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FORLWORD

This Data Base document reflects the results of an analysis of construc-
tion methods for Task 2, System Analysis of Space Construction, of the
Construction System Analysis Study, Contract NAS9-15718. The effort was
conducted by the Satellite Systems Division, Space Systems Group of Rockwell
International Corporation for the National Aeronautics and Space Administra-
tion (NASA), Johnson Space Center (JSC).

The study was conducted under the direction of Ellis Katz, Study Manager.
The developrent of this Data Base was directed and coordinated by R. E. Cook.
Other persons making sipnificant contributions to the data presented are:

= P. Buck * J. Roebucl
* W. Fredrickson * A. Stefan

» R, Hart * R, Thompson
* A. LeFever « T, VonTFlue
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INTRODUCTION

GENERAL

Construction of large systems in space is a new technology requiring the
development of construction methods to deploy, assemble, and fabricate the
elements comprising such systems. As herein defined, a construction method
is comprised of all essential functions and operations and related support
equipment necessary to accomplish a specific construction task in a particular
way. Lt does not reflect an integrated approach to the overall construction of
a complete project system. It deals with the individual construction tasks,
thereby providing a more fundamental set of data which can be applied to other
space construction projects.

In September 1978, NASA/JSC commissioned Rockwell International to perform
a Space Construction Systems Analysis Study (Contract NAS9-15718) for the pur-
pose of defining construction methods which would be appropriate to potential
large systems in the 1985-1995 time period. The present document, Space
Construction Data Base, was identified as one of the major products of Part [
of the study.

The objective of the Data Base is to provide to the designers of large
space systems a compendium of the various space construction methods which
could have application to their projects. In this context, it is intended
that the Data Base will be a "living" document which, as additional methods
are defined and others are changed or replaced, will reflect an updated
state-of-the-art of space construction.

METHODOLOGY

The first step in the process of generating this data base was to develop
preliminary definitions of several potential space projects and construction
fixtures compatible with building in =pace, using the Shuttle orbiter as the
payload carrier and as the construction facility. Initial construction
scenarios (strategies), consistent with these baseline designs, were developed.
A thorough review of these data revealed a series of operations which were
required to construct the project as originally designed using the baseline
construction fixture, the orbiter, and the appropriate construction support
equipment. This equipment included the manned maneuvering unit (MMU), the
manned remote work station (cherry picker), and the remote manipulator system
(RMS). The original list of 36 operations identified for the three projects
was reduced to 22 by eliminating those which were basically redundant from
project to project. Each of the 22 was given careful study, and three to six
alternate methods of performing the operation were identified. A total of
76 methods was identified. Two or three of the most viable and/or different
approaches for each critical function were selected for detailed definition
{47 total) and inclusion in the data base. No evaluation or comparison of the
individual methods for a particular operation has been made.
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FORMAT

This document has becn organized to permit the addition of data from
future studieg. The contents are coded by generic project (space-fabricated,
erectable, or deployable) to permit unlimited additions and convenient access
to the informatdion.

The document 13 divided into four major sections, as described below.
Section I

This section contains a brief description of each of the three project
systems which were the basis for the information contained within. Sketches
of the important subsystems/major components and construction scenarios
(stratepies) are also included so that the user can understand the context in
which various constructions methods are applied.

Section IT1

This section is the core of the data base as it contains the basie infor-
mation concerning construction methods and is indexed by the general construc-
tion process, function, and item as described in Figure 1.

Since the understanding of what constitutes an "Assembly" and other items
can vary, Table 1 1lists the definitions as used in the data base for each of
the "Items,"

A review of the design, construction scenario, and initial construction
fixture concept for each of the three projects resulted in the identification
of 22 critical functions or operations (e.g., How do we install the system
control module?). While these operations were identified considering a specific
design and coustruction strategy, they are expected to be representative of the
major operations to be performed in all construction processes,

Each of the 22 operations, in addition to the individual method descrip-
tions {two or three), contains several pages of general information pertinent
to each of the methods. These data include the project the data were based
upon, a simple statement of the operation, the physical situation and a list
of all the methods identified. The physical situation delineates the condition
of the project at the start of the operationm being covered, and the ground rules
and assumptions as applicable. The physical situation is meant to clearly
identify a common starting point for each of the methods so that a true compar-
ison of the methods can be made by the user. The basic format for each of the
methods is to include pages, as applicable, for the following subjects:

1. Method Description

2. Project Modifications—Changes to the project configuration
which are peculiar to the method being discussed.

3. Operations—In addition to the manpower requirements and esti-
mated time to perform the actual operations, the "Supporting
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Table 1. Ttem Definitions

01

03

04

05

06

07

Structural Elements—Individual pieces used to fabricate
the basic structure of the spacecraft.

i A kit il

urdl lements which havu heen dssemhled on the gruund or
on orbit, but prior to being joined to the basic structure.

Wiring/Lines—FElectrical or fluid lines.

Module—End item repvesenting a major subsystem or payload
element of the platform.

Blankets/Membranes—Long, narrow, and/or thin surfaces.

System—A package similar to a module during transport to
orbit and installation on the hasic structure, but one
which is unfolded or deployed after installation.

Component—A part (instrument or bracket) which may be used
interchangeably in multiple applications on the platform.
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Activity" is also identified. This is used in most cases to
idertify the time to perform tasks which are pertinent to the
operation being described, but are of a one~time nature and
thus are not included in the activity time for a repetitious
type of operation,

Construction Support Equipment Requirements—The basic con-
struction fixture has not been included as it is common to
all methods for a particular construction project.

Support Services—The support services are those to be pro-
vided by the construction base, in this case the orbiter.
The electrical requirements for the basic operation of the
fixture (welding, translation, etc.) and the beam machine
have not been included, as these requirements can only be
determined from an integrated construction analysis., Two
numbers are shown for the crew requirements; the one on the
left (top) is the number of different individuals, and the
one on the right (bottom) the average usage of the individ-
uals to perform the operation. The operations time is that
required to perform the generic operation. Tor example,
even though there are 16 antennas to be installed on the
communications platform, the time shown is only to imstall
one.. Thus, the data are more representative for other sim—
ilar antenna installatioms.

Summary—The data presented on this page identify projected
mass, volume, electrical, and operational parameters, includ-
ing relative order of magnitude costs associated with con-
struction support equipment, support services, and project
modifications as represented by the level of technical defin-
ition. These parameters will provide approximations lor the
comparative assessment or selection of specific functional
methods and construction scenario. The treatment of cost
estimates for several items of comstruction support equipment
follows.

* Remote Manipulator System (RMS)—Available as item of
standard equipment for use during Shuttle orbiter
missions. Charges for the use of cne or two RMS's
are considered as part of the basic charge for the
Shuttle orbiter flight and were not separated as =a
unique charge in this analysis.

* Manned Maneuvering Unit (MMU)--A charge of $100,000
per mission use is identified in concert with the
MMU Users' Guide (Martin-Marietta document MCR-78-517,
Contract NAS9-14593).

* Open Cherru Picker (OCP)—It is expected that a flat
fee will be charged for the use of this equipment per
mission. The charge will be established at a later
date.
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Costs for operations are designated NA (not appropriate) since
the STS user charges for many items are on a per mission basis.
The prorated costs per individual usage, thus, are dependent
upon the total number of usages which cannot be determined
until the integrated construction process is established.

In some cases, additional pages have been included to provide a more
complete package on a particular method.

Section III

This section includes general information regarding the major pieces of
common construction support edquipment that were used to support the various
construction methods.

Section IV

This section presents three indexes: Function, Item, and Methods/Key
Equipment, These titles refer to the major headings associated with the
method code. The indexes are included to provide additional means of enter-
ing the data base. Thus, should a user of the data base be interested in
methods associated with installation he can look in the Function Index under
"06 Install” and find nine operations, each of which includes two or three

methods.
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SECTION I.
PROJECT SYSTEMS DESCRIPTION

Three gpace construction projects were used as the basis for the data
presented herein:

A. FErectable Advanced Communications Platform
B. Space-~Fabricated Advanced Communications Platform
C. SPS Test Article

Each of the three projects will be described In the following subsections.
Sketches of the major systems/parts of the platform, as well as a simple
construction scenario, have been included so that the user of the data can
put the construction methods in the proper context.

A. ERECTABLE ADVANCED COMMUNICATIONS PLATFORM

This antenna platform concept consists of an erectable~type structure and
a solar array which produces 133 kW of electrical power. The GN&C system util-
izes CMG's and RCS for attitude control and stationkeeping. The platform is
boosted to its operating orbit, utilizing low-thrust chemical-fuelad engines .
The 16 antennas are arranged into two groups: (1) eight 4-6 GHz C-band
receivers and transmitters, and (2) eight 12-14 GHz K-band receivers and
transmitters. Growth capability for additional antemnas is also provided.
A sketch of the configuration and the pertinent characteristics are shown in
Figure 1-1.

During orbit transfer the solar arrays are folded parallel to the longi-
tudinal axis of the platform, which is also the direction of accelerztion.
Each antenna horn and boom support is also retracted during the orbit transfer
mode., The reflector portion of each antenna, however, is in the deployed
position (Figure 1-2).

The platform structure consists of double tapered tubes with ball-type
end fittings. The tubes are formed from two conical tubes joined at their
large ends. This concept permits "dixie cup' type packaging of the structural
members for transport. . Most of the tube assemblies are joined to each other
through a receptacle type of union member, creating a pinned joint (Figure 1-3),.
However, the antenna mounting concept requires fixed-type joints (Figure 1-3)
in order to react the orbit transfer thrust loads. For this condition, the
strut ends and the receptacles are designed to transmit moments. The support
arrangement for the RCS pods, the systems module, and the orbit transfer pro-
pulsion modules utilize struts arranged to form A-frame reaction members. This
arrangement results in oanly axial loads being introduced into these members.
Most of the struts are a common length and size. However, the two lvad condi-
tions described above use unique struts to fulfill their individual requirements.

1-1
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The struts are assembled into a linear, pentahedral, structural arrange-
ment. The size of the pentahedrons are dictated by the reach envelape of the
orbiter RMS required for assembly of the struts. The size of the individual
struts is dictated by the orbit transfer loads and by the control stiffness
required.

All of the larger modular items such as the antennas, the GN&G/ATTEC mod-
ule, and the orbit transfer engines are attached to the structure via berthing
ports. The berthing port concept is the three-petal, neuter concept, baselined
for the Shuttle orbiter. Because all of the berthing activitlies are aceomplished
by using the orbiter RMS, no velocity attemiation is required. Consequently, the
berthing portas—hoth on the structure and on the modules—contain no attenuation
systems. Structural latches are provided only on the mpating module. This per-
mits a final checkout of the active latching system on the ground immediately
before transport and assembly in orbit, A utilities Interface is provided at
each berthing port and each interface will be unique to its particular utili-
ties requirements.

Smaller units, such as the electrical junction boxes, may be secured to the
struts with clamping-type devices that are compatible with the structural capa-
bility of the struts. The electrical lines may also, be secured to the struts
with clamping-type, wire-supporting clips. ,

The solar arrays are mounted to a rotary joint which provides 360° rotation
capability perpencicular to the orbit plane. A 24° nodding capabllity is also
provided to permit full sun i1llumination during all sun heta angles., A folding
capabhility for orbit transfer is provided. The orientation of the solar array
wings minimizes platform disturbance torque caused by solar pressures. Each
golar array wing congists of four SIEPS conecept panels.,

The batLery power storage system, which ia sized to provide continuous
operation during the orbit eclipse periods, is packaged into three independent
units. Lach package of batteries includes battery chargers and controels,
thermal control insulation and meteoroid protections, and its own heat-rejection
radiator system. FEach unit is a replaceable item.

The rotary jolnt provides for the power transfer from the power generatiom
system to the platform through a slip ring assembly. Data and control sipnals
between the central control processor and the power genceration system is also
transferred through the rotary joint via a dedicated slip ring assembly. The
rotary joint, as a unit or subasgsembly, is attached to the platform structure
via a berthing port. A power and data/control signal Interface is also estab-
lished at this jaint,

A system module (Figure 1-4) containing the GN&C CMG's and sensor, the
TT& receivers, transmitters, antennas, ete., and a central data/signal
processor is provided in a centrally located position on the platform. Thermal
comtrol, meteorold protection, and heat-rejection radiator systems are provided
as part of the module to support these systems
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A commmications message switching control unit is centrally located
within the C-band antenna complex, and o similar unit is also centrally located
within the Re-band antenna complex.

The last items to be instailed will be the orbit transfer propulsion mod-
ules (Figure 1~5). The propulsion modules attach to the supparting structure,
utilizing berthing ports to effect the joint and to establish the lines inter-
faces. The five modules are arranged to permit an initial firing of three
nodules and staping to two modules., The three initial modules will be jetti-
soned duriug the staging operation. Both the Initial and Final stages will be
aligned to thrust through the e.p, of the platform.

The complete platform less the propulsion modules has an estimated weight
of 80,500 kg (133,400 1b).

A simplified representation of the construction strategy is shown in
Figure 1-6.

A review of the desipn, construction scenario, and initial construction
fixture concept resulted in the identification of 12 eritical functions or
operations as listed in Table 1-1. S8ince some of the operations (eritical
Functions) were similar among the three projects, only one in each similar
group was selected for further investigation. Table 1-2 is the result of this
screening process for the Erectable Communication Platform project. These
s#ix vperations are treated in Section II.

B. SPACE-FABRICATED ADVANCED COMMUNICATIONS PLATFORM

Many features of this confipuration are similar if not identical to those
of the erectable concept of the communications antemma platform. Consequently,
this description will concentrate on those Teatures that are unique to this
coneept,. The general arrangement and major characteristics are presented in
Figure 1-7.

This concept represents an antenna platform consisting of a space-fabricated
structure, 133 kW of power, and a low-thrust, chemical-fueled orbit transfer sys-
tem with a G&N CMG/RCS contrel system., The 16 antennas are arranged inte two
groups: (1) eight 4-06 GHz C-band receivers and transmitters, and (2) eight 12-
14 GHz K-band recelvers and transmitters. Growth capability for additional
antennas is also provided.

During orbit transfer, the solar arrays are folded parallel to the longi~
tudinal axis of the platform, whielh is also the direction of acceleration. The
antenna horn and boom support are retracted during the orbit transfer mode.

The reflector portion of the antenna remains in the deployed position, as shown
in Figure 1-8,

The platform structure consists of members fabricated in orbit hy a single
beam builder and assembled by use of appropriate Lixtures. The configuration
is dictated by the reach envelope of the orbiter RMS, by the loads induced dur-
ing orbit transfer, and by the required control stiffness. The individual beam
configuration and the beam builder device are from the General Dynamics SCAFE
study concepts.

1-7
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Table 1-1,

Shuttle Orbiter Division ‘
Space Systems Group

(Original List)

Erectable Communications Platform
Critiecal Construction Functions

Rockwell
International

1,
2.
3.
4,
5.

7.
8.
9.
10.
11,
12.

How do
How do
How do
How do

How do
wiring

How do

we

we

wa

we

we

assemble struts and unions into structural asscmbly?

install antenna docking adapter and supporting structure?

assemble/install thrust structure?

install wiring and J-boxes?

ingtall outripgger structure and RCS modules, including

and connections?

we make electrical comnections between the solar panel assembly

and the power distribution system?

How do we install the antennas?

How do we make electrical connections to antennas?

How (and when) do we install the system control module?

How do we measure and align antemnas to structure?

How would be change-out (service) CMG's in GEO?

How do we align structure?

Table 1-2,

Operations (Critical Functions)

Ereectable Communications Platform

Reference
Join struts/unions into structural assembly}

02 0501,1
Join antenna berthing port (moment joints) ;
Join thrust structure to structure assembly 02 0501.2
Install outrigger struts, RCS modules, 02 0601.1
wiring, and connections '
Install wiring and. junction boxes 02 0603.1
Change-out {service) CMG's in GEQ 02 0804.1

Data Base Code

1-10
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The installation of the larger modular units utilizes the berthing port
concept, The description of thisg ingtallation concept is identical to that
discussed for the erectable antenna platform concept,

Smaller units, such as the eleetrical junction boxes, will be secured to
the structure with ¢lamp-type devices that are compatible with the structural
beam configuration and load capability.

The electrical lines are secured to the structure with special clips.
The clips may require pre-punched holes in the pest members of the beams.

The electrical power gemeration system (Figure 1-9) including the solar
arrays and the power storage battery arrangement, and the rotary joint through
which the electrical power is transmitted to the antennas and subsystems, arc
identical to the concept description for the erectable platform.

BATTERY
MODULES

\\ |

\ AN

mamne o

Figure 1-9, Solar Array/Battery/Rotary Joint Installatiom,
Space-Fabricated Communications Platform
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The systems module (Figure 1~10) contents and installation concept are
identical to that of the erectable platform, as also is the communications
message switching control units.

The last items to be installed will be the orbit transfer support structure
and the orbit transfer propulsion modules. The support structure interfaces
with the three longitudinal members of the platform structure by means of berth-
ing ports. The propulsion modules attach to the supporting structure In the
same manner (Figure 1-~11).

The five modules are arranged to permit an initial firing of three modules
and staging to two modules. The three initial modules will be jettisoned dur-
ing the staging operation. Both the initial and final stages will be aligned
te thrust through the c,y. of the platform.

The complete platform, less the propulsion modules, has an estimated weight
of 61,000 kg (134,200 1b).

A simplified version of the comstruction strategy is shown in Tigure 1-12.

A review of the design construction scenario and- initial construction
fixture concept resulted in the identification of 14 'critical functions or
operations as listed in Table 1-3., Since some of the operations (critical
functions) were similar among the three projects, only one in each similar
group was selected for further investigation. Table 1~4 is the result of this
sereening process for the Space-Fabricated Communications project. These 11
cperations are treated in Section II.

C. SPS TEST ARTICLE -

The general arrangement of the SPS test article is illustrated in
Figure 1-13, This figure also lists the subsystems and the major component/
descriptions of each of the subsystams that make up the project system. The
configuration shown represents the LEO operational coanfiguration. Figure 1-14
illustrates the orbit transfer and GEO operating cenfiguration, showing the
installed SEP modules used for orbit transfer.

The SPS microwave test article project is a "ladder" type structural
arrangement utilizing space~fabricated beam members to which 25 solar blankets
are attached. The ladder structure is an assembly of beams fabricated by a
single beam builder in orbit. The beam configuration is that developed by the
General Dynamics SCAFE study, with modifications as required, such as increased
cap gauges and diagonal cord diameters. The structure configuration is dic-
tated by the requirement for approximately 400 m® of solar array, and by the
stiffness required for attitude contreol during operations in LEO and during
orbit transfer. Consideration of the assembly fixture size and packaging
concept also influenced the widrh of the configuration. The 20-m- width
selected is compatible with the solar blanket width of 4 m, thus permitting
a five-blanket-wide arrangement. A control moment gyro/reaction control
system (CMG/RCS) attitude control stationkeeping concept is incorporated. A
system housing contains the CMG's, tracking, telemetry and control (TT&C), and
power storage batteries with thermal control provided by a radiator and external
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Table 1-3. Space~Fabrfcated Communications Platform

Critical Construction Functions (Orilginal List)

1, How do we retain longitudinal beams as they are fabricated?
2. How do we transport long X-beams into position for welding?
3. How do we make electrical connection from X-beams to J-boxes?
4

. How do we remove beam miachine assembly from agsembly fixture and install
in ecargo bay?

5. How do we install solar panel assembly?

6. How do
7. How do
8. How do
9. How do
10. How do
11. How do
12. How do
13. How do
14. How do

we

we

we

we

we

we

we

we

we

install the antennas?

make electrical connections to antennas?
assure satisfactory alignment of antennas?
install the system control module?

install the thrust structure?

assure structural accuracy?

service antenna in GEO0?

install electrical lines on X-beams?

install structural cross-bracing wires?

Table 1-4, Space-Fabricated Communications Platform

Operations (Critiecal Functions)

Transport beams into position for welding 01 0301.1
Join thrust structure assembly to platform ' 01 0501.2

Install structural cross-bracing wires to primary structure 01 0601.1

Install electrical lines on longitudinal and cronss-beams 01 0603.1
Install system control module 01 0604.1
Install antennas 01 0604.3
Electrical connection of cross-beams wiring to J-box 01 0703.1
Electrical connection of antennas 01 0704.1
Structural alignment 01 0901.1
Checkout of electrical power generation, storage 01 0903.1

and distribution system

Antenna alignment | 0l 0904.1

Data Base Code Ref.
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insulation. Micrometeoroid protection is also incorporated. A rotary joint
provides the connection between the solar array power generation system and
the microwave test antenmna (Figure 1-15). The microwave test antenna can be
replaced with other test articles if so desired.

For orbit transfer, solar electric modules (Figure 1-16) are installed on
both ends of the solar array structure. The SEP modules are installed on
rotary joints. Consequently, another rotary joint is required at the end of
the solar array structure opposite from the microwave antenna in order to
accept the SEP modules at this location., This represents the system configur-
ation in GEO.

All of the larger modular items such as the RCS modules and the systems
housing are attached to the structure via berthing ports. The berthing port
concept is the three-petal, neuter concept baselined for the Shuttle orbiter.
Because all of the berthing activities are accomplished by using the orbiter
remote manipulator system (RMS), no velocity attenuation system is required.
Structural latches are provided only on the mating model. This permits a
final checkout of the active latching system on the ground and immediately
before assembly in orbit. A utilities iInterface is provided at each berthing
port and each interface will be unique to its particular utilities requirements.

Smaller units, such as the electriecal junction boxes and the solar blanket
switching boxes (Figure 1-17), will be secured to the structure with clamp-type
devices that are compatible with the structural beam configuration and load
capability. The clamping devices that secure the solar array switching boxes
also provide the attachments for the individual solar array blankets.

Electrical lines are secured te the structure with special c¢lips. The
clips may require pre~punched holes in the post members of the fabricated
beams.

The systems housing which contains the electrical power storage batteries
and controls, the CMG's, the TT&C equipment, and the heat-rejection radiator
is also the structural bridge that provides the structural interface between
the solar array structure and the rotary joint to which the microwave antenna
is attached. The housing will also be provided with thermal control insula-
tion and meteoroid protection. A similar structural bridge at the opposite
end of the solar array structure provides the support for the rotary joint and
solar electric propulsion modules used for orbit transfer. No other system
compenents are included in this bridge structure,

The solar array consists of 25 solar blankets, Each blanket is attached
to the transverse beams of the structure. The attachment is provided with
clamp-type fittings to which the solar blankets are attached at three places
along the 4-m width of the blanket. Power leads will plug into individual
switching boxes. TIrom each of the switch gear boxes, power lines will run
along the longitudinal beams to interface with the systems housing and continue
on to the power slip ring of the rotary joing. This arrangement provides
voltage control to each of the 25 blankets.

1-20
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The rotary joilnt provides one depree of freedom rotation between the
salar array and the microwave antenna. It also pruvides the support for the
Solar Electric Propulsion (SEP) modules, A slip ring assembly within the
rotary juint provides the electrical power transfer across the rotary jolnt,
and a second slip ring assembly provides for the transfer of data and control
sipnals. The rotary joint as a unit is attached to the systems housing via
a berthing port, An electrical power and data/control signal interface is
estabiished at this port. A berthing port also is provided on the other end
of the rotary joint unit to accept the microwave test antenna or other test
articles if desired.

When GEQ operations are desired, then—and only then——will the SEP madules
be installed. Each module consists of 12 engines and their controls and pro-
pellant., Each of four modules contains a mounting post which is designed to
plug into the rotary joints making the structural attachment as well as the
electrical power and data/control connections. Two additional modules are
mounted to two of the module/post confipurations to make two 24-engine clusters
which are required at the microwave antenna end of the SPS microwave test
article. The rotary joint required at the other end of the solar array strue-
ture will alse only be installed when the orbit transfer mode is desired.

The estimated weisht of the SP8 microwave test article in the LEO opera-
tional configuration is 37,800 kg (83,160 1b)., The orbit transfer configura-
tion estimated weight is 49,200 kg (108,250 1b).

The microwave antenna is considered as the initial payload item for the
8PS flight test artilcle. It would probably bhe replaced by another payload for
" subsequent operations at GEO after the initial microwave testing effort.

The microwave test antemna is composed of 24 subarray panels, Each panel
is appraximately 3 m”, but their internal arrangement differs depending on
their test function.

The 15 A-panels constitute the phase contrel funetion of the test. The
panel is approximately 3 m® by 0.4 m deep. It contains two 1-kW klystrons
which excite 16 waveguides on one half, and 17 on the other half, of the sub-
array. The waveguides are soft-mounted to the panel frame to minimize thermal
expansion effects. Two receiving elements which receive sipgnals from the trail-
ing antenna are located along one edge of the subarray panel. The heat-rejection
radiator is located on the surface opposite the microwave radiating waveguides.

EBight B-panels are configured for the thermal phase of the test. Sixteen
klystrons are utilized in this panel for the purpose of thermal testing. Five
of the panels require additicnal structure for packaging purposes,.

One center panel, (C), of the thermal test portion of the antenna ts con-~
figured to obtain a heat flux comparable to that anticipated for the SPS trans-
mitting antenna. This panel contains 121 1-kW klystrvons within the same 3-m®
panel., The depth of the panel is 1.1 m, which is sized to accommodate the
klystrons. Additional heat-rejection radiator surface may be required for
this unique panel.

1-24



Shutlle Orbller Division @ Rockweli
Space Systems Group International

The total antenna assembly is folded for transport to the LEO operating
altitude, The total package is installed vn a berthing port located on the
end of the rotary joint of the solar array assembly. The antenna is deployed
into the using configuration only after the antenna has been secured to the
rotary joint,

The estimated weight of the antenna assembly is 9140 kg (20,110 1b).

A simplified constructlon strategy for the cntire test article is shown
in Figure 1-18.

A review of the design construction scenario and initial construction
fixture concept resulted in the identification of 10 critical functions or
operationg as listed in Table 1-5. Since some of the operations {(critical
functions) were similar among the three projects, only one in each similar
group was selected for further investigation. Table 1-6 is the result of
this screening process for the 8PS Test Article project. These five operations
are treated in Section IT.
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Table 1-5. 8PS Test Article Critical Construction Function
(Original List)
1. How do we install RCS Modules?
. How do we install RCS docking adapters on X-beams?
3. How do we install beam attachment devices ("straps') and
EPD switching boxes to beams?
4, How do we install system support housing?
5. How do we install power lines on longitudinal beams?
6. How do we install solar blankets?
7. How do we install microwave antenna?
8. How do we install SEP assembly at conclusion of
microwave antenna test?
9, How do we install rotary joint?
10. How do we make electrical connection to RCS?

Table 1-6.

SPS Test Article Operations (Critical Functions)

Data Base Code Ref.

