedure 10-2. In this rendez-
vous approach the active (controlling) element first establishes and verifies
that all required communications links (i.e., volce, data transfer, and
tracking and ranging) are operational. - The active element then either manually
or automatically aligns its attitude reference system and based on its on-board
navigation equipment determines its own orbital parameters and state vector.
Next the orbital parameters and state vector of the passive element are
determined. This is accomplished either by the passive element itself, if it
possesses the neecessary navigation equipment, or by tracking the passive
element from the active element and determining its position with reference
to the active element. The active (controlling) element then initiates the
rendezvous computer program(s) and based on the now known rendezvous element

-position data computes the element ephemerides and the delta-V impulsive
maneuvers required of the active element to effect rendezvous. The active
(controlling) element then configures itself for orbital maneuvers, orients
itself to the flight attitude required for its first delta-V maneuver and
executes the maneuver. Following the maneuver the active element redeter-

1 mines its orbital parameters and state vector to verify the success of the

foregoing maneuver, performs maneuver verification and configures for orbital
coasting operations. These maneuver sequences are repeated for each of the
required rendezvous delta-V maneuvers culminating in the TPI maneuver. The
- active (controlling) element then orients itself and commands the passive ele-
ment to orient to the flight attitude preferred for terminal rendezvous
operations. Next the passive (target) element is commanded to activate any
required rendezvous aids such as beacon lights or targets. The active (con-
trolling) element and the passive element (if manned) then determine (through
optical tracking and ranging) and display the range, range-rate, bearing

2.10-12
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angles, and bea'ring angle rates between the rendezvous elements. The active
(con?rolling) element executes the required TPF braking maneuvers resulting
in final rendezvous position.

2.10-13
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TITLE:
ELEMENT INTERFACES:

OPERATIONAL PROCEDURE NO. 10-2

RENDEZVOUS-INDEPENDENT APPROACH, ACTIVE ELEMENT IN CONTROL
EOS Orbiter (Active and Controller)/RAM (Passive)

Operation

Performed
by:

Rationale

Establish and verify communica-
tions links

Align éttitude reference system

Determine orbital parameters and
state vector

Determine passive vehicle
orbital parameters and state
vector¥*

Initiate rendezvous navigation
program(s)

Configure for delta-V maneuver

Controller .
(Active)

ctive
(Controller

ontroller
(Active)

assive or
ontroller
(Active)

Contfoiler
#(Active)

Bective
(Controller)

*These data are determined either: (1) automa
(2) determined relative to the acttive vehicl

network RF tracking and ranging
ranging both element-to-element
cations area.

uipment,
EF via TDRS

Data transfer including command and
control signals will be required during
subsequent operations.

Required to minimize fuel consumption
Ddue to attitude errors during the
rendezvous delta-V maneuvers.

Required .as initial and periodic input
to the rendezvous computer program(s).

Required as initial and periodic input
to the rendezvous computer program(s).

the rendezvous elements and to calcu-
late the required active element delta-
V maneuvers necessary to affect rendez-
vous.

Required to prevent damage to extended
solar panels, etc., while performing
impulsive delta-V maneuvers.,

tically on command by the passive vehicld
by the active vehicle and/or TDRS or gf

pr ground stations are presented in the d

Required to compute the ephemerides of .

tailed procedures relating to tracking &nd

or
ound

jommuni-

Z W
g.%
g
g
:
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OPERATIONAL PROCEDURE NO.

*Depending on the rendezvous proceflure employdd different numbers of delta-V maneuvers
repetition of Operations No. 3 thtough 11 arj

‘ The final delta-V maneuyer in this
- -terminal rendezvous sequence. C

changes.

"5*#*Thiéfo§éra€fbn repeats Operation Fo. 3.

10-2
Operation Performed Rationale
by: : '
7 | Maneuver to desired flight. hctive Required so that the subsequent impul-
attitude for - delta-V maneuver (Controllen)sive maneuver will be conducted in the
and maintain throughout the direction calculated in Operation 4.
maneuver
8 | Execute required delta-V Active Required to effect the desired change(s)
‘maneuver(s)* ‘ (Controllen]in the active elements orbital parame-
ters as part of the rendezvous proce-
N dures.
9 | Determine orbital parameters and fontroller |Required to verify the success of the
state vector¥# - KActive) lforegoing delta-V maneuver.
10 Perform"maneﬁver‘verification Active . |Required to proper operation after each
_ - (Controller)delta-V maneuver. '
11 | Configure for coast Active Required to configuré'the element for
' - _ [Controllen)|orbital coasting operations.
12 Command passive element fontroller |If the passive element has been in an
activate attitude control system |(Active) [inactive state its attitude control

system must be activated prior to ter-
minal rendezvous operations so that the
element is able to reorient and main-
tain a desirable flight attitude.

required to effect various phasing and
series is the TPI maneuver which initia

i.e.,
brbital
fes the

Y,
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OPERATIONAL PROCEDURE NO. 10-2

Operation

Performed
by:

Rationale

13

14

15

16

17

18

19

Command passive element attitude
change

Maneuver to preferred attitude
for terminal rendezvous

Command passive element activate
rendezvous aids

Passive element activates rendez-
vous aids

Determine and display range,
range-rate, and bearing to target

Perform TPF delta-V maneuvers

Complete rendezvous and deactivate
rendezvous aids

Controller
(Active)

?assive

IController
(Active)

IPPassive

Controller
(Active)

nd

assive
(if

anned).

Active
(Controlien

Controller
(Active)
nd
assive

}aids.

It is desirable to orient the passive
element to a flight attitude preferred
during terminal rendezvous operations.

This attitude is preferred to properly
orient any docking aids such as targets
beacon' lights, etc.

Controller initiated command is
required to signal the passive element
to activate any required rendezvous

Rendezvous aids such as 1ights, tar-
gets, etc., may be required during
terminal rendezvous operations.

During the terminal phases of rendez-
vous safety considerations require that
manned e¢lements and controller be
capable of determining and displaying,
on a continuous basis, the relative
position of the rendezvousing elements.

These maneuvers are required to satisfy
the established braking gate criteria.

When the rendezvousing elements have
closed to within the prescribed dis-
tance rendezvous is completed and any
special rendezvous aids such as beacon
lights are deactivated.

s

[[BM5}00 UBDLIBWYY YUON

uois|A|q adedg



’ Space Division
North American Rockwell

Operational Procedure No. 10-3

Rendezvous~Ground Centrol or Rendezvous-Space Control
Assumgtions (Also scee General Assumptions)

1. The RCC (Rendezvous Control Center) is located either on a third
(manned) space element or at a ground control center location. In
both cases, the command and control of both rendezvous elements is

. accomplished through a communications link. The space link is
direct as long as the rendezvous elements are in LOS of the control

- element and through the TDRSS if not in LOS. The ground link is
accomplished either through ground net stations or through the TDRSS.

2. Tracking and ranging is accomplished from either space or ground
in a similar manner. :

3. Both the active and passive elements are equipped with some type of
attitude reference and attitude control subsystems and are capable
(i1f unmanned) of orienting themselves in inertial space by a remote
command via an RF communication llnk :

4. Both the active and passive elements, if initially unmanned and in a
quiescent state, can be activated by command via an RF communication
link.

Initial Conditions (See General Initial Conditions)

Final Conditions (See General Final Conditions)

Description/Summary of Procedure

The sequence of operations for the Ground or Space Control approach to
rendezvous 1s presented in Procedure 10-3. The only difference between the
two approaches is in the fact that the Space Control Element must first deter-
mine its own state-vectors and orbital parameters prior to any such determina~
tion of the rendezvous elements. In examining the procedures; '"controller"
describes either the Space Control element or the Ground Control element.

In this rendezvous approach the ground located RCC initiates continuous
tracking of the active and passive elements and then establishes and verifies
all required communications links. If the rendezvous elements are unmanned
and in a quiescent state, the RCC activates all of the subsystems of both
elements. The RCC then commands alignment of the active element's attitude
reference system. The active element responds either manually or automati-
cally and verifies by transmitting subsystem status data to the RCC. The RCC
then determines the active and passive elements orbital parameters and state-—
vectors. This is determined by one of the following methods: (1) ground
tracking data only, (2) a combination of ground tracking and rendezvous ele-
ment space navigation (if the elements have this capability), or (3) on .a
combination of these methods and element-to-element tracking and ranging

( 2.10-17 SD 72-SA-0007



‘ Space Division
North American Rockwell

After obtaining the necessary rendezvous element position data, the RCC ini-
tiates rendezvous navigation program(s) and computes the active and passive
element ephemerides and the active element delta-V impulse maneuvers required
to effect rendezvous. The active element is then commanded to configure for
delta-V maneuvers, orient itself to the required flight attitude and execute
the maneuver at the proper time. Following each delta-V maneuver the active
element is commanded to conduct maneuver verification and to reconfigure for
orbital coasting operations. The orbital parameters and state-vector of the
active element are then determined to verify the success of the delta-V

" maneuver and to aid in computing the magnitude and direction of the next
delta-V maneuver. This cycle of operations is repeated for each of the
required delta-V maneuvers culmilnating in the TPI maneuver. At this point
the RCC commands the passive element to assume the flight attitude preferred
for terminal rendezvous operations and to activate any required rendezvous
aids. Next the active element 18 commanded to initiate optical (visual)
tracking and ranging of the passive (target) element and to relay range,
range-rate, bearing angles, and bearing angle rate data to the RCC. These
data are transmitted to and displayed in real time at the RCC and on-board
all manned rendezvous elemtnts. The active element is commanded to assume
the attitude required for terminal rendezvous operations and to execute the
TPF braking burns which culminate in rendezvous. When the two elements have
achieved rendezvous the RCC commands deactivation of any required rendezvous
aids and initiates either stationkeeping or mating operations.

2.10-18
SD 72-SA-0007



OPERATIONAL PROCEDURE NO. 10-3

TITLE: RENDEZVOUS—-GROUND CONTROL OR RENDEZVOUS-SPACE CONTROL
ELEMENT INTERFACES: EOS Orbiter (Act:lve)/RAM (Passive) or MSS (Controller)/Tug (Actlve)/RAM (Pass:.ve)

61-01°¢

’

L000-VS~-Z/. ads

Operation - bP;.rformed ' Rationale ‘
Initiate and maintain tracking of Cént;rdller Necessary to determine the orbital
active and passive rendezvous parameters, state vectors, and epheme-
elements _ rides of the rendezvousing elements.
Establish and verify communica- | controller|Data transfer including command and

tions links control signals will be required durlng
: subsequent operations.

Command activation of all active |Controller|If the active and passive rendezvousing
and passive element subsystems ' elements are currently in a quiescent

: state they must be activated by .
commands over a communication link from
the RCC prior to initiating rendezvous
operations.

Command alignment of active ele- |Controller Required to minimize. fuel consumption
ments attitude reference system due to attitude errors during the
rendezvous delta-V maneuvers.

culate the required active element
delta-V maneuvers necessary to effect
rendezvous.

Align attitude reference system of] Active See above.
active element "
A Determine active and passive Controller|Required as initial and periodic input '
elements, orbital parameters to the rendezvous computer program(s). o
and state vector : s
' 0
Initiate rendezvous navigation Controller|Required to compute the ephemerides of d
program(s) ' the rendezvousing elements and to cal- g
&
]
3
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OPERATIONAL PROCEDURE NO.

10-3

*Depending on the rendezvous proce
repetition of @perations No. 6 th
changes. ~The final delta-V maneu
terminal rendezvous sequence.

Operation Performed Rationale
by:
8 |Command active element to configurejController | Required to prevent damage to extended
for delta-V maneuvers solar panels, etc., while performing
delta-V maneuvers.
9 |Configure active element for Active See above.
delta-V maneuvers
10 |Command active element assume JController | Active element must be positioned by
desired attitude command from the rendezvous control
center (RCC) so that its thrust vector
will be in the desired direction during
.| the coming impulsive maneuver, as deter-
mined in Operation 7.
11 {Maneuver active element to desired [Active See above.
flight attitude for delta-V
maneuver and maintain throughout
the maneuver
12 |Command active element execute Controller | Required to effect the desired
delta-V mansuver change(s) in the active elements
orbital parameters as part of the
rendezvous procedures.
13 {[Execute required delta-V Active See above.
maneuver¥*

ugh 18, ar
r in this

re employeE different numbers of delta-V maneuvers,

required to effect various phasing and

i.e.,
orbital

eries is the TPI maneuver which initiat?s the

W
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OPERATIONAL PROCEDURE NO. 10-3

12-01°2

Operation Performed Rationale Functional
_ by: Regqmt,
14 |Determine active elements orbital [Controller | Required to verify the success of the |1,7
parameters and state vector (6) "} foregoing delta-V maneuver.
15 JCommand active element perform Controller | May be required to initiate post-
post-maneuver procedures -maneuver procedures following each
delta-V maneuver.
16 |Perform maneuver verification Active Required to ensure proper maneuvers 1,7
: : after each delta-V maneuver.
17 lcommand active element configure |[Controller | It may be required to signal the active 6
for orbital coast element to configure for orbital coast.
18 |[Configure active element for Active Between. impulsive maneuvers it may be [4,5
orbital coast : required to extend solar panels, etc.
19 |Command passive element activate [Controller | If the passive element has been in an 4,6
" lattitude control system ~+ | inactive state,its attitude control
- system must be activated prior to ter-
minal rendezvous operations so that the
element is able to reorient and main-
| tain a desirable flight attitude.
20 |Command passive element attitude [Controller |It is desirable to orient the passive |5,6
change element to a flight attitude preferred
‘during terminal rendezvous operations.-
21 |Passive element maneuvers to pre- &assive This attitude is preferred to properly |5
ferred attitude for terminal : orient any. docking aids such as targets,
frendezvous beacon lights, etc.
22 |Command passive element activate [Controller |A controller initiated command is k
rendezvous. aids ’ required to signal the passive element :
to activate any required rendezvous
aids. ‘

W
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OPERATIONAL PROCEDURE NO. 10-3

Operation

Performed
by:

Rationale

123

24

25

26

27

28

Passive element activates rendez-
vous aids

Command active element initiate
tracking and ranging of passive
element

Active element performs tracking
and ranging of passive element
and transmits data to the RCC

Determine and display range,
range-rate, bearing, and change
of bearing rates to target

Command active element attitude
change

Activg elément maneuvers to and
maintains the required attitude
for terminal rendezvous

assive
Controller

Active

Controller,
Active and
Passive

(if
fmanned)

Controller

Active

Rendezvous aids such as lights, targets
etc., may be required during terminal
rendezvous operations.

A controller-initiated command is
required to signal the active element
to track the passive element.

These data are desirable if not
required, in addition to controller
tracking data in the determination of
range, range=rate, bearing angles, and

A bearing angle rates to target.

To provide the visibility necessary to
safely direct and control the terminal
rendezvous operations, the relative
position, velocity, bearing, and
bearing-rates between the active and
passive rendezvousing elements must be
displayed in real time both at the RCC
and on~-board manned rendezvousing
elements,

Following the TPI maneuver the RCC
sends the commands required to put the
active element into the flight attitude
required during the terminal rendez-
vousing operations.

This attitude is dictated by the retro-
grade delta-V maneuvers required.

e
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OPERATIONAL PROCEDURE NO. 10-3

Operation

Performed
by:

Rationale

29

30

31

Determine and command the active
element to execute TPF delta-V
maneuvers

Perform TPF delta-V maneﬁvers

Complete rendezvous and deactivate
rendezvous aids '

Controller

Active

Controller
and Passive

The RCC is required to compute the TPF
delta-V maneuvers and initiate commands
to the active element to cause it to

perform the required braking maneuvers.

From safety considerations the range,
range-rate, bearing and bearing rates,
between rendezvousing elements must be
closely controlled during the terminal
rendezvous operations. This is
achieved by a series of braking maneu-

‘| bers which are executed by the active

element to properly satisfy the estab-
lished braking gate criteria. .

When the rendezvousing elements have
closed to within the prescribed dis-
tance rendezvous is completed and ren-
dezvous aids such as beacon lights may
be deactivated by commands from the RCC
over a communications link.

s
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2,10.2 PROCEDURES APPLICABILITY

Figure 2.10-2 presents a definition of the procedures applicability and
relates to the following discussion. As in stationkeeping, two elements pre-
dominate as the active rendezvous elements. One is the EOS orbiter; the other
is the space~based tug. In all EOS independent rendezvous operations with
unmanned elements, the EOS is the control element. In a few cases where the
passive elements are manned (such as with the OLS, OPD or MSS), control may
be taken over by the passive element. In most independent cases, the EOS
would be the actlve element. In some types of rendezvous activities with
detached RAM's, a second EOS, or a space-based tug; the EOS could become the
target element and the other element, the active. Procedure 10-2 would apply
to every EOS rendezvous palr where the EOS is the actlve element. Procedure
10-1 would apply only when the passive element 1s manncd. When a third
element is used for control, either a third space element or ground control,
Procedure 10-3 would apply. It could apply to every EOS rendezvous case.

A similar utilization of procedures is true for the operations where the
space-based tug is the active rendezvous element. Procedures 10-2 (independ-
ent, active element in control) and 10-3 (separate control) apply in every
case involving the tug. In some cases, when the passive element is manned,
Procedure 10-1 (for passive element in control) is applicable. A few other
cases involving the CPS, RNS and detached RAM cover the other rendezvous
operations possible. 1In all these cases, except for the MSS detached RAM,
the three procedures may be applied according to the mission. When the
detached RAM is rendezvousing with the MSS, it will always be the active
element but never be in control. Either the MSS, as the passive element,
would be in control or control would be from a separate element, possibly
ground. Thus, Procedures 10-1 or 10-3 would be applicable to this case. The
same logic would hold for MSS detached RAM and the space-based tug if the tug
is manned. If the tug and RAM are unmanned, only Procedure 10-3 would be
applicable.