Join berthing ports to end of longitudinal
and cross-beams 0l

Join attach fittings to beams for switch

boxes and solar array support 01
Install RCS modules . 01
Install SEP modules 0l
Install solar ‘array blankets 01

0501.,1

0501.3
0604.2
0604.4

0605.1
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SECTION TII
CONSTRUCTION METHODS

This section Is comprised of 22 operation methods packages. The lists of
these operations can be found in Tables 1-2, 1-4, and 1-6 of Section I. TFor
most of the operations, several alternate methods to accomplish each have been
described. The more viable or representative have been detalled. Each of the
methods has been assigned a unique code number. This code is explained in
Figure 1 of the Introduction to this document. In the event that further
information on any of the data is desired, the following list identifies the
responsible project engineer for each of the operations, The Rockwell
Seal Beach telephone number is 213/594 and the four-digit extension. If any
of the engineers listed below cannot be reached, please contact R. E. Cook,
extension 3127, or A. Stefan; extension 3582.

Operations Project Engineers

Code Subject Engineer Extension
01 0301.1 | Transport Beams A, Le Fever 3634
01 0501.1 | Joint Berthing Ports P. -Buck 3658
01 0501.2 | Joint Thrust Structure R. Hart 3237
01 0501.3 Install Solar Array Fittings P. Buck
01 0601.1 | Install Cross-Bracing Wires R. Hart
01 0603.1 | Install Electrical Lines A. Le Fever
01 0604,1 | Install System Control Module R. Hart
01 0604.2 | Install RCS Module P. Buck
01 0604.3 | Install Antenna Module R. Hart
01 0604.4 | Install SEPS Panels R. Thompson 3237
0l 0605.1 | Install Solar Blankets P. Buck
01 0703.1 | Connect Cross/Long Beam Wiring A, Le Tever
01l 0704.1 | Elect. Connect. Antenna Module A. Le Fever
01 0901.1 | Align Tri-Beam Structure R. Hart
01 0903.1 | Elect. Wire Checkout W. Fredrickson
01 0904.1 | Align Antenna Module R. Hart
02 0501.1 | Join Struts, Unians, and R. Thompson
Berthing Ports
02 0501.2 } Join Thrust Structure to R. Thompson
Platform '
02 0601,1 } Install RCS R. Thompson
02 0603.1 | Install Wiring and J-Boxes : R. Thompson
02 0804.1 | Service CMG's R. Cor¥

No formal page numbers have been assigned to the remainder of Section II.
Page numbers have been omitted on the data package sheets presented in this
section to facilitate the addition of new data. The code numbers and individ-
ual page numbers for each method have been used for this version of the book
and can be used for all future versions to order the data.



FUNCTION:  TRANSPORT | CODE{o1 | 03 01.1 00
ITEM . CROSS AND TRANSVERSE BEAMS

METHOD PAGE] 1 of 3
SUBIECT OPERATION IDENTIFICATION

CROSSBEAM
AssY STA,
M e

SIDE VIEW _ FRONT VIEW

Project System

Space-fabricated advanced communications platform
Operation

Transport the cross and transverse beams from the beam builder to the
assembly station for joining to the longitudinal beams.

Physical Situation

The three longitudinal beams have been fabricated. The RMS has free reach
capability inside the triangular structure, but limited reach over the
upper area. The beam machine has been relocated to the side of the con-
struction fixture.




FUNCTION*+  TRANSPORT CODE| o1 {03 01,1 00
ITEM. * CROSS AND TRANSVERSE BEAMS
METHOD PAGE 2 of 3
SUBJECT ALTERNATE METHODS
METHODS 1, 2, & 3
CROSSBEAH

oA\ h 7 W/ /o / BEAM BUILDER
\ g RELOCATED
f:~¢,
- - TRANSVERSE BEAM
L \

v

The following methods have beun identified:

Beam builder is relocated to the side of the construction fixture
for beam fabrication for Methodz 1, 2 and 3.

Manual

1. An EVA operator tramsports the three beams from the fabrication
station to the assembly station with an MMU.

2. An EVA operator transports the three beams with a cherry picker
on the RMS. .

Automatic

3. Beams are transported by the RMS.




FUNCTION*+ TRANSPORT CODEl o1 | 03 01.2] o0
ITEM *  CROSS AND TRANSVERSE BZAMS
METHOD PAGE 3 of 3

SUBJECT ALTERNATE METHODS (CONT.)

| CONSTRUCTION FIXTURE CRANE
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_EEI_J_ SIDE BUILDER

—————

SLIDE FIXTURE

’f-_-g*.-.a\. . 5eloa

RS
' END
METHOD 6

METHOD 5

4, Beam builder is fixed at center and transportation is made by
a construction fixture crane.

5. Beam builder is positioned at the vertical position and slightly tilted
: upward to aveld previously installed cross beam. -Transport is made by
the RMS. )

6. Beam builder is relocated onto a slide fixture across the top of the
construction fixture. Beams are fabricated in position so that no extr
transport is required.

Methods 1, 2, 3, and 4 are detailed.

a




FUNCTION-  TRANSPORT CcODEl 01 | 03 01.1 | o02.1
ITEM  CROSS AND TRANSVERSE BEAMS

METHOD EVA/MMU PAGE 1of 3

SUBJECT

METHOD DESCRIPTION

PICKUP
ATTACHMENT

The MMU operator attaches to the fabricated beam and transports each one
in turn to the two sides and the top. The operator locates the beams
into the beam positioners and, when captured, releases his attachment,
The beam is then welded into place.




FUNCTION: TRANSPORY

CODE| o1 | 03 01.1 02.1
ITEM. © CROSS AND TRANSVERSE BEAMS

METHOD EVA/MMU PAGE 20f 5

SUBJECT OPERATIONS

TRANSPORT

P1CKUP
ATTACHMENT

Manpowver
One EVA/MMU operator

‘Activity Time

(Minutes)
Attachment 4
Transportation _ 7
Positioning 4
Relocation to BB 2
Total 17 {each beam)

Support Activity

Recharge MMU after workshift.




EUNCTION' TRANSPORT cope| 01103 01.1 02.1
ITEM CROSS AND TRANSVERSE BEAMS
METHOD  &va/inm PAGE 3 of 5
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
PICKUP
DEVICE &~
“\\\\
Items
o MMU

*+ Beam pickup device




FUNCTION:-

TRANSPORT

CODE] 01 | 03 01.1 02.1
ITEM CROSS AND TRANSVERSE BEAMS
METHOD EVA/tMU PAGE 4 of 5
SUBJECT SUPPORT SERVICES
Crew

One EVA/MMU operator

Power

MU recharge-—TBD

Lighting and TV

Standard MMU

Computer Software

Nona

Stovage

Beam pickup device—1%0,2X%0.3 m

Other

MMU propulsion recharge




#Not appropriate, se~ page 6.

FUNCTION. TRANSPORT ICODE} 01 | 03 0l.1 02.1
ITEM. CROSS AND TRANSVERSE BEAMS
METHOD EVA/MMU PAGE 5 of 3
SUBJECT SUMMARY |
CREW ELECTRICAL
WT. | VOL. [(MAX/ | POWER ENERGY| TIME | COST
(KG) {(M3) ] AVG) | (KW} {(KwH)}|(HIN.)| (3K)
el e ——  ———1
Construction Support Equipment
MMU 110 | 1.1 - | TBD |TBD - 1100
Beam pickup device 15§ 0.1 - | TBD {TBD - 323
Support Services
Crew - - |1/1 - - L= -
Poyer - - - TBD TED - -
GN2 propellant TBD | TBD | - - - - | TBD
Project Modification
None 0 0 - - - - 0
Operations - - |i/1 - NA*




FUNCTION:  TRANSFORT CODE} 01 | 03 o01.1.| 03.1
ITEM - CROSS AND TRANSVERSE BEAMS - :
METHOD CHERRY PICKER PAGE of

SUBJECT METHOD DESGCRIPTION

CROSSBEAM CHERRY
PICKER

TRANSVERSE
BEAMS (2)

BEAM
MACHINE

CONSTRUCTION
FIXTURE

[

Cherry picker operator attaches to the fabricated cross or transverse beam
and transports each one in turn to the two sides and the top. The operator

‘locates the beams into the beam positioners and, when captured, releases his
attachment.

Transportation to the far side beam station requires maneuvering underneath
the extended tri-beam, below the 3.7 m clearance line.




FUNCTION*  qransporT coDeEl o1 | 03 o01.1] 03.1
ITEM . CROSS AND TRANSVERSE BEAMS
METHOD CHERRY PICKER PAGE 2 of 5

SUBJECT OPERATIONS

RMS FOR SIDE
BEAM LOCATION———>

RMS FOR TOP
SYMMETRICAL (CROSS) ggAM
OTHER SIDE LOCATION

: TRANSPORT TO
/ OTHER SIDE 4
Mangower

Cherry picker operator

‘Activity Time

(Minutes)

Pickup cherry picker . (15)
Attachment 5
Transportation 3
Positioning 4
Relocation to BB . 2
Transport to opposite side s
Total average each beam 19

&fﬁ ’GPOD’NAL PAGE g

- TYUOR QuaLrty

{ )} One-time operation




FUNCTION® TRANSPORT
ITEM . CROSS AND TRANSVERSE BEAMS

CODE? 01 03 01.1 03,1

METHOD CHERRY PICKER PAGE 3 of 5
SUBJECY CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

LIGHT

STANCHION

C&D
CONSOLE

SPECIAL BEAM
ATTACHMENT
END EFFECTOR

FOOT RESTRAINT (PLATFORM}

||~ P/L HANDLING
A DEVICE

Items

- Cherry picker

- Special end effector to grasp and handle beams

- Modifications to RMS

Shoulder roll axis in the upper arm to
permit elbow motion upward




FUNCTION  TRANSPORT
ITEM. ~ ~ CROSS AND TRANSVERSE BEAMS

METHOD CHERRY PICKER

CODE

01

03 01.1

03.1

PAGE

4 ofb

SUBJECT SUPPORT SERVICES

Crew
1 cherry picker operator
Pover
RMS operation

Cherry picker
operation

1000 - 1800 watts
500 watts

Lighting and TV

Standard cherry picker illumination

Computer/Sof tware

RMS coordinate transform system

Stowage

Special end effector  2%0.5%0.3 m
Cherry picker 0.9%1.6%1.1 m




FUNCTION  TRANSPORT coDE| oz |03 o1.1 | o03.1
ITEM. CROSS AND TRANSVERSE BEAMS
METHOD CHERRY PICKER PAGE 50f 5
SUBJECT SUMMARY
CREW ELECTRICAL
WT. | VOL. [(MAX/ | POWER ENERGY| TIME | COST
(Ka) | () | Ave) | (kw) | (KWH) [(MIN.)] ($K)
Construction Support Equipment
Special End Effector 2 0.3 - 0 0 - 473
Cherry picker 273 | 1.6 - 0.5 | TBD - TBD
RMS . 0 0 - 1.8 | TBD - NC
RS Upper Arm Modifications 79 0 - TBD | TBD - |1764
Support Services :
Crew — - 1/1 - - - -
Povwer - - - TBD TBD - -
Project Modification
None
Operations - - 1/1 - - (19 NA*

*Not appropriate, see page 6.




FUNCTION: TRANSPORT
ITEM _ CROSS AND TRANSVERSE BEAMS

METHOD RMS

CODE| o1 |03 01.1

04,1

PAGE lof 5

SUBJECY METHOD DESCRIPTION

TRANSVERSE
BEAMS (2)

CONSTRUCT I ON
FIXTURE

[\

The RMS, with a special end effector, attaches to the fabricated cross beam

and transports each one in turn to the two sides and the top.

The RMS oper-

ator locates the beams into the beam positioners and, when captured, releases

"his attachment.

Transportation to the far-side beam station requires maneuvering underneath
the extended tri-beam, below the 3.7-m clearance line.




FUNCT[ON' TRANSPORT l{:@DE oL 103 01.1 04.1
ITEM. *  CROSS AND TRANSVERSE BEAMS

METHOD  mus PAGE 2of 3

SUBJECT OPERATIONS

BEAM MACHINE

RMS FOR SiDE
BEAM LOCATION———™

RMS FOR TOP
SYMMETRICAL (CROSS) BEAM
OTHE} SIDE LOCATION
TRANSPORT TO
_’f—”"”,,»—’ OTHER SIDE
ManE ower

RMS operator

Activity Time

Pickup special end effector (15 min.)

Beam attachment 6 min,
Transportation 4
Positioning 3
Relocation to 3B . 3
Beam transport to opposite side _6
Total average, each beam 24 min,

( ) One-time operation




NCTION: TRANSPORT |
T%MC . CROSS AND TRANSVERSE BEAMS COBE| 01 | 03 02.1 | 04,1
METHOD  RMS PAGE 30of 5

SUBJECT CONSTRUCTION SUPPQRT EQUIPMENT REQUIREMENTS

STEMIALBEAM ATIACH
Ll FFECT

5 WRISY ROLL JOINT

BRIST YAM JOIKT
WRIST PITCH JOINT
LOWER ARN

SRS

END EFFECTOR

N\ PANIMRATOR POSITIOAING
RETENTION MECHANISH
WRIST (REF)

JETT IS0 SUBSYSTEM (RLF)
UPPER AMN

[

HARIPLLATOR POSITIONING
SHOULDEA PITCH JOINT

A RLILNTIUN RECIAN]SA
s LUNLR ARK [RLE)
KANIPULATOR POSITIONIRG

RLYENTION MlCuARSH
URPER ARM (RLF)

ALDED_KOLL AXS
SINULDER BRACE
SHOULIER YAW JOINT

I‘.ems
~ Special end effector to grasp and handle beams

- Modifications to RMS

Shoulder roll axis in the upper arm to permit
upward elbow motion




FUNCTION  TRANSPORT CODE| 01| 03 01.1 | 04.1
ITEM . CROSS AND TRANSVERSE BEAMS

METHOD RMS | PAGE 4 of 5
SUBJECT SUPPORT SERVICES
Creyw

BMS operator
Power
RMS operation 1000 - 1800 watts

Lighting and TV

Standard RMS floodlight and CCIV camera

Computer/Software

None

. Stowage
End effector, 2X0.5%0.3 m




ITEM CROSS AND TRANSVERSE BEAMS
METHOD RMS PAGE 5 of 3
SURJECT SUMMARY
CREW ELECTRICAL
WT. VQ}. (MAX/ | POWER ENERGY! TIME | COST
_ (KG) | (M) TAVG) | (KW |(KWH) KMIN.)| ($K)
Construction Support Equipment
End effector 15 0.3 - TBD | TBD - 473
RMS 0 0 - 1.8 [ TBD - NC
RMS Upper Arm Modifications 79 0 - TED | TBD - 1764
Support Services
Crew -~ - 1/1 - - - -
Fower ' - - - TBD | TBD - -
Project Modification
None'
Operations - - 1/1 - - 24 NA%*

*Not appropriate, see page 6.




FUNCTION® TRANSPORT

ITEM . CROSS AND TRANSVERSE BEAMS

METHOD FIXTURE CRANE

CODE

01 |03 01.1

05.1

PAGE

1 af 5

SUBJECT METHOD DESCRIPTION

CROSSBEAM

CONSTRUCTION
FIXTURE

[
. )

FIXTURE CRANE

(10 M)

TRANSVERSE
BEAMS (2)

FIXED
BEAM BUILDER

/_}

Beam builder is fixed at center of tri-beam structure., After fabricationm of
each longitudinal beam, the fixture crane will relocate them in the construc-
tion fixture to their appropriate positions.
~in place, the beam builder fabricates cross and transverse beams in the open
center of the longitudinal beams in the opposite direcdtion of the assembly

advancement.

fixture crane picks up cross and transverse beams from the open center area

and transports them to the beam positioner stations.

After longitudinal beams are




FUNCTIOM:  TRANSPORT CODE} 01 | 03 01.1{ 05.1
ITEM *  CROSS AND TRANSVERSE BEAMS

METHOD FIXTURE CRANE PAGE 2 of
SUBRIJECTY

PICKUP FROM BEAM BUILDER-——____\\\\*\

— TRANSPORT TO TRANSPORT TO~——n_
SIDE STATION TOP STATION it

/‘fo‘\[ N

SIDE VIEW ‘ FRONT VIEW

Manpower

Fixture crane operator at AFD

Activity Time

Install end effector (10 min.)
Attachment 3 min.
Transportation 2 min,
Positioning 3 min.
Relocation 1 min.

Total time per beam, 9 min.

( } One time operation




FUNCTION-  TRANSPORT copelo1 | 03 01.1 05.1
ITEM - CROSS AND TRANSVERSE BEAMS

METHOD FIXTURE CRANE PAGE 3 of 5

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

SPECIAL BEAM ATTACH END EFFECTOR

Ttems

- Fixture crane with light and TV
- Special end effector




FUNCTION TRANSPORT lCODE| o1 | 03 o1.1 05.1
ITEM. CROSS AND TRANSVERSE BEAMS

METHOD TIXTURE CRANE PAGE ‘4 of 5

SUBJIECT  sypporT SERVICES ;‘

Crew

Crane operator at AFD
Power

TBD

Lighting and TV - ‘ |

Lights and TV on fixture crane

Computer/Software
Automation software as a part of entire fixture software

Stowage
End effector—2%0.5%0.3 m




FUNCTION TRANSPORT CODE| 01| 03 o1.1 05,1
ITEM. CROSS AND TRANSVERSE BEAMS
METHOD  'FIXTURE CRANE | PAGE 5 of 5
SUBIECT
L - ;
CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY| TIME | COST
_f (ka) 1(M3) | AvG) | (Kw) | (RWH) KMINLL ($K)
e e —— 4=T.'
Construction Support Equipment
-~ Fixture crane TBD TBD - TBD TBD - TBD
- Special end effector 15 |70.3 - TBD TBD - 473
Support, Services
-~ Crew - - 1/1 - - -
- Poyer - - - TBD TBD
Project Modification
None
Operations ° . - - 1/1 - - 9 WA

*Not appropriate, see page 6.




%ﬁqxog- CROSS AND TRANSVERSE BEAMS CODEj o1 | 03 01.1 | 04.2
METHOD RMS PAGE 1 of 1
SUBJECT METHOD DESCRIPTION
BEAM MACHINE
BEAM RMS STATION —a CROSSBEAM
MACHINE -‘ RMS \)

. .\’——-A /, :
!_,- ! .y | {LA_A\- ) 'nf'lea'_!/

TRANSYERSE
BEAMS

CONSTRUCT I ON A
FIXTURE

CONSTRUCTION

) LONGITUDINAL ' ‘ FIXTURE
Z R S\ o | N

Following fabrication of the longitudinal beams, the beam builder is
rotated to the vertical and fabricates the cross and transverse beams
at a slight upward angle to avoid the last installed cross beam.

The RMS then picks up the beam and transports it to the beam positioner
on the comstruction fixture.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION+ TRANSPORT

CODE] 01 | 03 01.1 0.
ITEM . CROSS AND TRANSVERSE BEAMS 0.1
METHOD CONSTRUCTION FIXTURE PAGE 1of 1
SUBJECT METHOD DESCRIPTION
)
| 1
) o
ST STOM :514: CROSSBEAM /f?k;
XN 3=~ LOCATION /X,
BEAM Wyl 1
MACH I NE A
13

_TRANSVERSE
BEAMS

The beam builder is relocated from the swing-arm to a track-assembly across
the top of the comnstruction fixture. Track-assembly translates and rotates
beam builder to Positions 1, 2, 3, and 4 in sequence, from where the cross

and transverse beams are fabricated and loaded directly onto the beam-

positioner fixtures. Stow position, No. 4, 1s out of the way of the 20-m

cross beams.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION: JOIN CODE} 01 | o0501.1 00
ITEM . BERTHING PORT/BEAM

METHOD | PAGE} , of ,

SUBJECT OPERATION IDENTIFICATION

RMS 24
SPACE FABRICATED BEAM ENVELOPE\\

VIstelLIiTy

<NVELOE;E>/‘ ‘

Lermame :\I\.\.‘.-,- be ot
ar
) LONGITUD
LEG INSERTS : N CROSS BEAM——*J O TUDINAL
(3 PLACES) AN p re il
N BERTHING o BMS s
—~ PORTS\ “enveLone

STRUT ATTACH
INTERFACE. (2 PLACES)

q-.b

BERTHING PORT
ASSEMBLY

Project System

» 8PS Test Article

Operation
+ Join Berthing Port Fitting to end of beam

Physical Situatdion

« The construction fixture and required hardware are ready to
begin construction. (No beams have been fabricated)

» Berthing ports assemblies must be installed at ends of
longitudinal and cross beams




FUNCTION: JOIN ~ODE
ITEM. BERTHING PORT/BEAM CODE| 1 0501.1 00
METHOD PAGE of
SUBJECT ALTERNATE METHODS
STEP 1 BEAM MACHINE
| I / -
N _
: — —
Decfimr
==

o LOAD HOtDING FIXTURE
£ ROTATE INTO POSITIO

. FACi’ITY

=ndl o
-~ b

Ty

i

» DEPLOY WELDING DEVICE & WELD

MANUATL,

AUTOMATED

The foliowing methods have been identified:
Automated

1. Install during beam fabrication - both ends of beams
» Longitudinal beams

« Cross Beams (fabricated perpendicular to longitudinal beams)
2. 1Install after structure is complete (cross beams installed)
3. Same as Item 1 except cross beam fab position is parallel to long., beams

Manual

4.

S

Cherry picker

EVA/MMU

Methods 1, 2 and 4 are detailed




ITEM BERTHING PORT /BEAM oL | 0501.1 06.1
METHOD  SPECIAL HANDLING DEVICE (DURING BEAM FaB) [[ACE[ 1 of
SUBJECT METHOD DESCRIPTTON
BERTHING
. BEAM MACHINE
PORT
22% — T - |
T
| i—_———-'._a- p= >< > s - |
=D <=

r'}ffﬂﬂwvjjjfzq-

HANDLING |
DEVICE :3-_—_—-__——.1%
-
| LONGITUD
CRCSS BEAM-—-—",T BEAM TUDINAL
p =
i‘gimm ROTATING i} ha RS RMS
& HANDLING DEVICE 7 B
N '/// f \EORE LONGITUDINAT, BEAM
._5 ...b
/ 3 wd—  TRANSLATTON ALONG
J IIYII AXIS
N fb/

With the special handling device loaded with the beam machine and a berthing
port (by the RMS), the beam machine manufactures a short length of beam and
stops.

The handling device is activated inserting the berthing port fitting into the
end of the beam and the fitting welded in place. The holding fixture then
releases the fitting and rotates clear. The beam machine is then reactivated.

After the desired length of beam has been manufactured the beam is

translated to its assembly position on the fixture. The rotating arm returns
to within reach of the RMS vwhere another port is procured. The arm returns
to the installation position.

The handling device is activated inserting the port ianto the end of the beam
where it 1s welded. The holding fixture is reloaded and the rotatinrg arm
moved to the next locaition where the above procedures are repeated.

The same procedure is followed for each of the two cross beams as the longi-
tudinal beams are translated back through the construction fixture. (The
cross beams are fabricated in place - perpendicular to the longitudinal beams).




FUNCTION-  JOIN
ITEM : BERTHING PORT /BEAM

METHOD SPECIAL HANDLING DEVICE (DURING BEAM FAB)

CODE| oy

0501.1

06.1

PAGE|

of

SUBJECT OPERATIONS

STEP "2

STEP 2

Manpower
» RMS/Fixture Operator at AFD

Activity ‘Time

. Install. Handling Device on Fixture
Rotating Arm with RMS

« Install Beam Machine on Device
* Load Berthing Port
+ Rotate Arm, Align and Imsert Port

+ Weld
Time per port

( ) One time activity




FUNCTION- JOIN ~ODE
ITEM . BERTHING PORT/BEAM or | 0011 06.1

METHOD  SPECIAL HANDLING DEVICE (DURING BEAM FAB) [FAGE} 3 of

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

SPECIAIL HANDLING DEVICE

BERTHING PORT | \
HOLDING DEVICE ™~ & ™,

CONSTRUCTION FIXTURE
ROTATING ARM (Ref Only)
BEAM MACUINE . ——e——fl .
HOLDING DEVICE Ly

Items
- RS
-  S8pecial Handling Device (shown above)

This device provides mounting provisions for the beam builder,

a berthing port holding/location position, and provisions for
mounting TV camera and lights. The berthing port holding/location
section has the capability to translate in order to insert the
berthing ports into the beam caps. A rotation capability is also
provided in order to drient this handling device in relationship
to the construction fixture.




FUNCTION JOIN ICODE

+ One RMS/Fixture Operator at AFD

Power
¢« RMS Operation 1000 - 1800 Watts
*  Fixture Operation . TBD

Lishting and TV

s+ Standard RMS and Fixture Rotating Arm Lights and TV are Adequate

Computer/ Software

+ RMS Coordinate Transform System
+ Fixture Rotating Arm Transform System

Stowage
* Special Handling Device-3 x 2 x 0.5 M

ITEM. BERTHING PORT /BEAM 01| 0501.1 | 06.1
METHOD  SPECTAL HANDLING DEVICE (DURING BEAM FAB) (FAGE} 4  of
SUBJECT SUPPORT SERVICES N

Crew




FUNCTION  JoIy CODE
ITEM BERTHING PORT/BEAM 0L | 0501.1 | 06.1
METHOD  SPECTAL HANDLING DEVICE (DURING BEAM FAB) | ~CC 5 of 3
SUBJECT SUMMARY
! CREW ELECTRICAL
WT. | VOL. {{MAX/ | POWER ENERGY] TIME | COST
_ (kG) | {M3) [AVG) | (KW) | (KwH) J(MINL)| ($K)
Construction Support Equipment
Special Handling Device 60 3 - TBD | TBD - 1014
RMS 1] 0 - 1.8 { TBD - -
Support Services
Crew - - {1/1 - - - -
Power - - - TBD | TEBD - -
Project Modifications 0 0 - - - - 0
- - | - - - | 16 | wax

Operations

%#Not appropriate, see page 6.




FUNCTION- JOIN CODE

01} 0501.1 06.2
{TEM . BERTHING PORT/BEAM

METHQD SPECTIAL HANDLING DEVICE (AFTER STRUCTURE FAB) PAGE 1 of 5

SUBJECT METHOD DESCRIPTION
BERTHING PORT T LONGITUDINAL
END FLTTING CROSS BEAM—-'—J,F__ BEA
t. 'TI_ ——— .,..._’)
RMS
,"'——ZM ———0-’ ) JC:._‘/RMS
e Py "\ENVELOFE
{ SaN 4

;;/—j e
F.-

; $
)
. o
| == / LONGITUDINAL BEAM
SPECTATL ! Egﬁﬂixli'glm ALONG
HANDLING - 5 .
DEVICE |
|
FIXTURE
ROTATING
ARM

The construction fixture rotating arm is rotated to the payload bay where the

RMS removes and attaches the special handling device and the first berthing
port fitting.