2.10-24
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ACTIVE SPACE PROGRAM E_LEMENTS
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NOTE: *

Superscript "M "indicates appilcatlon of that procedwre number only if the control element is manned,
Either the active or passive element may be in control,
NA - Not Applicable

Figure 2,10-2. Operational Procedures Applicability—Interface
Activity: Rendezvous

.
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2.11 STATIONKEEPING

This sectlon presents the operatlonal procedures for statlonkeeplng, and
Includes one procedure for each alternate approach {dentifled In Volume [l of
this report. Also presented and discussed 1s the applicabillty of these pro-
cedures to each element palr included In the In-depth analysis portion of the
Orbltal Operations Study.

2.11.1 OPERATIONAL PROCEDURES

Stationkeeping is defined as the act of maintaining two space elements
in a particular spatial relationship with each other and possibly with relation
to certain absolute state vectors. This could be a situation where one element
- the target element - performs all the maneuvers to maintain attitude and
state vectors as controlled by another element, or where both stationkeeping
elements perform attitude and state vector maintenance maneuvers. In these
operational procedures, both elements have been indicated as maneuverable
elements. There may be -ases where only the target element need maneuver or
where only the target element need maneuver or where the active element is the
only maneuvering vehicle - such as inspection. There are also cases where
absolute state vectors are an unnecessary requirement; only relative state
vectors are necessary - again, such as inspection. The procedure, therefore,
should be applied as fits the activity, and deletion of steps should be
appropriately applied. Although the procedures define singular maneuvers, it
is assumed that repetitions of maneuvers may be necessary to perform certain
stationkeeping flight modes. - This would be true for inspection modes where
the inspecting element maneuvers around the target element for full inspection.

Inspection modes are relatively near separations to allow for either
direct visual or television sensor type inspection. Support of these man~-
euvers and stationkeeping operations from approximately 50 nautical-mile
separation to 1000 feet requires a more accurate ranging and range rate system
than the RF system described in the operations. A laser scanning radar at 50
to 75 nautical miles to 1000 feet is capable of providing these accuracies.
Utilization of a laser system does not require an active transponder on the
target element. Passive corner reflectors are used to enhance the return of
laser signals. Again, the operational procedures account for an active trans-
ponder on the target element, Unapplicable steps may be deleted when laser
systems are used. Optical systems could supplement laser operations at very
close ranges, < 1000 feet.

In all such cases, the procedures account for the most complex operations.
Deletion of steps and substitutions of different sensor systems may be applied
as required.

2.11-1
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Two procedures are presented. One is for autonomous operation that covers
both elements unmanned, and also one element ummanned (target) and one element
manned and in control (active). The other procedure covers the operation of
the stationkeeping -elements by a third element - elther another space element
or ground. In this manner, all four altemate approaches are covered by two
operational procedures. In the case of the autonomous operational procedures,
the dlfference between automated and manned is rellected only In the introduc-
tion of manned control to replace the automatic sequenclng necessary in the
unmanned case. Space control and ground control are basically the same. The
major difference comes in the necessity to allow for interruptions, handover
and link reacquisition when using ground control. Such extra operations are
necessary when communication needs to be extended over a time period that
exceeds a link contact with a single ground station or one TDRS. When a third
space element is used for control, it is assumed that one or both stationkeep-
ing elements are in line of sight of the control element, thus allowing cen-
tinuous communications for the mission duration.

When applicable, procedural differences noted above are indicated in the
steps. Individual procedure descriptions and assumptions are provided with
each of the operational procedures.

OPERATIONAL PROCEDURES NO, 11-1

Stationkeeping ~ Autonomous, Both Elements Unmanned

Assumptions

The elements are within line of sight of each other and are separated by
at least 75 miles and possibly up to the limit of line of sight, i.e., a max-
imum of 4000 nautical miles.

Stationkeeping is assumed to be the maintenance of a specified element-
to-element orbital relation and a specified earth relationship.

The separation distance dictates the use of specific sensors. Greater than
75 miles separation needs the utilization of RF-type ranging and tracking sen-
sors. Less than 75 miles would utilize laser devices and/or at visual contact
distances (less than five miles), optical devices.

Initial Conditions

The elements have been in quiescent state for several orbits. The elements
may have assumed any attitude and their orbits may have been perturbed.

The elements were left in a stationkeeping mode at the beginning of their
quiescent state with known orbital parameters and state vectors.
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Final Conditioﬁs

The elements are again in qulescent state In the same conditions as found
Ilnitially. No attitude stab{lizatlon, attltude reference or attltude control
sHystem I8 actlve, Wakeup recelvers and timer systems arce actlvated allowling
the wakeup at the prescheduled tlme..

Descriptlion

It 1s defined that one element is the controlling element. It contains
all necessary sensing and computation capability and is completely autonomous
from outside control. All operations for stationkeeping have been preprogrammed
and on-board memory contains sufficient data to relate actual and required
position and attitude data of itself and the element with which it operates,
It shall be called the active element. A controlled, cooperative element, known
as the target element is the target vehicle with which the active element is
stationkeeping. It is cooperative from the sense that a communications and
tracking and ranging link capability exists between the elements. Autonomy
exists because no external controls are necessary. Both elements must. however
be capable of determining their own attitude. The active vehicle must be able
to determine its own state vectors and orbital parameters, one mode of which
may be a cooperation with the ground stations or with the TDRS network.,
Although not stated, the ground (either direct or via TDRS) must retain‘‘the
ability to override autonomous operation and control either element. This
is not part of this operational procedure.

Operational procedure logic is easily related by use of the procedure
logic flow diagram, Figure 2.11-1. After the active element wakes itself
up by means of a self-contained scheduled timing system, it determines its own
attitude and absolute state vectors and orbital parameters. It then corrects
its attitude, awakens the target element by means of an omni-directional
communication link and proceeds to determine the target element position.
Before proceeding any further, the active element corrects its own position to
the desired position utilizing data from Step 3 and the predicted data con-
tained in its computer memory. Knowing both its position and the target
element position, it now commands the target element to determine its attitude
and then performs the comparison of actual to predicted and commands the proper
attitude maneuvers to correct the target element attitude. With the target
element in the proper attitude, delta-velocity maneuvers for orbital makeup can

be commanded by the active element and the target element placed in its desired
state vectors and orbital parameters. Continuous monitoring of the operation
and corrections as necessary result in stationkeeping at a specified separation
distance and the performance of any desired mission. After mission completion,
both elements are deactivated. The major requirements to fulfill these opera-
tions include attitude reference systems, attitude control systems, position
determination systems, on-board computation capability and, of course, a
comnunication and ranging tracking link between the elements. The detailed
requirements are discussed in detail in the Functional Requirements subsection.

-
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Figure 2,11-1,

Procedure Logic Operational Procedure 11-1, Stationkeeping Autonomous, Both Elements
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OPERATIONAL PROCEDURE NO, 11-1

TITLE: STATIONKEEPING, AUTONOMOUS - BOTH ELEMENTS UNMANNED
ELEMENT INTERFACES: CISLUNAR SHUTTLE - ORBITAL PROPELLANT DEPOT

Performed

Operation by: Rationale
Automatic, preprogrammed timer Active Active element has been in quiescent
activates attitude control sub- element mode.
system on active element
Perform update of attitude refer- | Active To ensure availability of link to
ence data in subsystem element target element by pointing of antemma
systems or other viewing devices
| Perform navigation update to Active To establish absolute position for
state vectors and orbital par- element reference
ameters
Compute proper attitude for point- Active In preparation for attitude maneuvers
ing to predicted target element element
position
Compare actual attitude (Step 2) | Active
against proper attitude (Sept 4) | element
Compute’ attitude maneuver for Active
proper orientation element
Issue commands to attitude controll Active In preparation for contact with target
system and perform attitude man- | element element

euver to proper orientation (as
necessary)

\y
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OPERATIONAL PROCEDURE NO. 11-1

Operation

Performed
by:

Rationale

10

11

12

13

14

15

Command activation of target
element cooperative transponder

Activates transponder and trans-
mits signals

Acquire signal from target
element, point directional
antenna (if applicable)

Initiate tracking and ranging
measurements

Perform range, range rate and
angle measurements

Determine target element actual

state vectors and orbital par-
ameters

Compare active element position

‘Compute delta-V maneuvers

necessary to perform any
required orbit makeup

Active
element

Active
element

Active
element

Active
element

Active
element

Active
element

Active
element

Active

Target element must be awakened from itg
quiescent mode and alerted to respond
to active element tracking and ranging.

Target element must radiate signal to
allow active element acquisition by a
directive antemna

Completes acquisition of tracking and
ranging link provides readiness for
tracking and ranging measurements.

Communications operational procedures
define the technique and method for
performing tracking and ranging

To determine relative state vectors and
orbital parameters of target element

Computes from relative data and
knowledge of its own (active) state
vectors and orbital parameter; see
Step 3.

In preparation for any translation
maneuver that is necessary

\
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OPERATIONAL PROCEDURE NO. 11-1

euvers :

Operation Performed Rationale
, by:
16 Issue commands for delta-V man- | Active To ensure active element is in proper
euvers and perform maneuver (as | element orbital position
necessary) to reach required
orbital position
17 Command activation of attitude Active In preparation for determination of
reference subsystem on target element target element attitude
element '
18 Activate attitude reference Target
system and determine attitude element
19 Relayvinformation ‘to active Target Active element needs element orienta-
element element tion to command any necessary new oriend
T tation or element interrelationmship.
’ Directional antenna pointing could be .
e one example.
.20 Compare target element attitude | Active In preparation for computation and
data with predicted element command of target element orientation
‘ maneuvers '
21 Compute attitude maneuver of Active
target element for proper element
orientation
22 'CQmmand target element attitude | Active
control system to perform man- element

\
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OPERATIONAL PROCEDURE NO. 11-1

Operation Performed Rationale
by:
23 Performs maneuvers to assume Target
proper attitude orientation with| element
~ active element referenced
against local coordinates
24 ) Compare target element actual Active In preparation for computation of
position information with element maneuvers for target element
desired position.
25 As applicable, compute orbit Active
makeup delta velocity require- element
ments '
26 Command target element to per- Active To align relative positions to speci-
form makeup delta-V maneuvers element fied mission stationkeeping require-
ments
27 } Perform makeup delta-V maneuvers| Target Target elament performs maneuvers by
element direct command from active element
28 Monitor makeup maneuver of tar- | Active To ensure proper maneuvers are being
'l get element provides corrective | element performed
commands as necessary. Same as
Steps 24 through 27
29 Cease maneuver and reach new Target Places target element in proper rela-
steady-state condition element tive and absolute position
30 Monitor new target state-vectors] Active Ensures proper state vectors and orbita]
and orbital parameters and cor- | element parameters

rect as necessary

s

[BMNO0Y UEDLIBLLIYY YHON|

uo|sS|A|g @0edg



6-11°2

/000-VS-ZL dS-

OPERATIONAL PROCEDURE NO. 11-1

timer .and wakeup receiver

Operation Performed Rationale
by:
31 Perform any necessary operation/| Target

mission element

32 Command deactivation of target Active To conserve power and leave target
element subsystems except for element element alert for next mission
wakeup receiver '

33 Deactivate subsystems and leave | Target
wakeup receiver live, leaving element
target element in quiescent ‘
state

34 Deactivate active element sub- Active To conserve power and leave active
systems except for programmed element element in quiescent state awaiting

next timer wakeup

\
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OPERATIONAL PROCEDURE NO. 11-2

Stationkeeping - Ground Control, Both Elements Ummanned

Assumptions

The elements are within line bf sight of each other and are separated by
at least 75 miles and possibly up to the limit of line of sight, i.e., to a
maximum of 4000 nautical miles.

Both elements - the active and the target - have some type of attitude
reference and attitude control system with built-in capability to hold a
specified attitude orientation.

Both elements - the active and the target - have a wakeup receiver
capable of recelving wakeup command signals from any direction regardless of
attitude.

The active element has the capability to make range and range rate
meagsurements of a cooperative element and process the information for defining
relative range and range rate with accurate time identification.

The active element also contains a transponder compatible with either
ground network stations or TDRS to provide a cooperative terminal for range
and range rate measurements.

Initial Conditions

The elements have been in quiescent state for several orbits. The
elements may have assumed any attitude and their orbits may have been per-
turbed.

The elements were left in a stationkeeping mode at the beginning of
their quiescent state with known state vectors.

Final Conditions

The elements are again in quiescent state in the same conditions as found
initially. No attitude stabilization, attitude reference or attitude control

system is active. Wakeup receivers are active and alert to receive wakeup
commands .

Description

Stationkeeping for two elements by ground control involves essentially
the same operations by the active and target elements as for the autonomous
alternate approach. The exceptions relate to the shift of control, data
processing and computation from the active element to the controlling element
(either space or ground). Ground performs all command and control operations

instead of the functions being automatically performed internally by computer
or a sequence timer.

2.11-10
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One of the major points identified in the procedure is the necessity
to utilize one element as a relay for all commands to the second element.
This is especially true for the ground control when using ground network sta-
tions. By always looking at one element, the problem of slewing the narrow
beam antenna back and forth between elements is avoided. TItem 11 of the
functional requirements defines the problem in detail.

Operational procedure logic Is displayed in Figure 2,11-2. Ground
control operates through efther ground stations or TDRS to acqulre contact
with the actlve element. Ground requests attitude data from the actlve element
and utlllzes these data to compute corrective attitude maneuvers. These cor-
rective maneuvers are performed after command from ground. Range and range
rate and tracking measurements are then performed on the actlve element. The
active element awakens the target element by command relayed from ground.
After the active element determines the range, range rate and tracking data
of the target element and has determined the safety for its own maneuvers,
ground computes and commands the appropriate delta-V maneuvers for the active
element. After performing the active element delta-V maneuvers properly mon-
itored by ground, ground requests the target element attitude via the active
element. After obtaining these data, ground again issues commands through
the active element to the target element to orient to the proper attitude. The
target element is now in proper attitude to perform orbital makeup maneuvers.
These are commanded via the active element and performed by the target element.
After completion of the stationkeeping mission, ground commands deactivation
of both elements, first the target element, then the active element.

If the word ground or ground control were replaced with space control
element, the operational procedure could be used for the space control case.
It is assumed that the procedure following is usable for both cases of separ-
ate control (space or ground) by this word replacement. Another alternative,
in the case of space control, could be the direct control of both stationkeep-
ing elements from the space element.

If this alternative were used, the steps using;the active element as a
relay would be changed to reflect direct control by the space control element.
This could also be the case for elements closer than 400 nautical miles when
using the TDRS as the link. The procedure shown is the most complex and
capable of covering all situations.

2. 11-11 SD 72-SA-0007
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OPERATIONAL PROCEDURE NO. 11-2

TITLE: STATIONKEEPING, GROUND CONTROLLED - BOTH. ELEMENTS UNMANNED
ELEMENT INTERFACES: CISLUNAR SHUTTLE - ORBITAL PROPELLANT DEPOT

;e ETTTTTT

L000-VS~-2L QS

Operation E;.rformed Rationale
Control alerts proper remote Ground In preparation for activation of ground
station (or TDRS control) to con- control remote station contact with active
tact with active element ' element :
Remote station pointé directional |Ground = |To make ready for communication link
antenna at predicted orbital station when active vehicle comes into LOS
parameters for active element view
Acquire, establish and verify Ground |To ensure quality link with active
communication link with active station element '
element
Ground transmit commands to Ground To awaken attitude reference subsystem
activate active element subsystems|station and transponders as necessary
Active element activates attitude |Active In preparation for attitude sensitive
reference subsystem and deter- element operations ‘
mines its own attitude ’-
Format attitude data, transmit Active To provide data for computation of >
to ground element attitude and subsequent computation %_'g
of attitude correction maneuvers by > 3
ground control o
- <
")
o
i 3
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OPERATIONAL PROCEDURE NO. 11-2

Operation Performed Rationale
by:
7 Compute attitude of active Ground
vehicle, compare actual to control
required
8 Compute attitude maneuver for Ground
" proper orientation '
9 Format and transmit attitude Ground In preparation for contact with
maneuver commands to active target element
vehicle
10 Perform attitude maneuver and Active
assume proper orientation element
11 Perform range, range rate and To obtain data for computation of state
angle measurements on active Ground vectors and orbital parameters of
element station active element
12 Transmit command to active Ground In preparation for contact between
element to acquire target - station active and target elements and sub-
element communication link and sequent determination of relative and
determine target element absolute positions
position
13 Command activation of target Active Target element must be awakened from
element its quiescent mode and alerted to

element transponder

respond to active element tracking and
ranging

\p
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OPERATIONAL PROCEDURE NO. 11-2
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delta-V maneuvers to reach
required orbital position

. o q e "
Operation Performed | --=7" Rationale
. by: -

14 Activates cooperative trans- Targef o Tafget element must radiate signal to

ponder and transmit signal element allow active element acquisition by a
- directive antenna -

15 Acquire signal from target Active Completes acquisition of tracking and
element, point directional element | ranging link, provides readiness. for
antenna (if applicable) tracking and ranging measurements

16 Perform range, range rate on - Active To provide data for computation of

| target element element relative and absolute position of
. - target element

17 Relay'tafget/aCtivé element Active To supply data .to ground control for
range, range rate and relative element computation purposes

~data to ground "

18 Computes relative and absolute Ground To locate target element position prior
position of target element station to any further element maneuvers

19 Compafe active element position .| Ground To derive data for delta-V orbit
with predicted (desired) makeup maneuvers

20 Compute delta—V maneuvers Ground
necessary to perform any »
required orbit makeup of active
element '

21 ATféﬁémit.commands for active Ground To ensure active element is in proper

orbital position

\
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OPERATIONAL PROCEDURE NO. 11-2

Operation

Performed
by:

Rationale

22

23

24

25

26

27

28

29

Perform delta-V maneuvers in
accordance with command and
reach new steady-state orbit

Monitor delta-V maneuvers and
command corrections as necessary

Transmit command to active
element to obtain target element
attitude data

Command target element to acti-
vate attitude reference system
and obtain attitude data

Obtain attitude data and trans-
mit to active element

Receive attitude data and trans-
mit to ground

Compute target element attitude,
compare to desired and compute
any necessary attitude maneuvers

to reach desired attitude.

Format attitude maneuver data
and transmit to active element

Active
element

Ground

Ground

Active
element

Passive
element

Active
element

Ground

Ground
station

To ensure proper performance of delta-V
maneuvers ‘

In preparation for determination of
target element attitude. Uses active
element as relay to avoid interchange
of ground station antenna between
elements. .

To relay commands from ground to target
element

Necessity for target element crienta-
tion data to allow computation of any
necessary new orientation for element
interrelationship. Directional antenna
pointing could be one example.

In preparation for computation and

command of target element orientation
maneuvers

For relay to target element

7
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OPERATIONAL PROCEDURE NO. 11-2

- Operation

Performed
by:

Rationale

30

31

32

33

34

35

36

Receive attitude maneuver data
and transmit maneuver command
to target element

Receive command, perform atti-
tude maneuvers to assume proper
attitude orientation with
active element referenced agains
local coordinates.

Using data from Step 18, com-
pare target element position to
desired position and compute
delta-V maneuvers to correct
position (as applicable)

Format delta-V méneuvers for
target element correction and
transmit data to active element

Receive delta-V maneuver command
data and transmit maneuver com-

mands to target element

Perform‘makeuprdélta—v maneuvers

Monitor makeup maneuvers of
‘target element and tramsmit to

ground

1

Active
element

Target
element

Ground

' Ground

Active
element

Target
element

Active
element

To prepare target element for subse-
quent operations or maneuvers

In preparation for computation of
maneuvers for target element

For relay to target element

Acts as a relay for commands to target
element

To maneuver target element into proper
state Vector

To ensure performance of proper delta-V
maneuvers and relay to ground for
ground monitor
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OPERATIONAL PROCEDURE NO. 11-2

Operation Performed Rationale
by:
37 Compute delta-V maneuver and Ground
position data, compare to pre-
dicted and compute any correc-
tions necessary
38 Transmit corrective maneuvers Ground
(as applicable) to active station
element
39 Receive applicable corrective Active
maneuvers, -transmit maneuver element
commands to target element
40 Perfbrm any necessary corrective) Target To effect any necessary corrective
maneuvers, reaches new steady- element maneuvers for assurance of proper
station condition state vector
41 Perform any scheduled mission or | Target
operation element
42 After mission completion, trans-| Ground To deactivate and place target element
mit target element deactivation in quiescent state prior to deactivatier
commands to active element of active element
43 Transmit commands to target Active

element to deactivate

element

\
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OPERATIONAL PROCEDURE NO. 11-2

Operation Performed Rationale
by:
44 Deactivate all subsystems except| Target To conserve consumption of power and
wakeup receiver element to leave target element in alert condi-
tion ready for next operation
45 Transmit active element deacti- | Ground
vation commands to active
element
46 Deactivate all subsystems except| Active To conserve consumption of power and
element | to leave target element in alert

wakeup receiver

condition ready for next operation

\p
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2.11.2 PROCEDURES APPLICABILILTY

Examlnatlion of the operatlonal procedure matrix (Flgure 2.11-3) shows
there are two elements that Interface with many other elements and are the
active or controlling clements. One is the EOS that stationkeeps with all
elements except MSS detached RAM's, earth orbital resupply modules and any
EOS attached RAM's. For each of the EOS stationkeeping cases, where the EOS
is the manned active control element, Procedure 11-1 is applicable. Proced-
ure ll-1 covers the case of autonomous operation where the active control
element is manned. Procedure 11-1 is basically for the autonomous, both
elements unmanned, case. It can be applied to the manned control for the
automatic, computer-controlled timing sequence control.

This single procedure is then applicable to all EOS stationkeeping cases.
The other active stationkeeping element is the space-based tug. It station-
keeps with all other elements except the MSS attached RAM, the EOS plus the
third-stage deliverable satellite and the EOS resupply modules. 1In every
stationkeeping case except for those involving the EOS and the low earth
orbit MSS, both of the operational procedures are applicable. Procedure 11-1
is applicable if the space-based tug is manned. The separate control - either
ground or space - operational procedures can be utilized for any of the inter-
face pairs except with EOS where both elements are manned. Application of the
particular procedure is determined by the mission and availability of the
controlling element. One of the unique cases is that of the RAM stationkeep-
ing with the MSS. 1In this case, the MSS (being a manned element) is the
control element, but becomes the target element for the RAM. The RAM has all
the maneuvering capability and thus is considered the active element. The
MSS maintains fixed orbit and attitude and does not perform any major maneuvers,
The RAM is a detached vehicle that performs missions under the direction of the
MSS while performing the stationkeeping maneuvers necessary. Other station-
keeping pairs involve all unmanned vehicles that can use either Procedure 11-1
or 11-2, as applicable.

2.11-20
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2.12 ATTACHED ELEMENT OPERATIONS

This section presents the operational procedures for attached element
operations, and includes one procedure for each alternate approach identified
in Volume II of this report. Also presented and discussed is the applicability
of these procedures to each element pair included in the in-depth analysis por-
tion of the Orbital Operations Study.

2.12.1 OPERATIONAL PROCEDURES

This section presents the operational procedures developed for
accomplishing the attached element operations activity. A prellmlnary
procedure is presented for each of the three alternate approaches; RAM
operations, service and checkout, and quiescent storage. Although each
of these approaches are developed for a particular element-to-element
interface, the procedures are, to a certain extent, developed generically
so as to relate to other applicable element-to-element pairs. It may be
noted that the function requirements relating to the operational proced-
ures are relatable numerically to the functional requirements presented
in Volume II.

Presented in Figure 2.12-1 is a simplified illustration of the three
operational procedures together with their interrelationships. This illus-
tration provides an overview of each of the three operational procedures,
together with their commonality relationship.

No. 12-1. Attached Element Operations - RAM Operations

Assumptions

1. The RAM is developed from the orbiter using a pivoting
mechanism

2. Experiment crew rides in orbiter cabin to and from orbit

3. Tunnel between orbiter and RAM is flexible and as a result
contains no controls or dlsplays

4, There are external floodlights in"the orbiter cargo bay
environs

2.12-1
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(921
.

Orbiter crew may support cxperiment program upon request on a
non-interference basis

6. ‘This procedure Includes those class of mlsslons known as pallets.
7. included 1n RAM Operations are some unmanned gatellites that are
returned to the active vehicle for service in conjunction with
some speclal experiment program.

Initial Condition

1. The Orbiter cargo bay doors are open

2. The RAM is secured in cargo bay

3. All electrical, fluid, gas, interface lines are connected between
Orbiter and RAM vehicles

4. Hatches on each end of the tunnel are closed and sealed

5. Preceeding activity is Attached Element Transport and EOS Payload
Deployment :

Final Conditions

1. Cargo bay doors remain open

2. The RAM is secured in cargo bay

3. Subsequent activity is Attached Element Transport and EOS Payload
Retraction and Stowage '

Description

For purposes of accuracy and clarification, this procedure has been
developed, assuming two important conditions; the experimenter crew

is transported to and from orbit in the Shuttle orbiter cabin, and

the RAM is deployed from the cargo bay using a pivoting extension
mechanism. The operational procedures would differ significantly

if the assumptions were made that the experimenter crew were transported
to and from orbit in the RAM and the RAM were deployed from the cargo
bay using an onboard manipulator. ’ '

Because the tunnel is flexible it has no sensors to detect atmospheric
leak rate. As a result, operation #11, verification of the tunnel leak
rate must be accomplished by observing the leak rate differential from
the orbiter once the tunnel is pressurized. To do this of course
necessitates that there is no pressure isolation between the Orbiter
and the tunnel. '

This procedure has a substantial supporting interface with Crew Transfer-
.Shirtsleeve, procedure no. 5-1. Operations 1 through 21 present basically
the preparation for the RAM attached operations procedure. Operations

22 through 33 present the actual activity of RAM attached operations.
These operations, being supportative of a RAM sortie program that includes
several individual experiments, may be conducted in series, in parallel,
may be repeated, or may be deleted depending upon the experiment program
requirements. Operations 34 ‘through 42 define the past RAM attached
operation activity.

2.12-3 SD 72-SA-0007
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ELEMENT INTERFACES:

OPERATIONAL PROCEDURE NO. 12-1

TITLE: ATTACHED ELEMENT OPERATIONS - RAM OPERATIONS

EOS ORBITER WITH PIVOTING EXTENSION (ACTIVE)/RAM (PASSIVE)

Operation

Performed
by:

Rationale

Monitor health and safety
parameters of passive vehicle
and cargo bay interior.

Monitor and observe cargo bay
environs for adequate clearance
for deployment.

Inspect transfer tumnel and
associated interface lines.

Activate controls/displays
for deployment mechanism,
pressurization.

Release actuators dock and
deploy passive vehicle out of
cargo bay.

Active

Active

Active

Active

Active

" Attention is given to parameters

that signal a deterioration in health
and safety and to integrate inter-

related parameters to give even earliel
warning if deterioration begins.

Ensure no obstruction, loose material
in path of deployment route.

Inspection to guarantee all interface
lines will have free, unobstructed
movement during deployment. Hardwire
power, communications, and monitoring
interface connectors, and other
fluids/gases interfaces are located
inside the connecting tunnel/hatch
area.

Passive vehicle deployment is a 90-
degree rotation out of the Orbiter
cargo bay.

e
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OPERATIONAL PROCEDURE NO. 1201

TITLE: ATTACHED ELEMENT OPERATIONS - RAM OPERATIONS
ELEMENT INTERFACES: EOS ORBITER WITH PIVOTING EXTENSION (ACTIVE)/RAM (PASSIVE)

Operation

Performed
by:

Rationale

10.

11.

12.

Verify deployment actuators are
docked and deployment mechanism
docked in place.

Activate and verify communica-

_tions and data link to command

element, activate tunnel and
unmanned element lighting,
confirm tunnel passageways is
clear.

Make initial check of unmanned
element atmosphere.

Pressurize transfer tunnel
between hatches.

Equalize pressure between
tunnel and active element.

Verify tunnel leak rate.

Open hatch to tunnel and perform
initial inspection of tunnel and
and interface lines.

Active

Active

Active

Active

Active

Active

Active

Visual inspection by line of sight
and augmentation by TV will allow viewt
ing of all indicators.

Reference procedure No. 5-1 operatibns
2_50

Initial check of atmosphere in
unmanned element must be made so that
shirtsleeve operations can proceed.

Any pressure difference between tunnel
and airlock must be equalized prior to
opening hatch.

Tunnel séal must be checked prior to
opening hatch,

This operation verifies that all inter-
face lines have deployed properly, all
couplings functional,

\y
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OPERATIONAL PROCEDURE NO, 12-1

TITLE: ATTACHED ELEMENT OPERATIONS - RAM OPERATIONS
ELEMENT INTERFACES: EOS ORBITER WITH PIVOTING EXTENSION (ACTIVE)/RAM (PASSIVE)

.

L000-VS-Z. @S

9-21°¢

Operation E;.rformed Rationale

13, Prepare interface as required fon Active/ Hardware/subsystems (i.e., monitor/
pressurization of unmanned Passive control functions) of manned and or
element. ummanned element must be prepared for

pressurization operations.
14. Pressurize passive element Active/ To produce a shirtsleeve environment.
Passive

15. Isolate passive element and Active/ The passive element leak rate must be
verify leak rate. Passive verified to be within the tolerance

that can be supported.

16. Verify the passive element Active Prior to opening the hatch to the
atmosphere is compatible with passive element the atmosphere in
the active element atmosphere. that element must be verified to be

free of contamination.

17. Equalize pressure in passive Active The pressure between the two elements ‘
element to that of active : must be equalized prior to opening "'_
element. the final interface hatch.

zZw0

o
18. Open hatch to passive element Active/ g?;
Passive § g

19. Ingress unmanned element and Passive Will be made prior to performing § ,%'
perform initial inspection. subsequent crew operations. ]

20. Activate fluid interface Active/ §
as required. Passive i
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OPERATIONAL PROCEDURE NO. 12-1.

Operation

Performed
by:

Rationale

21‘

22.

23.

24,

25,

Activate subsystems necessary
for crew/habitability .

Maintain, monitor, control,
operate experiment program.
Replace film, tapes, etc. Adjust
update, calibrate sensors, etc.

Maneuver orbiter to desired
orientation for accomplishing
initial experiment program.

Maneuver orbiter as required
to meet.requirements for subse-

-quent_experiment orientation.

Maintain attitude pointing and
attitude rate within specified
limits (limit cycle)

Passive

Passive

Active

"Active

Active

may be required to assist in deploy-.

mode not deploy properly.

If RAM experiments fequire special

'will be the direction, duration, field

Subsystems necessary to support crew
operations in unmanned element must be
activated.

This operation and subsequent opera-
tions through #33 are performed either
in parallel or are repeated on an as -
needed basis. These operations consti-
tute the experiment program operation
proper. Extra vehicular activity (EVA)

ment of probes, antennas, viewing coverF
hatches, should the normal automatic

orientation (solar, stellar, earth-
directed experiment sensors) orbiter
will need to be oriented to accommo-
date. Influencing this orientation

of view requirements, limit cycle,
and altitude.

Because of the sequencing of experi-
ments, and natural phenomenoca

(S. Atlantic anomaly) re-orientation
of the orbiter will be required.

Y
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OPERATIONAL PROCEDURE NO. 12-1

- Operation

Performed
by:

Rationale

26.

27.

28,

29. | Provide crew habitability

Perform delta-V maneuvers to main
tain orbital altitude on an as
needed basis.

Maintain satisfactory surrounding|

external environment by regulat-
ing and controlling Orbiter and
RAM effluents.

Provide electrical power to RAM

environment control to RAM,

- Actilve

Active/
Passive

Active

Adtive

Certain experiments may be sensitiye

to the change in orbit altitude due to
aerodynamic drag. To correct for this,
occasional delta-V thrusting of the
orbiter ACPS engines may be required.
The steps involved are: a) determine
present orbit altitude from ground sta-
tion, b) compare present altitude with
that required by experiments, c) If

" correction is required, align G&N,

system, orient orbiter, perform pre

delta-V procedures, apply proper delta-}J

e) perform post delta-V procedures.

During certain experiments (external
viewing) there is a particular need to
maintain a clean surrounding environ-
ment, free of gases and solids that
may contaminate the environs. EVA may
be required to clear debris from exter-
nal viewing areas.

Power may be required to support RAM
experiment and RAM subsystems. Power
may be required only for peak power
loads.

Environment needed to support crew,
sustain an atmosphere free of stagnatio
and contaminants and compensation for
leakage.
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OPERATIONAL PROCEDURE NO. 12-1

Performed

L000-VS-ZL GS

Operation Rationale
by:

30. Perform analysis on experiment Passive Certain experiment program data will
program data. ' need to be analyzed "on site" for

analysis and interpretation for assis-
tance from the ground.

31. Communicate with ground station, | Active/ | Instructions may be required for open-
for instructions on experiment Passive loop experiments requiring ground
‘program. evaluation and interpretation for

' subsequent activity.
32. | Perform routine.servic1ng of RAM | Passive | Servicing may consist of cleaning
: experiment packages and suppor- lenses, vacuuming particles from
ting subsystem on an as need moving parts, lubricating moving parts,
: basis. replacing filters, calibrating with
orbiter subsystem adjusting contsols.
33. Monitor RAM subsystems.. Passive/ | Safety parameters, experiment program
' : .active subsystems, and RAM support subsystems
' will need to be monitored.
34. Deactivate subsystem necessary . Passive Subsequent support to crew operations
: ‘for crew/habitability. in unmanned element are no longer
: necessary.
35. Verify all equipment in the Passive/ | At this point the experiﬁent program
passive element is secured and active is complete, all subsystems have been
_-ftransfer crew for passive element| - placed on a semi-quiescent status, .all
to: active element. data modules, tapes, probes, film,
' have been secured and tied down.
36. Close hatch between passive Passive

. element and tunnel.

/)
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" OPERATIONAL PROCEDURE NO. 12-1

" Operation Performed Rationale
by:
37. Close hatch between active Active
element and tunnel
38. Deactivate communication and data] Active/
link to passive element, tunnel passive
and passive element lighting
39. Monitor and observe cargo bay Active
environs for adequate clearnace
for retraction.
40. Unlock déployment activators and | Active . -
retract passive vehicle into
cargo bay.
41, Deactivate controls/displays for | Active Controls and displays, except for
 deployment/retraction mechanism. safety parameters, are no longer need.
42, Lock and secure passive element Active/ Tie~-down points secure payload.
in cargo bay. Passive

s
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’ Space Division
North American Rockwell

No. 12-2 Attached LElement Operations -~ Service and Checkout

Assumptions

1. Detached elements (1. e., DRAM) once returned to the supporting
element are considered "attached elements"

2. Detached RAMS are transported to and from the support element
(i.e., MSS) by some propulsive element (i.e., Orbiter, RSM, Tug)

3. The RSM would provide attitude stabilization and control, delta—V
translational, communications, and navigation capability

4. All detached RAM's are assumed to be unmanned during normal operations

Initial Conditions

1. Element to be serviced and checked out has been mated to the active
supporting element and latching/hard docking has occured.