The arm is rotated to the first position and aligned with the end of the beam.
The arm is then retracted with the handling device inserting the fitting into
the open end of the beam and the fitting is welded in place.

After welding, the handling device releases the end fitting and the arm is
rotated to withfu reach of the RMS, where the next port is attached. This
sequence is repeated for each end fitting location.




FUNCTION: JOIN CODE
ITEM. . BERTHING PORT/BEAM 01 | 0501.1 06.2
METHOD SPECIAL HANDLING DEVICE (AFTER STRUCTURE FAB) PAGE 2 of 5
SUBJECT OPERATIONS
BERTHING PORT FITTING CONSTRUGTION
(8 PLACES) PIXTURE

ROTATIONAL HANDLING
DEVICE

o ATTACH ASSEMBLY FIXTURE TO R

HANDLING DEVICE VIA RMS ﬁ @‘&

o ATTACH BERTHING PORT FITTING. TO
ASSEMBLY FIXTURE UTA RMS

o ROTATE ARM, PERFORM FUNCTION AND REPEAT

Manpower

RMS/Fixture Operator at AFD

Actlvity Time

. ! Install Handling Device on Fixture (L0 Min.)
Rotating Arm with EMS
« Load Berthing Port 3 Min.
+ Rotate Arm, Align and Insert Port 3 Min.
= Weld 10 Min.
TOTAL PER PORT 16 Min.

This method requires an additional tramslation
of the Entire Structure 214 Min.
JIM/in. Rate)

( ) One time operation




FUNCTION: JOIN EZODE‘ oL

ITEM . BERTHING PORT/BEAM

0501.1

06.2

METHOD SPECIAL HANDLING DEVICE (AFTER STRUCTURE raB)lfAGE[ 3

of

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

BERTHING PORT

END FITTING STRUT ATTACH INTERFACE

i
i
_fﬂk- ~

=

&

<::/,,fa’£;;;;== CLAMPING ARMS
SPECIAL HANDLING ‘
DEVICE ELECTRICAL
INTERFACE
T{ems
- RMS

~  Special Handling Device (shown above)

This device provides mounting provisions for the beam builder,
a berthing port holding/location position, and provision for

mounting TV camera and lights. The berthing port holding/location

section has the capability to translate in order to insert the
berthing ports into the beam caps. A rotation capabillty is also
provided in order to orient this havdllng device in relationship

to the comstruction fixture.




FUNCTION  JoIy ODE
ITEM. : BERTHING PORT/BEAM 01 0501,1 |06.2

PAGE| 4, of 5

METHOD SPECIAL HANDLING DEVICE (AFTER STRUCTURE FAB)

SUBJECT SUPPORT SERVICES

Crew

+ One RMS/Fixture Operator at AFD

Power
+ RMS Operation 1000 - 1800 Watts
» TFixture Operation . TBD

Lighting and TV

+ Standard RMS and fixture rotating arm lights and TV adequate

Computer/Software

* RMS Coordinate Transform System
* Fixture Rotating Arm Transform System

Stowage
» Special Handling Device-2 x 0.5 x 0.5M




FUNCTION  JoIn CODE
ITEM BERTHING PORT/BEAM oL 0501.1 06.2
METHOD SPECTAL HANDLING DEVICE (AFTER STRUCTURE Fas) [FAGE| 5 of 35
SUBJECT SUMMARY
cREY LELECTRICAL
WT. | voL. [(MAX/ | POWER ENERGY| TIME { COST
(KG) | (K®) [ AVG) | (KW) | (KWH) [(MIN.)] ($K)
Constructilon Support Equipmeni
Special Handling Deviie 23 | 0.5 - TED | TBD - 638
RMS 0 - 1.8 | TBD - NC
Support Services.
Crew - - 1/1 - - - -
Power - - - TBD | TBD - -
Project Modifications 0 0 - - - - 0
- | - - - | - 16 NA®

Operations

*Not appropriate, =ee page 6.




FUNCTION: JOIN CODE

ITEM BERTHING PORT /BEAM oL | .1 03.1
METHOD CHERRY PICKER PAGE| ,  of
SUBJECT

METHOD DESCRIPTION

LONGITUDINAL BEAM
TRANSLATION ALONG
Hglt pyrg

_ViSth!..Ii'Y‘
ENVELOPER
oS JE}‘T

Y
- 1

- y
)\\/ =

" ENVELOPE

Pk

|~ LONGITUDINAL
BEAM

""'ﬁ"““"]
S

CHERRY PICKER
(OPEN TYPE)

|
g

\CONSTRUCT 10N
®  FIXTURE

E ‘

[72]

Err=r=
A%

| kel

The Cherry Picker installs the speclal berthing port/beam end insertion
device on the beam, then removes the fitting (berthing port) from the payleoad
bay and aligns same with end of beam.

‘The Cherry Picker inserts the tapered legs of the end fitting into the beam
until the legs just engage the inner cap surfaces.

The drive units on the insertion device are activated extending the drive
screws until engagement can be made with the side (strut) fittings

The drive units are reactivated reversing the drive screws thus pulling the
legs of the end fittiny inside the beam cap members. The berthing port
fitting is then welded in place.

The Cherry Picker releases the end fitting and removes the insertion device
from.the beam.




FUNCTION:  JoIy '
ITEM BERTHING PORT/BEAM 'CODE 01 0501.21 03,1
METHOD CHERRY PICKER PAGE 9 of

SUBJECT

OPERATIONS

STEP 4
Manpower
= Cherry Picker Operator
Activity Time
* RMS Pickup Cherry Picker (15 Min)
« Pickup Beam End Insertion Device 2 Min
~ Transport, Install Insertion Device 4 Min
« Pickup Berthing Port Fitting 3 Min
« Transport and Insert Port 10 Min
« Weld 10 Min
« Remove Insertion Device 2 Min
' TOTAL PER PORT 31 Min

( ) One time operation




FUNCTION: JOIN CODE

ITEM. . BERTHING PORT/BEAM 0L | 0501.1 | 03.1
METHOD CHERRY PICKER . PAGE} 3 of 5
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT

INSERTION DEVICE
AS STOWED

Ty
Loy
v
¥

Xy
",
0y
Xy

Xy
---------
v

BEAM END INSERTION DEVICE
! b a—~—OPEN ~ READY FOR ATTACHMENT
TO BEAM

XY
“““

ey
3
.
LY

STABILIZER
ARM ‘

CHERRY PICKER

~ Berthing Port Ingertion Device

This device (shown above) consists of two sides of a triangle complete
with two ball secrews and drive unit. The device folds for payload storage.

The legs of this device have the same profile as the inner surface of the
beams cross members, at the end of which is a spring latch with solenoid
return capability.

The Cherry Picker picks up the device (via the stabilizer arm) and fastens
it to theé cross members adjacent to the beam end. The upper latches snap
across the third cross member to hold the device in place.

~ Cherry Picker

~ RMS




r%ﬁCHON ;ggnmc PORT /BEAM COPElor | 05011 03.1
METHOD CHERRY PICKER PAGE| 4  of
SUBJECT SUPPORT SERVICES
Crew
+ Cherry Picker Operator
Pover
» RMS Operations 1000 ~ 1800 Watts
» Cherry Picker Operation 500 Watts
+ Insertion Device _ TBD

Lighting and TV

*+ Standard Cherry Picker Illumination Adequate

Computer/Software

» RMS Coordinate Transform System

Stowage

- Assenbly Device -2 x 1 x 0.5 M
» Cherry Picker - 0.9 x 1.6 x 1.1 M




FUNCTION JOIN
ITEM BERTHING PORT /BEAM CODEjox | o0501.1 | 03.1
METHOD CHERRY PICKER PAGE| 5 of 5
SUBJECT SUMMARY |
CREW ELECTRICAL _
WT. } VOL. [(MAX/ | POV:ER ENERGY! TIME | COST
_|fke) | (M®) fAva) | (k) | (KWH) [(MINL)] ($K)
Construction Support Equipment
Insertion Device 30 1 - TBD TBD - 1098
Cherry Picker - 0.5 TBD ([ =~ TBD
RMS ' ol o - 1.8 { ™BD| =~ -
Support Sexvices
Crew - - 1/1 - - - -
Power - - - TBD TBD - -
Project Modifications ' 0 0 - - ~ - -
- - - -1 31 NA%

Operations : -

*Not appropriate; see page 6.

R R D N



FUNCTION'  jory _

ITEM. : BERTHING PORT/BEAM CODEi o1 | 05011 | 06.3
SPECIAT HANDLING DEVICE

METHOD (CROSS BEAM FAB PARALLEL TO LoNG BEAM) [AGE[ 1 of

SUBJECT

METHOD DESCRIPTION

BERTHING PORT BEAM MACHINE

DEVICE

CROSS BEAM——"'IT
=
TRANSVERSE BEAM
FAB LOCATION
'“'\NVELOPE
FIXTURE we SRy
ROTATING T/ Hi l
ARM i
1

With the specital handling device loaded with the beam machine and a berthing
port (by the RMS), the beam machine manufactures a short length of beam and
stops.

‘The handling device is activated inserting the berthing port fitting into the
end of the beam and the fitting welded in place. The holding fixture then
releases the fitting and rotates clear., The beam machine is then reactivated.

After the desired length of beam has been manufactured the beam is
translated to its assembly position on the fixture. The rotating arm returns
to within reach of the RMS where another port is procured. The arm returns
to the installation position,

The handling device is activated imserting the port into the end of the beam
where it is welded. The holding fixture is reloaded and the rotating arm moved
to the next location where the above procedures are repeated.

The same procedure is followed for each of the two cross beams as the longi-
tudinal beams are translated back through the construction fixture. The cross
beams for this method are fabricated - parallel to the longitudinal beam,

The .completed beams, including the berthing port fittings, are then transported
to their proper position for joining.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION:  JOIN .

HEM .  BERTHING PORT/BEAM CODE| 01 | o0s01.2 | 02.1
METHOD  EVA/MMU PAGE| | of
SUBJECT METHOD DESCRIPTION

"BERTHING
PORT

BERTHING PORT
INSERTION DEVICE

/—’r

EVA/MMU OPERATOR -~

The EVA/MMU operator installs the special berthing port/beam end insertion
device, Then moves to the payload bay, removes the berthing device fitting,
transports it to the beam, and aligns same with end of beam.

The operator then inserts the tapered legs of the end fitting into the beam
until the legs just engage the inner cap surfaces.

The drive units on the insertion device are activated extending the drive screws
until engagement can be made with the side (strut) fittings.

The drive units are reactivated reversing the drive screws thus pulling the
legs of the end fitting inside the beam cap members. The berthing port fitting
is then welded in place.

The operator then removes the insertion device from the beam and proceeds to
the next position.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION: JOIN : ‘

| . =ODE .
ITEM. . THRUST STRUGTURE/PLATTORM ODE} 01} 0501.2 00
METHOD PAGE . of
SUBJECT OPERATTON IDENTIFICATION

PLATFORM -
STRUCTUR kY
,.” .-I iy "
L;LI‘L:;;k
DOCKING
PORTS
PROPULSION
MODULES

Project System

« Advanced communications space fabricated platform
‘Operation
+ Join the thrust structure to the platform structure

Physical Situation

* The platform structure is complete, antennas, RCS and SCCM installed
+  The.thrust structure installation is made oh a dedicated flight

« Connection is made by means of three berthing ports previously
installed at the aft end of the platform

+ The platform is in position on the construction fixture




FUNCTION: JOIN

ITEM . THRUST STRUCTURE/PLATFORM CODE| o1 o501.2 00
METHOD PAGE 2 of 2
SUBJECT ALTERNATE METHODS

A ~
FOLDED
=§[:}Bi>"ltj\»F“l'W T T . ~ THRUST

STRUCTURE

CONSTRUCTION | %\ - 83
FIXTURE - —— -

FIXED
DOCKING
PORT

-

The following methods have been identified:
Manual
None

Automatic

1. The eorbiter docks to the construction fixture and uses the RMS to
instalil the thrust structure

2. The RMS is used to place the thrust structure onto the orbiter docking
system and the orbiter mates the thrust stiucture to the platform

3. The orbiter docks to the platform (using an RCS location) and then
uses the BEMS to install the thrust structure to the platform

Method #1 is detailed.




FUNCTION: JOIN | cobel o1 | oso1.2 | o4z
ITEM. - THRUST STRUCTURE/PLATFORM

METHOD RMS (ORBITER TO FIXTURE) PAGE 1 of g
SUBJECT METHOD DESCRIPTION

THRUST STRUCTURE
IN FOLDED CONDITINN

——20 M

RMS REACH

RMS REACH

.Q-—-\ -
I

CONSTR.
FIXTURE

FIXED
DOCKING

RMS WITH
LIGHTS & TV

- The orbiter docks to the construction fixture in the attitude and
location showm.

— The RMS removes the folded thrust structure from the orbiter bay, moves

' it into the correct orientation and mates the first of the three berthing
ports (the fixed one) on the thrust structure with the corresponding port
on the platform. ’

-~ The next step igs to rotate the cross beam of the thrust structure through
90° with the BMS.

— The second and third berthing ports of the thrust structure are now
opposite their corresponding ports on the platform. The platform ports are
then extended and mated. These two berthing ports must be self aligning
or floating.




FUNCTION: JOIN CODE| 01 | os01.2 04,1
ITEM : THRUST STRUCTURE/PLATFGRM : .

METHOD RMS (ORBITER TO FIXTURE) PAGE 2 of
SUBJECT PROJECT MODIFICATIONS

CROSSBEAM DEPLOYED

PLATFORM

A\VAVAVAN

YAYE

A AN
Ao

QQ]E"" CROSSBEAM

ORBITER BAY QUTLINE—wm— 5, | ' FOLDED

Platform Structure

+ The three berthing ports at the aft end of the platform must be staggered
as shown. Two are mounted further aft than the third.

+ Two berthing ports require the capability to "extend and mate" on command
from the orbiter, . .

Thrust Structure

» It must be designed so that it can be folded and stowed in the orbiter
bay in one unit.

= An RMS attach point is requived.

« The cross beam must be capable of rotating 90°.




FUNCTION:- JOIN CODE| o1 0501,2 { 04.1
ITEM . THRUST STRUCTURE/PLATFORM

METHOD RMS (ORBITER TO FIXTURE) PAGE} 3 of

SUBJECT OPERATIONS

THRUST STRUCTURE
IN FOLDED CONDIT{ON

RMS REACH

CONSTR.
FIXTURE
FIXED
DOCKING
PORT
RMS WITH
LIGHTS & TV

Manpower

Possibly 1 EVA/MMU astronaut as observer/guide
1 RMS operator

Activity Time

Attach BMS to thrust structure 5 Min
Move thrust structure to platform 15
Align berthing port 10
Mate first berthing port . 5
Rotate cross beam _ 10
Mate second berthing port 5
Mate third berthing port 5

55 Min




FUNCTION- JOIN CODE{OL | 0501.2 | 04.1

ITEM . . THRUST STRUCTURE/PLATFORM
METHOD RMS (ORBITER TO FIXTURE) PAGE 4 of ¢
SUBRJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
END EFFECTOR
WRIST ROLL JOINT
WRIST YAW JOINT
WRIST PITCH JOINT~N _
LOWER ARM “2HANIPULATOR POS.
RETENTION MECH.
WRIST (REF)
ELBOW PITCH JOINT JETTISON SUBSYST.
MANIPULATOR POS.
UPP - RETENTION MECH.
LOWER ARM (REF.)
?;f P
SHOULDER PITCH . TT—HANIPULATOR POSITIONING
JOINT ?ECH?NISH UPPER ARH
REF
ADDED ROLL AX1S
//
h\\\\SHOULDER BRACE
19. " \CSHOULDER YAW JOINT
MODIFIED RMS.
items

RMS with rotational capability of upper arm and special light TV
package with 360° rotatilonal capability.




FUNCTION JOIN CODE| o1 | 0501.2 | 04.1
ITEM. THRUST STRUCTURE/PLATFORM
METHOD RMS (ORBITER TO FIXTURE) PAGE 5 of ¢
SUBJECT SUPPORT SERVICES

Crew

* 1 RMS operatoxr

Powex
+ RMS Operation 1-1.8 KW

Lighting and TV

+ Standard payload bay and special RMS lighting and TV (rotational capability)
(daylight side of orbit preferred)

Computer/Software

+ RMS orientation transform system
Stowage

* HNone
Other

« Orbiter requires capability for remote command to extend the platform
mounted berthing ports :




I A p—— - T X

*Not appropriate, szee page 6.

FUNCTION JOIN {CODE
ITEM. THRUST STRUCTURE/PLATFORY 01 | 0501.2 | 04.1
METHOD RMS (ORBITER TO FIXTURE) PAGE 6 of g
SUBJECT SUMMARY .
o CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY! TIME | COST
(K6) (M%) | Ava) | (Kw)j(KWH) [(MIN.)| ($K)
Construction Support Equipment
RMS 0 0 - 1.8 TBD - NG
RMS Upper Arm Modifications 79 0 - TBD | TBD - |1764
Support Services '
Crew - - 1/1 - - - -
Power (Total) - - - 1.8 | TBD - TBD
Project Modification -~ None
Operations - - 1/1 - - 55 NA#




FUNCTION- JOIN
CODE| o . .

ITEM . THRUST STRUCTURE/PLATFORM L] ooor.2 0.1
METHOD ORBITER MATE PAGE 1 of
SUBJECT METHOD DESCRIPTION

THRUST STRUCTURE IN

FOLDED CONF}GURAT[ON

TV CAMERA &

DOCKING TARGET

S ] T~
= | ‘{:?*gﬁm
SIS | LI~

¥ \_/ ¥
NSNS

NN NN

&

- The thrust structure is designed to fold and fit in the orbiter bay.

- The RMS removes the folded thrust struecture from the orbiter bay and

mates it with the orbiter docking port.

- The thrust structure is then mated with one of the berthing perts on the

platform.

- The eross beam on the thrust structure rotates 90°. The second and third

berthing porits are mated.

- Docking targets and TV camaras are required.

[ NO ADDITIONAL DETAILS ARE PROVIDED]




ITEM. . THRUST STRUCTURE/PLATFORM 01 0501.2 | Q4.2
METHOD RMS ~ ORBITER DOCKS TO RCS PORT PAGE; ; of
SUBJECT - METHOD DESCRIPTION

RMS REACH

THRUST STRUCTURE

FOLDED~,

- The thrust structure is designed to fold and f£it in the orbiter bay.

- The orbiter docks with the platform at an RCS locatlon, before the RCS

is installed.

- The RMS removes the thrust structure from the orbiter bay and mates the

first of 3 berthing ports.

- The next step 1s to rotate the cross beam of the thrust structure through

90° with the RMS.

- The second and third berthing ports of the thrust structure are now oppo-

site their corresponding ports on the platform.
and mated. These two berthing ports must be self aligning or floating.

[ NO ADDITIONAL DETAILS ARE PROVIDED)

They are then extended




FUNCTION:  INSTALL CODE} o3 | 05 01.3 | o0
ITEM . SOLAR BLANKET SWITCH BOX ATTACH FITTING .
METHOD PAGE] ; of ,
SUBJECT OPERATION IDENTIFICATION
CROSSBEAN
CONSTRUCT 1 ON
SOLAR 1) FIXTURE -
/_~BLANKET K I Fres b Y
Ny, ’/’ ST :
Y S [P . b !
: -1 b il 1
. FITTING =y = =7
TR END Ha
s } - RMS
AN DETAIL } el — 2
OLAR BLANKET ATTACH FITTING 7 . LA N\
< CROSSBEAM e =)
_ 3 =
:

Project System

SPS Test Article

Operation

Install attach fitting at every cross member on base of fabricated cross
beam (15 places on each of 6 cross beams).

Physical Situation

The structure completed, berthing ports attached and RCS modules
installed.




FUNCTION*  INSTALL

ITEM . SOLAR BLANKET SWITCH BOX ATTACH FITTING

METHOD

CODE| 01| o5 01.3 | 00

PAGE 2 of 2

SUBJECT ALTERNATE METHODS

LONGITUDINAL BEAM

CROSSBEAM

ATTACH
FITTING

CONSTRUCTION &
ASSEMBLY FIXTURE

LONGITUDINAL BEAM

{?\ ATTACH

FITTING

ROTATIONAL HANDLING

, DEVICE
CONSTRUCTION & EV]

ASSEMBLY FIXTURE

MANUAL AUTOMATED
The following methods have been identified:
Manual
1. EVA/MMU fixed station (fittings installed during beam f£abrication)

2. Cherry Picker/Fixture Rotational Handling Device.

3. MMU Free Flyer

4. Cherry Picker with' fixture in Z axis orientation.

Automated

5. Fixture Rotational Handling Device

Methods 1 and 2 are detailed.




FUNCTION:  INSTALL CODE; 01 | 05 01.3 { o02.1
ITEM. *  SOLAR BLANKET SWITCH BOX ATTACH FITTING
METHOD MMU/FIXED STATION PAGE 1 of ;5

SUBJECT METHOD DESCRIPTION

F G
CROSSBEAM ATTACH FITTIN

%

£, STORAGE CONTAINER

-~ BEAM MACHINE

ROTATIONAL HANDLING

DEVICE
CONSTRUCTION AND MMU
ASSEMBLY FIXTURE MMU RETENTION DEVICE
o The EVA/MMU astronaut proceeds to an MMU retention device (work station)
attached to the construction and assembly fixture.
o. After securing, the crewman is ready for installation of the attach

fittings, the fittings are contained in the cannister which he trans-
ported to the work station.

0 Installation of the attach fittings is executed during cross beam fabri-
cation and 1s sequenced with the beam machine operations.

o The beam machine stops intermittantly to attach the cross members. During
this period, each attach fitting will be manually installed.




FUNCTION:  INSTALL CODE
ITEM. SOLAR BLANKET SWITCH BOX ATTACH FITTING 01| 0501.3 | 02.1
METHOD MMU/FIXED STATION PAGE 9 of 5
SUBJECT OPERATIONS
CROSSBEAM ATTACH FITTING
STORAGE CONTAINER
BEAM MACHINE
(REF)
ROTATIONAL HANDLING
DEVICE  (REF)
CONSTRUCTION AND -~ MU
ASSEMBLY FIXTLRE MMU RETENTION DEViCE
Manpower

.

One EVA/MMU crewman

Activity Time

EVA/MMU crewman picks up attach fitting container from 3 min.
payload bay.

MMU proceeds to work station, attaches container and 7 min.
locks MMU unit into retemtion structure.

Crewman removes fitting and joins to base of cross 15 min.
beam at each cross member (15)

TOTAL PER CROSS BEAM 25 min.




FUNCTION: INSTALL CODE
ITEM . SOLAR BLANKET SWITCH BOX ATTACH FITTING 0L 050L.3 | 02.1
METHOD MMU/FIXED STATION PAGE 3 of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
MMU UNIT IN SECURED POSIT}ON RETENTION LATCHES
' {':,':?-?
- !

MMU GUIDE RAMP
R /
MMU RETENTION STRUCTURE Sk LOCK/RELEASE LEVER

(WORK STATION)

MU ARMS FOLDED DOWY

CREWMAN SECURES
ATTACH FITTING
STORAGE D|SPENSER

T0 RETENTION
STRUCTURE

' —~ CREWMAN'S F
CONSTRUCTION & ‘ RESTRAINT oot
ASSY FIXTURE

Items
- MMU
- Work Station
o The station is a structural framework attached to the upper

end of the construction and assembly fixture.

o The "U" shaped frame simulates the orbiter provision for
securing the MMU in the payload bay. This concept permits
the EVA/MMU crewman to back in and secure the MMU to the
frame.

o The crewman is also provided with foot restraints (as shown).

Release levers retract the laiches when the MMU unit is ready
to leave.

o Attach provisions are also provided for the base attach
fitting container.

- Attach Fitting Storage Container




FUNCTION  INSTALL cODE
ITEM. SOLAR BLANKET SWITCH BOX ATTACH FITTING 0rj 050t.3 | 02.1
METHOD  MMU/FIXED SIATTON PAGE| , of
SUBJECT SUPPORT SERVICES
Crew - One EVA/MMU Crewman
Power - MMU Recharge TBD
Tighting & TV

= Standard MMU and orbiter
Computer/Software

~ None
Stowage - Work Station - 1.3'x 1.8 x 1.2m

Attach fitting storage container -~ 0.3 x 0.5 x 1.8m

Other - MMU Propulsion Charge




FUNCTION  INSTALL CODE '
ITEM. SOLAR BLANKET SWITCH BOX ATTAGH FIITING jemem| Onf 03 01.3 | 024
£
METHOD MMU/FIXED STATION PAGE 5 o 5
SUBJECT SUMMARY ,
1
CREW ELECTRICAL
WT. |-VOL. [(MAX/ | POWER ENERGY| TIME | COST
(KG) [ (M%) [ AVG) | (kW) | (KWH) J(MIN.) ($K)
Construction Support Equipment
MMU 110 | 1.1 - TBD | TBD | ~—- 100
Work Station (MMU Retention Structure} 25( 2,8 | -- 0 o | — 748
Attach Fitting Container 20 2.7 -- 0 0 - 613
Support Services '
Crew - - | 1/1 — — - _
Power (Total) —_— - — TBD TBD { -= TED
Project Modifiqation
None-
Operations — -— |1/1 —_— —_ 25 NA*
*Not approprlate, see page 6.




FUNCTION- INSIALL CODE
ITEM . SOLAR BLANKET SWITCH BOX ATTACH FITTING 01 05 01.3 03.1
A ™
METHOD CHERRY PICKER/HANDLING DEVICE PAGE 1 of 5
SUBJECT METHOD DESCRIPTION
CROSSBEAM ATTACH FITTING

STORAGE CONTAINER

CHERRY PICKER

rerins i FIXTURE ROTATIONAL HANDLING DEVICE

o The cherry picker located at the end of the fixture rotational handling
device moves towards the payload bay where a cannister of attach fittings
is rewmoved from the bay by the RMS and secured to the cherry picker.

¢ The handling device (controlled from the cherry picker) is rotated and
aligned in position and the crewman joins the first attach fitting to
the cross beam.

o The ecrewman activating the handling device aligus himself at each subsequent
eross member location along the cross beam and attaches a fitting until
all have been installed.

o The operation is reperated for each of the six cross beams.