2. Control systems of the attached element are inactivated

3. Attached element has some of its external hatches and probes in a
deployed position

4. Preceding activity is Mating

Final Conditions

1. Subsequent act1v1ty is Separation
2. There will be deployment of some external hatches and probes prior
to release of the attached module

Description

This operational procedure defines those operations that pertain to basic
servicing and checkout of one element while attached to another. These
procedures have been developed for the case of a detached RAM returning
to the Modular Space Station, however the operations are developed in a
generic sense and are therefore relatable to other element pairs with
some modification. 1In the presentation of these operations, passive
refers to the detached RAM while active pertains to the modular ‘space
station. .

2.12-11 SD 72=SA-0007
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TITLE:

OPERATIONAL PROCEDURE NO 12-2

ATTACHED ELEMENT OPERATIONS - SERVICE AND CHECKOUT

(ELEMENT INTERFACES: MODULAR SPACE STATION (ACTIVE)/DETACHED RAM (PASSIVE)

Operation

Performed

by:

Rationale

Monitor health and safety para-

meters of passive vehicle.

Verify hard docked positive
latching.

Activate and verify communica-
tion and data links to unmanned
element, activate tunnel and
unmanned element lighting,
confirm tunnel passageways

is clear.

- Make initial -check of unmanned

element atmosphere.

Pressurize transfer tunnel
between hatches.

Active

Active

Active

Active

1f deterioration begins.

'Visual inspection by line-of-sight

- 2-5,

Attention is given to parameters that
signal deterioration in health and
safety and to integrate interrelated
parameters to give even earlier warning

with augmentation by TV and sensor
devices with ensure a safe latching
required for all subsequent operations.

Reference procedure No. 5-1, operations

Initial check of atmosphere in ummanned
element must be made so that shirtsleevd
operations can proceed.
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OPERATIONAL PROCEDURE NO. 12-2

element. -

uelement must be prepared for pressuriza-
tion operations.

Operation Performed. Rationale
by: ' '
6. Equalize pressure between tunnel | Active Any pressuré differential between
and active element. tunnel and airlock must be equalized
' prior to opening hatch.
7. Verify tunnel leak rate. Active Tunnel seal must be checked prior to
opening hatch.
8. Open hatch to tunnel and inspect Active Mating port interface must be inspected
mating interface. for any damage that may have occured
' during the docking and to verify that
all latches have engaged and are
locked. '
9. Conduct preparations to link Active Upon arrival at the active element,
active element control to passive the passive element may have extended
" element sensors extension probes, cameras, antennas, that need
. .mechanism, experiment hatches. to be retracted before the passive ele-
S ' ' ment external experiment hatch can be
closed for subsequent pressurization.
Preparation may involve continuity check -
to verify hard links, activation of a
N sequencer (hard dock activity) om the
R passive element, or an RF link.
10.. Close and seal passive element Active/ Those hatches that provide experiment
experiment hatch(s). passive sensor deployment need to be closed.
f11. | Prepare interface as required “Active/ | Hardware/subsystems (i.e., monitor/
| for pressurization of unmanned passive -| control) of manned and/or unmanned

s
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OPERATIONAL PROCEDURE NO. 12-2

Operation Performed Rationale
by:
12, Pressurize passive element Active/ To produce a shirtsleeve enviromment
Passive

13. Isolate passive element and Active/ The passive element leak rate must be
verify leak rate. verified to be within the tolerance

that can be supported.

14, Verify the passive element ‘Active Prior to opening the hatch to the
atmosphere is compatible with passive element the atmosphere in that’
the active element atmosphere. element must be verified to be free

' - : - of contamination.
15, Equalizé ﬁreséure in passive Active The pressure between the two elements
- element to that of active element must be equalized prior to opening the
" final interface hatch.
16. Open hatch to passive element Active/
Passive

17. Connect and activate air circula-| Active/ Air circulation is required for
tion ducts, passive shirtsleeve operations.

-]18. | Ingress unmanned/passive element | Passive Will be made prior to performing subse-—
and perform initial inspection. ‘ quent crew operations.

19. Positidn‘tunnel crew restraint Active/ Restraint devices must be positioned

-devices. passive for crew stabilization during inter-
- face connection and verification
operations.

20. Connect electrical interfaces Active/ If crew tasks at unmanned element work
as required. Passive site require electrical interfaces

connected, then connections must be madp.

7
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OPERATIONAL PROCEDURE NO. 12-2

Operation Performed Rationale
by:
21, Verify interface connector mate. Active/ Connector mate integrity must be veri-
' ‘ Passive fied prior to applying power other than
continuity check current.
22. .| Checkout electrical interface Active/
) as required. : Passive
23. Connect plumbed interface and Active/
verify seal integrity as required} Passive
24. Activate fluid interfaces as Active/
required. Passive
25, Activate subsystem necessary for | Passive. Subsystems necessary to support crew
‘ crew/habitability operations in unmanned element must be
' activated.
26. Crewman traverse to passive Passive
element.
27. Obtain cargo transfer items Passive Transfer items will be restrained in
storage/use location.
28. Verify cargo transfer items are Passive .| Individual cargo items will be

in condition for transport.

from passive to active element for

.delivery.

restrained to prevent movement.
Transfer time critical data packages

development, decoding, processing,
analysis. Transfer selected data
packages to active element and then to
EO resupply module for down cargo

\
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OPERATIONAL PROCEDURE NO,12-2

into delivery locations.

NOTE: Repeat steps 27 through
: 34 for other types of
" cargo of a non-time
critical nature, as
required.

Operation Performed Rationale
by:
29. Adjust crew restraint devices Passive To position crewman during cargo
as required. handling.
30. Affix cargo items to crewman Passive To provide positive control of cargo
cargo restraints. items.
31. Release frdm crew restraint Passive/ | Manual transfer will utilize crew
devices and maneuver cargo to active mobility aids.
active element.
32.. Adjust crew restraint devices Active To position crewman during cargo
SRR - handling at active element delivery
site. '
33. Remove cargo items from crewman Active Temporary work site restraints may be
cargo restrains, utilized.
34, Position transferred items Transferred items must be positively

controlled while awaiting analysis on
subsequent delivery.

s
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OPERATIONAL PROCEDURE NO.12-2

. L000-¥S-TL @S

supplies. Repeat steps 27 through Active

. 34 as required.

Operation - Performed Rationale
35.° Perform routine majintenance of Passive Servicing may consist of cleaning
- passive element experiment pack- lenses, vacuuming particles from
ages and supporting subsystems. moving parts, lubricating moving parts,
: coating surfaces, replacing filters and
screens, adjusting and calibrating
subsystems.
36. Perform checkout of passive Passive Checkout would consist of an integrated
element support subsystems (i.e., check of all subsystems to verify their
RSM). operability within specified tolerances
37. Perform'cheékout of experiment Passive
' program subsystems and equipment.
38. Perform maintenance and- repair " Passive Based upon the results of the proceedin
of subsystems and experiment checkout, there may need to be maintena
© program equipment as required. performed on these subsystems and equip
ment. ‘
39. Install new equipment for subse- | Passive/
.quent experiment program. ' Active
40. | Perform checkout of newly Passive/ | This operation is performed to ensure
: installed equipment together: Active. that integration of new equipment has-
with previously checked equipment} - not resulted in development of a proble
Make necessary calibrations, in previously checked equipment.
adjustments, etc. - : -
41. | Replenish consumables, logistics,| Passive/ | Reference cargo transfer activity 4-1.

p
ice

b
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OPERATIONAL PROCEDURE NO. 12-2

. 1000-VS~Z.. S

Operation Performed Rationale
by:
42, Transfer ﬁropellants, fluids, Passive/' Reference plumbed fluid transfer
gases through interconnect lines | Active activity 4-5
as required.
43. | Monitor and verify proper trans- | Passive/
fer of liquids and gases across
interface and through associated
plumbing,
44, Perform final systems check with | Passive |
full -up consumable capability. S
45, Activate passive element attitude Passivej Thrusters are inhibited to preclude
control system, with thrusters counteracting attitude maneuvers.
inhibited.
46. Activate passive element guidance| Active/
system and align attitude plat- ‘Passive
form with active element.
47. Transfer crew from passive Active/
element to active element, Passive
48, Deactivaté“subsystems necessary Passive. Subsystems support to crew operations
for crew habitability are no longer necessary.
49, .fDiagépnéct plumbed interfaces. | Active/ | Interface disconnection required
3 SE Passive prior to closing hatch.
50. | Disconnect electrical interfaces | Active/ Interface disconnection required prior
Passive to closing hatch.

[IBMMI0H UBJLIBLIY YLON
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OPERATIONAL PROCEDURE NO. 12-2

~ Deactivate airlock and hatchway

controls/displays.

__NOTE: _Passive element is ready
- and prepared for removal

from the active element.

Operation Performed Rationale
by:
51. Disconnect air circulation ducts | Active/ Interface disconnection required prior
' to closing hatch :

52. Verify all equipment is in Active/ Confirmation of retrieval of all .loose
airlocks and hatchways are clear | Passive equipment and hatch clearance.

53. Close hatch between passive Passive/

‘ element and tunnel Active

54. Close hatch between active ele- Active

- ment and tunnel
55. Depressurize tunnel - Active = | Confirm hatch sealing and.preparatipns
: ‘ for element separation
56, Confifm airlock and passive Active Leak rates must be checked to verify
. element sealing sealing.

57. Deactivate crew transfer control Active Passive element subsystems which suppor
links/subsystems of unmanned crew operations can be deactivated.
element as required. S '

58. Active Airlock and hatchway controls/diéplays_

can be deactivated with termination of:
crew operations.

A

s
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OPERATIONAL PROCEDURE NO. 12-3

Attached Element Operations - Quiescent Storage

Assumptions

1. E. 0. resupply module may contain crew in transport to and from orbit

2. While being mated to the MSS or being retracted into Orbiter cargo
bay, crew is not in E.O. resupply module

3. 'The E.O0. resupply module is dependent upon active element for
subsystems support
4. 1.0, resupply module will remain attached to active element for

up to 120 days and act as a pantary

Initial Conditions

1. E.O. resupply module has been mated to the active element (MSS) and
latching/hard docking has occured.
2. Preceding activity is mating operations

Final Conditions
1. Subsequent activity is payload retraction

Quiescent storage basically involves a condition wherein one element
remains attached to another for an extended period of time and remains
in a semi-active/dormant state. The passive element, in the procedure
developed here, pertain to an earth orbit resupply module while the
active element is the Modular Space Station. The actual period of
quiescent operation occurs from operations 30 through 33.

2.12-20 SD 72-8A-0007
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OPERATIONAL PROCEDURE NO. 12-3

"TITLE: ATTACHED ELEMENT OPERATIONS — QUIESCENT STORAGE
" ELEMENT INTERFACES: E.O. RESUPPLY MODULE (PASSIVE)/MSS (ACTIVE)

Performed

Operation by: Rationale
1. | Monitor health and safety para- Active Attention is given to parameters that -
meters of passive vehicle. : signal deterioration in health and
: safety and to integrate interrelated
parameters to give even earlier warning
if deterioration begins.
2, Verify hard docked positive Active Visual inspection by line-of-sight
latching. with augmentation by TV and sensor
devices will ensure a safe latching
required for all subsequent operations.
3. | Activate and verify communica- Active Reference procedure No. 5-1 operations
tion and data link to unmanned 2-5,
element, activity tunnel and
unmanned element lighting,
confirm tunnel passageway's
clear.
4. | Make initial check of unmanned Active Initial check of atmosphere in
element_atmosphere. urmanned element must be made so that
shirtsleeve operations can proceed.
5. Pressurize transfer tunnel
between hatches.
6. | Equalize pressure between Any pressure differential between

tunnel and active element.

Active

tunnel and airlock must be equalized
prior to opening hatch.

s
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OPERATIONAL PROCEDURE NO. 12-3

.Operation .

Performed
by:

Rationale

22-21°2

10.

11,

12.

13.

14,

Verify tunnel leak rate.

Open hatch‘to tunnel and inspect
mating interface. ’

Prepare interface as required for
pressurization of unmanned element

Pressurize passive element,

Isolate passive element and verif
leak rate. :

Verify the passive element
atmosphere is compatible with

the active element atmosphere.

Equalize pressure in passive
element to that of active element.

Oben hatch to passive element '
Connect and activate air circul
tion ducts

Active

Active

Active/

Passive_

Active/
Passive

Active/

Passive

Active

Active

Active/
Passive

Tunnel seal must be checked prior to
opening hatch.

Mating port interface must be inspected
for any damage that may have occured
during the docking and to verify that
all latches have engaged and are locked

Hardware/subsystems (ie, monitor/contro
of manned and/or unmanned element must
be prepared for pressurization operatio

To produce a shirtsleeve environment.

The passive element leak rate must be
verified to be within the tolerance
that can be supported.

Prior to opening the hatch to the
passive element the atmosphere in that
element must be verified to be free of
contamination.

The pressure between the two elements
must be equalized prior to opening the
final interface hatch.

Air circulation is required for shirt-

‘'sleeve operations

e
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OPERATIONAL PROCEDURE NO. 12-3

L000-VS-¢L QS

Operation Performed Rationale
by:
15. Position tunnel crew restraint Active/ | Restraint deyices must be positioned
devices. ' Passive | for crew stabilization during inter-
faces connection and verification opera
tion.
16. Connect electrical interfaces as Active/ | If crew tasks at unmanned element
required. ' Passive | worksite requires electrical interfaces
connected, then connections must be
made.
17. 'Verify1in§erféce connector mate. 'Activé/fn‘Connector mate integrity must be veri-
S Passive | fied prior to applying power other than
continuing check current. '
18, | Checkout electrical interface as Active/
required Passive
19. | Connect plumbed interface and Active/
verify seal integrity as required. Passive
20. |Activate fluid interfaces as Active/
required. Passive
21. Activaté‘sﬁﬁsystems necessary for Passive ‘Sdbsystems necessary to support crew
crew/habitability operations in unmanned element must
R : be activated.
22.. Crewman traverse to passive PasSivé'
element." '
23. Obtain cargo transfer items Passive | Transfer items will be restrined in

storage/use location.

e
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OPERATIONAL PROCEDURE NO. 12-3
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30.

deliﬁe;y locations.

Operation Performed Rationale
by:

24. | Verify cargo transfer items are Passive | Initial transferred cargo will be thosq

in condition for transport. items that are of a time critical natu
These would be film that needed specila
radiation shielding available only in
the active element or fluids and gases
that need special environmental protec-
tion.

25, Adjust crew restraint devices as Passive | To position crewman during cargo

required. handling.

26. Affix cargo items to crewman Passive | To provide positive control of cargo

restraints. items,

27. Release from crew restraint Passive | Manual transfer will utilize crew

devices and maneuver cargo to Active mobility aids.
‘active element.

28. Adjust crew restraint devices. Active To position crewman during cargo
handling at active element delivery
site.

29. Remove cargo items from crewman Active Temporary worksite restraints may be

cargo restraints. utilized,
Position transferred items into Transferred items must be positively

-controlled.

{Y/]
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OPERATIONAL PROCEDURE NO. 12-3

- Operation

for crew habitability.

Performed Rationale
by:
NOTE: Repeat steps 23 through Cargo transfer will occur on an "a
30 for other types of cargo of a needed basis'". The resupply module
non-time critical nature, as can serve as a pantry or storage area.
required and as needed. As cargo is unloaded to the MSS, down
cargo can be transported from the
MSS to the resupply module.
131, Periodically monitor quiescent Active/ | This operation takes place concurrently
' | vehicle atmosphere, subsystems. Passive | with all other operations.
32._-bTrapsfgfappOPéllant, fluids, Passive | Reference plumbed fluid transfer
gases through interconnect lines Active activity 4-5.
as required. :
33. |Monitor and verify proper transfer| Passive/
of liquids and gases across inter-| Active
face and through associated plumb
ing.
NOTE: At this point the E.O.
resupply module has been fully
unloaded and has received necessary
‘down. cargo -and is ready for preparf—
tions for return to earth via the
orbiter. .
34 Tréﬁéfet crew from passive element ‘Active/‘
- to active .element Passive °
35 Deactiﬁate!subsystems necessary Passive Subsystems support to crew operations

are no longer necessary.

s
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OPERATIONAL PROCEDURE NO. 12-3

controls/displays

NOTE: Passive element is ready an

prepared for removal from tie active el

Operation Performed Rationale
by:
36. Disconnect plumbed interface Active/ | Interface disconnection required prior
Passive | to closing hatch.
37. Disconnect electrical interface Active/ | Interface disconnection required prior
Passive | to closing hatch

38. Disconnect air circulation ducts Active/ Interface disconnection required prior

to closing hatch

39. Verify all equipment is in airlock Active/ | Confirmation of retrieval of all loose
and hatchways are clear Passive | equipment and hatch clearance.

40. | Close hatch between passive Passive/
element and tunnel Active

41, Close hatch between active Active
element and tunnel

42, Depressurize tunnel Active Confirm hatch sealing and preparation

for element separation

43. |Confirm airlock and passive Active Leak rates must be checked to verify
-element sealing. sealing.

44. |Deactivate crew transfer control Active Passive element subsystems which
link/subsystems of unmanned support crew operations can be deacti-
element as required. vated.

45. |Deactivate airlock and hatchway Active Airlock and hatchway controls/displays

can be deactivated with termination
of crew operations.

ement.

.
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2.12.2 PROCEDURES APPLICABILITY

Figure 2.12-2 identifies the applicability of each of the three opera-
tional procedures to the element pairs which have an attached element operations
Those pairs that have no interface involving this activity are so
indicated with a "NA". Of the 49 potential element pairs, 28 have been selected
as having an attached element operatidns interface. These pairs are indicated
in Figure 2.12-1, with a numeric defining the particular attached element
operational procedure. Refering to this figure it may be seen that of the
28 attached element operations pairs, 2 are for RAM operations, 18 are defined
for Service and Checkout, 4 for Quiescent Storage, and 8 for Checkout only.
Four of the element pairs are represented by two procedures (service and check~-
out, quiescent storage) and are therefore double counted.

interface.

2.12-.27
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2.13 DETACHED ELEMENT OPERATIONS

This section presents the operational procedures for detached element
operations, and includes one procedure for each alternate approach identified
in Volume II of this report. Also presented and discussed is the applicability
of these procedures to each element pair included in the in-depth analysis
portion of the Orbital Operations Study. :

2.13-1
' SD 72-SA-0007
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2.13.1 OPERATIONAL PROCEDURES

Detached element operations involve those operational support activities
provided by a controlling and/or supporting element (ground or space element)
to a separated or detached element in space. In all cases a communication
link provides the interface between the elements. Alternate concepts revolve
around the nature of the supporting element, which may be grouped into two
major categories, ground operations and control, and space operations and
control. Existing space networks involve entirely direct links and inter-
faces between a detached space element and the ground system (MSFN). A
number of elements will contlnue to operate under such a direct interface
sltuatlon In the future. Other ground-controlled situations may involve a
relay space element. Thus, detached element operations directed from the
ground system through another space element acting only as a relay involve
links and interfaces between the two space elements and between the relay
element and the ground. When the relay element is a TDRS, similar procedures
are involved, but the TDRS is given an important role in the operational
functions supporting the detached element, and a new design TDRS ground
station is included. The concept of space operation and control involves a
direct link for space element to detached element operations.

Procedure Numbers 13-1, 13-2, 13-3, and 13-4 (below) describe the
operations involved in each of the above interfacing approaches to detached
element operations. In all cases the essential operations described involve
the same basic functions of command and control, data transfer, monitoring
and checkout, navigation tracking and ranging, and inspection. The opera-
tions differ mostly in degree, depending on the role and extent of involve-
ment of the relay and ground in the functions and operations, the exercise
of real time data transfer and processing in contrast to on-board data
storage and dumping, the capability given to the space element (relay or
space controlling element) for tracking, the need for handover/acquisition
of detached elements, and the degree of automation provided in all elements.
A combination of the ground-controlled links may be required for full support
of future space programs. A combination of the direct ground-to-element
procedure and the ground-to-element via TDRS procedure may be required to
provide full and effective future support of detached elements, particularly
as it involves rapid and high data rate transfer and near-continuous cover-
age. For the direct space element-to-element case, Procedure Number 13-4
illustrates a typical interface between a manned space (controlling) ele-
ment (e.g., MSS) and an unmanned space (controlled) element (e.g., RAM). Im
such case the controlling element must be manned to provide full operational
capability. When both elements are unmanned, the case becomes similar to
utilization of the element as a space relay element as described in Procedure
Number 13-2. 1In the direct space case, the MSS must have on-board data
processing and display and a capability to determine its own position and

ephemerides accurately in order to determine detached element position
accurately.

. 2.13-2
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OPERATIONAL PROCEDURE NO. 13-1

Detached Element Operations - Ground Operations and Control - Direct Ground

(MSFN) to Element

Assumptions

1.

All communication links are direct between the space element and the
ground station (MSFN).

ALl space element operatlons and control (other than automated/pre-
programmed operatlons) are directed from the ground system.

The space element will interface and be in view of the ground station
for only a very limited portion of the orbit trajectory.

The space element is equipped with on-board data/command receivers,
transmitters, antennas, and other equipments required for command
and data transfer. '

Initial Conditions

1. The space element has entered the field of view of the ground station
and is in interface relationship with the ground station for subsequent
operations.’

2. Space element receivers are on and able to receive commands from the
ground station.

Final Conditions

1. After completing all appropriate operations during the contact period
available for interfacing operations, the space element continues on
its orbit trajectory out of view of the ground station.

2. Space element operations during the period out of contact will be
performed on the basis of preprogrammed or automated instructions
introduced before launch and/or during contact periods.

3. During long periods.out of contact all unnecessary powered equipment
except receivers and essential mission equipment may be turned off to
conserve power.

Description

1. Existing space networks involve entirely direct links and interfaces

between a detached space element and the ground system (MSFN and user
control center). A number of elements will continue to operate under
such a direct interface situation even though a TDRSS may provide a
relay capability to handle many such space elements simultaneously
and almost continuously.

2,13-3
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This procedure describes five operational sequences for those direct
ground element interfacing links which do not involve any relay cap-
ability. These five operational sequences involve functions of command
and control, data transfer, monitorlng and checkout, tracking and rang-
Ing, and inspection. Since they all have features which may occur
simultaneously and/or sequentlally, they are all Integral to one pro-
cedure.

Command and control operations commence with the commands to activate
all equipments on the ground and in the space element, to verify and
authorize command execution, to indicate readiness, to command and

control or monitor operations, and at the end of a contact period to
deactivate all powered equipment not required until the next contact.

Data transfer operations follow the initial commands for activation,
verification, and execution. Operations may involve one or another

of two modes of data transfer, both modes implementing the transfer only
during the available contact period. In one mode the data has been
collected and stored for later dumping to the ground station. In the
second mode, the collected data is transferred in real time during the
few minutes or so available. Previously collected data may of course

be dumped while data current to the contact period may be transferred

in real time. At expiration of the contact period the unnecessary
equipments are deactivated.

Monitoring and checkout operations commence as soon as equipments are
activated and operations commanded. Data obtained from the monitoring
and checkout equipment and sensors will be transferred in the same
manner as with data transfer, by dumping and/or real time transfer.

The ground station will receive, process, display, and utilize such
data or store it for later use. A computer will compare such data to

a reference and cause commands to be initiated for correction of faults
if required. These sequences may be repeated as often as required.

Navigation operations involving tracking and ranging commence as soon
as equipments, including antennas, RF equipments, transponders, and
receivers/transmitters, are activated and operations commanded. The
ground station S-band tracking antenna is oriented toward the element,
PRN ranging is carried out by both elements and range and range rate
computations are performed. The ground station tracking antenna is
switched to auto-track (for the entire contact period). Tracking
measurements are taken periodically for several orbital passes as
required and tracking errors and ephemerides are computed.

Inspection operations commence with activation of equipments and
operations, including activation of an element black and white TV camera
for video inspection of element status and operation.

Operational Procedure Number 13-1 shows the detailed sequence of opera-
tions for all five operational functions of command and control, data

transfer, monitoring and checkout, navigation tracking and ranging, and
inspection, together with the rationale for each operation, identifica-

2,13-4
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tion of the element performing the operation, and the reference to the

functional requirements supported by that operation. Figure .2.13-1
shows a block flow diagram of the operations performed in this procedure.

2.13-5
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. OPERATIONAL PROCEDURE NO. 13-l
TITLE: DETACHED ELEMENT OPERATIONS - GROUND OPERATIONS AND CONTROL

ELEMENT INTERFACES: Direct Ground (MSFN) to Element - A, Command & Control Operations
Operation g; r formed Rationale

Activate Xtr/rcv/processing GS Preparation of all equipments for

equipment element operation

Send command signal to acti- GS Preparation of element equipments

vate element Xtr/rcv/process - for C&C and mission operations;

ing/sensors and other equip. element receiver monitors GS cmd

' link frequency
Send readiness signal element Indication that all element systems
' are ready

Send command GS Transmission of commands begins -
same sequence followed for each
command

ReceiVe/procéss/store cmd element Command is processed, decoded and
stored pending verification and
authorization

Send command verification element Element retransmits command signal

signal for verification & authentication

Receive/process/authenticat e GS

command

Command is processed, compared
with original '
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A. Command and Control Operations

OPERATIONAL PROCEDURE NO. 13-1

Operation Performed Rationale
by:

8 Send execute command (or GS Provides authority to execute command
correct command) or correct command

9 Execute command element Commanded operation is performed

10 Monitor command operation element Element records operation performance

11 Send operation-executed signal/] .element GS is informed of operation performance
digitized data

12 Receive operation-executed GS Information on operation performance
signal/data.and process/display is processed and displayed

13 Send signal to deactivate GS During long periods between commands
communication equip. (except (or out of .contact) all powered equip.
rcvr) as required except recelvers may be turned off to

conserve power
14 Communication equipment element All unnecessary equipment on standby

(except receivers) deactivated

until reactivated for use.
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OPERATIONAL PROCEDURE NO. 13-1

Operation Performed Rationale
by:
1-3 | Same as for C&C GS/ Preparation of both GS and element for
element C&C and mission operations; commands t
activate selected equipments for data
collection and transfer; readiness
- indicated
4-12| Same as for C&C; command to start Gs/ All equipments in operation and com-
:| data collection element mands received and verified; data are
: collected
13 | Data recorded and stored Element Data collected while out of contact,arT
- ‘ stored for-later transfer
14 Send command to dump data GS Same sequence as 4-12; command to
dump is sent when element is in con-
tact (perhaps once/day)
15 | Stored data are dumped ‘Element Large amounts of stored data trams-
ferred ‘
16 Dumped data are received GS High data rate (50 Mbpsa and large
o quantities of data (10l bits/day)
17 Dumped data processed/displayed GS Data are processed and displayed for
and stored or used by ground user| - utilization and either stored for
later use or used immediately by |
ground user e
18 Send command to start real-time | GS Same sequence as 4-12; command for

data transfer

real-time data transfer when elements
in contact and data are time-sensitive

|léM>l°°H uedlBWY YUON
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B. Data Collection and Transfer Operations

OPERATIONAL PROCEDURE NO, 13-1

Operation Performed Rationale
: by:
19 Real-time data are transferred element | When in contact and ready
20 Receive real-time data GS Type, rate, quality vary, perhaps > 5
= Mbps digital data
21 Real-time data processed/dis- GS After processing & display, real-time
played and used by ground user data are utilized by ground user for
or stored for later use mission purposes as soon as received,
or stored for later integration, assess-
ment and utilization
22 Send coinmaﬁd to deactivate GS During long intervals between contacts
data collection/transfer equip and to conserve power
(except receivers) as required
23"' Element data collection/trans - element As required, same as 13-14 sequence

fer equip (except rcvrs)
deactivated to standby

of C&C
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C. Monitoring and Checkout Operations

OPERATIONAL PROCEDURE NO. 13-1

17

~displayed & stored or used by

ground user

Operation Performed Rationale
_ by:
1-3 Same as for C&C GS/ Preparation of both GS & element for
o element C&C & mission operations; selected
equipments activated for -
and checkout operations; readiness
indicated
4-12 Same as for C&C; c0mmands GS/ Monitoring of element & experiment
to start scheduled continuous/ | element subsystems; status on continuous or
. periodic. monitoring and check- ' periodic basis; periodic checkout of
out of element equipment and subsystems condition/isolate faults;
operations requires medium rate ( up to 50 kbps)
Do - telemetry, digital data, processing &
display and compatible computer
capability in both GS & element,
13 Monitoring and checkout data element Same as for data transfer sequence
are recorded and stored
14 Send command to dump data GS "
15 . Stored _déta are dumped element | "
16 | Dumped data are received GS "
" Dumped data are processed/ -GS "

s
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C. Monitoring and Checkout Operatims

OPERATIONAL PROCEDURE NO. 13-1

Operation Performed Rationale
' _ by:
18 Send command to start real-time GS Same as for data transfer sequence
data transfer
19 Real-time data is transferred element "
20 Receive real-time data GS "
21 Real-time data processed/ GS "
' displayed and used by ground
user or stored for later use
22 Computer comparison of perform- GS Determine existence, level & impact
ance data to reference data ' of error/fault on mission performance
23 Send command to correct fault GS Correct by command during earliest
a contact period, if possible
24- Repeat sequences 13-22 as GS, Error/fault corrected; if not corrected,
33 required element | determine mission loss & consequences
34 Report situation GS Report of situation - continue mission

at degraded level or need replacement

13MHO0Y URDLBLLY YLUON
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D. Navigation Operation - Tracking and Ranging

OPERATIONAL PROCEDURE NO. 13-1

‘code and route to computer

Operation Performed Rationale
by:
1-3 | Same as for C&C GS, Preparation of both GS & element for
‘ element C&C and mission operations; selected
equipments activated for tracking &
ranging operations; readiness indicated
4-12 Same as for Q&C; command to GS, Availability of ranging transponder &
activate transponder transmitter | element signal for tracking; capability to send
' certain types of data & simultaneously
perform ranging turnaround function
13 GS. S-band tracking antenna GS Tracking antenna must be oriented to
oriented toward element. predicted or known position of element
o during contact period of orbit; tracking
can be initiated by utilizing computer
orbital parameter data to drive tracking
antenna
14 Send PRN ranging code GS To initiate ranging operation
15 Receive PRN ranging code and element Provide signals for processing/ranging
route to transponder transmitter : ’ '
16" Return PRN ranging code 31gna1 element To verify ranging operation & start
IR _to ground station el turn-around ranging
17.:; 'fReceive turn-around PRN ranging ' GS For range & range rate measurement

and computation

Y
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D. Navigation Operation - Tracking & Ranging

OPERATIONAL PROCEDURE NO. 13-}

Operation Performed Rationale
- by:
18 Perform range and range rate GS To determine orbital parameters
computation
19 Switch tracking antenna to GS Initiated as soon as signal from element
auto-track mode is received; uses signal for auto-track
operation and processing
20 Compute tracking data and GS Determine direction, angle, etc,, of
errors from auto-track and turn- element; digital encoders on antenna
around ranging signals axes and antenna gimbal servo error
: signals provide antenna pointing angle
- - data for tracking computer to compute
tracking
21 Compute ephemerides of element GS Determination of orbital parameters &
g accurate ephemerides of elements;
range, range rate & tracking data
utilized: stored data in GS computer
on element orbital character istics
22 Continue ranging and tracking GS Ranging & tracking measurements are

as required

made during each contact period for
updating orbit & ephemeride data
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E.

Inspection Operations

OPERATIONAL PROCEDURE NO. 13-1

Operation

Performed
by: -

Rationale

1-12

13

. 14

- Same as for C&C; commands
- sent and received to activate

equipments and operations

Send command to activate

.element TV inspection camera

Mori’ifor/ inspect other element

condition and operations

GS/
element

element.

. inspection of appropriate elements in

"~ approximately 2.9 MHz baseband

Other element-condition and ‘®peration -

~of contact; data are telemetersd directly]

Preparation of both elements for C&C
and mission operations; commands
activate all appropriate equipments
for operations; readiness indicated

Black and white television camera on
element is activated for use in

line-of-sight contact for direct
communication to GS (utilizes

analog signals); visual ins pection may
also be possible in some cases
is monitored by element during periods

to GS for evaluation and possible
correction by command.
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OPERATIONAL. PROCEDURE NO. 13-2

Detached Element Operations - Ground Operations and Control - Ground (MSFN) .

to Element Via a Space Relay Element

1.

All communications between the ground and the space element are by way
of another space clement operating only as a relay.

Ft Is assumed that the detached element will always be In line-of-slght
contact with the relay element. llowever, the two element set, being in
low carth orbit, wlll be In line-of-gight contact with the ground
station for only a limited time.

All detached element operations and control (other than automated/pre-
programmed operations) are directed from the ground station.

The detached and relay elements are equipped with compatible on-board
equipments (data/command receivers, transmitters, antennas, transponders/
translators, etc.) for command and data transmission.

Initial Conditions

1.

The detached element and relay element have entered the field of view
of the ground station and are in interface relationship with the ground
station for subsequent operations.

Detached element receivers are on and both receivers and translater/
transponder on the relay are on and able to receive and relay commands
from the ground station.

Final Conditions

1. After completing all appropriate'operations during the contact period,
the space elements continue on their orbit trajectories with both
elements out of view of the ground station.

2. At loss of contact by the relay combination, detached element operations
will be based on preprogrammed or automated instructions.

3. During long periods out of contact all unnecessary powered equipment
except receivers and relay transponder/translator and essential mission
equipment may be turned off to conserve power.

Description

1. This procedure describes five operational sequences for those ground-

element interfacing links which involve an intermediate relay element.
These five operational sequences involve the same functions described
in Operational Procedure No, 13-1, namely command and control, data
transfer, monitoring and checkout, tracking and ranging, and inspection.

2,13-16 SD 72-SA-0007
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The sequences of operations are quite similar as well. Since they all
have features which may occur simultaneously and/or sequentially they
are all integral to one procedure. Differences in functions and
operatlons are only in degree and the extent to which the relay element
is given increased capabilities for data transmission and is mechanized
for relay operation at increased complexity.