FUNCTION* INSTALL CODE

!
ITEM . SOLAR BLANKET SWITCH BOX ATTACH FITTING 01} 0501.3 03'&_
METHOD CHERRY PICKER/HANDLING DEVICE PAGE of
SURJECT OPERATTONS
CROSSBEAM ATTACH FITTING
STORAGE CONTAINER
CHERRY PICKER
ONSTRUCTION & \
ESSE;BLYTFIXTURE FIXTURE ROTATI/ONAL HANDLING DEVICE
Manpower
- One cherry picker/rotational handling device operator
- One RMS operator at AFD
Activity Time .

—

RMS retrieves storage container and attaches to
cherry picker.

Handling device rotates to first position.

Crewman removes fitting from container and attaches
to base of cross beam.

Handling device is activated, positioned for next
assembly and fitting installed.

Procedure repeated 13 times.

TOTAL PER CROSS BEAM

4 min.

2 min.

2 min.
3 min.

39 min.

50 min.




FUNCTION:  INSTALL CODEY 01} 05 01.3 03,1
ITEM. * SOLAR BLANKET SWITCH BOX ATTACH FITTING

METHOD CHERRY PICKER/HANDLING DEVICE PAGE} , of
SUBJECT CONFIGURATION SUPPORT EQUIPMENT REQUIREMENTS

ROTATING ARM

-~ CONSTRUCTION AND
ASSEMBLY FIXTURE

UN1VERSAL
END EFFECTOR

Ttems
- RMS
- Cherry Picker

- Attach Fittings Storage Container

~  8pring loaded magazine




FUNCTION  INSTALL CODE|01 | 0501.3 03.1
ITEM __. SOLAR BLANKET SWITCH BOX ATTACH FITTING
METHQD CHERRY PICKER/HANDLING DEVICE [PAGE] 4 o
SUBJECT SUPPORT SERVICES
Crew - One Cherry Picker/Rotational Handling Device Operator
~  One RMS Operator at AFD
Power ~  Cherry Picker Operation 0.5 kW
- RMS.Operation i-1.8 kW
Lighting & TV
-  Standard Cherry Picker Orbiter and RMS
Computer/Software
- RMS Coordinate Transform System
Stowage

- Attach Fitting Storage Container - 0.3 x 0.5 x 1.8m




N N
FUNCTIO INSTALL CODE| 01| o5 01.3 ; 03 .1
ITEM. SOLAR. BLANKET SWITCH BOX ATTACH FITTING
METHOD  CHERRY PICKER/HANDLING DEVICE PAGE| 5 of 5
SUBJECT .
k]
crEw ELECTRICAL
WT. .voaL. (MAX/ | POWER ENERGY] TIME | COST

L (KG) (M%) JAVG) | (kW) | (KWH) J(MIN.Y] (3K)
Construction Support Equipment

RMS 0 0 - 1.8 | TBD | - NC

Cherry Picker 273 | 1.6 | — 0.5 [ TBD [ == TBD

Attach Fitting Container 20 | 2.7 | — 0 | 0 |- léi1
Support Services

Grew — ] - |2/1.1] - -_— |- —

Power (Total) T I 2.3 | 8D | --° {-TBD-.{.
Project Modification

B None

Operations _— - {2/1.1] - - 50 | NA%®
“Not appropriate, see Page 6.




FUNCTION®  INSTALL .

ITEM SOLAR BLANKET SWITCH BOX ATTACH FITTING CODE| o1] 05 03.1 | 02.2
METHOD EVA/MMU FREE FLYER PAGE 1 - of

SUBJECT

METHOD DESCRIPTION

CROSSBEAM LONGITUDINAL BEAM

/
./r\\-
V 4
\\
CONSTRUCTION & ‘
ATTACH
ASSEMBLY FIXTURE FITTING

The EVA/MMU crewman proceeds to a position where he manually installs
the first attach fiiting to the base of the crogs beam.

The crewman then translates “below" the length of the cros$ beam,

manually installing all subsequent fittings, which are stored in
a cannister attached to the MMU unit.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION+ INSTALL ‘

ITEM . BOLAR BLANKET SWITCH BOX ATTACH FITTING CODE| o1 | 05 01.3 03.2
METHOD CHERRY PICKER (FIXTURE IN Z-AXIS) PAGE| ; of

SUBJECT

METHOD DESCRIPTICN

CONSTRUCTION &
ASSY FIXTURE

h \ - N -
T & _RMs ENVELOPE

RMS
CHERRY PICKER
FIXTURE SUPPORT ARM

CONSTRUCTION FIXTURE 1IN
Z-AX1S ORIENTATION

o  The cherry picker crewman picks up attach fitting container from cargo
bay, attaches it to the cherry picker and moves to work site.

o The crewman moves the cherry plcker along the cross beam to allow for
manual installation of an attach fitting at each cross member.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION  INSTALL CODE| o1 | 05 01.3 | 10.1
ITEM. *  SOLAR BLANKET SWITCH BOX ATTACH FITTING

METHOD ROTATIONAL HANDLING DEVICE PAGE 1 o
SUBJECT METHOD DESCRIPTION

ATTACH FITTING

LONG ITUD I NAL BEAM @ A POSITION

CROSSBEAM '

O 4 A tove up
ROTAT | ONAL ® A ~g SLIDE IN
HANDL I NG

CONSTRUCTION & DEVICE
ASSY FIXTURE ® A} LosE B

o The RMS deploys an automated attach fitting dispensing cannister and
secures it to a surface within reach of the fixture rotational handling
device. :

o The handling device picks up an attach fitting from the dispenser and
rotates Into position below .the first cross member at the base of the
eross beam.

0 Assembly sequence 1 through 4 is then followed.

© The handling device releases fitting, returns to dispenser and the pro-
cedure is repeated.

NO ADDITIONAL DETAILS ARE PROVIDED




-

FUNCTION® INSTALL CODE

ITEM : CROSS BRACING CABLES 0L | 06 01.1
METHOD PAGE| 1 of 2
SUBJECT

OPERATION IDENTLIFICATION

\ \ LONGITUDINALS

CONSTRUCT | ON =——>=
FIXTURE

Project System

Space Fabricated Advanced Communications Platform. .

Operation

Install cross bracing cables between the three longitudinal beams which
form the basic structure of tfhe platform.

Physical Situation

The orxbiter is docked to the construection fixture

The three longitudinal beams have been fabricated




FUNCTION® INSTALL CODE

o1 | 06 01.1 00

ITEM - CROSS BRACING CABLES
METHOD PAGE 2 of 2
SUBJECT ALTERNATE METHODS
EEQESVERSE CONSTRUCTION FIXTURE
/ TRANSVERSE BEAM

SN — T Y
CABLE MAGAZINES e R JW
CONSTRUCTION i
FIXTURE
!
l
—_—t t
'MANUAL | AUTOMATIC
The following methods have been identified:
Manual
1. Two EVA astronauts with cross bracing cables in magazines.
2. EVA/MMU astronaut with cross bracing struts in magazines.
Automated .
3. Fully automatic station on the construection fixture.

Methods 1, 2 and 3 are detailed.




FUNCTION-  INSTALL ~AhE
ITEM. CROSS BRACING CABLES CODElo1 | osoa.1{ 011
METHOD EVA ' PAGE| , of 4
SUBJECT METHOD DESCRIPTION
LONGITUDINAL CROSSBEAMS
BEAMS = /////
_[EER
I\(l\»(w ""I" LA XD NI NN
. M - - . o

N

DX

EONENRNRNES

CONSTRUCTION— |
FIXTURE

CABLE
MAGAZINES CROSS~BRACING

P CABLES

Weld the attach plates (Page 2) to the longitudinal beams as they are

o
fabricated by the beam builder.

o The pre-fabricated cables are in three magazines.

o Retract the three longitudinal beams.

o Fabricate and install the first set of cross and transverse beams. Weld
attach bracket to beams.

o EVA astronauts install the forward ends of six cables to the attach plates
while the first set of cross and transverse beams are being fabricated and
installed.

o The longitudinal Leams are advanced, pulling out the six cables, two from
each magazine.

EVA astronauts install the aft ends of the six cables.

o Fabricate and install the second set of cross and transverse beams. UWeld
attach bracket to beams.

o EVA astronauts tension the six cables using the tool shown on Page 4, and

install . the forward ends of the second set of cables while the second set
of cross and transverse beams are being fabricated and installed. The two
cables In each plane must be tensioned simultaneously.




FUNCTION' INSTALL CODE

ITEN, . CROSS BRACING CABLES o) gcod.t] 021
METHOD EVA PAGE of

SUBJECT PROJECT MODIFICATIONS

CROSSBEAM TENSIONING DEVICE

CAP I

s et

LONGITUDINAL CAP

__ATTACH PLATE

CROSS MEMBER

Cable attach plates welded to the four corners of each of three sides of

~ each bay (23).

Cross bracing cables have attaching hooks and safety bars at each end, and a

tensioning device which can be operated by the tool shown on Page 4.

The cables are graphite epoxy and are fabricated as a strap .38mm (.015") x

83mm (3.27") to facilitate coiling for most of its length.




FUNCTION+  INSTALL CODEjo1 | 06 01.1 01.1
ITEM . CROSS BRACING CARLES

METHOD  va PAGE; 3 of 6
SUBJECT OPERATTONS

CABLE STORAGE
MAGAZINES WITH
FOOT RESTRAINT

CONSTRUCTION —"

FIXTURE WORK STATIONS
0
L s e v e —
Manpower
~ Two EVA operators
Activity Time
- Install front ends of set of six cables (one bay) 9 min.
- Advance structure _ 2 min,
- Install aft ends of set of gix cables 9 min.
-  Tension cables ' 9 min,.
Total per bay ‘ 29 min.
Support Activity
— Remove cable storage magazines (three) from 180 min.

payload bay and install on fixture

~ Remove magazines (three) from Iixture and 180 min.
place in payload bay.




FUN CTION * INSTALL Co DE

ITEM . CROSS BRACING CABLES 01 j 06 01.1 | 01,1
METHOD EVA PAGE 4 of 6
SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

POWERED MANUAL TOOL FOR
TENSIONING CABLES

Ltems

~ RMS

- Powered manual tool for applying tension load of approximately
1200 1lbs. to the cross bracing cables.

- Three magazines or containers for pre-fabricated cross bracing
cables. Each magazine to contain 46 cables.

-  Work stations to be attached to the construction fixture.




FUNCTION  INSTALL
CODE} 01 | 06 01.1 | 0L.1
ITEM CROSS BRACING CABLES
METHOD EVA PAGE of ¢
SUBIECT SUPPORT SERVICES
Crew - Two LVA operators
Power ~ Hand held tensioning tools 300 Watts

Lighting & TV =~
Standard illumination

Computer/Software -

Not required
Stowapge -~
Three cable magazines =~ 3 x 1 x 0.2m each

8ix work statious - 0.5 x 0.5 x 0.2m each




FUNCTION  INSTALL
CODE} 01 | 06 01.1 @ o01.1
ITEM. . CROSS BRACING CABLES
METHOD EVA PAGE 6 of ¢
SUBJECT SUMMARY
1y
CREW ELECTRICAL
WT. 1 VOL. |(MAX/ | POWER ENERGY! TIME { COST
(KG) |(M?) | AVG) | (kW) | (KWH) [(MIN.D| (SK)
Construction Support Equipment
Magazines (3) 30 (1.8 - 0 —_— 563
Work stations (6) 12 | 0.4 — 0 —_ 197
Power tools (2) 10 | NEG -— | 0.6 TBD | -- | 515
I
i
Support Services I
Crew - -— 12/2 —— —— - —_—
Power (Total) - —-— - | TBD T8p| ~— | TBD
Proiect Modification
Attach plates (276) 15 0.2 —— - — — 155
Tension Devices (138) 1138 0.1 | ~ | — | = | - |1436
Operations - - [ 2/2 - - 29 NA®

*Not appropriate, see page 6.




FUNGTION:  INSTALL CODE{ 01| 06 01.1] 02.1
ITEM CROSS BRACING STRUTS
METHOD MMU/STRUTS PAGE 1 of
SUBJECT METHOD DESCRIPTION
STRUT LONG!TUD INAL CROSSBEAM
HAGZZINES BEAMS ] ATTACH PLATES
i 1]
NG GO " I >
%\ = A
\h- _!E:? ’ { ﬁ"my’ )
! <A< D T~ N'L’”b\]}l‘“ < LS ﬁ&w’(l\"-l ;-
\ /CROSS BRAC I NG
STRUTS

CONSTRUCT ION
FIXTURE

Weld the attach plates to the longitudinal beams as they are fabricated
by the beam builder.

The struts are in three magazines.

Retract the three longitudinal beams.

Fabricate and install the first set of cross and transverse beams.
Weld attach brackets to beams.

While the first set of cross and transverse beams is in work, an EVA/MMU
astronaut removes the first set of three struts from their magazines and
installs them to the platform.




FUNCTION+  INSTALL CODE| 01| o6 01.'1- 02.1_‘
ITEM . . CROSS BRACING STRUTS '
METHOD MMU/ STRUTS PAGE 2 oF 4
SUBJECT PROJECT MODIFICATIONS
[y
CROSSBEAM

CAP -
: 25 CM —l
.. <
CROSSMEMBER (s A g\?‘“/

- —_—— [4
\1°°°°°°J LONGITUDINAL CAP
4 ¥ ‘ o
t”" - ATTACH PLATE

GRAPRITE EPOXY

Attach plates at two corners of each of three sides of 23 bays of
the platform - 138 plates total.




FUNCTION: INSTALL CODE| 01| 06 01.1 | 02.1°
iTEM . CROSS BRACING STRUTS
METHOD MMU/S1RUT PAGE 3 of 4
SUBJECT PROJECT MODIFICATIONS (Continued)
CROSS BRACING STRUT
% 1M M -
0.6 M '
6 i 12 . DIAMETER i
§ J |

TURNBUCKLE —.!
TURNBUCKLE LOCK

BALL & SOCKET ENDS

Material
Graphite epoxy with aluminum fittings.

Number Required

Three per bay - 3 x 23 = 69.

Knurled turnbuckle for adjusting length of strut, with a spring loaded turn-

buckle lock.




FUNCTION®  1NsTALL CODE| o1 { 06 01.1 | 02.1
ITEM . CROSS BRACING STRUTS
METHOD MMU-STRUTS PAGE 4 of
SUBIECT OPERATIONS -
STRUT MAGAZINES INSTALLED STRUTS

ATTACHED TO FIXTURE

LONGITUDINAL BEAM

TRANSVERSE
BEAM

Manpower - One EVA/MMU Qperator

Activity Time

Obtain strut and move into position
Install one strut end
Move to other end of strut
Install second end of strut
Move to magazine for next strut
Total Time Per Strut

Support Activity

Remove magazines from orbiter bay and install in
working position

Remove and replace in orbiter bay

7 min.
1 win.
2 min,
3 min.
" 2 min,
15 min.

180 min.

180 min.




:‘-&b&CTlOi‘f' INSTALL CODE!l 01| 06 01.1 02.1
' CROSS BRACING STRUTS -

METHOD MMU/STRUTS PAGE] 5 of ¢

SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

HANDRAI L

FOOT RESTRAINTS \ 0.5 M

- RMS

~ Strut storage magazines capacity (each) - 23 struts llm long x
12 cm in diameter., Fitted with foot restraints at each end and a
handrail along the length. Capable of being removed from the
orbiter bay by the RMS and attached to the comstruction fixture.




INSTALL

FUNCTION CODE| 01| 06 01.1 | 02.1

ITEM. . y
_CROSS BRACING STRUTS

METHOD MMU/STRUTS PAGE 6 of 7

SUBJECT SUPPORT SERVICES

Crew - One EVA/MMU operator

Power - MMU recharge ~ TBD

Lighting & TV -

Standard MMU illumination

Computer/Software -

Not required

Stowage -

Three magazines - 11.5 x 0.8 x 1lm each

Other ~ 'MMU propulsion recharge




FUNCTION  INSTALL CODE| o1 | 06 01.1 | 02,1
ITEM. CROSS BRACING STRUTS '
METHOD  MMU/STRUTS PAGE| ,; of
SUBJECT SUMMARY .
—
CREW ELECTRICAL
WT. 1 VOL, |(MAX/ | POWER ENERGY} TIME | COST
(kG) | (M%) [AvGY | (KW) | (KWH) {MINJY| (SK)
——— e — ——— rrr—rrtibie ——
Construction Support Equipment
Magazines (3) 150 |25.9 | - 0 0 - |1787
MMU 110 1.1 - TBD TBD —_— 100
RMS 0 0 |- | 1.8 |m™ |-~  NC
Support Services
Crew - | - |1/l —— - —— -
Power (Total) - - — TBD | TBD | - TBD
Project Modification
Attach plates (138) 7.5 | .05 | - - - - 86
Struts at 7 kg (69) 483%% & - - - - 3350
*Stowed inside magazines
#%Baseline cables (138 @ 0.8 kg
= 110 kg) :
Operations - - {1/1 - - 15 TBD




FUNCTION. INSTALL CODE

ITEM . CROSS BRACING GABLES 01§ 06 01.1 | 10.1
METHOD AUTOMATIC FIXTURE MECHANISM PAGE 1 ofF
SUBJECT METHOD DESGRIPTION

CONSTRUCT ! ON BEAM INSTALLATION STATION

FIXTURE TENSIONING PEVICES

r_‘
- —r—T LT
:q:]:;\\ h J Y

- - | =<
— 1 __f‘-\« AR W/-
a— il Joss
l 1&'CROSS BRACING CABLE INSTALLATION STATION

o Weld attach plates (Page 2) to the three longitudinal beams as they are
fabricated by the beam builderx.

o Retract the three longitudinal beams.
o Tabricate and install the first set of cross and transverse beams,
o The pre~fabricated cables are stowed in six magazines which are located

on the construction fixture aft of the beam installation station. Each
magazine has a mechanism for hooking the cables to the attach plates and
a mechanism for applying tension to the cables.

o The forward ends of the first set of six cables are hooked to their attach
plates. _

o The longitudinal beams move forward pulling out the cables from the maga-—
zines. '

o The aft ends of the six cables are hooked to their attach plates.

o The tensioning mechanism is retracted to the crocs bracing installation

station while the cross and transverse beams are being installed. The
second set of cross and transverse beams are fabricated and installed.

o After the beams are installed and before the platform structure is moved

forward, the tensioning mechanism extends and tensions the cross bracing
cables to 1,200 1lbs.




FUNCTION-  INSTALL CODE
ITEM CROSS BRACING CABLES 01) 06 0.1 ol
METHOD AUTOMATIC FIXTURE MECHANISM PAGE 2 o 4
SUBJECT PROJECT MODIFICATIONS
[
CROSSBEAM —_ TENSIONING DEVICE
CAP Ry
s
| §
(A

{—srmines

- 2=1-X-1-3.]

tl___ONG ITUDINAL CAP

'\ ATTACH PLATE

QCROSS MEMBER

Structure

of 23 bays.

- Cable attach plates welded to the four corners of each of three sides

Total 276 plates.

-~ Cross bracing cables have attaching hooks and safety bars at each
end and a tensioning device which can be operated by the tool shown

on. Page 4.

- The cables are fabricated from graphite epoxy - to facilitate coiling
they are fabricated as a strap 0.38mm (.015") x 83mm (3.27") for most

of its length.




FUNCTION M INSTALL . co DE
ITEM. . CROSS BRACING CABLES _ 01) 06 01.1 | 10.1
METHOD AUTOMATIC FIXTURE MECHANTSM PAGE] .,  of

SUBJECT OPERATTONS

CONSTRUCT I ON BEAM INSTALLATION STATION

FIXTURE TENSIONING DEV|CES
] i > AN
-———-—-—-l—_:j.'h el ', - \-'I b r
i
N FJ 1L a"
A t————— — —— J ’ * I “ ]
: CROSS BRACING CABLE INSTALLATION STATION

Manpower
- None, fully automatic

Activity Time

-= Hook forward ends )
- Hook aft ends 4 min/bay
- Apply tension

NOTE: The four minutes is not additional time because
it occurs in parallel with the fabrication and
installation of the cross and transverse beams.

Support Activity

- Remove cable storage magazines (6) from . 180 min.
payload bay and install on fixture.

- Remove magazines (6) from fixture and place 180 min.
in payload hay.




FUNCTION-  INSTALL

CODE
ITEM . CROSS BRACING CABLES 01} 06 01.1 | 10.1
METHOD AUTOMATIC FIXTURE MECHANISM PAGE s of g
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
TOOL FOR TENSIONING CABLES
Ttems

~ Power tool for applying tension load of approximately 1,200 lbs
to the cross bracing cables (Part of cable installation unit),

Six magazines or containers for pre-fabricated cross brac.ing cables.
Each magazine to contain 23 cables.

- RMS




FUNCTION  INSTALL ‘CODE
ITEM. CROSS BRACING CABLES 01 ) 0601.1 | 10.1
METHOD  AUTOMATIC FIXTURE MEGHANTSM PAGEl 5 of
SUBJECT SUPPORT SERVICES
Crew - None Required
Power -~ Power to operate the cable installation

station, 6 units @ 300 watts 1800 Watts

Lighting & TV

-  Three {3) TV cameras located one at each 1500 Watts
side of tri-beam at cable installation
station.

~ 'Lighting as required by TV.

Computer/Software

- None

Stowage - Six (6) cable installation units 3 x 1 x 0.5m each




FUNCTION  INSTALL CODE
ITEM. CROSS BRACING CABLES 01] 0601.1 10.1
METHOD - AUTOMATIC FIXTURE MECHANISM PAGE| ¢ of
SUBJECT  summary |
¥
crEy LELECTRICAL
WT, | VOL. [(MAX/ | POWER ENERGY| TIME | COST
(KG) '(M3) |ave) | (Kw){(KwH) [(MIN.Y] ($K)

Construction Support Equipment

Cable Installation Units (6)° 300 9 — 1.8 {TBD - 6148

Fixture TV & Lighting (3) 48 11,5 {—~ {1.5 {TBD | - {1220

RMS 0 o |~ |18 {m | — | nc
Qxygoﬁt Serviées

Crew - - 0 - - - -

Power (Total) - - -~ | 3.3 |TBD |. -~ TBD
Project Modification

Attach Plates (276) 15 0.2 —— —— — - 162

Tension Devices (138) 138 |01 | — | -~ | = | -- [ 956
Operations —_ —— 0 — - 4 NA®
*Not appropriate, see page 6.




FUNCTION- INSTALL CQODRE
ITEM . . ELECTRICAL LINES ol B >
SUBJECT OPERATION IDENTIFICATION
LONGLTUD INAL ° CROSS
- (31 - )
BEAM BUILDER . CABLES //wéii-. NS ¥

- - v w— L} - .
R N ST

FIGURE 1!

Project System

~ Space fab advanced communications platform

Operation

— Installing the electrical and communication lines onto the fabricated
beams (longitudinal and cross)

Physicdal Situation

-~ Cables are to be installed the entire length of one longitudinal beam
(230M) and on selected cross beams which support equipment modules.
Cabling may be as great as five 13MM and six 25MM bundles for propulsion,
power and signal lines and three 25MM bundles of coax for R.F. data.

- Cables are to be installed on the longitudinal beam in 10M segments with
junction box conmnections at each crossg beam.

~ Cables are to be installed on the cross beams in lengths from the longitudi-
nal J-boxes to each end (equipment module points). These cables range from
approximately 9M to 13M.

- Cabling will be installed during the beam fabrication cycle for both types
of beams.

~ Cabling on the longitudinal beam will be installed on the inner side of the
beam,




FUNCTION: INSTALL CODE

01 | 06 03.1 00

ITEM . ELECTRICAL LINES
METHOD PAGE 2 of 3
SUBJECT OPERATION IDENTIFICATION (CONTINUED)

CABLES —=/
/]

_

FIGURE 2

- For installation, both in the comstruction fixture, Figure 1, and with
the relocated beam builder for cross heams, Figure 2, a cradle, or tray,
will be used to contain and disburse the cable sections.




FUNCTION:-

INSTALL

CODE

0L 06 03.1( 00
{TEM. ELECTRICAL LINES

METHOD PAGE of 3
SUBJE‘CT ALTERNATE_ METHODS

~ 'SEPARATE [NSTALLATION

The following methods have been identified:

1. Separate Installation

Individual cable bundles are attaciied to the beam as separate items.

2. Group Installation

The entire group of cable bundles is integrated and attached to the

beam as a unit for each segment length.

Methods 1 and 2 are detailed




::Tl::sl":CTION' INSTALL CODE] o1 06 03.1 01.1
X ELECTRICAL LINES
METHOD LVA-SEPARATE T,INLS PAGE 1 o 6
SUBJECT METHOD DESCRIPTION
- — BEAM STATION
[NSTALL CLIPS
l INSTALL CABLES
BEAM BUILDER
l f ‘ ” |ﬂ '_-.._P-'"r—-' i—-r—-—-q—
Lol 2 O N
CABLE TRAY N
”“\—-EUA SUPPORT
IR

=
S~ l BE;;;;:;

During the fabrication of the beam, c;.lips are installed on the cross members
and cables are installed in the clips during the stop-cycle of the beam builder.

(welding operation of the cross members assembly)

One EVA astronaut installs eclips into the cross-members of the beam, retrieves

the cables, singley, from a cable tray and passes the cables to a second EVA
astronaut. '

The second man installs each cable into a clip as it passes his work statiom.

Extrusion of the beam withdraws the cable.

Astronauts are generally restricted to a fixed work station.




FUNCTION*  1nsTATI, CODE
ITEM. . ELECTRICAL LINES 01 ] 06 03,1 {01.2
METHOD EVA~SEPARATE LINES PAGE 2 of

SUBJECT PROJECT MODIFICATIONS

SPRING CABLE
RETENTION
CLip

\\“ PREPUNCHED SLOT IN -
CROSS MEMBER

- Cables are precut and terminated (connectors)

-~ Cross members (on the side where wiring is to be installed) are prepunched
for the maximum clip requirement

~ Spring retention clips are provided for installation in each cross member




FUNCTION®  rysrarL ' CODE| o1 | 06 03.1 {o0L.1
ITEM. ‘ ELECTRICAL LINES ‘
METHOD EVA-SEPARATE T,INES PAGE 3 of
SUBJECT OPERATIONS
1 (CAP MEMBERS BEAM BEING FABRICATED
BEAM l
BUILDER |1~ " "l CRoss ...
CAP \\MEMBERS
(MEMBER ~ —o i N . -
T “* 11T
CABLE PSRRI LIPS
CRADLE 1 Mlciip sTOMABLE *
1 lcaBLE cuiDE

Manpower
-~ 2 EVA astronauts

Activity Time
~ Cable withdrawal - 8 bundles

- Clip retrieval and installatdion - each cross member
— Cable installation - each cross member

Total Per Séction

“~

Support Aetivity -

- Cable tray and EVA support station installation onto
. eonstruction fixture by RMS

— Cable tray and EVA support station relocated to cross
beam fab location

8 min.
4 min.