Command and control operations commence with the commands through the
relay to activate equipments in both space elements, to verify and
authorize command execution, to indicate readiness, to command and
control or monitor operations, and finally to deactivate all powered
equipment not required while out of contact.

Data transfer operations follow initial commands for activation,

verification and execution. Two modes of data transfer are possible
during the period of contact. In one data is collected and stored for
later dumping through the relay to the ground. In the second data is
transferred in real time through the relay to the ground during the
period of contact. At expiration of the period of contact the un-
necessary equipments are deactivated.

Monitoring and checkout operations commence as soon as equipments,
sensors, and controls are activated and operations commanded. Data
obtained will be transferred in the same manner as with data transfer,
by dumping and/or real time transfer. The ground station receives,
processes, displays, and utilizes such data or stores it for later use.
A computer will compare such data to a reference and cause commands

to be initiated for corrections of faults if required. These sequences
may be repeated as often as required.

Navigation operations involving tracking and ranging commence as soon

as equipments, including antennas, RF equipments, transponders and
receivers/transmitters, are activated and operations commanded. The
ground station commands the relay and detached elements to orient their
antennas toward each other, based on computer-stored and predicted in-
formation at the ground station. Then PRN ranging is carried out
through the relay element, and range and range rate computations are
performed. The ground antenna is switched to auto-track for the contact
period. Tracking measurements are continued over several orbital passes
as required and tracking errors and ephemerides computed.

Inspection operations commence with activation of equipments and
operations, including activation of an element black and white TV
camera for video inspection of element status and operation.

Figure- 2.13-1 of Operational Procedure No. 13-1, which shows a block -
diagram of the operations performed for the case of direct element to
ground interfaces is also applicable to Operational Procedure No. 13-2,

" with the relay element acting only as the intermediate relay repeater.

Additional tracking operations are indicated to include ground com-
mands to orient the antennas of both space elements toward each other
before ranging is begun.. Otherwise, any differences are essentially

2.13-17
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in degree rather than in kind. Operational Procedure No. 13-2 shows the
detailed sequence of operations for all five operational functions,
command and control, data transfer, monitoring and checkout, navigation
tracking and ranging, and Inspection. Also glven are the ratlonale the
each operatlon, the element performlng the operatfon, and the reference
to the functlonal requlrements supported.

2,13-18
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OPERATIONAL PROCEDURE NO. 13-2

TITLE: DETACHED ELEMENT OPERATIONS - GROUND OPERATIONS AND CONTROL
ELEMENT INTERFACES: Ground (MSFN) to Element via a Relay Element

A. Commapd and Control Operations
Operation bP;.rformed Rationale
1 Send command to relay to GS Preparation of all equipments on both
activate equipments, sensors, | (MSFN) elements for detached element
- processing, antennas, etc. operations; commands sent to relay
on controlled element and on element for transmission and
relay element im plementation
2 Activation commands repeated relay Relay repeater sends commands to
» to controlled element element controlled element
Yt
1 }w
- 3 All equipments activated and controlled Performance of operation commanded
40 readiness signal returned and relay and reported ready
: ' elements
4 Send command (s) by S-band GS Transmission of commands through
2 link through relay to controlled relay repeater to controlled element -
- element same sequence followed for each "
N command
b &
T . | « recel 29
S 5 Receive/process/store cmd. controlled Command is received, processed and % B
S element decoded and stored pending verifica- > 8
tion and authorization g (<_2
ga
6 Send command verification controlled Element retransmits command signal 8
signal through relay to ground | element for verification & authentication §
$
o
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A. Command and Control Operations

OPERATIONAL PROCEDURE NO. 3.5

02-€1°2

vated

Operation Performed Rationale
by:
7 Receive/process/authenticate GS Command is processed, compared with
command original
8 Send execute command (or GS Provides authority to execute command
correct command) through relay
to element
9 Execute command controlled| Commanded operation is performed
~ element
10 Monitor command operation controlled| Element records operation performance
i ) T element
11 Serd operation executed signal/| controlled| GS is informed of operation performance
digitized data through relay to element '
gronnd f
12 Reccive operation executed GS Information on operation performance ‘
signal and data process/display is processed and displayed
13 Send signal commands to de- GS During long periods between commands
activate command equipment or sensing or out of contact, all
(ex. rcrv,) and sensors as req. powered equipment except receivers
through relay to controlled may be turned off to conserve power
" element ‘
14 Command equipment (except controlled| All unnecessary equipments turned off
rcvrs and some sensors) deacti-| element on standby status until reactivated for

use

1\
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B, Data Collection and Transfer Operations

OPERATIONAL PROCEDURE NO. '13-2

Operation

Performed
by:

Rationale

1-12

13

14

15

16

Same as for C&C, Camands to
start data collection (through
relay)

Data is recorded and stored

Send command to dump data
through relay to element

Stored data is dumped (through

' rel'ay:)".; T

Receive dumped data

GS/element
and relay

‘l element

GS

element

Preparation of GS, element & relay
equipments for C&C & mission opera-
tions: commands to activate selected
element equipments & operations for
data collection & transfer (depends on
type of activity and data transfer -
digital/analog, low/high data rates &
bandwidths, data storage/dump or real-
time transfer, etc.). Readiness report-
ed and all commands received and
verified; data is collected.

Data collected while out of contact
with GS is stored for later transfer

Same sequence as 4-12 of C&C,
command to dump is sent when element
is in contact; large amounts of data
stored may need to be transferred at
high data rate {up to 50 Mbps) and
large quantities of data 1010 pits /day)

Large amounts of data at high data rate
transferred - relay requirement to
handle such amounts and rates

Ground station data handling center
receives the dumped data for process-

ing
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B. Data Collection and Transfer Operations

OPERATIONAL PROCEDURE NO. 13-2

“‘equipment deactivated to stand-
by’

- Operation Performed Rationale
. by: -
17 Dumped data processed/dis- GS Data are processed and displayed for
’ played and stored or used immediate utilization or stored for
. later use
18 Send cémmand to start real-time GS Same sequence as 4-12 of C&C; when
data transfer- ' element is in contact and data are
time-sensitive A
19 Real-time data are transmitted element When in contact and ready
through relay
20 Receive real-time data GS Type, rate, quality vary, perhaps > 5
Mbps digital data
21 Real-time data processed/ GS After processing/display, data are
displayed/stored used immediately or stored for later
utilization
22 : Send command to deactivate GS During long intervals between contacts
data collection/transfer equip and data collections to conserve power
{ except rcvrs & some sensors) - :
- as required
>23  'Eleméﬁt"data collection/transfer| element All unnecessary powered equipment

(except receivers) are deactivated
as required; same sequence as 13-14
C&C

\

{[2M00 LBDLIBLLIY YUON|

uoisiA|Q 8oeds



-
5

S

A

€2-€1 2

'£000-VS-TL QS

G

Monitoring and Checkout Operations

OPERATIONAL PROCEDURE NO. 13-2

. Operation

Performed
by:

Rationale

1-12

13
14

15

17

. Same as for C&G; commands
to start scheduled continuous/

periodic monitoring and check-
out of element equipments and
operations

M-onitoring and checkout data
are recorded and stored

Send command to dump data
(through relay)

Stored data are dumped
(through relay)

“ Dumped data are received

Dumped data are 'processed/
displayed and stored or used
by ground user

GS,
element
& relay

element
GS
element

. as

Preparation of GS & elements for C&C
& mission operations; selected equip-
ments activated for monitoring begins
on element & experiment subsystems;
status on continuous or periodic.basis;
periodic checkout of condition/isolate
faults; requires medium rate {up to 50
kbps) telemetry digital data, process-
ing & display - computer capabilities-
between GS & element must be
compatible; relay element capabilities
must be compatible to element-GS
requirements

Same as for data transfer sequence

W
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C. Monitoring and Checkout Opefations

OPERATIONAL PROCEDURE NO, 13-2.

L000~VS~ZL ds

Operation Performed Rationale
18 Send command to start real- GS Same as for data transfer sequence
time data transfer (through :
relay) -
19 Real-time data are transferred element "
through relay
20 Receive real-time data GS "
21 Real-time data processed/ GS "
displayed and used by ground
user or stored N
22 Computer comparison of GS Determine existence, level and
performance data to reference impacts of error/fault on mission
data performance
- 23 Send command to correct fault GS Correct by command during earliest
(through relay) contact period if possible
24- Repeat sequences 13-22 as GS/ _ Error/fault corrected:; if not corrected,
33 required element | determine mission loss and conse-
: quences
34 | Reﬁdrt situation GS Report of situation - continue mission
' ' at degraded level or need replacement

MO0 LEOLIBUINY YUON
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D. Navigatizn Operations - Tracking and Ranging QOperations

OPERATIONAL PROCEDURE NO. 13-2

Operation

Performed
by:

Rationale

13

14

Same as for C&C; commands to
activate element transponder

- transmitter; GS tracking antenna

etc.

Send commands to relay to orient
relay antenna toward element

Receive command and orient
relay antenna to element

. Tracking command relayed to
element for orienting element

antenna to relay

GS,
element
and relay

relay

relay

Preparation of GS, element & relay
equipments for C&C and mission
operations; commands to activate
selected equipments & operations for
tracking & ranging operations. Readi-
ness indicated. Element receiver
monitoring cmd link frequency. Avail-
ability of ranging transponder & signal
for tracking; capability to send certain
types of data & simultaneously perform
ranging turn-around function.

Transmission via link to relay; relay
antenna must be oriented to predicted
or known position of element during

contact period of orbit; tracking can be |

initiated by utilizing computer orbital
parameter data to drive tracking
antenna

Relay tracking antenna is oriented to
ground predicted/computed element
location

Relay element transmits tracking
command to element for antenna
orientation to relay

Y
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D. Navigation Operations - Tracking and Ranging Operations

OPERATIONAL PROCEDURE NO. 13-2

through relay to ground for
processing and computation

Operation Performed Rationale
: _ by:
16 Tracking command received and | element Orients antenna toward relay
antenna oriented '
17 Send PRN ranging code through GS To initiate ranging operation
relay to element
18 Ranging code signal received by | element | Provide signals for processing/ranging
element and routed to transpondef and turn-around ranging
transmitter
19 Transmit turn-around signal element | Verifies ranging operation, starts turn—
through relay to GS around ranging; relay is repeating
20 Receive and process turnaround GS For range and range rate measurement
signals
21 Perform range and range rate GS Determine orbital parameters
computatio_n
22 Switch GS tracking antenna to GS Initiated as soon as signal from element
auto-track mode and continue is received through relay to ground;
tracking operation uses signals for auto-track operation
and processing
k3 Receive tracking data and signals] GS Tracking data received for processing

and computation through period of
contact

(IBMOOY UBOUBWY YLON
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D. Navigation Uperations - Tracking and Ranging Operations

OPERATIONAL PROCEDURE NO. 13-2

Operation Performed Rationale
v by:

24 Compute tracking, errors and GS Determine direction, angle, range and
ephemerides of the elements orbital parameters and ephemerides of
from tracking and ranging data the elements '

25 Continue tracking and ranging GS, _ As required, throughout each contact

element period, to update ranging & tracking
and relay | data; to have available timely and

accurate orbital and ephemeride data
for continued mission operations; range
accuracy at £ 30 ft RMS and range rate
measurement accuracy of £0.2 fps at
4000 n mi are representative accuracy
requirements; overall element position
uncertainty for a single relay system
to ground may not be less than one

kilometer after 30 minutes of trackin{;-’

and may require tracking over several
orbital periods to improve this.

)
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E.

Inspection Operations

OPERATIONAL PROCEDURE NO, 13-2

Operation

Performed
by:

Rationale

116

1-12

13

14

15

Same as for C&C; commands senf
thrqugh relay to element to
activate equipments and
operations

Send command to activate TV .
inspection camera on relay

TV camera activated

Monitor element condition and
operation and transmit to ground

Send corhmands (through relay) to
correct/adjust element condition
operation

GS
element
and relay

relay

relay

GS

Preparation of GS, element & relay
equipments for C&C & mission opera-
tions; commands to activate appropriate
equipment for processing, sensing,
viewing, transmitting and receiving,
and for inspection and monitoring, etc;
Element receiver monitors cmd link
frequency; tracking and ranging opera-
tions activated; readiness of all
operations indicated

Same sequence as 4-12 of C&C

Inspection of element by black and
white television (utilizes approximated
2.9 MHz baseband analog signals)
visual observation may also be possiblg
in some cases

Element condition is determined;
telemetry data from element also used
for evaluation on ground

As required; sequence 1-12 repeated

18ANO0 UBJLIBLIY YLON
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E. Inspection Operations

OPERATIONAL PROCEDURE NO. 13-2

- “Operation -

Performed

Ratuonale .

’ ,f' 17 1 "'_Continue video 1nspect1on as

g 'requlred

by:

. GS, r'e_lay

Yy

As required through each orbital - -

" contact period as long as element isf o

in line of sight,
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OPERATIONAL PROCEDURE NO. 13-3

Detached Element Operations — Ground Operations and Control - Ground to
Element Via TDRS

Assumptions

1. All communications between the ground and the detached (user) element
are by way of the TDRS, and a VHF and Ku-band relay of FM or PM signals
is provided.

2. Operational support of the detached element can be provided by two TDRS
spacecraft in geosynchronous orbit.

3. The detached element will almost continuously be in line-of-sight
contact with one or the other of the TDRS spacecraft.

4, All detached element operations and control (other than automated/
preprogrammed operations) are directed from the ground station.

5. During short periods of loss of contact, detached element operations
may be handed over from one TDRS to the other.

6. Simultaneous tracking of the detached element can be provided by two
TDRS spacecraft.

7. A coordinated ground system network is available to include MSFN and
user control centers as well as the TDRS ground station.

8. The user spacecraft is equipped with compatible transponder, antenna,
and processing equipment for command/data transfer.

Initial Conditions

1. The user spacecraft is in the field of view of one or the other TDRS
spacecraft and is in interface relationship with it and the ground.

2. User and TDRS spacecraft receivers and transponder/transmitters are on
and able to receive and relay commands from the ground station.

Final Conditions

1. Depending on duty cycle requirements for various functions and operations,
the detached element may deactivate certain equipments to conserve
power by command from the ground station.

2. During periods of loss of contact (eclipse, handover, etc.), emergency
operation is maintained at a minimum and preprogrammed/automated
operations may be carried out.

2.13-30
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Description

1.

This procedure describes five operational sequences for ground-element
interfacing links involving-a TDRS relay element. These five operational
sequences involve the same functions described in Operational Procedure
No. 13-1 and No. 13~2, namely command and control, data transfer,
monltoring and checkout, tracking and ranging, and inspection. The
sequences of operatlons are baslcally similar as well. Since they all
have features whlch may occur gimultaneously and/or sequentially they

are all Intcegral to one procedure. Différences In functions and
operations are only In degree.

Command and control operations.commence with command requests generated
at the user control center, to activate equipments, received at the TDRS
network control center for processing, scheduling and signal generation,
transmitted to the TDRS via Ku link, where it is received, repeated/
frequency translated and sent to the user spacecraft. There it is pro-
cessed and either executed and operation verified or returned the same
way for verification and authentication. The ground handling center
receives and processes such returns and the control centers confirm or
correct the command. Command and control VHF handover is performed by
activating a user spacecraft code, adjusting for doppler frequency shift
and signal phase matching and switching over to another TDRS which
reacquires the user spacecraft for continued operation.

Data transfer operations follow initial cgommands for activation,
verification and execution, and the commgnds to orient user and TDRS
antennas to each other and data transfer to begin. Data transfer

follows a similar sequence of steps as in command and control. The

data is received (in real time) by the TDRS, repeated -and translated and
transmitted to the processing center on the ground where it is reduced
and sent to the user control center. Such transfer continues as long as
required. Data acquisition and handover operations follow a similar seq-
uence as in command and control. When the user is in a dark region out
of sight of both TDRS's, data lock loss may occur due to the switch-
over; such loss or interruption in data transfer would have to be accept-
ed, else a third TDRS would be required. Some preprogrammed operation
may be performed in this time interval until lock-on is restored. 1In
other handover cases, the switchover operation is one of slewing the
antennas and commanding the user to carry out frequency search for lock-
on and reacquisition.

Monitoring and checkout operations commence as soon as equipments,
sensors, and controls are activated and operations commanded. Data
obtained will be transferred in the same real time manner as with data
transfer. The ground station receives, processes, displays and
utilizes such data or stores.it for later use. A computer will com-
pare such-data to a reference and cause commands to be initiated for
corrections of faults if required. These sequences may be repeated as
often as required.

2.13-31
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Navigation operations involving tracking and ranging commence as soon
as equipments, including antennas, RF equipments, transponders and
receivers/transmitters, are activated and operations commanded. The
ground station commands the TDRS and detached element to orient their
antennas toward each other, based on computer-stored and predicted in-
formation at the ground station. Then PRN ranging 1is carried out
through the TDRS, and range and range rate computations are performed.
The ground antcnna [s swltched to auto-track for the contact perilod.
Ttacking measurements are continued over several orbital passes as
r¢quired and tracking errors and ephemerides computed.

l

‘Ihspection operatlons commence with activation of equipments and opera-

tions, including activation of an element black and white TV camera for
video inspection of element status and operation. Data is transmitted
through the TDRS to ground, where it is processed and used for correction
and control.

Operational Procedure No. 13-3 shows the detailed sequence of operations
for all five operational functions, command and control, data transfer,
monitoring and checkout, navigation tracking and ranging, and inspection.
Also given are the rationale for each operation, the element performing
the operation, and the reference to the functional requirements supported.