8 min.,

20 min.

30 min.

45 min.




FUNCTION-  INSTALL CODE _
ITEM. - ELECTRICAL LINES 01 | 06 03.1 | 01.1
METHOD EVA-SEPARATE LINES PAGE 4 of ¢
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

(HEAD ENTERFEREHCE HAZARD)

# REACH ENVELCPE
TWO HANDS

/___ ONE HAND
\'——ONE HAND WITH
) HANDHOLD

CABLES INSTALLED

0 S
EVA SUPPORT

Cable stowage tray to contain up to 344 cable segments with terminations

i

EVA support fixture with handholds and foot restraints for two work statioms
- Stowage tray for cable clips
- The cable stowage tray must contain the cables in a prescheduled sequence

with easy access and dispersal. The fixture must position the EVA work
station, as shown, for manual acecess to the ctoss member installation points.




FUNCTION INSTALL CODEJOL | 06 03,1 01,1
ITEM ELECTRICAL LINES
METHOD EVA-SEPARATE LINES PAGE of ¢
SUBJECT SUPPORT SERVICES

Crew

- 2 EVA astronauts

Power
- Lights - 0.1 KW

Lighting and TV
~ Lights at two work stations

Computex/Software

- None

Stowage
-~ Cable Tray - 1llxlxl M

- EVA Support Fixture - 5x1x0.5 M




FUNCTION INSTALL ’ CODE{o1 |06 03.1 0l.1

ITEM ELECTRICAL LINE
PAGE 6 of ¢

METHOD EVA~SEPARATE LINES
SUBJECT SUMMARY

crey LELECTRICAL _
Wr. | voL. {(Max/ P'owE}:tNERGY TIME | coST

(Ka) ](M3) JAave) | (kW) | (kWH) [(MIN.)] ($K)

r——— e rmn |

Construction Support Equipment

Cable Tray 20 |11 | - 0 0 - | 781

EVA Support Fixture L 20 |2.5 - {0.1 TBD - 1172

Clip Storage Container 10 (1.5 - 0 ' 0 - . | 443

RMS : ' . NC
Support Services

Crew - - 2/2 1 - - - |~

Power (Lighting) - - - |0.1 TBD - TBD
Project 'Modifications '

Cable Clips (Per Section) (56) 2.5 Neg.| =~ - - - 19

Mounting Hole Modification 2

- - 2/2 ) - -~ . 20 | NA®

Operations -

%*Not approprilate, see page 6.




FUNCTION: INSTALL CODE} 01| 06 03.1 | 01.2

ITEM . ELECTRICAL LINES
PAGE 1 of ¢

METHOD EVA-GROUPLD LINES
SUBJECT METHOD DESCRIPTION
‘\
/’—T o LONG I TUD INAL
- fe— —_ e

BEAMS (3)
N,

o ﬁ N
TP I T T RN

- , N
|~ ™\ CABLE CRADLE
TR
y
t EP&
Q8 5

During the fabrication of the beam, an integrated group of cables is
installed on the cross-members as a siagle unit,

Two EVA astronauts, one at each end, retrieve the cable group from the
cable cradle, orient the group against the side of the beam and snap it into
place at two points on each cross-member.

Each of the two astronauts operates at three_or four cross beam statlions.

The cable group is integrated by brackets that correspond to the beam
cross members (1.434 M apart).

»




FUNCTION*  pysparz, CODE

01 06 03.1 | 01.2

ITEM . ELECTRICAL LINES
METHOD EVA-GROUPED LINES PAGFE , of ¢
SUBJECT PROJECT MODIFICATLONS

— Cable gfoup brackets with a clip at each end. Brackets may be universal
with some empty cable holes, or may be specific for each cable segment.

- Cross members are preﬁunched at each end

Other

This method has the possibility of combining- junction box installation, at
one end, with the cable group imstallation.




FUNCTION®  rnsrat CODE} 01} 06 03.1 {01.2
ITEM ELECTRICAL LINES
METHOD EVA-GROUPED LINES PAGE) 53 of ¢
SUBJECT OPERATTONS
| i
CROSS —— e
“ MEMBERS
P e A s
- RETRIEVAL
~ BRACKETS. b STATION
RF LINES RAIL
ey PN b vy L —m = .:....:_._,. 1~ «.....--..-.;.- " —:;'.3
™ AT % - ™ J
CABLE CRADLE
Manpower
-~ 2 LVA astronauts
Activity Time .
- Obtain (or grasp) cable group from cradle and reposition 3 min.
at the side of the beam
~ Astronaut reposition to new work station (4 stations) 8 min.
~ Install each bracket (4) 4 min.
Total Per Section 15 min.
Support Activity .
- Cable cradle and EVA work station installation onto 30 min.
construction fixture by RMS
- Cable cradle and EVA support station installed at cross 30 min.

beam fab location

*




FUNCTION:- INSTALL CODEp1L 06 103.1

01.2
ITEM ' ELECTRICAL LINES
METHOD EVA-GROUPED LINES PAGE s ©°f ¢
SUBJECT CONSTRUCTION SUPPORT FQUIPMENT REQUIREMENTS

1.41h M
LONGITUD!NAL BEAM

TWO HANDS

NEXT CABLE UP ONE HAND

CABLE CRADLE

,‘REACH ENVELOPE

- .ABLE ATTACHED

—"E’m—‘-:—wm? J/\'e— ONE_HAND WITH
] 1 : ] ‘ '} HANDHOLD
' v

for manual access to cross member installation points.
Bulk size of cable groups requires two cradles

1 - 23 cable groups for longitudinals
1l - 20 cable groups for cross beams

~ Cable cfadle and EVA support fixture with handholds and foof restraints for
elght work stations. Fixture must position the EVA work stations as shown




FUNCTION INSTALL CODE 0L | 06 03.1 |01.2
ITEM. ELECTRICAY, LINES - -
METHQOD EVA-GROUPED LINES PAGE 5o ¢
SUBJECT SUPPORT SERVICES

Crew

- 2 EVA astronauts

Power
- Lights 0.1 KW

Lighting
- Lights at 8 work stations (3 simultaneously)

Computer/Software - BRMS Coordinate Transform System

Stowage
~ Longitudinal cable cradle - 11 x 1.5 x 2.5 ¥

~ Cross Beam cable cradle - 13 x 1.5x 2 M




FUNCTION  anstaLL copelor | o6 03.1| o1.2
ITEM. ELECTRICAL LINES

METHOD EVA-GROUPED LINES PAGE[ ¢ of ¢

SUBJECT SUMMARY

CREW ELECTRICAL

WT. | VOL. {(MAX/ | POWER ENERGY TIMé CG3T
(kG) | (M%) |Ava) | (kw)|(KwH) [(HIN.)| ($K)

Construction Support Equipment

Longitudinal Cable Cradle and EVA 30 411 - 0 0 - |1468

Support . . .

Cross Beam Cable Cradle and EVA | 30| 391 - 0 0 | - {1468

Support . _

RMS 0 0 - 1.8 TBD { - NC
Suppart Services

Crew - - |2/2 - - - -

Power : - - - 0.1 ) TBD - T&D

Project Modifications

Cable Brackets (Per Section) - 0.4 |Neg. § ~ - - - 63
Crossmember Prepunching 36

Operations - - 2/2 - - 15 NA#%

*Not appropriate, see page 6.




FUNCTION: INSTALL e CODE| o1 0604,1 00
ITEM. . SYSTEM CONTROL CENTER MODULE (SCCM)

WMETHOD PAGE . of
SUBJECT

OPERATION IDENTIFICATION

Ae Y ;
)/ 3 - - \h—:: ~ P X Q —
> Ll B B T § o~ o — -
- \_! ! - ' ~_1 . —~— -\'I L:__,—"—"\-f:‘.‘ An_‘%)"-.\k ; l
2 e 3 N : -

’ /ﬂ’iﬁfi M_[i
BERTr(m;lG PORTS L DJA. \
2
l‘*? M-—oi SYSTEM CONTROL CENTER
MODULE (ScCCH)

Project System

Space fabricated advanced communications platform

Operation

Install the SCCM to the platform using the twe berthing ports as
interfaces :

Physical Situation

The platform structure 1s completed and the two halves of the SCCM
berthing ports are installed on it.




ITEM . SYSTEM CONTROL CENTER MODULE (SCCM) i
METHOD PAGE| , of
SUBJECT ALTERNATE METHODS

COMMUN I CAT I ONS CONSTRUCTION

FIXTURE

PLATFUﬁy
==

The following methods have been identified:
Manual
None
Autonated
1. Orbiter docks to pl%tform, uses RMS to rotate SCCM into position

2., Orbiter docks to construction fixture, uses RMS to rotate SCCM into
position

3. SCCM is docked to orbiter and flown into the platform

4, Orbiter docks to construction fixture uses RMS to install SCCM directly
to platform

Methods 1 and 2 are detailed.




FUNCTION: INSTALL o

TEM . SYSTEM CONTROL CENTER MODULE (SCCM) |~oDc| 0L | 060411 04.1
METHOD RMS - ORBITER DOCKS TO PLATFORM PAGE| , of
SUBJECT METHOD DESCRIPTION

: /a 3
JA\V/—
‘. o

,j}"§

/
4

ra
T

DEDICATED
DOCKING
PORT

AN

E ot
A\

LOCATION

— The orbiter docks to the platform in the location shown.

- The SCCM is removed from the orbiter by means of the RMS, and is mated with
one of the berthing ports on the platform.

- The SCCM is rotated by the RMS using the mated befthing port as a pivot,
until the second port is correctly aligned with the platform.

- The second berthing port -is then actuated and the connection is completed.




FUNCTION: INSTALL CODE| 0L | 0604.1 04.1
ITEM . SYSTEM CONTROL CENTER MODULE (SCCM)
METHOD RMS .~ ORBITER DOGKS TO PLATFORM PAGE of g
SUBJECT PROJEGT MODIFICATIONS
BERTHING BERTHING
PORT 2 PDITT ]
4 <
"'\--__'___,'
RMS ATTACH POINTS
SCCHM
i ré
i L . Y
=X S s~ ___ ADDITION OF DEDICATED

BERTHING PORT

Basic Structure

+ Dedicated berthing port for orbiter attachment

8ystem Control Center Modile

« Free rotational capability for berthing port #1
« "Extend and mate" capability for berthing port #2

+« Two Rhs attach points

« Battery power for port #2 extension




FUNCTION- INSTALL

ITEM SYSTIM CONTROL GENTER MODULE (SCGM) CODElo1 | o0604.1 | 04.1
METHOD RMS - ORBITER DOCKS TO PLATFORM PAGE 3 of 6
SUBIECT OPERATIONS

r A
A/ AR/ S/ A ]
N A/ B/ A/ j:;‘
I/ - AR,
AC = -

s 7 |

N/ e . /4
N RTRT/S 7 ‘
L~

_1
\
. —\ }
. /
STEP 1. SCCM TO NO. 1 PORT & STEP 2. RELOCATE RMS AND
ENSAGEMENT ROTATE SCCM
L/_,J _ {
ey —
~—— o - S~ )
STEP 3. ENGAGE _— e -
NO. 2 PORT ‘ 7
NO. 2 PORT—,‘L—_A >
<7 NO. T PORT
TO | scen /
ENGAGE E= ‘
v _]'?‘_'/RHS
Manpower
+ RMS operator at AFD
Activity Time
+ Attach RMS to SCCM 5 Min
+ Move SCCM to platform and align with
#1 berthing port 15
= Mate #1 berthing port 5
* Relocate RMS on SCCM 2
* Rotate SCCM to {2 berthing port and
align 10
» Mate #2 berthing port 1

T m———

38 Min




FUNCTION: INSTALL CODE| o1 | 0604.1 04,1

ITEM. . SYSTEM CONTROL CENTER MODULE (SCCH)
METHOD RMS - ORBITER DOCKS TO PLATFORM PAGE 4 of 6
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

END EFFECTOR

WRIST ROLL JOINT
WRIST YAW JOINT
WRIST PITCH JOINT~

LOWER ARM "IN 2uan1puLATOR POS.
RETENT[ON_MECH.

WRIST (REF)

JETTISON SUBSYST.

MANIPULATOR POS.
RETENTION MECH.
LOWER ARM (REF.)

ELBOW PITCH JOINT

UPPER ARM
N

v

,'\ep- e
\H"“HANIPULATOR POSITIONING

SHOULDER PITCH i
?ECH?NISM UPPER ARM
REF

ADDED ROLL AX1S

FCOLSHOULDER BRACE
/5. -7 "\USHOULDER YAW JOINT

MODIFIED RMS

‘Items
* Orbiter docking system

« BMS with rotational capability of upper arm




FUNCTION TNSTALY, CODE
ITEM. SYSTEM CONTROL CENTER MODULE (SCCM) OL | 0604.1 04.1
METHOD RMS - ORBITER DOCKS TO PLATFORM FAGE 5 of 6
SUBJECT SUPPORT SERVICES

Crew

* One BMS operator
Power
+ BMS operation - 1000-1800 watts

Lighting and TV

s Standard BRMS lighting
+ Tilt and pan capability for RMS TV

Computer/Software

* BMS coordinate transform software

Stowage

* None




Operations

#Not appropriate, see page 6.

FUNCTION INSTALL CODEf 01 | o0604.1 | 04.1
ITEM. SYSTEMS CONTROL CENTER MODULE (SCCM) . :
METHOD RMS ~ ORBTTER DOCK TO PLATFORM PAGE 6 ©° 6
SUBIJECT SUMMARY _
- CREW ELECTRICAL
WT. | voL. |[(MAX/{ POWER ENERGY} TIME QOST
(ka) 1(M3) [Ave) | (kw) | (KWH) [(MIN Y GR) T
———— et et e — —— — e,
Construction Support Equipmeént
RMS 0 0 - | 1.8 | TBD - NG
RMS Upper Arm Modifications 79 0 - TBD TBD - 1764
Support Services
{ Crew - - /1] ~ - - -
Power {(Total) - - - 1.8 | TBD - IBD
Project Modification
SCCM
Berthing Port Mods 70 - - - - 1594
RMS Attach Points (2) 20 0.2 - - - - 113
Structure
Docking Port 110 1.0 - - - - 473
- - i/1 | - - 38 NA#®




ITEM. . SYSTEM CONTROL CENTER MODULE (SCCM)
METHOD RMS - ORBITER DOCK TO FIXTURE PAGE| of 4
SUBJECT METHOD DESCRTPTION

CONSTRUCT [ON

F1XTURE ' SCCH IN
FINAL

LOCATION

= The construction fixture moves the platform structure to the loecation
shown.

- The orbiter docks to the construction fixture.

- The SCCM is removed from the orbiter by means of the RMS, and is mated
with one of the docking ports on the platform.

- The SCCM is rotated by the RMS using the mated berthing port as a pivot
until the second port is correctly aligned with the platform.

—~ The second berthing port is then actuated and the connection is completed.




FUNCTION- INSTALL CODE

TEM _ SYSTEM CONIROL CENTER MODULE (SCCM) 01 | 0604.1 04,2
- PAGE of
METHOD RMS - ORBITER DOCKS_TO FIXTURE A 2
SUBJECT PROJECT MODIFICATIONS
BERTHING BERTHING
PORT 2 POTT i
{ —
RMS ATTACH POINTS
,Af"/
SCCM

System Control Certer Module

+ T¥ree rotational capability for berthing port #1
+ "Extend and mate" capability for berthing port #2
+ Two RMS attach points

 Battery power for port #2 extension




FUNCTION® INSTALL CORE
TEM. . SYSTEM CONTROL CENTER MODULE (SCCM) 0L | 0604.1 | 04.2
METHOD RMS - ORBITER DOCKS TO FIXTURE PAGE 3 of 3
SUBJECT OPERATIONS
s
\\ //\\ / \\ //\\ ,g Qx'“/,’\ /f X
\
""ft‘.:-
L
/
STED :. SCCHM TO NO. 1 PORT & 5
STEP 1, TEP 2. RELOCATE RMS AND
ENGAGEMENT ROTATE SCCM
v {
STEP 3. ENGAGE ) .
NO. 2 PORT F‘ — /7

NO. 2 PORT-#— -~—
- t@ v / NO. 1 PORT

ENGAGE = !

¥ 7; RMS

Manpower
+ ERMS operafor at AFD

Activity Time

« Attach RMS to SCCM 5 Min
. Move SCCM to platform and align with #1
berthing port 15

« Mate #1 berthing port
+ Relocate RMS on SCCM

+ Rotate SCCM to #2 berthing port and
align ' 10

+ Mate #2 berthing port 1
' 38 Min




ITEM ~ SYSTEM CONTROL CENTER MODULE (SCGM) 01 | 0604.1 | 04.2
METHOD RME - GRBITER DOCKS TO FIXTURE PAGE[ , of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

END EFFECTOR

WRIST ROLL JOINT
WRIST YAW JOINT
WRIST PITCH JOINT~

LOWER ARM “2UANIPULATOR POS.
JRETENTION MECH.

WRIST (REF)

JETTISON SUBSYST,

MAN}PULATOR POS.
RETENT ION MECH,
LOWER ARM (REF.)

ELBOW PITCH JOINT

? * .
T~HANIPULATOR POSITIONING
TEEE?N'SM UPPER ARM

SHOULDER PITCH
JOINT

ADDED ROLL AXIS

L SCEHOULDER BRACE
J¢ " "\ SHOULDER YAW JOINT

MODIFIED RMS

Ttem

+ RMS with rotational capability of upper arm




FUNCTION INSTALL cone] o | osoes | 04
ITEM. SYSTEM CONTROL CENTER MODULE (SCCM)
METHOD RMS - ORBITER DOCKS TO FIXTURE PAGE| 5 of ¢
SUBJECT SUPPQRT SERVICES

Crew

¢+ BRMS operator

Power

+ RMS operation - 1000-1800 watts

Lighting and TV

+ Standard RMS lighting
* Tilt and pan capability for RMS IV

Computer/Software

+ RMS coordinate transforms software

Stowage

* HNone




#Not approprilate, see page 6.

FUNCTION TNSTALL CODE 042
ITEM. SYSTEM CONTROL CENTER MODULE (SCCM) 01 | 0604.1 :
. PAGE 3
METHOD RMS ~ ORBITER DOCKS_TO_FIXTURE 6 = 6
SUBJECTY SUMMARY ‘
- CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY] TIME | COST
(KG) [(M3) 1 AVG) | (KW) | {KwH) {(MIN.)| ($K)
Construction Support Eduipment
RMS 0 0 -~ 1.8 | TBD - NC
RMS Upper Arm Modifications 79 0 - 78D | TBD - 1764
i Support Services
H Crew - - 1/1 - - - -
!
Power (Total) - - - 1/8 | TBD TBD
Project Modification
SCCM
E Berthing Ports Mod 0 |0 | - |- - - | 1594
BMS Attach Points (2) 20 | 0.2 - - - - 113
Operations ‘ - - /1 | - - 38 NA%




FUNCTIDN" INSTALL CODE
ITEM - SYSTEMS CONTROL CENTER MODULE (SCCM) 01 { 0604,1 07.1

PAGE 1 ' of 1

METHOD ORBITER DOCKS TO SCCM f
SUBJECT METHOD DESCRIPTION :
PLATFORM
—\ DOCKING TARGETS
{ , S 4
r‘ | | ST 7

TV CAMERAS

SCCH

The SCCM is removed from the orbiter bay by means of the RMS and placed
onto the orbiter docking systen.

IV cameras mounted to the SCCM and docking targets mounted on the platform
are used ag aids to fly the SCCM in to mate with the platform.

[ NO ADDITIONAL DETAILS ARE PROVIDED|




PLATFOW}

r——
.

FUNCTION: INSTALL CODE
[TEM SYSTEMS CONTROL CENTER MODULE (SCCM) o1 0604.1| 04.3
METHOD RMS PAGE g of
SUBJECT METHOD DESCRIPTIOL 1
COMMUN I CAT I ONS CONSTRUCTION
FIXTURE

.the platform.

The orbiter docks to the construction fixture.

The RMS is used to remove the SCCM from the orbiter bay and install on

There is no rotating berthing port. The SCCM ds aligned

with the platform and the two berthing ports mated simultaneously.

[ NO ADDITIONAL DETAILS ARE PROVIDED|




FUNCTION:  INSTALL CODE| oL| 06 04.2 | 00

ITEM + RCS MODULE

METHOD PAGE 1 of 2
SUBJECT OPERATION IDENTIFICATION
RCS MODULE LOCATION |
BEAM MACHINE (4 PLACES, 2 EA. END) CONSTRUCTION
FABRICATED /" FIXTURE

CROSSBEAM """“F‘
ELECTR{CAL
INTERFACE B = =3
il —.
T
11
1 X g o -
T
BERTHING r 1 ; LonggﬂgmAL
PORT :/-I
= Y
-)'\E\.u--?l‘ ‘

Project System

SPS Test Article

Operation

Install RCS module at outboard ends of cross beams. (Four locations)

Physical Situation

The structure is complete and berthing ports/berthing targets and
electrical interface installed.




FUNCTIOIN+  INSTALL CODE] 01 ] 06 04.2 00
ITEM. . RCS MCDULE .

METHOD PAGE| 2 of 2
SUBJECT ALTERNATE METHODS

BERTHING PORTS

ROEATIENAL
HANDLING
i
RCS MODULE
MANUAL - AUTOMATED

The following methods have been identified:

Manual

1. Cherry Picker (RMS supported) in Z orientation.

2. Cherry Picker (supported from construction fixture rotational
| handling device) in Y orientation.
Automated
3. Comstruction fixture rotational handling device in Y direction.

4, RMS only in Z direection.

Methods 1, 2, and 3 are detailed.




FUNCTION:  INSTALL CODE| o1| 06 04,2 | 03.1
ITEM © RCS MODULE :

METHOD CHERRY PICKER PAGE| 1  of 6
SUBJECT- ' METHOD DESCRIPTION

Z-AXIS ORIENTATION
CROSSBEAM

ELECTRICAL
INTERFACE

BERTHING

PORT ENVELOPE SUPPORT ARM

< \ 1] |
. C. . &-.\i : /RHS ENVELOPE
CHERRY ~" -C:T—% IS consTR
PICKER AR .
L~ FIXTURE
RMS 6 e
e B L
i [ [.——LONG I TUD INAL
b BEAM
L e
o The Cherry Picker (complete with EVA crewman) located at the end of the
RMS by prior operation, moves towards the payload bay and engages RCS
module.
o The Cherry Picker with RCS module moves to the first assembly position.
o The Cherry Picker aligns and advances module, engagement is made with
latches and electrical connection is made.
o The Cherry Picker releases the module and moves clear.
o The above précedure is repeated at each RCS module location (4),
o This method is a deviation from baseline in that the satellite is con-

structed in the Z axis orientation. This allows all extremities of the
satellite structure to be reached by the RMS attached cherry picker.




FUNCTION-  INSTALL CODE

ITEM . RCS MODULE or| 06 04,2 | 03.1
METHOD CHERRY PICKER PAGE 2 of
SUBJECT PROJECT MODIFICATLONS

BERTHING PORT

RCS MODULE

RMS END EFFECTOR AND
CHERRY PICKER PICKUP
ATTACHMENT (2 PLACES)

Trunnions are required at the module tank extremities to enable pick-
up by the cherry picker.




FUNCTION+  INSTALL CODE} oL | 05 04.2 03.1
ITEM. +  RCS MODULE

METHOD CHERRY PICKER PAGE 3 o 4
SUBJECT OPERATIONS

ELECTRICAL INTERFACE
‘CONNECTED AUTOMATICALLY

RCS
= P MODULE
CHERRY 5
PICKER ¥
RMS ="}
Manpower
L= One Cherry Picker Operator
Activity
- Pickup Cherry Picker . {15 min.)
- RMS moves cherry picker to RCS pickup position 2 min,
- Cherry Picker attaches to RCS module. 4 min.
- Mocule is moved to first position and aligned 4 min.
- Cherry Pi'cker installs and releases module 4 min.

14 min.

( ) One Time Operation




(ANITFSYE)

FUNCTION:+ INSTALL CODE
ITEM * RCS MODULE 0% ) 06 04.2 ) 03.1
METHOD CHERRY PICKER PAGE G
SUBJECY CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
LONG | TUD I NAL
e T  BEAM
s | e )
ROTAT IONAL K| M| <l
HANDLING ! ' 5“‘*--/”'g?§$52é
DEVICE '\i ==
Iy f\- l i i? =
A | 7 .
CROSSBEAM "\ At FH o =77
CROSSBEAM 4 Gy
Y-AX1S ORIENTATION (BASELINE) . SO SuPPORT ArM
RMS ENVELOPE z}"‘“" “.CONSTRUCT ! ON
. FIXTURE
SATELLITE
— STRUCTURE

CONSTRUCTION
FIXTURE

\\\SHPPORT ARM
FROM ORBITER

Z-AXIS ORIENTATION

Items

- RMS

- Cherry Picker

- Modified Construction Fixture
The "Z" axis orientation is accomplished by securing the con-
struction fixture to a supporting arm that locates the fixture
on the left outboard side of the orbiter. The construction

g project is assembled facing the orbiter.




FUNCTION  INSTALL | | ODE coia | o
ITEM. RCS MODULE 01 | 06 0&. 3.1
METHOD CHERRY PICKER PAGE! 5 of
SUBJECT SUPPORT SERVICES
Crew - One Cherry Picker Operator
Power - RMS Operation 1,000-1,800 Watts

Cherry Picker QOperation : 500 Watts

Lighting & T.V.

- Lights and TV as provided on Cherxy Picker and orbiter.

Computer/Software

- RMS orientation transform system

Stowage -  Cherry Picker - 0.9 x 1.6 x 1l.1m




FUNCTION  INSTALL conE
ITEM. RCS MODULE CL | 06 04.21 03.1
METHOD CHERRY PICKER PAGE g of ¢
SUBJECT SUMMARY
iCREw ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGYI TIME | cosT
g«;) (M3) | AVG) | (kW) | (MWH) J(MING) T (3K)
Construction Support Equipment
RMS 0 0 - 1.8 | TBD | —~ NG
Cherry Picker 273 1 1.6 { - 0.5 | TBD | == TBD
Support Services
Crew — - L/1 | - — — —_—
Power (Total) - L 2.3 | TBD | == TED
Project Modification
RCS Module 1 Neg | =— ' | -~ - - 80
Operations —— - 11/1 | == — 14 NA%
*Not appropriate, see page 0. ‘
]
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FUNCTION®  INSTALL CODE| 01| 06 04.2 03,2
ITEM ' RCS MODULE

METHOD CHERRY PICKER/FIXTURE HANDLING DEVICE PAGE 1 of 6
SUBJECT

METHOD DESCRIPTION

CHERRY PICKER*—‘L_\\G T _
~ RNS
ROTAT I ONAL HANDL!NG,{ >\; B

DEVICE |, JF~—=—CONSTRUCT 0N
CROSSBEAM Jij”fié:% l=——= FIXTURE

Y

BERTHING PORT/
ELECTRICAL INTERFACE

Y-AXIS ORIENTATION

RCS
MODULE RMS [Lq CONSTR.
ENVELOPE ol FIXTURE

CHERRY
PICKER

FIXTURE -~

ROTAT | ONAL 5 Jfl }
HANDL I NG P e z;
DEVICE - ' ,

) Tie cherry picker (complete with EVA crewman) located at the end of the
f:xture rotational handling device by a prior operation moves to the

puyload bay where the RMS engages the first RCS module and transfers
it to the cherry picker.