2.13-32
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OPERATIONAL PROCEDURE NO, 13-3

TITLE: DETACHED ELEMENT OPERATIONS - GROUND OPERATIONS AND CONTROL

ELEMENT INTERFACES: Ground to Element Via TDRS A. COMMAND AND CONTROL OPERATIONS
Operation Eye Y formed Rationale
Command requests generated to User Con- | Prepare User and TDRS for operationms;

activate User and TDRS (and groundftrol Centen
equipments, sensors, processing, (UCC) and
antennas, etc., sent to TDRS Net- |TDRS Con-
work Control Center (TDRSNET) or |trol Centey
STADAN or MSFN (TDRSCON)

Command requests received at TDRSNET
] TDRSNET, processed for scheduling
and support and signal generation

Scheduling and other information |TDRSNET
returned to 'UCC and other ground
elements

Command signal generated is sent |TDRSNET
to TDRS via Ku link

TDRS receives command signal, TDRS
signal repeated, frequency
translated and sent to User

Command is processed and either User
executed ‘and operation verified or
returned for verification

assumes User and TDRS receivers active

Central scheduling and command signal
generation at ground station

For user. scheduling, operations and
coordination

TDRS acts as relay to User

Transponder repeater on TDRS sends
command on appropriate link frequency
to User--VHF for LDR, Ku for MDR and
HDR; most commands may only require VHFj§
higher data commands at S or Ku will
require antenna pointing

Depending upon the command/operation,
and the need for real-time operation,
verification of command may be required
before execution; some path links are
used for return as forward

Ny
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OPERATIONAL PROCEDURE NO. 13-3

Operation Performed Rationale
by: '

7 Verification or execute signal Data Handl- After processing, rescheduling or
received for processing and action |ing Center,| recommending may be required at Ground
or control TDRSNET and Control Stations and/or operation

and/or UCC | performed displayed

8 Command verification signal or Ground Forward path links used as before
execute signal sent; or new System
command sent

9 Perform C&C VHF handover between |GS, TDRS Handover/acquisition is required for G&(Q
TDRS's as required and User in situations where the user is entering

9a |Activate User Code for TDRS No. 2 |{GS, TDRS a dark region of the orbit out of the
forward link (upon direction and |and User field of view of either or both TDRS's,
scheduling in TDRSNET) or in the case of a common field of

9b |Make adjustments for Doppler view where a switchover between TDRS's
Frequency Shift and Signal is involved. At positions 1 & 2 for
Phase Matching low altitudes, the user is in a dark

9¢ |Make switchover from TDRS No. 1 to region and out of sight of either TDRS;
TDRS No. 2 and route transmissions | data and command lock is lost due to thé
through TDRS No. 2 switchover; importance of this will de-

9d |Reacquire User and continue C&C pend on the requirements. In positions

operation

3 & 4 (for user altitudes at or near
500 Km the dark region is very small or
zero) and for positions 5 & 6 where the
user i1s in the field of view of both
TDRS's, the problem is one of the time
of slewing the antennas, of commanding
the user to carry out frequency search
for lock-on.
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OPERATIONAL PROCEDURE NO. 13-3 B.

DATA TRANSFER

Operation Performed Rationale
by: v
1-8| Same as for C&C; commands to Ground Preparation of all elements for C&C and
orient user and TDRS antennas to | System to | data relay operations; commands to
appropriate pointing angles; TDRS and activate selected equipment for data
execution and/or verification and | User transfer (depend on user and type of
execution signals sent and of data); execution and/or command
received verification of antenna pointing opera-
tion performance, readiness indicated
(utilizes orbital parameter information
from ground system tracking, scheduling
and orbit determination operations);
commands to orient antennas may utilize
VHF link to user; GS controls antenna
orientation by computed program until
links and auto-track established.
9 Command to start data transfer GS to TDRS| Same command sequence; when links, data
and transmission to TDRS and User transfer equipment and auto-track are
ready; sent to TDRS via appropriate
link according to type of data
10 | Data received, repeated, frequency| TDRS Data converted to Ku frequency for
translated and transmitted transmission to ground
11 | Telemetry data received at GS Data Processes and reduces the raw data,
processing center Handling | confirms quality and utility of data
Center
12 { Reduced or processed data trans- |GS For utilization by using agency
mitted to User Control Center DHC
13 Continue data transfer as User to Loss of data lock may occur when user
required TDRS to GS| enters dark region of orbit out of field

of view of either TDRS or when user is
in common field of view and a switch-~
over/handover between TDRS's is involvef

\p
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OPERATIONAL PROCEDURE NO. 13-3

Operation Performed Rationale
by:
14 JPerform handover/switching and GS, TDRS, Same as for C&C where user is in a dark
acquisition between TDRS's; same |and User region out of sight of both TDRS's, datg

operations as 9a-d for C&C

lock loss will occur due to the switch-

over; depending on the user data requireg-

ments such loss or interruption in data
transfer may be accepted, otherwise a
third TDRS may have to be considered;
when user is in field of view of both
TDRS's, the switchover problem is one of]
the times required to slew the antennas
and commanding the user to carry out
frequency search for lock-on; loss of
data lock as a function of time and
antenna slewing during switchover must
be determined and evaluated

W
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OPERATIONAL PROCEDURE NO. 13-3 .

Operation Performed Rationale
by: '
1-8 ]| Same as for C&C; commands to per- User and TDRS and User elements prepared for G&C
form monitoring and checkout of TDRS Controland mission operations; readiness indical
User element and TDRS equipment Centers commands for monitoring and checkout of
and operations ' ‘ TDRS initiate at GS but status of TDRS
is primarily indicated by its function
as relay of user data and commands; userj’
element status and condition is a concerp
of the Ground User Control Center and
will be indicated through TDRS by the
user functions in data transfer and
supporting functions; monitoring and
checkout of subsystems and element
status requires forward commands and .
return telemetry data (up to medium ratep
of 50 Kbps) for processing in Ground Dath
Handling Center and transmission and X
display at Ground User/TDRS Control Centprs
9 Monitoring and checkout data trans-IDRS and Continuous and/or periodic probes but
ferred to ground data handling User real-time transmission through TDRS to
center ground
10 |Monitoring and checkout data Ground Datal| Status, errors or equipment fault
received/processed/displayed Handling screening
Center
11 |Data compared to reference Ground Data|Determine existence, level and impacts
Handling of error/fault on mission performance
Center
12 |Report status to ground control Ground DatajAssess data and impact
Hdlg. Centey '
13 |Transmit correction commands if TDRS and Correction by command if possible;

required

Jser Contro

| sequence of C&C command operations

followed

Fed;

\y
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OPERATIONAL PROCEDURE NO. 13-3

Operation Performed Rationale
by:
14 Correction commands received and | TDRS and Commands cause equipment and operations
implemented User changes
15 Report back to ground TDRS and Report operating condition
User reestablished

BMYOOY UEDLIBWIY YLON
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OPERATIONAL PROCEDU'RE NO. 13-3 D. NAVIGATION OPS-TRACKING & RANGING

Operation Performed Rationale
by:
1-8 | Same as for C&C GS, TDRS Preparation of all elements equipments
’ and User and sensors for mission operations;
2 commands activate equipment and opera-
tions; readiness reported
9. Command request for tracking User Con- | To track user element and determine
_ initiated trol Center]| ephemerides
10 Transmit command request to User Con~ | Transmitted by ground communications to
TDRSNET Control Station trol Center] TDRSNET for integration and coordination
with ground stored user scheduling;
priority and orbit data
11 Command data input transmitted for |TDRSNET. Data input is sent to ground station
signal generation signal generating unit for coding and
signal generation
12 Command signal transmitted to TDRS Con- | Transmission via Ku link to TDRS for
TDRS : trol and TDRS antenna orientation
GS Signal
Generating
Unit
13 Command signal received, TDRS TDRS TDRS Ku antenna is oriented to ground
antenna oriented predicted/computed user location; then
continues on auto-track
14 Command frequency translated and |TDRS ‘Tracking command transmitted via VHF,
~ | transmitted to user S or Ku link to user element
15 Tracking command received User Tracking:command is processed by user
processed, antenna oriented element and tracking antenna oriented tg
' ' TDRS then placed on auto-track
16 Tracking data transmitted to TDRS |User Tracking data is returned by same path

to TDRS verification of tracking comman

S

and operations indicated by data transfqr

9
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OPERATIONAL PROCEDURE NO. 13-3

Operation bP erformed Rationale
y:
17 Tracking data transmitted to TDRS Transmission of tracking data via Ku
ground data handling center link to ground for processing and
determination of orbit and attitude of
user element
18 Transmit PRN ranging code to GS, TDRS, | Generated by Ground System User Signal
TDRS Control generating unit, same sequence followed
Center as with tracking link; initiates ranging
operation
19 Ranging code signal received, TDRS Repeated through TDRS and translated in
translated and transmitted to user frequency for transmission to user via
VHF, S or Ku link depending on type of
user :
20 Ranging code signal received by User Provide signals for processing/ranging
user and routed to transponder and turnaround ranging
transmitter :
21 Transmit turnaround ranging User Verifies ranging operation and starts
signal to TDRS turnaround ranging
22 Receive turnaround ranging signal |TDRS TDRS as relay/repeater; turnaround
by TDRS translate frequency and ranging signal is converted to appro-
transmit to ground data handling priate frequency for transmission to
center on Ku link; also receive ground; actual antenna pointing angles
antenna angle data for trans- are also needed for accurate tracking
mission to ground and ranging computation
23 Processing of signals and Ground Dat* Precision range and doppler tracking of
computation of range/range rate Handling user is easily implemented. Doppler
Center

measurements are made by observing totaﬁ
ed

doppler shift on an RF carrier (origina
at GS and transmitted round trip through
TDRS and User). Doppler could be
extracted from a side tone modulation on

the carrier and thus not require a

' [BMMOOY UBDLIBWYY YUON
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QPE. .TIONAL PROCEDURE NO. 13-3

Operation

Perform~d
by:

Rationale

23

(continued)

coherent transponder on the user. This
technique is not as accurate as carrier
doppler tracking; since a coherent
frequency source on-board the user will
generally be desirable for data trans-
mission, carrier tracking is an obvious
choice. Precision ranging could be
implemented either using the GRARR side-
tone ranging, or a PN modulation system.
Because of large signal powers and band-
widths available, either system could
easily provide the required accuracy;
however, if orbit determination is
selected which required near simultaneoy
ranging on user through two TDRS
satellites, an omnimode must be activatead
on the user. The omnimode user links
will have approximately 20 db less
performance then the directional systemg
therefore, the selection must be based
on factors such as compatibility with
the orbit determination method selected
user spacecraft impact and ground-stati
design. Delay times in the TDRS and Usqr
during ranging and relative movement
and time jitter produced by the elements
must be accounted for by ground station
prior calibrations.
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OPERATIONAL PROCEDURE NO. 13-3

Operation Performed Rationale
by: '
24 Repeat tracking and ranging GS, TDRS Orbit and ephemerides determination
measurements to desired accuracy |and User requires measurements to a desired

accuracy. Much more accurate measure-
ments and much faster covergence to the
desired accuracy can be obtained by
simultaneous tracking by two TDRS's.

25 Transmit processed and computed Ground Data

data to ground terminal users
for utilization

Handling
Center

Tracking, orbit and ephemeride data is
received by terminal users (User Contro}
Center, TDRSNET) for utilizatiom,
scheduling, control and mission planning

\p
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OPERATIONAL. PROCEDURE NO. 13-3

Operation Performed Rationale
by:
1-8 Same as for C&C GS, TDRS Preparation of all elements, equipments
and User and sensors for mission operations;
commands activate equipment and opera-
tions; readiness reported
9 TV inspection camera on user User No. 1| Inspection of User Element No. 2
element No. 1 activated and (under (assumed in line of sight but under
operated TDRS control of MSFN) by black and white
Control) television (utilizes approximately 2.9
MHz baseband analog signals); visual
observation may also be possible in
some cases
10 Monitor condition and operation User No. 1] Status and condition are determined
11 Transmit TV information on status |User No. 1| TV information coverted to signal/data
and condition to TDRS for transmission to TDRS via Ku link
12 Receive inspection data, process | TDRS Inspection data is repeated, translated
and transmit to ground and transmitted via Ku link to ground
13 Receive inspection data for Ground Data is processed by ground computer
processing/computation and Data and transmitted to User Control Center-
transmite to User Control Center |Handling (MSFN coordinated) for utilization )
(MSFN) Center
14 Transmit correction commands User Commands sent to User No. 2 via MSFN to
based on inspection data to Control correct fault indicated
User No. 2 Center,
MSFN
15 Repeat/continue video observation |GS, MSFN, | Monitor correction of faults and statusj.
as required TDRS, of operations
Users

\p
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OPERATIONAL PROCEDURE NO. 13-4

Detached Element Operations - Space Operations and Control - Manned Space
(Controlling) Element/Unmanned Space (Controlled) Element

Assumptions

L. Operatlons and control are lmplemented by a direct communications link
from the controlllng space element to the detached (controlled) element.

2. All operations support is provided by the controlling element (e.g.,
MSS/RAM) .

3. The controlling element is manned for full operational capability.

4, The detached element is always in line-of-~sight contact with the control-
ling element. :

5. On-board processing and display and compatible element-to-element
computer capability are available,

Initial Conditions

1. The detached element is in line-of-sight view of the controlling ele-
ment and is in interface relationship with it for subsequent operations.

2. Detached element receivers are on and able to receive commands from
the controlling element.

Final Conditions

1. Mission experiments and/or operations may be discontinued by command
from the controlling element.

Description

1. This procedure describes five operational sequences for those space
element to element interfacing links which involve a direct communications
link. These five operational sequences involve the same basic functions
described in Operational Procedure No. 13-1, 13-2, and 13-3, namely
command and control, data transfer, monitoring and checkout, tracking
and ranging, and inspection, except that the space controlling ele-
ment replaces the ground control. The sequences of operations are
basically similar as well. Since they all have features which may occur

simultaneously and/or sequentially they are all integral to one pro-
cedure.

2. Command and control operations commence with the commands to activate
the equipments in both space elements, to verify and authorize command
execution, to indicate readiness, to command and control or monitor

operations, and finally to deactivate all powered equipment not re-
quired.

2.13-
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Data transfer operations follow initial commands for activation, veri-
fication and execution. Two modes of data transfer are possible during
the period of interfacing activity. In one data is collected and stored

for later dumping to the controlling element. In the second, data is

transferred in real time. In either case the data is received, processed,
and used or stored for later use, or sent to ground for utilization.

Monitoring and checkout operations commence as soon as equipments,
sensors, and controls are activated and operatlions commanded. Data
obtalned will be transferred in the same manner as with data transfer,
by dumping and/or real time transfer. The controlling element receives,
processes, displays and utilizes such data or stores it for later use.

A computer will compare such data to a reference and cause commands to
be initlated for correctlons of faults 1f required. These sequences

may be rgpeated as often as required.

Navigation operations involving tracking and ranging commence as soon.

as equipments, including antennas, RF equipments, transponders and
receivers/transmitters, are activated and operations commanded. Control-
ling element commands cause both elements to orient their antennas

toward each other, based on computer-stored and predicted information.
Then PRN ranging is carried out and range and range rate computations

are performed. The controlling element antenna is switched to auto-
track mode. The controlling element also measures its own position with
horizon sensors and star tracking in order to track and determine
accurately the position and range of the controlled element. Tracking
measurements are continued as required and tracking errors and ephemerides
computed. ‘ '

Inspection operations commence with activation of equipments and opera-
tions, including activation of an element black and white TV camera for
video inspection of element status and operation and correction by
command as required. This sequence is repeated as required.

Operational Procedure No. 13-4 shows the detailed sequence of opera-’
tions for all five operational functions, command and control, data
transfer, monitoring and checkout, navigation tracking and ranging,
and inspection. Also given are the rationale for each operation,

the element performing the operation and the reference to the functional
requirements supported. Figure 2,13-1 of Operational Procedure No.
13-1, which shows a block flow diagram of the operations performed for
the case of direct element to ground interfaces, is applicable, as
amended for Operational Procedure No. 13-2, for this Operational
Procedure No. 13-4 if the controlling element is substituted for the
ground and relay elements.

2.13-45
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OPERATIONAL PROCEDURE NO. 15,

TITLE: DETACHED ELEMENT OPERATIONS - SPACE OPERATIONS AND CONTROL A.

COMMAND AND CONTROL OPERATIONS

ELEMENT INTERFACES:Manned Space Element/Unmanned Space Element (Controlling Element/Controlled Element)

Performed

digitized data

Operation by: Rationale
1 Activate MSE transfer/receiver/ MSE Prepare controlling element for detacheq
processing equipment element operation
2 Send command signal to activate MSE Prepare controlled element for command/
USE transfer/receiver/processing/ control and mission operations; receiveg
sensor and other equipments monitors controlling element command
link frequency
Send readiness signal USE Controlled element systems ready
4 Send command - MSE Transmission of commands begins -
’ sequence followed for each command
5 ReceiVe/proéess/store command USE Command is processed, decoded and stored
_ pending verification and authorization
6 Send command verification signal |JUSE Controlled element retransmits command
signal for verification and
authentication
7 Receive/process/authenticate MSE Command is processed, compared with
command original
8 Send execute command (or correct |MSE Provides authority'to execute or
command) correct command
9 Execute command USE
10 Monitor command operation USE
11 Send operation executed signal/ MSE Controlling element is informed of

performance of command operation

om0y UBOLIBIYY YLON
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OPERATIONAL PROCEDURE NO. 13-4

deactivated

Operation Performed Rationale
: by:
12 Receive operation executed MSE
signal/data
13 Send signal to deactivate command [MSE During long intervals between commands,
equipment (ex. rcr.) as required ‘all powered equipment except receivers
: may be turned off to comnserve power

14 Command equipment (ex. rcr.) USE

1\,
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OPERATIONAL PROCEDURE NO. 13-4 B.

DATA COLLECTION & TRANSFER OPERATIONS

Operation Performed Rationale
by:
1-3 | Same as for Command and Control MSE /USE Preparation of both elements for C&C ant
(c&C) mission operations, commands to activat
selected equipment for data collection
and transfer (depend on type of activit]
and data transfer--digital/analog, low/
high data rate, and BW, voice/IV,
frequency, antennas, modulation modes,
data store/dump or real-time transfer,
etc.)
4-12 | Same as for C&C; command to start |MSE/USE Data collection operating
data collection
13a ] Store data (recorder) USE
l4a | Send command to dump data MSE Same sequence 4-12; command to dump
when appropriate to both elements
13b ] Send command for start real-time |MSE Same sequence 4-12; command for real-
| data transfer time transfer when both elements ready
14b } Transfers data USE
15a | Receive dumped data MSE High data rate (50 Mbps) and large
quantities of data
15b | Receive real-time data MSE Type, rate vary, possibly 5 Mbps
digital data ‘
16al | Dumped data processed/displayed/ |MSE Data is utilized by controlling element
used and/or ground
16a2 | Store dumped data for later MSE Non-time sensitive data accumulated for
processing/display/use appropriate later utilization by MSE
. and/or ground
16a3 | Dumped data processed/sent to MSE Data user may be at ground element

ground for utilization

-
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OPERATIONAL PROCEDURE NO. 13-4

Operation Ee" formed Rationale
y: '
16bl | Real-time data processed/displayedfMSE Data utilized by MSE and/or ground
used
16b2 | Real-time data stored for later MSE Real-time required for collection
processing/display/use opportunity but use may be deferred by
v MSE and/or ground
16b3 | Real-time data processed/sent to [MSE Data user may be at ground element
ground for utilization
17 Send command to deactivate data MSE Dufing long intervals between data
collection opportunities or requirement, power
conserved by deactivation of equipment
18-19| Deactivation for standby MSE/USE As required, same as 13-14 sequence of

1 C&C

Wy
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OPERATIONAL PROCEDURE NO. 13-4

Operation Performed Rationale
by:
1-3 Same as for Command and Control MSE/USE Preparation of both elements for C&C
(C&C) and mission operations; commands
) activate equipments, procéssing,
sensing, etc., for mission operationms,
and monitoring/checkout operations;
readiness indicated
4~12| Same as for C&C; commands to start| MSE/USE - Monitoring of element and experiment
scheduled continuous/periodic : subsystem equipment and status omn _
monitoring and checkout of continuous or periodic basis; periodic
controlled element equipments checkout of subsystems condition/
and operations isolate faults; requires medium rate
(up to 50 Kbps) telemetry digital data,
processing and display and on-board
computer compatible to both elements
13 Transfers monitoring/checkout USE Continuous and/or periodic probes but
data real-time transmission
14 Data received/processed/displayed { MSE Status, errors or equipment fault
' screening
15 Computer comparisorn of perform- MSE Determine existence, level and impacts
ance data to reference data of error/fault on mission
performance
16 Send command to correct error/ MSE Correct by command if possible
fault
17-19 Repeat sequences 13-15 USE/MSE Error/fault corrected, if not corrected
, determine mission loss and consequences
20 Report to ground control MSE Report of situation; continue mission

at degraded level or need for
replacement

\
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OPERATIONAL PROCEDURE NO. 13-4 D.

Switch tracking antenna to auto-
track mode :

Operation Performed Rationale
by: '
1-3 Same as for Command and Control MSE /USE Preparation of both elements for C&C
(C&C) and mission operations; commands activat]
equipments, processing, sensing, etc.,
for mission operations; readiness
reported., USE receiver monitoring
command link frequency
4-12 | Same as for C&C; command to MSE /USE Availability of ranging transponder and
active USE signal for tracking; capability to send
certain types of data and simultaneously
perform ranging turn—around function
13 Tracking antenna oriented toward IMSE | Tracking antenna must be oriented to
USE predicted or known position of cdntrolle
element; tracking can be initiated by
utilizing computer orbital parameters
data to drive tracking antenna; ground
tracking data on MSE and USE may also
be utilized where necessary
14 Send PRN ranging code MSE To initiate ranging operation
15 Receive PRN ranging code and routeqUSE Provide signals for processing/ranging
to transponder transmitter -
16 Transponder transmitter returns USE Verify ranging operation and start
PRN ranging code signal to MSE turn—~around ranging
17 Receive turn-around PRN ranging MSE For range and range rate measurement
code and routes to computer computation
18 Perform range and range rate MSE Determination of orbital parameters
computation ' :
19 MSE Initiated as soon as signal from USE is

(05

received, uses signal for auto-track
operation and processing

s
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OPERATIONAL PROCEDURE NO. 13-4

Operation

Performed
by:

Rationale

20

20a

21

22

Compute tracking data and errors
from auto-track signals

Measure own position with horizon

sensors and star tracking

Computes ephemerides of elements

Continue ranging and tracking

MSE

MSE

MSE

MSE/USE

Determine direction of controlled ele-
ment relative to controlling element;
digital encoders on antenna axes provide
a dual antenna pointing information to
tracking computer for tracking data

Position of controlling element must be
known accurately in order to track and
determine accurately the position and
range of the controlled element

Determination of orbital parameters and
accurate ephemerides of elements; rangej
range rate and tracking data utilized;
controlling element ephemerides are
derived from stored data in on-board
computer, data from ground operation,
input tracking and ranging data; in so
cases extensive ground support can pro-

vide navigation data to MSE simultaneoufly

with element to element tracking and
ranging information.  Utilize data for
required mission operations.

As required to update ranging and track
ing data; to have available timely and
accurate orbital and ephemeride data
for continued mission operations; range
accuracy at €30 ft RMS and range rate
measurement accuracy at<0.2 fps at
4000 nautical miles are representative
accuracies for the space element to
element operations.

Wy
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OPERATIONAL PROCEDURE NO. 13-4 = E. INSPECTION OPERATIONS

Operation

Performed
by:

Rationale

1-12

13

14

15

Same as for C&C; commands sent and
received to activate equipments
and operations

Activate TV inspection camera

Monitors USE condition and

Joperation

Sends commands to correct/adjust
USE condition/operation

MSE/USE

[MSE

MSE

MSE -

‘Preparation of both elements for C&C-

and mission operations; commands
activate equipments, processing, sensing
etc., for mission operations, readiness
reported. USE receiver monitoring and
link frequency; all operations, includ-
ing tracking and ranging, are active

Inspection of detached element by black
and white television (utilizes approxi-
mately 2.9 MHz baseband analog signals);
visual observation may also be possible
in some cases

USE condition is determined; telemetry
data from USE is also utilized for
evaluation

As required; sequence 1-12 repeated
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2.13.2 PROCEDURES APPLICABILITY

Figure 2.13-2 summarizes the essential procedural operations developed
for the four alternate approaches for detached element operations in order to
indicate procedural commonalities, similarities and/or differences for applic-
ability to various interface element situations. The major difference
between space and ground control procedures results from the necessity to
maintain continuity of the tracking and communications link. Communications
operations procedures show similar differences. During space control opera-
tion, it is assumed that the command element is in continuous line of sight,
allowing a continuous (as necessary) operation between elements until mission
completion. When ground control is the operational mode, continuity cannot be
guaranteed. If the MSFN stations are being used, handover from one station to
the next must be accomplished until the mission completion. This means pre-
dictions of ephemerides, acqulsition, verification, and continued operation
of the link at each succeeding station. A similar handover is necessary from
one TDRS to the other. TDRS could be a nearly continuous operation, whereas
gaps are likely with MSFN.

Figure 2.13-3 presents in matrix format the procedures applicable to
the interfacing elements in the space vehicle inventory. Moving to the right
in the upper half of the figure is the list of potential detached space ele-
ments controlled for operations by one of the controlling space elements in
the vertical list. Moving downward in the bottom half of the figure is the
list of potential detached space elements controlling the operations of one
of the detached elements in the horizontal list. Of the 17 elements listed,
at least 5 are potential controlling elements while some 15 can be controlled
elements. Most of the interactions involve interfaces with the orbiter (15)
and the space-based tug (11). Within each coordinate box in the matrix, an
entry is shown, indicating the applicable detached element operations procedure
for the pair of interfacing elements involved. The only procedure involving
two directly interfacing and interacting space elements, one as controlling
element and the other as controlled element, is Operational Procedure No. 13-4
for the approach category of space operations and control. Since the ground
system is not considered an element, by definition, the three operational
procedures involving ground operations and control are not shown as entries
into the matrix. However, each active potential element pair which has a
matrix entry for Operational Procedure Number 4 may likewise be supported by
a ground system either directly, or through another space relay element, or
through TDRS. Therefore, each of these cases may also have in each relevant
matrix box the entries for applicable Operational Procedures Numbers 13-1,
13~2, and 13-3. Applicability is basic, differing essentially in degree of
implementation and complexity and the necessity to maintain continuity of
tracking and communications (Figure 2.13-2 and discussion in preceding
paragraph).

2.13-54 SD 72-SA-0007
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2.14 ATTACHED ELEMENT TRANSPORT

This section presents the operational procedures for attached element
transport, and includes one procedure for both alternate approaches identified
in Volume II of this report. Also presented and discussed is the applicability
of this procedure to each element pair included in the in-depth analysis -
portion of the Orbital Operations Study. '

2.14.1 OPERATIONAL PROCEDURES

In mission phases where an element is attached to a propulsive vehicle
for movement from one orbital position to another while in earth orbit, the
interface activity between these two elements while in such movement is

- Attached Element Transport Activity. The transporting vehicle must be
performing a thrusting maneuver while carrying the attached element. A
number of elements may be transporting elements, such as orbiter, tug,

RNS, OIS and CPS; or transported elements such as tug, RAM, satellite,
resupply module, or station module. Attachment so the thrusting vehicle

may be either internally as a payload in the orbiter cargo bay or externally
as a module being transported by a tug. Except for those cases where the

two elements are attached on the ground and brought up together to

initial orbit, mating is a prerequisite to transport. In addition, this
activity may occur in connection with other interfacing activities,
including mating, orbital assembly, rendezvous and separation. Communica-
tions will be inherent in the reporting of activities or remote control

of their operations while the two elements are attached, and require data
transfer.

The procedure for attached element transport operations involving
either internal attachment (e.g., orbiter) or external attachment (tug)
with an attached RAM payload is described in the following Procedure
No. 14-1.. The operations are essentially identical for both internal
and external attachment, and involve monitoring and checkout of the
attached element, alignment of the thrust vector of the transporting
element with the center of gravity of the combined elements, main engine
thrusting, orbit verification and communications for command and data
transfer. Mating of the elements is of course prerequisite to such
operations.

2.14-1
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Operational Procedure No. 14-1

Attached Element Transport - Internal or External Attachment with Local
Control - Orbiter (Internal) or Tug (External) with RAM Payload

Assumptions

1. The element is secured internally in the EOS Orbiter cargo bay
and -externally on the Tug.

2. The transport activity will only be considered for inter-orbit
transfer.

3. Manlpulator or plvoting platform mechanism is available on the
Orbiter and the attached clement has compatible docking mechanisms
at both ends. '

4. The transporting element is the control center for transport
operations and supplies the commands and navigation data for
handover of the attached element.

5. Hardwire communications exist between the attached element and
the transporting element.

Initial Conditions

1. The transporting vehicle is mated to the element to be transported.
Mating may have occurred on the ground or in earth orbit.

Final Conditions

1. The thrusting maneuver has been completed and resultant orbital
Description ) -

1. Figure 2.14-1 shows a block flow diagram of the operations
involved. Essential operations during transport will include
monitoring and checkout of the attached element, alignment of
the thrust vector of the transporting element with the center of
gravity of the combined elements, main engine thrusting, verifica-
tion of the orbit, and communications for command and data transfer.
These functions may be performed during all associated operations
carried out while the elements are in orbital transport.

2. The procedure is essentially identical for both internal and
external attachment. Some differences will exist in some details
of the retention assembly design, dynamic loads and deflections,
and alignment action, without significantly altering the nature
of the specified operations. '

3. Operational Procedure 14~1 shows the detailed sequence of opera-
tions for attached element transport, including the element performing
the operation, the rationale for the operation, and the reference
to the functional requirements supported by this operation.

2,14-2
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OPERATIONAL PROCEDURE NO. 14-1

TITLE: ATTACHED ELEMENT TRANSPORT - INTERNAL OR EXTERNAL ATTACHMENT

ELEMENT INTERFACES: ORBITER (INTERNAL) OR TUG (EXTERNAL)/RAM
) (TRANSPORTING ELEMENT)/(TRANSPORTED ELEMENT)

Operation bP;.rformed Rationale
1 ] Mate transporting and transported [Transport- } Except for those cases where the two

element

2 Monitor and checkout element
status and condition

3 | Update state vector and compute
burn parameters

ing Element

Transport-
ing Element

Transport-
ing Element]

elements are attached on the ground and
brought up together to initial orbit,
mating is a prerequisite to transport.
For mating operations see Mating Pro-
cedure. Retrieval and logistics
missions will also involve mating.

Once deployed in initial orbit, before
proceeding to the next phase of the
mission, the attached element is
monitored for security of attachment
and checkout is performed on its condi-
tions, the readiness of communications
and controls, and the security from

environmental factors and the operationgl

readiness of all equipment.

State vector of transporting element is
updated preparatory to determing thrust
vector needed for orbit maneuver or
orbit transfer. Under automatic contro]
the necessary sensing and computation
is performed onboard. With local
manned control, a ground station or
other space element may support this.
The onboard guidance computer determineq
magnitude and direction of the thrust
vector needed to attain the next
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OPERATIONAL PROCEDURE NO. 14-1

" Operation

Performed
by:

Rationale

Maneuver to burn attitude and
verify cg position and thrust
vector alignment and readiness for
thrusting

Report readiness to mission
control

Perform burn maneuver to new
orbital position

| Verify ofbit attained

Repeat steps 2 through 7 above
as required to continue toward

ing Elementg

{Element

Transport-
ing Elemen

Transport-

Transport-
ing
Element

Transport-
ing
Element

Transport-
ing

orbital phase, including amount of
engine gimballing required and/or
positioning of jets to get a thrust
vector which passes through the center
of gravity of the combined elements.

Transporting element is maneuvered to
the attitude required for thrusting.
This maneuver is also used to verify
the current position of the cg of the
combined elements and to check the
alignment of the thrust vector, and
readiness of all equipments and con-
trols for thrusting. '

Results of checks and tests and thrus-
ting readiness may be telemetered to
mission control

Main engine and/or APS is fired for
thrust to next orbital position.

State vector determined, errors.. -
assessed; if outside tolerance limits,

corrections may be necessary; repeated |

maneuvers to achieve desired orbit

may be necessary.

Transport operations are repeated as

required for each change in the missionj

rendezvous '

trajectory as the elements approach ..
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OPERATIONAL PROCEDURE NO. 14-1

Operation

Performed
by:

Rationale

L000-VS-2ZL QS

Perform mission operations for
payload experiment operations,
mating, orbital assembly or.
separation as required.

Transport-
ing
Element

rendezvous with another element or a
point in space., Several orbit
maneuvers or changes may be required
to complete the mission.

After rendezvous one of a number of
missions may be carried out by the
attached elements, while in transport,
involving mating to another element
or station, assembly to the station,
or separation of the attached element.

|[9MO0}] UBDLIBLIY YUON
T worsmig soecs Q[



’ Space Division
North American Rockwell

2.14.2 PROCEDURES APPLICABILITY

The differences in procedures developed for transport of payloads
internally as compared to externally are relatively small and one procedure
is applicable to both modes of attachment. The differences that do exist for
initial attachment and for rigidization are the same as those occurring in
assoclated ILnterfaclng activitles as shown below:

Inltlal attachment ‘Same a8 Matlng and EOS Payload
Retractlon and Stowage

Rigidization Same as Orbital Assembly

Figure 2.14-2 presents in matrix format the procedures applicable to
the interfacing elements in the space vehicle inventory. Moving to the
right in the upper half of the figure is the list of potential elements
that can be transported by one of the elements in the vertical list. Moving
downward in the bottom half of the figure is the list of potential elements
that can transport one of the elements in the horizontal list. Of the 17
elements listed, only four (EOS orbiter, RIN tug, space-based tug and OIS)
are transporter vehicles of other elements; the CPS/CLS is considered only
in a nonmodular mode, RNS and OLS in a modular mode, and OPD in either mod-
ular or nonmodular mode. Thus, EOS may transport 14 elements, RIN tug 1
element, space-based tug 12 elements, and OIS 2 elements.

Within each coordinated box in the matrix, an entry is shown, indicating
the applicability of the attached element transport procedure for the pair of
interfacing elements involved.

2.14-7
: SD 72=SA-0007
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TRAEflI-SéI"AOERJTE? SPACE PROGR'AM‘ELEMENTS
TUG RAM SATELLITE cPs
gt | | G| |5 | s [ | e | 5, [ o [ | B o o
E0S m | 1 1 1 1 1 1 1 1 1 1 NA 1 1 1
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Figure 2.14~2. Operational Procedures Applicability - Interface Activity: Attached Element Transpoft
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