] The handling device moves cherry picker and RCS module to the first
assembly position.

o The cherry picker aligns and advances module, engagement is mads with
latches and electrical connection is made.

0 The cherry picker releases the module and moves clear.

e} The above procedure is repeated for each RCS module location.




FUNCT[ON ' INSTALL CODE

ITEM . RCS MODULE ' OL | 06 04.2 | 03.2
METHOD CHERRY PICKER/FIXTURE HANDLING DEVICE |PAGE g of ¢
SUBJECT PROJECT MODIFICATIONS

RCS MODULE

RMS END EFFECTOR AND
CHERRY PICKER PICKUP
ATTACHMENT (2 PLACES)

o Trunnions are required at the module tank extremities to enable pickup
by the cherry picker and RMS.

o Transfer 1s attained by the RMS holding on the one .trunnion while the
cherry picker grabs the other.




FUNCTION. INSTALL ‘
CODE 0L | 06 04.2 03.2
ITEM. RCS MODULE . .
METHOD CHERRY PICKER/FIXTURE HANDLING DEvICE |PAGE of
SUBJECT OPERATIONS
ELECTRICAL INTERFACE
CONNECTED AUTOMATICALLY
RCS
CHERRY MODULE
- PICKER
FIXTURE ——
ROTAT ) ONAL
HANDL ING
DEVICE
Manpower

—

One RMS and one cherry picker operator.

Activity Time

RMS attaches to RCS module
Module is transferred to cherry picker
Handling device rotates to position

Cherry picker aligns and installs module

Module Released and cherry picker returns for pilckup

3 min.
5 min.
1 min.
3 min.
_2 min.

14 min.




FUNCTION- INSTALL CODE
ITEM. - RCS MODULE o1 | 06 04.2 | 03.2
METHOD ~ CHERRY PICKER/FIXTURE HANDLING DEVICE PAGE 4 of 6
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
’ NOTHING SPECTAL
Ttems
-  RMS

- Cherry Picker

- Fixture Rotational Handiing Device




FUNCTION  INSTALL CODE

01| 06 04.2 03.2

ITEM. - RCS MODULE

METHOD  CHERRY PICKER/PIXTURE HANDLING DEvice  |[PAGE 5 of ¢

SUBJECT PROJEGT MODIFICATIONS

Crew - One BRMS and one cherry picker operator

Power - RMS Operation 1-1.8 kW
Cherry Picker Operation 0.5 kW

Lighting & TV

- Lights and TV as provided on cherry picker and orbiter.

Computer/Software

- RMS and fixture handling device coordinate transform system.

Stowage
- Cherry Pickezf - 0.9 % 1.6 x lnlm




FUNCTION  INSTALL cODE ,
ITEM RGS MODULE 0L | 06 04.2 03.2
METHOD CHERRY PICKER/FIXTURE HANDLING DEVICE PAGE 6 of 6
SUBJECT SUMMARY
CREW ELECTRICAL
WT. ) VOL. [(MAX/ | POWER ENERGY} TIME | COST
N (k) (M%) FAvE) | (KW} | (kwH) J(Min.) ] (3K)
Construction Support Equipment
RMS 0 0 - 1.8 TBD | -—- NC
Cherry Picker 273 | 1.6 | - 0.5 | TBD | -~ | TBD
Support Services
Crew - =" 12/ - —— -— -
Power (Total) - — - 2,3 | TBD |- — TBD
Project Modification
RCS Module 1 NEG | — _— - - 80
Operations - - 12/1.2 - - 14 NA®

 *Not appropriate, see page 6.




f%l\&CTION Il;l:g'rﬁggum CODE} o1 | 06 04.2 | 10.1
METHOD FIXTURE HANDLING DEVICE PAGE 1 o
SUBJECT METHOD DESCRIPTION
CRogsaéﬂﬁ\“‘
;.-;Ei_. ==
ROTATIONAL HANDLING {7 ] r"ﬁ“’s

RMS ”, CONSTR.
RCS MODULE ENVELOPE [r’ FIXTURE
v
/VIS. R il
X ENV ./\_,{/ ;
'-T'V - ;’
ROTATING ARM Y a !
HANDL ING DEVICE C s B !

-

\\ I., .

BERTHING PORT

ELECTRICAL INTERFACE Y-AXIS ORIENTATION

The construction fixture handling device is rotated toward the payload
bay and within reach of the RMS.

The RCS module is picked up by the RMS and attached to the handling
device.

The handling device is rotated to the first RCS location. The berthing
ports aligned and latched. The electrical interfaces are mated.

The handling device releases the module and rotates to vicinity of payload
bay where the RMS attaches the second RCS module.

The above procedure is then repeated for the second, third, and fourth
RCS modules. :




FUNCTION*  1nsTALL CODE
ITEM . RCS MODULE 0L | 0604.2 | 10.1
METHOD FIXTURE HANDLING DEVICE PAGE 2 of ¢
SUBJECT PROJECT MODIFICATIONS
FIXTURE
BERTHING PORT HANDL!NG DEVICE
INTERFACE
ATTACHMENT

RCS MODULE

RMS END EFFECTOR AND
CHERRY PICKER PICKUP
ATTACHMENT (2 PLACES)

RCS Module

- Trunnions are required at the module tank extremities to enable
pickup by the RMS.

- An attachment fixture located on the tank, below and parallel to

the berthing port center lime, is provided for interfacing with the
fixture handling device.




FUNCTION:  INSTALL CODE
: ODE 0L ] 06 04.2 10.1
ITEM. - Rcs MODULE - -
METHOD FIXTURE HANDLING DEVICE PAGE 3 of
SUBJECT OPERATLONS
BERTHING PORT
ELECTRICAL INTERFACE
CONNECTED AUTOMATICALLY
RCS MODULE
ROTATING ARM .~
HANDLING DEVICE
Manpower
- RMS/handling device operator at AFD.
Activity Time
- Position RMS ready for pickup 2 min.
- RMS picks up module and attaches to device 8 min.
- Handling device positions and aligns module 4 min.,
- Handling device installs module . 4 min.
- bevice returned to vicinity of bay 2 min.

20 min.




FUNCTION-  INSTALL CODE

RCS MODULE 01 06 04,2 .10.1

METHOD

FIXTURE HANDLING DEVICE PAGE 4 of ¢

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

UNTVERSAL INTERFACE

BOOM-MOUNTED
ROTATING ARHM TV CAMERA

CONSTRUCTION &
ASSEMBLY FIXTURE

(T

RMS )
Construction PFixture Rotational Handling Device

o The handling device consists of a rotating arm and unlversal
end effector complete with light and TV camera.

0 The arm is secured and driven from beneath the construction
and assembly fixture.

o The arm itself is capable of extension, retraction and
rotation. '

o The umiversal end effector attached to a shaft at 90° to the.
arm is capable of rotation, extension and retraction.

o The universal end effector consists of an aligpment track
(with locking catches) and electrical interface.

o A rotational boom mounted TV camera is attached to the upper
end of the congtruction facility.




INSTALL

FUNCTION
CODE) 01| 06 04.2 | 10.2

ITEM. RCS MODULE
METHOD  FIXTURE HANDLING DEVICE PAGE of
SUBJECT SUPPORT SERVICES
Crew - One RMS Handling Device Operator at AFD
Power - RMS - 1-1.8 kW
Lighting & TV

- Requirements satisfied by construction fixture and orbiter

mounted lights and TV.

Computer/Software

Stowage -

RMS coordinate transform system

None




INSTALL i
FUNCTION CODE| 01 | 06 04.2% 10.1
ITEM. RCS MODULE \
METHOD FIXTURE HANDLING DEVICE PAGE 6 o 6
SUBJECT SUMMARY
]
CREW ELECTRICAL
WT. i VOL. {{MAX/ | POWER ENERGY} TIME | COST
(Ke) | (M®) [Ave) | (kW) [ (KWH) J(MINL )] ($K)

Construction Suppeort Equipment

Construction Fixture - - _— - _ — —_—

RMS 0 0 | ~~ | 2.8] TBD | — NG
Support Services

Crew - -~ {1/1 - - — -

Power {Total) — — — 1.81 8D | -- | TBD
Project Modification

RCS Module (Fixture Handling 1 NEG | —-- - - - 25

. Device Interface
Attachment)

Operations — - |1/1 — — 20 NA®
*Not appropriate, see page 6.




{FUNCTION:  INSTALL CODE| 01! 06 04.2 | 04.1
ITEM. * RCS MODULE

METHOD RMS PAGE 7 of 1
SUBIJECT METHOD DESCRIPTION

Z-AX1S ORIENTATION

CROSSBEAM

ENVELOPE SUPPORT ARM
CROSSBEAN
RMS ) . 7 RMS ENVELOPE
RMS Sl B
HELNconsTR.
RCS MODULE ; ,E‘i_Qf”FIQTEQE
—F D
DIRECT RMS ASSEMBLY : %;;::
S S L
-=:..\_'p___.-E——t LONG I TUD INAL

BEAM

+ The RMS removes the first RCS module from the payload bay and delivers
it to the first assembly position.

+ The module 1s aligned and berthed, latches locked and electrical connected.

*+ The module is released and BMS returns to the payload bay for next pick-up.

[ NO ADDITIONAL DETAILS ARE PROVIDED]




| FUNCTION+  INSTALL CODEl o1 06 04‘.3 00
ITEM. . ANTENNA MODULE
METHOD PAGE 1 of 5

SUBJECT OPERATION IDENTIFICATION

T,PF'W

SPACE-FABRICATED
PLATFORM

.ANTENNA
INSTALLATION
INTERFACE

ANTENNA

A

Project System

Space Fabricated Communications Platform
Operation
Install Antenna Modules (16)

Physical Situation

Platform structure is complete except for control module and thrust
structure. Platform is in the construction fixture and is able to be

translated along the entire length of the platform. Antennas are in
the orbiter in thelr stowed configuration.




FUNCTION+  INSTALL |
ITEM . ANTENNA MODULE CODE| 01| 06 04.3 | 00
METHOD PAGE| , of

SUBJECT ALTERNATE METHODS

CHERRY PICRER SERTHING FOLDED ANTENNA
FOLDED ANTENNA \ MODULE

PORT
MODULE caosslBEAM \

AR IR AR
o) 5 _ﬁj{[ %wﬂqgia
{a,J J |
RHS .
EXTENS |ON
£y RMS

/ (0 T !
\

MANUAL ‘ AUTOMATED

The following methods have been identified:

Manual

1, Operator in cherry picker mates the antenna modules to the
platform.

Automated
2. RMS used to install the antenna modules.

3. Orbitef is docked to the platfbrm and the RMS is used to install
the antenna modules.

Methods 1 and 2 are detailed.




FUNCTION+  INSTALL ' CODE| 01| 06 04.3 | 03.1

ITEM - ANTENNA MODULE

PAGE of

METHOD CHERRY PICKER L s
SUBJECT METHOD DESCRIPTION
ANTENNA
' MODULE
BE?B::-NG CROSSBEAM CHERRY PICKER

3l

_ < RMS EXTENS 10N

o The orbiter docks to the construction fixture.

0. The operator using the cherry picker removes the antenna module from
the orbiter bay and installs it on the platform




FUNCTION-+  INSTALL CODE} 01| 06 04.3 | 03.1

ITEM. * ANTENNA MODULE

METHOD CHERRY PICKER PAGE g of 5
SUBJECT - OPERATTONS
FOLDED
ANTENNA
CROSSBEAM MODULE \’\

CHERRY

PICKER
BERTHING
PORT
Manpower
- One Cherry Picker Operator
Activity Time
- Cherry picker operator pick-up of antenna module 6 min.
- Remove antenna module from orbiter bay and 15 min.
transport to the vieinity of the platform
interface.:
~  Berth the antenna module to the platform 4 min,

TOTAL PER ANTENNA 25 min.




: y
FUNCTION®  INSTALL CODE

01 06 04.3 03.1

ITEM. ANTENNA MODULE
METHOD CHERRY PICKER PAGEl 3 of
SUBJECT

CONSTRUGCTION SUPPORT EQUIPMENT REQUIREMENTS

\ WRIST YAW JOINT
CHERRY PICKER WRIST PITCH JOINT DN
STABILIZED LOWER ARM Ly 2 uan1puLATOR PoS,
SPECIAL END Lot RETENTION MECH.
EFFECTOR , WRIST (REF)
ELBOW PITCH JOINT
l JETTISON SUBSYST.
MANTPULATOR POS.
UPPER ARM RETENTION MECH.
\\\§> LOWER ARM (REF.)
AN
;‘ ? ¢ .
SHOULDER PITCH TS~HANIPULATOR POSITIONING -
JOINT

",
/9. . \\\\SHOULDER YAW JOINT

END EFFECTOR
WRIST ROLL JOINT

ECHANISH UPPER ARM
(kef)

RMS
ADDED ROLL AXIS

ZSHOULDER BRACE

Cherry Picker with special RMS attachment
BRMS with extra upper arm joint

Special end effector for cherry picker stabilizer arm to grasp
antenna modules.

RMS extension (1-1.5 M)




FUNCTION

INSTALL CODE| o1 | 06 04.3 | 03.1
ITEM. ANTENNA MODULE v -
METHOD CHERRY PICKER °
SUBJECT SUPPORT SERVICES
Crew - One Cherry Picker Operator
Power - RMS 1l -1.811v

Cherry Picker 0—-5Lkw
Lighting‘& TV

-  Standaxrd Cherry Picker

Computer/Software

Stowape -

RMS Coordinate Transform System

Cherry Picker - 0.9 x 1.6 x l.1im




FUNCTION  INSTALL ODE
. 0l | 06 04.3 03.1
ITEM. ANTENNA MODULE . :
METHOD CHERRY PICKER A 5 % 5
SUBJECT SUMMARY
CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY} TIME | COST
(kG) | (M%) ) AVG) | {Kw) | (KwH) {(MIN.}] ($K)
——= == — ————
Construction Support Equipment
Cherry Picker 273 1 1.6 | —— 0.5 | TBD | —- TBD
Cherry Picker End Effector 3 NEG | — TBD | IBD | =-- 212
RMS 0 0 — 1.8 TBD - NC
RMS Upper Arm Modifications 79 0 —_— TBp | TBD | —— [1764
RMS Extension 10 NEG -_ 0 0 - 353
Support Services
Crew - |-t |- |- |- |-
Power ' — | - - 2.3 TBD —— TBD
Project Modification
None
Operations e 1/1 | == _ 25 NA%
i
L3
4
*Not appropriate, see page 6.
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FUNCTION:  INSTALL | NCODE‘ oL |06 04.3

ITEM . © ANTENNA MODULE

04.1

METHOD RMS PAGE 1 qf P

SUBJECY METHOD DESCRIPTION

rt—— 9.5 H et

[
RMS REACH ..

20.5 M DIA ANTENNA
(FOLDED)

CROSSBEAM

/,/f;f;,f.‘?} RIS VNN

- - "t 3 ,,.\-....
T N et -
. - il
8 N .
\-O
I

The RMS operator uses the RMS to remove the folded antenna from the
orbiter bay and installs the antenna to the platform. By means of an
appropriate attachment on the antenna, the BMS is able to achieve a
linear movement of 2m in the direction required to install the antenna.




FUNCTION-

- INSTALL

CODE] 01| 06 04.3 04,1
-| ITEM. ANTENNA MODULE
METHOD RMS PAGE| , of
SUBJECT

PROJECT MODIFIGATIONS

0.75 1 wag——

i
!

20.5 M DIA
ANTENNA
MODULE
(FOLDED)

|

BERTHING PORT

RMS GRASP
ATTACHMENT

Antenna Module

Add RMS prasp attachments to the antenna modules.

RMS grasp attachment

requires a spring loaded hinge and a spring bungee to give rotational

and linear compliance.




FUNCTION- INSTALL CODE| o1 | 06 04.3 04,1
ITEM. * _ ANTENNA MODULE

METHOD s PAGE] 3 of ¢
SURJECT OPERATIONS

{
RMS REACH —

N -

20.5 M DIA ANTENNA
(FOLDED)

0

Manpower

- One RMS Operator at AFD

Activity Time

- Attach RMS to antenna module 10 min.

- Remove antenna module from orbiter bay and 15 min.
move to vicinity of platform interface

- Berth the antenna module to the platform. 4 min.

TOTAL PER ANTENNA 29 min.




FUNCTION: INSTALL CODE
METHOD RMS PAGE s of

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

END EFFECTOR

WRIST ROLL JOINT
WRIST YAW JOINT
WRIST PITCH JOINT~ON

LOWER ARHM

RETENTION MECH.
WRIST (REF)

JETTISON SUBSYST.

MANIPULATOR POS,
RETENTION MECH.

LOWER ARM (REF.)

| ?3?MAN|PULATGR POS.

ELBOW PITCH JOINT

UPP

ey

,F' o
TSHANIFJLATOR POSITIONING
?EEE§N15M UPPER ARM

SHOULDER PITCH
JOINT

ADDED ROLL AXIS

P
E?\\\SHOULDER BRACE

" c SHOULDER YAW JOINT

/i

Items

- EMS with an extra joint in the upper arm.

- RMS extension (1-1.5 M)




FUNCTION  INSTALL CODE

ITEM. ANTENNA MODULE 01L] 096 04.3 04.1
METHOD RMS PAGE s of

SUBJECT SUPPORT SERVICES

Crew -~  One BMS Operator at AFD

Power -~ RMS Operation - 1 = 1.8 kW

Lighting & TV

Standard RMS

Computer/Software

~  RMS Coordinate Transform System

Stowage - None




FUNCTION  txsTaLl CODE
ITEM ANTENNA MODULE 0L 06 04.3 04.1
METHOD  nms PAGEl o of
CREM ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY! TIME | COST
(kG) [ (M3} FAvE) | (KW) | (KWH) [(MIN.)| ($K)
Construction Support Equipment
RMS ‘ 0 0 -~ | 1.8 | TBD - NC
RMS Upper Arm Modification 79 0 -- | TBD | TBD -— J1764
RMS Extension 10 | NEG | ~-- 0 0 —— 353
Support Services
Crew -— -- 11/1 - - - w~—
Power (Total) - - -- 1.8 |TBD —— TBD
Project Modification
Antenna Mod (Grasp Attachment) 12 0.1} — — — - 116
U)erations - - |1/1 - e 29 NA*

*Not: appropriate, see page 6.




FUNCTION  1ysrars A ICODE

ITEM. ANTENNA MODULE 0L | 06 04.3 [ 04,2
METHOD RMS - ORBITER DOCK TO PLATFORM PAGE 1 of 4
SUBJECT  METHOD DESCRIPTION

DOCKING PORT LOCATIONS

& RMS REACH I EXISTING
e —
\(f l ,r/)- 101}
R ] s Y
B |l
ol k) T
- ~ g
15 MOIA 6 DIA 205 M DIA
ANTENNA  ANTENNA ANTENHA
- . e ) = ==}
-_,;'1.“ ii.;[—f‘-i i : ]

=
2
>
.
=<

BERTHlyG PORT

B )= 008 £33 N N AN S ENiR
B 4

w : \. ANTENNA MODULE

ADDED ‘“ (FOLDED)
DOCKING — ~.
PORT ™ RMS EXTENSION

The orbiter docks to the platform and the RMS is used to install the antenna
modules. The platform must be modified to add four (4) docking ports. The
fifth docking port is existing (System Control Module Berthing Port).

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION- INSTALL CODE '
ITEM . SOLAR ELECTRIC PROPULSION PANELS(SEP o | 06 044 | 0O
METHOD PAGE} 1 of
SUBJECT OPERATION IDENTIFICATION
CROSS BEAM
m/
e 4~ SPS SUPPORT HOUSING /g//FIXTURE
F_.- 1
5 ' ROTARY JOINT
I ‘r
ST /T B
L )
: RHS REACH
\

A =
=1

‘Project System
- 8PS Test Article

'dgeration

- Install solar electric propulsion system (SEP) on platform
Physical Situdtion

- Structure is complete

-~ LEO mission is complete, platform is being prepared for move to GEO

Q{zj




FUNCTION: INSTALL _ CODE

ITEM SOLAR ELECTRIC PROPULSION PANLLS (SEP) 01 06 04.4 | 00
METHOD PAGE] 2 of
SUBJECT ALTERNATE METHODS

LONGITUD I NAL
FIXTURE BEAMS

SEPS PANELS

RMS

The folléwing methods have been identified:

1.

"o,

3.

Platform in basic Y orientation. RMS removes SEP's panels from cargo
bay, fixture is tilted forward 30° and SEP's panels installed.

Platform is berthed directly to orbiter at port on suppor: housing - plat-
form is in horizomtal plane along "Y" axis. SEP's panels removed from
cargo bay and instali:d by RMS.

Same as #2 except test article is oriented vertically along Z axis.

. Bame as #2 except test article is oriented horizontally along X axis and

at:tached ta orbiter at-.forward end of payldad bay.

Platform oxiented along 2 axis. 'RMS removes SEP's panels from the bay

~and installs them on rotary joint.

Methods 1 and 2 are-detailed. .




FUNCTION- INSTALL CODE[ 01 |06 04.4 041

ITEM

SOLAR ELECTRIC PROPULSION PANELS (SEP

METHOD RMS/TILTING FIXTURE PAGE 1 of &

SUBJECT METHOD DESCRIPTION

LONG I TUD I NAL ,
BEAM 1 PANELS Il cross
L=k BEAM

LONGITUDINAL BEAMS~\\~F -
CROSS BEAM

SPS SUPPORT HOUSING-{afiT==ef.. | !
SEP PANEL ;

P ] ¥ E ROSARY JOINT SPS

f
- \HOUS ING
[ sty o \\ \
O“ w , \ '
_1 REACH
[ soLaR ELECTRTE= ™ =

PROPULSION PANELS

Construction fixture supports test article along "Y" axis from a point near
the structure support housing (fixture remained attached to platform during
LEO operations). '

Panel comnection device is attached to stem by EVA qstronaut

Port side RMS removes folded SEP panel from cargo bay

Fixture with test article is rotated forward 30° from the vertical position
to improve the RMS reach capability

SEP panel (as shown nearest orbiter) is attached to the rotary joint by in-
gserting the mast into the receptacle provided.

Fixture 'with test article is rotated back to vertical position .

Second panel is removed from the bay by RMS, fixture is tilted and panel
attached to first panel, radiators are unfolded by RMS

Rotary joint is rotated, moving installed panel 180° and second panel set is
installed

Radiators are unfolded by RMS

o —— ——— —— -



-~ One RMS operator
- One EVA astronaut

» Attach panel connection device to stem
* Attach device to rotary joint

Activity Time

~ Attach panel connection device

~ Obtain SEP panel from bay

- Tilt fixture and install panel )

- Obtain outboard panel - attach to inbhoard panel

Unfald radiators

i

Repeat operations for second side
' Total (Microwave End)

10 min.
10 min.
- 30 min.
35 min.

20 min.

FUNCTION: INSTALL _ CODE| 00| 06 04.4 | 04.1
ITEM SOLAR ELECTRIC PROPULSION PANELS (SEP
PAGE 2 of 5
METHOD RMS/TILTING FIXTURE
SUBJECT OPERATIONS
CROSS BEAM
H o
T L /SEPS PANELS
T Py (4
LONGITUDIN ! L /T TURE L] sps supporT HousING
4 1 5 -
£ Ll JSEL:JL u:—‘:’ B! IS
] \ .
{
| /14B0ARD PANEL ok _E
,QUTBOARD PANEL
‘ — D
{ .
SEP PANEL ]
Man96wer‘

105 min.

210 min.




FUNCTION-  INSTALL CODE
ITEM SOLAR ELECTRIC PROPULSION PANELS (SER) 0L | 06 04.4 | 04.1
METHOD RMS/TILTING FIXTURE PAGEl 3 of 5
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
1 | STEM LINEAR
é,ﬂ_—nmvs PDWER__»pDa]
L UNITS v
h = @l 7._' - :
pX
RMS / Mo crew HanoLIfe =
STEM ADAPTOR
HANDL ING LATERAL DRIVE
ADAPTOR —~——SEP PANEL——)—| ﬁl
\ STEM/BOOM ol
j"r
e pROTARY JOINT -
9" S ' _...-a-L-;:_:_:___*Jx_._
CONNECTION DEVICE.
- RMS
- Fixture

~ Connection Device

Provision to tilt fixture 30° forward' of vertical.position

+

Linear drive screws attach to rotary joint
Lateral drive positions stem handling -adaptor on stem

Stem linear drive move stem into rotary joint making final physical
and electrical connection

.




FUNCTION  1nsTALL CODEjor | 06 04.4 | 04.1
{TEM. SOLAR ELECTRIC PROPULSION PANELS (SEP)
PAGE 4 of 5
METHOD RMS/TILTING FIXTURE
SUBJECT SUPPORT SERVICES
Crew

~ 1 RMS operator
- 1 EVA astronaut

Pover .
“‘RMS 1"‘1081{[‘1

- Connection Device — TBD

Lighting and TV
~ Standard orbiter and RMS

Computer/Software

~ RMS coordinate transform system

Stowage
-~ Connection deviee 0.2 x 0.1 x IM




FUNCTION INSTALL .
ITEM. SOLAR ELECTRIC PROPULSION PANELS (SEP) CODEJo1 | 06 04.4 | 04.1
METHOD RMS/TILTING FIXTURE PAGE| 5 of 5

SURJECT SUMMARY

CREW ELECTRICAL

WT. | VoL, |(MAX/ | POWER ENERGY Tmé CO3T
(KG) 1 (M%) [ AVG) | (KW) | (KWH) J(MIND| (SK)

vt
——

Construction Support Eguipment

RMS : . Q 0 - 1.8 | TBD - KC
Fixture Tilting Mod 0 0 - 0 0 - NC
Comnection Device 20 Neg - TBD | TBD } - 798

Support Services

Crew - - {2/1.5 - - | - -
Power (Total) _ - - - TBD | TRD - | TBD
Operations - - 12/1.5 - - 210 | NA¥*

*Not appropriate; see page 6.




FUNCTION®  INSTALL CODE| 01 {06 04.2 | 04.2
ITEM . SOLAR ELECTRICAL PROPULSION PANELS (SEP) »
METHOD RMS/HORTZONTAL Y AXIS PAGE| 1 of 6
SUBJECT METHOD DESCRIPTION

LONG!TUDINAL BEAMS

E}//\B/ CROSS BEAM
$PS SUPPORT HOUSINGQ = 3@7' S
el e

)

SULAR ELECTRIC PROPULSION—A uﬁr ZSEP
PANELS ROTARY “JOINT- ' PANEL

RMS RSXCH
PS SUPPORT HOUSING
SEP PANEL

SR PN R REACH, r
= e =/

7 e
A

eRMS A £ I}, -

+ Test article is attached dlrectly to orbiter by extension of construction
fixture berthing port

» Platform berthing 1nterface is located on the SPS support hou31ng (platform
is horizontal)

+ Panel commection device is attached to stem by EVA astronaut
« Port gide RMS removes folded SEP -panel from cargo bay

+ SEP panel (shown in forward position above) is attached to the rotary joint
receptacle

+ Second panel is removed from the bay and attached to the first
« Radiators are unfolded by RMS

* Rotary joint is activated and installed SEP panel set iz rotated 180° to .
rear position showm

. Operation is repeated for second set of panels




FUNCTION  ngTarr oo
ITEM SOLAR ELECTRIC PROPULSION PANILS (SEP) 01 [ 06 04.4 | 04.2
METHOD RMS/HORIZONTAL Y AXIS PAGE 2 of ¢

SUBJECT PROJECT MODIFLCATIONS

NEW BERTH!ING
PORT T~

-

SPS
SUPPORT
HOUSING

<. BAS{C TEST ARTICLE
STRUCTURE ATTACH
BERTHING PORTS

Support Housing

- Berthing port'added to provide attachment interface for orbiter




ROTARY JOINT

;
L4 i

I", ;*

/
L L 3 r'd

FUNCTION INSTALL ODE
ITEM SOLAR ELECTRIC PROPULSION PANELS (SEP) 01 | 06 04.4 |04.2
METHOD RMS/HORIZONTAL ¥ AXIS PAGE| 5 of
SUBJECT OPERATIONS

SEP PANEL

SPS SUPPORT HOUS FOLD-0UT
CROSS BEAM "/ RAD{ATOR PANELS

SEP PANEL
///F—

£

‘ ‘

e—
J—

SEP PANEL ASSY

Manpower '

- One RMS operator

~ One EVA astronaut
+ Attach panel comnnection device to stem
+ Attach device to rotary joint

Activity Time

- Attach panel connection device

!

Obtain panel from payload bay

Install panel

Obtain ocutboard panel and attach to inboazd panel
Unfold radiators

Repeat operations for second side

i

Total (Microwave End)

10 min.
10 min.
30 min.
35 min.
20 min.

105 min.
210 min.




IN
FUNCTION INSTALL COLE

o1 06 04.4 | 04.2
ITEM SOLAR ELECTRIC PROPULSION PANELS (SEP) *

METHOD _ RMS/HORTZONTATL Y AXTS PAGE 4 of 6

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

STEM LINEAR s '
STEM LINEAR PS SUPPORT HOUSING

UNITS
STEM HANDLING ADAPTOR
LATERAL DRIV '

EXTENDABLE
BERTHING
MODULE

L || construcTiON eet ALR
FIXTURE ATTAC
FTG.

. - (ORBITER)
______ S, Zg hoo —\/\

ROTARY JOINT

- RMS
~ Berthing Adaptor

+ Extendable berthing adaptor to provide clearance between tesi:
article and orbiter during SEP installation operations

-~ Connection Device
¢ TLinear drive screws attach to rotary joint
+ Lateral drive positions stem handling adaptor on stem

+ Stem linear drive move stem into rotary joint making final physical
and electrical comnmection




- 1 RMS Operator
- 1 EVA Astronaut

Power
- RMS l~-1.8XW
~ Connection Device - TBD

Lighting and IV
- Standard orbiter and RMS

Computer and Software

~ BRMS coordinate transform system

Stowage
- Connection device 0.2 x 0.1 x IM

- Extendable berthing module 2M dia x 2M long

FUNCTION  INSTALL CODE
ITEM. SOLAR ELEGTRIC PROPULSION PANELS (SEP) 0L | 06 04.4 |04.2
METHOD RMS/HORIZONTAL Y AXIS PAGE of
SUBJECT SUPPORT SERVICES

Crew




FUNCTION INSTALL , CODE| o1 | 06 04.4 |04.2
ITEM. SOLAR ELECTRIGC PROPULSION PANELS (SEP)
METHOD RMS/HORIZONTAL ¥ ARES PAGE} 6 of 6
SUBJECT SUMMARY
CREW ELECTRICAL i
WT. | VOL. [(MAX/ | POWER ENERGY] TIME COST
(K&) | (M®) { AVG) | (KW) | (kwh) [(MIN)T (5K)
— T e e - |
Construction Support Egquipment
RMS 0 0 - 1.8 TBD - NC
Berthing Adaptor 200 6.3 | - TBD | TBD - 935
Connection Device 20 Neg | - TBD | TBD - 798
Support Services
Crew - -~ l2/71.5 - - - -
Power (Total) - - - TED | TBD - TBD
Project Modification
Berthing Port 110 | 1.0 | ~ . - - 473
- ~ {2/1.50 - ~ | 210 | Na%

Operationsg

“Not appropriate, see pape 6.




FUNCTION*  INSTALL CODE 4 0
ITEM . SOLAR ELECTRIC PROPULSION PANELS (SEP) 01|06 04.4 |03
METHOD RYS/Z~AXLS ORIENTATION PAGE 1 of 1
SUBJECT METHOD DESCRIPTION

LONGITUDENAL BEAMS

\

B
A=)

LONGITUDINAL BEAMS
SOLAR ELECTRIC ¥
. PROPULS | ON
.' ) PANELS
' 4 H CROSS BEAM
— —%_- SPS SUPPORT
:7. }5/} CROSS BEAM HOUS ING
4 SEP PANEL |
SEP PANEL\ %$ 5 Ris REACH  ROTARY "O'”T
. _I}<-—5Ps SUPPORT Hou-sma “_
;;( SEP PANEL g

- - e

ROTARY
JOINT

I

+ Test article structure is orientated along the "2Z" axis

- The test placform is attached directly to .the orbiter canstruction fixture
berthing port by a berthing port on the outboard end, of the rotary joint.

* Panel connection device is attached to stem by EVA astronaut

* Port side RMS removes folded SEP panel from cargo hay

* SEP panel (shown in forward p051tion above) is attached to the rotary joint
receptacle

+  Second panel‘is removed from the bay and attached to the first
« Radiators are unfolded by RMS

+ Rotary joint is activated and 1nstalled SEP panel set is rotated 180° to
rear position shown

*« Operation is repeated for second set of panels

[0 ADDITIONAL DETAILS ARE BROVLDED]

'




FUNCTION-  INSTALL CODE
ITEM . SOLAR ELECTRIC PROPULSION PANELS (SEP) 0L 106 04.4 04,4
METHOD RMS/X AXTS ORTENTATION PAGE 1 of
SURJECT METHOD DESCRIPTTION
SPS SUPPORT HOUSIN 1 SSOLAR ELECTRIC PROPULS|CN
PANELS .
CROSS BEA Eﬂ‘ o @
H\ \ /JO'%/’ ’ ’;
- | PR i v
LONGITUD INAL BEAMS f < Lo "'%_
1y i\ i
i LU 1
N /
RM \;:

SPS SUPPORT ébSEP——-aa-— REACV i CROWAVE
<CROSS BEAM——]—‘.HDUS" NG BANEL ANTENNA
\ CROSS BEArv7 - (LEO ONLY)
Sy p—— .= N e
SEP PANEL

- i g 1T A
S uRGTTUD I NAL BEAM/Q ~

« Test article structure is attached directly to orbiter by extendable
berthing port adaptor at forward end of cargo bay

* SPS berthing port on side of support housing

« Structure is oriented along "X" axis of orbiter
« Panel connection device is attached to stem by EVA astronaut

+ Port side RMS removes folded SEP panel from cargo bay

» SEP panel (shown in forward position above) is attached to the rotary joint
receptacle . . .

+ Second panel is removed‘from the bay and attached to the first
+ Radiators are unfolded by RMS

* Rotary joint is activated and installed SEP panel set is rotated 180° to
rear position shown

+ Operation is repeated for second set of panels

[NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION®  INSTALL , CODE
ITEM .  SOIAR ELECTRIC PROPULSION PANELS (SEP) 01 f 06 04.4 | 04.5
WMETHOD RMS/Z AXIS ORTENTATION PAGE 1 o
SUBJECT METHOD DESCRIPTION
SEP SOLAR ELECTRIC
PANEL SPS SUPPORT HOUSING PROPULS | ON PANELS
Qﬁ; CROSS BEAM\Q%; -
7T " CROSS BEAM~_ 1 1 , I[ROTARY [
' ~] i JOINT  |—
-WO:EE- E!I. -.S. st s embmaeiaes .._-.r siqlela’y _Lh--;:-- Wik
LONGITUDINAL BEAM 1 1
- R {r - - 1 -
L | "
F?% (o=t .JJ’:‘——..L-....-—.—’.—L-S--’—E—.'L s =y i}_;:_1~1
= i ||
[{~~CROSS BEAM | / : /
iF . FIXTURE  A[% MICRO- [
' A (AT PLAT- rD . WAVE -
ROTARY JOINT , PANEL B

CROSS BEAM=— ROTARY JOINT

@@Eﬁ a= - A = - S

LONGITUDINAL
BEAM

k!

Construction fixture supports test article along Z axis (fixture remained
attached to platform during LEQ operation

Panel connection device is attached to stem'by EVA astronaut
SEP panel is removed from the bay by RMS and attached to the rotary jbint

Second panel is removed from.the bay and attached to the first., Radiators
are unfolded. '

Rotary joint and installed panel set is rotated 180°

Second set is installed in same manner as the first

-

| NO ADDITIONAL DETATTS ARE 'PROVIDED]




FUNCTION: INSTALL CODE} 01, 06 05.1] 00
ITEM. SOLAR ARRAY BLANKETS

METHOD Mt N
SUBJECT |

OPERATION IDENTIFICATION

CONSTRUCTION &
ASSY FIXTURE

'LONG I TUDINAL BEAM
CROSSBEAM ~,

TRy,

il

LI UL T

| L1 st

Pomsmmy o ———

R il el il
T I

2] H 4‘*-————!—-——...1_ _.....'_.___._ﬁ T

|

L )
. V—‘*";r'f T ;“_ |

o+ -
4 "
imas .

)
OO O

L

e

J v = rhRu
ml.-l.d [T 4
Jutsriti e momr e PH-Hore [ J4ws

S

+

5 SOLAR ARRAY BLANKETS
INSTALLED BETWEEN
CROSSBEAMS

Project System

Oéeration

- 8PS Test Article

Physical Situation

~ Install solar array blankets between cross beams

~ The structure, held in the assembly fixture, has been completed.
bridge fitting and all RCS modules have been installed.
boxes and wiring have been attached.

.

The
All electrical




FUNCTION: INSTALL CODElg1 | 06 05.1 00
ITEM : SOLAR ARRAY BLANKETS

METHOD PAGE] 2 of 3
SUBJECT OPERATION IDENTIFICATION (CONTINUED)

’/ELECTRICAL FEEDS

~~ TENSION DEVICE (FOR MISALIGNMENT
.~~~k THERMAL DIFFERENTIAL)

. ELANKET END ATTACHMENT LATCHES

F IBERGLASS CONTAINER

CONTAINER ATTACHMENT LATCHES. ¢

3 ELEC. LINES STOWED
ON CONTAINER CAP

ATTACH FITTING ==>

SOLAR BLANKET STOWED

< CROSSBEAM (REF) .

APPROACH INSTALLATION DEPLOYMENT
' ROTATIONAL BLANKET END
HANDLING DEVICE RETENTION DEVICE

- 25 solar'array blanﬁet containers (as shown) required for total
.installation.




SOLAR BLANKETS

BLANKET RETENTION ASSY

FULLY EXTENDED
BLANKETS

ATTACH
FITTING S

1. CONTAINER ATTACHMENT

ROTATI ONAL
HANDLING
DEVICE

2, BLANKET DEPLOYMENT

rn.
CONSTRUCTION & ASSY FIXTURE

3. BLANKET ATTACHMENT

: ON" INSTALL
fg‘gc“ | |“OPE| o1 | 06 0s.1 | 00

X ' SOLAR ARRAY BLANKETS PAGE of
METHOD 3 3
SUBJECT ALTERNATE METHODS

SOLAR ARRAY .
CROSSBEA BLANKET CONTAINERS BLANKET END
ATTACHMENTS

¥o viable élternate methods identified,




FUNCTION- INSTALL CODE| 01 | 0605.1

06.1

ITEM ‘ SOLAR ARRAY BLANKETS

METHOD BLANKET RETENTION ASSEMBLY

PAGE 1 of 7

SUBJECT METHOD DESCRIPTION

SOLAR ARRAY :
BLANKET CONTAINERS BLANKET END

ATTACHMENTS
BLANKET RETENTION ASSY

CROSSBEA

SOLAR BLANKETS

Ny % FULLY EXTENDED
VAR BLANKETS

ATTACH '
FITTING Co

1. CONTAINER ATTACHMENT

OTATIONAL” X

HANDL I NG :
PEVICE mTON & ASSY FIXTURE
2, BLANKET DEPLOYMENT :
' 3. BLANKET ATTACHMENT

« The RMS removes the first solar array blanket container from the
payload bay and attaches it to the rotational handling device.

.» The handling device rotates into position where it'attéches the first
container to the cross beam. .

* WUWhile still being held by the handling device, the first member of the
retention assembly is activated to hold the solar array blanket end
(alignment assistance is provided by the handling device).

* This procedure isg repeated for the remaining four blanket containers.
* The assemblyifixture is activated, translating the longitudinal beams,
thus deploying the solar array blankets (the blanket ends being held

in the retention assembly). .
» As the blanket ends (held in the retention assembly) close on the

approaching cross beam, the blanket end attachment latches snap closed
securing the deployed blankets between the two cross beams.

» The retention assembly ends are retracted.




FUNCTICN- INSTALL CODE} 01 { 0605.1 06.1
ITEM . SOLAR ARRAY BLANKETS

METHOD BLANKET RETENTION ASSEMBLY PAGE 2 of 7

SUBJECT METHOD DESCRIPTION (CONTINUED)

BLANKET DURING DEPLOYMENT . FULLY DEPLOYED BLANKET

ATTACH FITTING

SOLAR ARRAY BLANKET
SWITCHING BoX

3 ELECT. LINES
STOWED ON
CONTAINER CAP

+ An EVA astronaut unstows the three electrical lines from each blanket
container cap and connects them to the switch box.

*+ The structure is translated and the total procedure repeated for the
other bays. ’




FUNCTION®  rngrarr, | CODE| o1 | 0605.1 | 06.1
ITEM : SOLAR ARRAY BLANKETS

METHOD BLANKET RETENTION ASSEMBLY PAGEl 3 of

SUBJECT PROJECT MODIFICATIONS

SOLAR ARRAY BLANKET

“ END ATTACHMENT PIN

SOLAR ARRAY BLANKET CONTAINER ATTACHMENT PIN

ATTACH FITTING

The attach‘fitting flts into each cross member on base of cross beam.

+ Both ends of the fitting have been modified to allow greater

latch clearance around the attachment pins.

* The container attachment end has been contoured to stabilize

contairer when attached.




FUNCTION-  INSTALL CODE 5

ITEM _ SOLAR Y BLANKETS 01 | 0605.1 06.1
METHOD BLANKET RETENTTON ASSEMBLY ' PAGE 4 of 7
SUBJECT OPERATTONS

SOLAR ARRAY
BLANKET CONTAINERS BLANKET END

ATTACHMENTS
 BLANKET RETENTION ASSY

SOLAR BLANKETS /

FULLY EXTENDED
BLANKETS

ATTACH %
FITTING o

1. CONTAINER ATTACHMENT \
. ROTATIONAL ~
HANDLING
DEVICE %@f
CONSTRUCTION & ASSY FIXTURE

2, BLANKET DEPLOYMENT
3, BLANKET ATTACHMENT

Manpower '
- One RMS and rotational handling device operator

~ One EVA astronaut

Activity Time

- RMS removes container and atfaches to rotational 6 min.
handling device

- Handling device aligns and attaches container to 2 min.
crogs beam

—~ Retention device activate&, securing'blanket end in relation 1 min.
to assembly fixture

~ Above procedure ivepeated four times : 28 min.

- Structure translated 40 M . 60 min.

- Slow down for latching operation ' 2 min.

-~ Retention Assembly retraction ’ 1 min.

- Connect electrical ' 25 min.

- Translate structure for next start 2 min.
- : Total.Per Bay 127 min.




TEM - SOLAR ARRAY BLANKETS 0L { 0605.1 106.1
METHOD BLANKET RETENTION ASSEMBLY PAGE 5 of 5
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

/

W
7.5 BLANKET

RETENT1ON
ASSEMBLY

. - . _/ _/
N AL i
\\ ':/ -

H/ A - CONSTRUCTION &
-"f"‘f"‘ ASSY FIXTURE
A (REF) .
W ROTAT I ONAL HANDLING

’ DEVICE (REF)} -

- The blaﬁketvretention-assembly is attaﬁhed along the longitudinal edge of
the construction and assembly fixture.

* The assembly consists of a frame into which five independently operated
*  shafts are supported.

+ These shafts translate at 90° to the frame and construction Ffixture.

* A blanket end holding device is attached to the "upper" ends of these
shaftSo .

~ RMS -




FUNCTION INSTALL CODE| 01 | 0605.1 06.1
ITEM SOLAR ARRAY BLANKETS

PAGE 6 of 7

METHOD BLANKET RETENTTON ASSEMBLY
SUBJECT SUPPORT SERVICES
Orew

~ One RMS and rotational handling device operator

- One EVA astronaut
- RMS
Power

- Blanket retention assembly - TBD

Lighting and T,V.

- Lights and T.V. as provided on Orbiter, construction fixture and
handling device

Computexr/Software

~ BMS coordinate transform system

Stowage
- Blanket retention assembly - 9 x 1 x 1M




Operations (Per Bay)

*Not appropriate, see page 6.

FUNCTION INSTALL : CODE| o1 | 0605.1 }06.1
ITEM. SOLAR ARRAY BLANKETS
METHOD BLANKET RETENTION ASSEMBLY PAGE 7 of 4
SUBJECT SUMMARY . |
CREW ELECTRICAL )
WT. | VOL. |(MAX/ | POWER ENERGY] TIME | COST
(ke) | (M®) | AVG) | (kW) | (Kna) [(MIN.) ($K)
Construction Support Equipment
- RMS NC
~ Blanket Retention Assembly 1001 9 - TBD TBD 1390
Support Services '
- Crew - ~  |2/1.5) - - ~ -
- Pover (Total) ~- - - TBD TBD | -~ TBD
Project Medification
~ Blanket Attach Fitting Neg | Neg | - - - - 13
- - 2/1.5 ~ NA*

- 127




FUNCTION:  CONNECT CODE| 01 | 07 03.1| 00
ITEM . CROSS/ILONGITUDINAL BEAM WIRING :
METHOD PAGE 1 bf 2
SUBRJECT OPERATION IDENTTFICATION

LAID-ON

WIRING

WELDHEAD ACCESS
E_ 0,1 M

WITH ' —WELD
J~BOX CROSSBEAM i
. — o

. s A
! QQOOQO \
= | J-BOX |

caosgé//// |
BRAC ING

WIRES

J-BOX INSTALLED ON INNER SIDE OF
LONGITUDINAL BEAM

Project System

~ Space fabricated advanced communications platform
Operation

- Make the electrical interface connection between the cross-beam wiring
and the longitudinal beam wiring

' 'Physical Situation

- The longitudinal beams, with wiring, are advancing through the work
station

- Junction boxes are attached between cross members on the inner surface

of the two longitudipal beams
~ Cross-beams with wiring are being welded in place

— Electrical comnnections required: up to six 40 wire connectors at each
cross/longitudinal beam




FUNCTION® CONNECT CODEf 01 | 07 03.1

00
ITEM . . CROSS/LONGITUDINAL BEAM WIRING
METHOD PAGE 2 of 2
SUBJECT ALTERNATE METHODS

MANUAL
INSERT|ON

ACTUATOR

INPUT e
CROSSBEAM <Z
CTOR
PACKAGE \g-a0\
AUTOMATIC MANUAL

The following methods have been identified:

Automatic

1. Multiple comnector package engagement by construction fixture
2, Multiple connector package engagement by RMS
Manual

3. 1Individual connector engagement by EVA/MMU

Methods 1 and 3 are detailed




FUNCTION®  CONNECT CODE| 01 | 07 03.1 | 10.1
ITEM CROSS/LONGITUDINAIL BEAM WIRING
METHOD CONSTRUGTION FIXTURE PAGE| , - of
SUBJECT METHOD DESCRIPTION
WIRING TO EQUIPMENT .
t  MODULE 1
I J S X
~ger e CROSS BEAM < -——— , l
' ” | g\Lomcmvmmm, R | ___l .
//}? ::I_ “W_L ﬁ_:ﬁr’: .
- -l o WIRING
' [ e 1 =
| \\\’ {ﬂ./ = i el B
T [|N-SLIDING GROUPED-- -~ mer=am Et‘- T
”3 CONNECTORS {
i
s ™ CONSTRUCTTON FIXTURE

ACTUATION DEVLICE

i

-
—h

~ {ross beam with all electrical connectors packaged together as a unit is

positioned on longitudinal beams and welded in place

-~ Speelal actuation device on construction fixture advances cross beam
connector package and makes final comnection at the two (approximately

100 1b per commector) by use of a screw mechanism




FUNCTION®  comcT CODE |

ITEM. : CROSS/LONGITUDINAL BEAM WIRING o070t 10.1
METHOD CONSTRUCTION FIXTURE PAGE 2 of

SUBJECT PROJECT MODIFICATIONS

~ Electrical conmectors on cross beam are packaged as single unit

— Connector package 1s fastened to cross beam structure on sliding mount

. and has screw mechanism for engagement to J-box




FUNCTION-  CONNECT CODE

ITEM : CROSS/LONGITUDINAL BEAM WIRING 0L | 07 03.1 10.1
METHOD CONSTRUCTION FIXTURE PAGE 3 of g
SUBJECT .  (OpERATIONS

WIRING TO EQUIPMENT
// MODULE .

i

—~¢. -— CROSS BEAM - -

LONGITUDINAL BEAM -~y

\ / el mme— . WIRING
:‘:\Q —I-BoX” T @J '

I)-SLIDING GROUPED cesnn ot | “‘“

) CONNECTORS

UM
el ™ donstRUCTION FIXTORE e e

ACTUATION DEVICE

Manpower - No additional required

Activity Time

- Connection : ' 1 Min.

Support Activity

- Installation time for connector package 5 Min.
on cross beam




FUNCTION® CONNECT CODE} 01| 07 03.1 | 10.1
ITEM : CROSS/LONGITUDINAL BEAM WIRING ’
METHOD CONSTRUCTION FIXTURE PAGE i . °fF
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

!'”

CROSS BEAM -
DRIVE WRENCH / l

=

\ \
\ \
\
\ = LONGITUDINAL
\ BEAM
\ N
\
\ CONSTRUCTION
FIXTURE
\ \

Actuation Mechanilsn

The actuation mechanism. (drive wrench) part of the construction fixture,
will advance, pickuj ihe actuation screw, and drive the serew to engage
and pull the two unita together.




FUNCTION  CONNECT | ——
ITEM. CROSS/LONGITUDINAL BEAM WIRING 0L | 07 03.1 | 10.1
METHOD CONSTRUCTION FIXTURE PAGE of ¢
SUBJECT SUPPORT SERVICES

Crew -~ None

Power

~ Actuation device operation

Lighting and T.

V.

-~ Standard bay illumination and T.V,

Computer/Software

40 Watts (Est.)

—~ None - Fixture operztion controlled by self contained equipment

Stowage - None




FUNCTION CONNECT lCCDDE 0
ITEM. CROSS/LONGLTUDINAL/ BEAM WIRING 1.4 07 03.1 ] 10.1
METHOD CONSTRUGTION FIXTURE PAGE ¢ ©of 6
SUBJECT SUMMARY
CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY|] TIME | COST
(KG) | (M%) | Ave) (K_)_ (KWH) [(MIN)] (8K)
Construction Suppori Equipment
Drive Wrench 10 |Neg ~ [ 0.04 | Neg | - | 59
Support Services
Crew - - 0 |- - ~- -
Power - |- - 10.04 | Neg | =~ | TBD
Project Modifications
Connector Packages (24) 144 10.8 - |~ - - {1352
- - 0 |- - 1 NA*

Ogerations

#Not appropriate, see page 6.




FL:ENCTION' CONNECT CODE{ o1 07 03.1{ 02.1
ITEM. CROSS/LONGITUDINAL BfAM WIRING
METHOD W PAGE| , of
SUBJECT METHOD DESCRIPTION
IL_-l'lll """:.lsf
WIRING TO EQUIPMENT
MODULE
| ! I,
—t— LONGITUDINAL 7 |
(BEAM —meme J-BOX
\\ . WIRING —’—m :\ .
) S \ N & =
e T —
ELECTRICAL CONNECTORS @&J}
e, CROSS BEAM —w
$=========¥ AL Tl

- Cross beam with individual electrical connectors stowed is positioned on
longitudinal beams and welded in place

~ EVA/MMU astronaut unstows connectors and connects them to J-box




FUNCTION- CONNECT

ITEM. . OROSS/LONGITUDINAL BEAM WIRING CODElo1 | 07 03.1 | o02.1
SUBJECT PROJECT MODIFICATIONS

CROSS MEMBER

. CONNECTOR
RETENTION
CLIF (6)

"™~ PREPUNCHED SLOT

— Retention clips (6) on each end of cross bheams for temporary stowage

of electrical connectors




FUNCTION: CONNECT CODE

ITEM . . CROSS/LONGITUDINAL BEAM WIRING 01 07 03.1 02.1
METHOD MMO PAGE 3 of g
SUBJECT OPERATIONS

STOWED CONNECTORS
CROSS BEAM / .~~~ HANDRAIL

— FOOT
RESTRAINTS

ASSEMBLY FIXTURE

Manpower
~ 1 EVA/MMU Operator

Activity Time

Position and Stabilization 5 Min.
Remove Connector 1 Min.
Relocate Body ‘ 1/2 Min.
Connector Insertion 1 1/2 Min.
Return to Commectors 1/2 Min.
Total Per Connector 3 1/2 Min.
Repeat for remaining 5 connectors 17-1/2 Min.
Relocate to other end of cross beam 2 Min.
Total Per End 28 Min.

Support Activity

~ Requires connector clip installed 6 Min.
during wiring installation




FUNCTION-  connkcr o
ITEM . CROSS/LONGITUDINAL BEAM WIRING ODEfoL| 0703.14 o02.1
METHOD MU PAGE{ 4 of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS |

EVA HANDRAIL

A — W am e e

CONSTRUCTION
FIXTURE

-

- MMU
- Fixture

The construction fixture contains appropriate hand and foot
restraints at both longitudinals to provide an EVA work

station .




FUNCTION: CONNECT CODE

ITEM . CROSS/LONGLTUDINAL BEAM WIRING o1 _j07 03.1 0z.1
METHOD M PAGE] 5 of

SUBJECT SUPPORT SERVICES

‘Crew - EVA/MMU Operator
Power
~ MMU Recharge TBD

Lighting & TV

- Standard MMU Illumination

Computer/Software ~ None

Stowage ~ MMO 0.2 x 0.2 x 0.3M
Other |

~ MMU Propulsion Recharge




FUNCTION GONNECT CODE| 01 | 07 03.2 | o02.1
ITEM. CROSS/LONGITUDINAL BEAM WIRING
METHOD 100 PAGE| 6 of &
SUBJECT SUMMARY
- CREW ELECTRICAL
WT. | VOL. {{MAX/ | POWER ENERGY] TIME ( COST
(ke) | (M3) | Aave) | (kw) | (kwh) [(MINL ] ($K)
— — ] .-
Conistruction Support Egquipment o
Work Stations (2) 8 A 0 0 - 74
MMU 110 1.1 - TBD TBD - 100
Support Services
Crew ~ - 1/1 - - - -
Power - - - TBD TBD - TBD
Project Modifications
Wiring Retention Clips (144) 7 | Neg - - - - 40
Operations - - 1/1 - - 28 | NA*

%#Not appropriate, see page 6.




FUNCTION. o |

BEAM WYRING
METHOD  Rus PAGE] 1 of
SUBJECT METHOD DESCRIPTION

CROSSBEAM WIRING

CONNECTOR PACKAGE

N OO S
eI NI A \_ Aoy /

f
LONGITUDINAL @\ | ——CONSTRUCT 1 ON

BEAMS FIXTURE ! Z
N s BEAM
, N Sk

‘ |
¢/ 2

-t - p— -

~ Cross beam with all electrical connectors packaged together as a unit is
positioned on longitudinal beams and welded in place

— RMS unstows connector package from temporary position on crnss beam,
pogitions it at J-box and connects the two units by actuating a screw
mechanism to pull them together

| N0 ADDITIONAL DETAILS ARE PROVIDED |




FUNCTION'  ELECTRICAL CONNECTION CODE
1 .
ITEM . ) ANTENNA MODULE 0 0704.1 00
SUBJECT OPERATION IDENTIFICATION
: CROSS BEAM
; ADVANCE
Oid
DURING INSTALLATI ‘L.l STRUT
_ CROSS BEAM LTI /
5 STATION b 1.
| ' : 2.06 W7} ( £ PG N0 )] et
| T i 1] 521
20.5M ANT. 2.74 H ::rT\'=—J]_ @ 5
~ MODULE ohM RHS BASE g pe
INSTALLAT I ON S
RMS
CROSS BEAM"'ﬂ 4,311-._'—;"“” éﬂl\‘
LITTN : =
. — "‘E ) ' s.m“n t
' 0 o ) ’ \“'] -
ﬁ 3 =
SIDE VIEW
END VIEW

PROJECT SYSTEM

Space Fabricated Communilcations Platform
Specific Item: 20.5 M Dia. Transmitting C-Band Antenna

OPERATION

To make the electrical interface connection between the antenna module
and the platform wiring system.

PHYSICAL SITUATION

The platform structure ls completed.
The module is attached.

Connections are made as the structure cross beam is located in the
station showm.

Connections required: Power — 1 MS 36-9 connector containing 2 #8,
6 #14 and 8 #26 copper wires.

Data — 4 MS 36-10 connectors each containing 37
coax cables {(one cable equivalent to a #14 wire).




FUNCTION: ELECTRICAL. CONNECTION '

[TEM _ ANTENNA MODULE CODE|o1 0704.1 00
METHOD PAGE 2 of

SUBJECT ALTERNATE METHODS

MAKE DISCRETE CONNECTIONS
(.. AFTER MODULE IS [NSTALLED
#-J ON BERTHING PORT.

FIVE SIZE-36 CONNECTORS

| | MAKE INTEGRATED
. _1“~_,, CONNECTION AT THE TIME

[ OF MODULE INSTALLATION
ONE CONNECTOR PLATE.

AUTOMATIC

The following methods have identified:
Manual
1. Making discrete connections using an MMU for tramnsportation.

2. Making discrete connections using an open-type Cherry Picker
for transportation.

3. Making discrete connections by EVA using only the construction
fixture and its appurtenances as a base.

Automatic -
4. Making an integrated connectilon by means of the Orbiter RMS.
5. Making discrete connections by means of the Orbiter RMS.

6. Making an integrated connection by means of the module itself in
an automatic mode.

Methods 1, 2 and 4 are detailed.




FUNCTION:® ELECTRICAL CONNECTION CODE} o1 | o704.1 | 02.1
ITEM . ANTENNA MODULE

METHOD iy PAGE| , of

SUBJECT METHOD DESCRIPTION

CROSSBEAM CONNECTOR
TIEBACK

ANTENNA
HODULE

HAUDRAI L~

\\ L
?---\.‘." 55— CROSSBEAM_STATION
M ASTRONAUT

PP |

MODULE STATION
_ —T 1—\— 3-5 M
Q/ \7%

‘CUT AWAY

[ ———

SIDE VIEW

The operator, using the MMU for transportation, locates at the cable
tie-back station, inboard of the module approximately 3 - 5 meters, and grasps
the handhold near the cable connectors. :

The operator then removes each of the five cable connectors from theilr
stowed locations and tethers them individually to himself.

The operator then moves himself to the antenna module and grasps the hand-
hold on the module near the receptacles.

The operator retrieves each of the five connectors in turn, and manually
connects them to the receptacles on the module.




FUNCTION- ELECTRICAL CONNECTION CODE] 01 | 0704.1 02.1
ITEM ANTENNA MDOULE
METHOD MU PAGE| 5 of
SUBJECT PROJECT MODIFICATION
CROSSMEMBER STRUCTURE
FOR HANDHOLD & " CROSSBEAM
MODULE T-—- A
BERTHING POR ‘
oy
CROSSREAM
. PROBE/ '
HANDRAIL i— DROGUE
Y. SIDE-LATCH
Aﬂgo-u !
o ) ol T.3 M CONNECTOR OPTIONS
P v LM )
l\ 11e \— CONNECTORS
| :
MODULE CONFIGURATION
STRUCTURE
» Qable tie-back clips for cable installation pending the module
installation.
« Cable tie-back and handhold cross member.
WIRING
Manual compatible commectors
MODULE

Handrail adjacent to receptacle

0. 31n minimum.

s with connector spacing approximately




FUNCTION- ELECTRICAL CONNECTION 4

ITEM. . ANTENNA MODULE CODE| o1 | o704.1 | 02.1
METHOD MMU PAGE| 3 of ¢
SUBJECT OPERATIONS

" STRUCTURE
_ CROSSBEAM

. CABLES

STABILIZING '
CROSSMEMBER /

PROBE/DROGUE\’) - /

SIDE LATCH

D.q_d

MANPOWER

One EVA MMU operator.
ACTIVITY TIME

Move to cross beam 2 min.

Remove five connectors ' 10 min.

Move to module 2 min.

Connect five connectors 15 min.

Total per module 29 min.

SUPPORT ACTIVITY

Requires structure~cabling tieback on previous construction f£flight.




FUNCTION- ELECTRICAL CONNECTION CODE
ITEM ) ANTENNA MODULE ODElor | o0704.1 | o02.1
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
MmMuU
Items
MMU

Appropriate tethers (5)




FUNCTION ELECTRICAL CONNECTZION CODElop1 o7 o04.1 | 02.1
ITEM. ANTENNA MODULE : -
METHOD a PAGE 5 of 6
SUBJECT SUPPORT SERVICES

CREW - One man EVA
POWER -~ MMU recharge - TBD

LIGHTING & TV - MU illumination provisions adequate.

COMPUTER/SOFTWARE - None

STOWAGE -~ None

OTHER - MMU propulsion recharge




FUNCTION  ELECTRICAL CONNECTION copelor |07 02,1 | o02.1
ITEM. ANTENNA MODULE
METHOD MMU PAGE 6 of 6
SUBJECT SUMMARY
CREW ELECTRICAL
WT. | VOL. {(MAX/ | POWER ENERGY] TIME | COST
N . (kG) | (M%) | Ave) | (kW) (Kwﬁ)@m.) ($K)
Construction Support Eauipment
Tethers 03] 01| -~} 0O 0 - 71
MMU 110 | 1.1 - TBD TBD - |00
Support Services
Crew - - /1| - - - -
Power - - - | TBD TED - TBD
GNy Propellant TRD | 'TBD - - - - TBD
Project Modifications
Cable tie-backs 0.5 0.1 - - - - -
Handrail 0.2} 0,1 - ~ - - -
Operations - - /1| - - 29 | NA®%

“Not appropriate, see page 6.




EUNCTION: ELECTRICAL CONNECTION CODE

ITEM. . ANTENNA MODULE oL | 07 04.1 03'15
METHOD " CHERRY PICKER PAGE 1 of 7
SUBJECT METHOD DESCRIPTION

_é’ 9)::(5 — = 3

| —]—
}
i1 ,
CHERRY .
PICKER MS s
S /
"\l\ .

The operator, using the cherry picker (CP) for transportation, locates
at the cable tie-back station, inboard of the module approximately 3 to
5 meters, and stabilizes the GP to a cross-member of the cross-beam.

The operator then removes each of the five cable condectors from their
stowed locations and tethers them individually to the CP.

The operator then detaches from the cross-beam and moves the CP to the
antenna module and restabilizes to attach points on the module,

The operator retrieves each of the five comnectors in turn, and manually
connects them to the receptacles on the module,

The operation will be repeated at the opposite end of the cross-beam.




FUNCTION* ELECTRICAL CONNECTION ICODE- 01 {07 04.1 03.1
ITEM " ANTENNA MODULE

IPAGE 2 of 7
METHOD CHERRY PT.CKER A °
SUBJECT PROJECT MODIFICATIONS
CABLE TiEBACK STRUCTURE
CROSS3EAM
'( P ;_'_
R ‘frb-é'\/ "’ e
.- ::.. 2y
A (/)3/
Q\l'*' '.-aﬁ“"-a\”
BERTHING W /

POWER-TOOL éf
PORT /C DRIVEN

A ' - g/ﬁ/)/

DROGUE § | DE-
LATCH
CONNECTORS ' \\\‘x\\ CONNECTOR OPTIONS

CHERRY P{CKER

T~LU STABILIZER

= ATTACHMENT

1

4

<< 2

ANTENNA MODULE (RETRACTED)

ol

1o
a

Structure

Cable tie-back clips for cable installations pending the
module installation.

Wiring
Manual compatible connectors

Module

Attach points on the module for the cherry picker stabilizer.
Electrical receptacles spaced appropriately for manual insertion.




FUNCTION* ELECTRICAL CONNECTION CODE{o1 | 07 04.1 03.1
ITEM *  ANTENNA MODULE

3 7
METHOD  CHERRY PICKER PAGE of

SUBJECT OPERATIONS

STRUCTURE
- CROSSBEAM

BERTHING
PORT

CROSSMEMBER

CHERRY PICKER
@ RMS
¥ S = / J_U:L__.7c'/
e

R

Manpower

One cherry picker (CP) operator

Activity Time (minutes)
Pick up cherry picker .15y
Move to cross-beam 2
Stabilize to cross-beam 4
Remove 5 connectors ) 10
Move from cross-beam to module 2
Stabilize to module 5
Make 5 connector insertions _12

Total per module 38

Support Activity

Requires structure-cabling tie-back on previous coustruction
flight.

( ) One time operation




FUNCTION:  ELECTRICAL CONNECTION lcope] o1 | o7 04,1 | o03.1
ITEM " ANTENNA MODULE

METHOD CHERRY PICKER PAG. 4 of 7
SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

A

1 L
I Z B—— END OF CROSSBEAM !

. nﬁ?mi ‘
APPROACHING MODULE STATION QEEI ;ﬁ\
e

STABILIZER END EFFECTOR

Ttems

~ Cherry picker
~ Appropriate tethers (5)

~ CP end-effector for stabilization, compatible with the cross-beam
cross-members and the module interface. See page 5.




FUNCTION ELECTRICAL CONNECTION opel o1 lo7 04.1 5.1
ITEM ANTENNA MODULE

METHOD CHERRY PICKER PAGE 5 of 7
SUBJECT SPECIAL END EFFECTOR

[Lsmna
Ll 32 lmm
CLAMP STRONGBACK 7 5°

& ABUTMENT PROFILE

TO FIT INTO CROSS-
MEMBER CHANNEL

I 3 'Y R

—_ f [ S

/ I

CROSSMEMBER PROFILE

MODULE ATTACH PROFILE

/

STRONGBACK
CLAMP ACTUATO

ESTIMATED WEIGHT: 3 TO &4 K6

,ﬁj /A
ABUTMENT

CLAMP DRIVE

STABILIZER INTERFACE———s~




FUNCTIONMN ELECTRICAL CONNECTION
ITEM ANTENNA MODULE

METHOD  CHERRY PICKER

CODE

01

07 04,1

03.1

PAGE

6 of 7

SUBJECT  SUPPORT SERVICES

Creu
One man on cherry picker (CP)
Power

RMS operation—1000 to 1800 watts
CP operation—>500 watts

Lighting and TV

CP lighting and RMS TV adequate

Computer /Software

CP and RMS coordinate transform system
Stowage
Cherry picler—0,9%1.6%x1,1 m

Special CP end effector—2x0,03*%0.4 m




FUNCTION  ELECTRICAL CONNECTION CODE| 51 |07 041 03.1
ITEM. ANTENNA MODULE P 7 of 7
METHOD CHERRY PICKER AGE al
SUBJECT SUMMARY ‘

ELECTRICAL

CREW
WT. ) VOL. {{MAX/ | POWER ENERGY| TIME | COST
_(_i_(_(_i_} (43) Ay_g)- (kW) (KwH) [(KIN.) {$K) |

Construction Support Equipment

Cherry picker _ 273 | 1.6 - 0.5 { TBD - TBD
RMS 0 0 - 1.8 } TBD - NC

Special CP end effector -1 3.4 | 0.3 - TBD | TBD - 193

Support Services

Crew - - 1/1 - - - -
Power - - - 2.3 | TBD - TBD

Project Modifications

Cable tie-backs 0.5 | 0.1 - - - - -
End effector provisions on 0.1 | NEG, - - - - -
module ' '
Operations - - 1/1 - - 38 NA#

*Not appropriate, see page 6,




FUNCTION* ELECTRICAL CONNECTTION N P

ITEM . ANTENNA NODULE CODE| 01] 07 04.1 | 04,1
METHOD RMS (CARRIER PLATE CONCEPT) PAGE 1of 6
SUBJECT METHOD DESCRIPTION

rﬂh—_*‘1 \\\ INSTALLATION .

o S

\

The antenna module is imstalled using the RMS. When installation is
confirmed, the RMS actuates a drive shaft which brings the connector
and receptacle halves together to effect a connection. The RMS

then disengages and proceeds to next operation,.




FUNCTION+ ELECTRICAL CONNECTION .
ITEM ANTENNA MODULE CODE| o1 | 07 04.1 | 04.1
METHOD RMS (CARRIER PLATE CONCEPT) PAGE 2 of 6
SUBJECT PROJECT MODIFICATIONS
DRIVE INTERFACE FITTINGS
HOLDING 1/F ' T |
FCABLE LATCH
R QVERHEAD VIEW - -_ﬁﬂ N
1 JINSTALL ./
: SLOT

S

MODULE: FITTING

MODULE CONFIGURATION

BERTHING PORT FITTING

28 CH ]
r 1 /—lrmmmw PRE=~
o B FORMED
Oo CABLE
CDNN ECTOR K
PLATE

Q@ L

\_mnu.nmwmw

CROSSBEAM CONFIGURATION

Structure

* Docking port on end of cross-beam with module-compatible

connector plate

* Target for viewing by RMS TV

Wiring

* Individual cables connected to plate at time of installation

Module

* Module with movable connector plate/drive screw and installation

holding interface




FUNCTION' ELECTRICAL CONNEGTION " »
ITEM . ANTENNA MODULE CODE| o1 | 07 04.1 | 04.1
METHOD RMS (CARRIER PLATE CONCEPT) PAGE 3 of 6

SUBJECT OPERATIONS

FITTINGS

CABLE ASSEMBLY CONCEPT

C '_—_______'

INSTALLATION SLOT

BERTHING PORT FITTING

Manpower
* RMS operator

Activity Time

* Connection time 2 min.
+ Disengagement 1 min.
Total time per module 3 min.

Support Activity

* Cables connected to plate and assembled to berthing port
on previous operations.




FUNCTION- FLECTRICAL CONNECTOR _

ITEM . ANTENNA MODULL: CODE} o1 | 07 04.1 | 0D4.1
METHOD RMS (CARRIER PLATE CONCEPT) PAGE 4 of 6
SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

CLAMPING /
JAvS T

EXTENDIBLE
DRIVE SHAFT

END EFFECTOR

Speecial RMS EInd Effector

» RMS end effector must have a dedicated secondary action such
as shown above for driving the engagement screw.

+ Estimated energy required:

Mechanical—42.38 kg m
(500 1b x 0.75 in.)

Power— TBD

RMS End Effector TV

* Tilt and pan capability required.




FUNCTION ELECTRICAL CONNECTION

ITEM. ANTENNA MODULE CODE| 01 | 07 04.1 | 04.1
METHOD RMS (CARRIER PLATE CONCEPT) PAGE 5 of 6
SUBJECT

SUPPORT SERVICES

Crew
RMS operator
Poyer
RMS operation—1000 to 1800 watts

Engaging screw operation— TBD

Lighting and TV

RMS lighting 1ls adequate. RMS TV must have tilt and pan

capability.

Computer /Sof tware

BMS coordinate transform system

Stowage

Special RMS end effector—0.4M x 0.7M diameter




Vet i

FUNCTION ELECTRICAL CONNECTION

lcoDE| 5,

07 04.1 04.1

ITEM . ANTENNA MODULE )
METHOD RMS (CARRIER PLATE CONGEPT) PAGE 6 o 6
SUBJECT | _
CREV ELECTRICAL
WT, | VOL. |{MAX/ | POWER ENERGY} TIME | COST
(ka) {(M3) JAve) | (Kw) | (KwH) (Mm_._)_l;(sK)
Construction Support Equipment
RMS 0 0 - 1.8 TBD - NC
Speclal RMS end effector 25 1 - TBD | TBD - 624
Support Sexvice
Crew o - - {121 - - - -
Power - - - TBD ‘TBD - TBD
Project Modifications
Comnector plate (struct.) 1 0.1| -~ - - - -
Module connector plate 1 0.1| - - - - 7 -
Operations - - /1| - - 3 NA®

“Not appropriate, see page 6.




FUNCTION*  ELECTRICAL CONNECTION CODE| o1 | 07 04.1 01.1
ITEM * ANTENNA MODULE
METHOD EVA PAGE 1 of 1
SUBJECT METHOD DESCRIPTION
EVA
ASTRONAUT\-\
—
wcm -AWAY
iy
- SIDE VIEW

TOP ViEW

The operator locates at the cable tie-back station, inboard of the module
approximately 3 to 5 meters, and grasps the handhold near the cable connectors.

The operator then removes each of the five cable comnectors from their stowed
locations and tethers them individually to himself. '

The operator then moves himself to the antenna module and grasps the handhold
on the module near the receptacles.

The operator retrieves each of the five connectors in turn, and manually
connects them to the receptacles on the module.

/NO ADDITIONAL DETAILS ARE PROVIDED/




FUNCTION- ELECTRICAL, CONNECTION copelor lo7 04.1 04.2
ITEM. . ANTENNA MODULE

METHOD RMS (INDIVIDUAL CONNECTORS) PAGE 1 of 1
SUBIECT METHOD DESCRIPTION

1-M CONNECTION

. END EFFECTOR
B . .

The RMS retrieves one connector from the stowed position on crossbeam,

moves to the module and makes the connection. The operation is repeated
for each of the five connectors.

/NO ADDITIONAL DETATILS ARE PROVIDED/




FUNCTION+ ELECTRICAL CONNE-TION cobel o1 | 07 04.1 |07.1
ITEM - ANTENNA MODULE
METHOD MODULE ACTUATED PAGE lof 1
SUBJECT METHOD DESCRIPTION
BEAM END
BERTHING PORT
FITTING
TRIGGERED o T
DRIVE SYST. . : ) e
- """"’AANTENNA agh
MODULE o

As the module is installed, a drive mechanism within the module
is triggered which moves the connector carrier plate into the

connected position.

/NO ADDITIONAL DETAILS ARE PROVIDED/




FUNCTION' ALIGNMENT CODE

oL § 09 01.1 00

{TEM TRI-BEAM STRUCTURE
METHOD PAGE 1 of 3
SUBJECT OPERATION IDENTIFICATION

CONSTRUCT1ON
FiXTURE

LONGIiTUDINALS

Project System

Space TFabricated Advanced Communication Platform

Operation

Measure and correct, as necessary, the structural aligoment.

Physical Situation

The space construction fixture is in position on the orbiter, the three
longitudinals are complete. The installation of the cross beams is about
to begin.

Assumptions

1.

2.

The beam machine is capable of producing straight beams without
twist.

The construction fixture is capable of extending a longitudinal
without indueing deflections in it.




T ALIGNMENT
FUNCTION CODE} 01| 09 01.1 | o0
[TEM. . TRI-BEAM STRUCTURE
METHOD PAGE| 2 of 3
SUBJECT OPERATION IDENTITICATION (Continued)
ITEM REQUIREMENT
[=0.5 H o]
ORBIT TRANSFER ._T_,;g§§ﬁ£§ﬂ§$’ﬂégiﬁ;jggﬁgﬁg . MAX ALLOWABLE THRUST
THRUST OFFSET, 0.5 M
(ALIGNMENT CRITI- 0.25° - STRUCTURE CAPABILITY
CAL CONDITION) _ -230 M CRITICAL
SOLAR ARRAYS £~-;:L/»-360° ROTAT I ON - 5° MISAL IGNMENT
i DECREASES EFFICIENCY
(NON-CRITICAL) | | i BY 0.5%

<}~ 2.4° nopDING

L |

CONTROL o

CONTROL SYSTEM

CONTROL MODULE MODULE . GIHBALED ENGINES
(NON-CRITICAL) =¢£§g§§§§? ﬁﬁﬁiiﬂiii%gggég « UTIL!IZE ADAPTIVE ATTITUDE
, * ROUGH ALIGNMENT
ANTENNAS jii::;f° CAPABILITY
(NON-CRITICAL) LT CONTROL . Mg ALIGNMENT CAPA-

=HMODULE g4} 1Ty FOR OPERATIONS
CORRECT I ONS

SUN
| RAD I AT | ON
THERMAL | &3
(NON-CRITICAL) e i * 50° TEMP DELTA
== - 2-3 MM
50°F MAX TEMP DELTA
RCS 5 * 5° M{SALIGNMENT

DECREASES EFFICIENCY

g::f F BY 0.38%

(NON~CRITICAL)




FUNCTION-  ALIGNMENT CODE
ITEM ~  TRI-BEAM STRUCTURE 01| 09 0i.1
METHOD PAGE[ 5 of

SUBJECT ALTERNATE METHODS

CROSSBEAM

A\ K]
TARGET __/

. LONGITUDINAL BEAMS TRANSVERSE BEAMS

The following methods have been identified:
'
1. End-to-End Alignment
2, Bay-to-Bay Aligpment

Methods 1 and 2 are detailed.




FUNCTIOIN+  ALIGNMENT CODE} o1

09 01.1 09.1
ITEM . TRI~BEAM STRUCTURE

METHOD END-TO-END PAGE 1 of 5
SUBJECT METHOD DESCRIPTION
BAY 23 TV CAMERA

BAY [ —

TARGET

[ CONSTRUCT LON / \

o,
FIXTURE Mj\
'_ LONGITUDINAL CROSSBEA

BEAMS (3)

o Install cross and transverse beams at Bay #1.
o Secure an alignment target to a longitudinal at Bay #1 by EVA/MMU.
o Extend the assembly the full length of the longitudinals to Bay #23.

o Sight through an optical device (TV camera) mounted on the construction
fixture.

o Measure the alignment of the target and the structure as depicted on the
CRT in the orbiter.

0 Take appropriate remedial action
o . Check for equipment malfuncﬁipn which could indicate misalignment:
(e.g., instrumentation).

0o TIxtend or retract longitudinals as required to eliminate misalign-
ment.

o The assembly is now straight within tolerance.
0o Tnstall cross beams at Bay #23.

0 Retract che assembly and install the remainder of the cross and transverse
beams and cross bracing cables.




FUNCTION  ALIGNMENT CODE{ 01| 09 01.1 | 09.1
ITEM TRI-BEAM STRUCTURE

METHOD END-TO-END PAGE 2 of
SUBJECT OPERATTONS

Manpower

- One EVA/MMU Operator
- Cne Operator at AFD

Activity Time

- Install Alignment Target
- Alignment Check
- Remedial Action

Support Activity

- None

20 min.
2 min.

TED




FUNCTION®  ALIGNMENT CODE

ITEM - TRI~BEAM STRUCTURE 1] 02 04.1 | 09.1
METHOD END~TQ-END PAGE 3 of
SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

CROSSBEAM ——

//FﬂLIGNNENT TARGET

= TV CAMERA ON CONSTRUCTI1ON

5}

COMPUTER

- fyloll)
- Alignment target on Bay #1
- Alignment sighting TV camera on constfuction fixture
- CRT in orbiter AFD (adapt existing CRT)
- Computer for analyzing'the data concerning structural misalignment:
o Orbiter Dynamics
o Target Jovement
o Platform Stiffness
o Gravity Gradients, etc., etc.

Computer may be on board or on ground.




FUNCTION  ALIGNMENT CODE
ITEM TRI-BEAM STRUCTURE e L
PAGE of
METHOD END~TO-END
SUBJECT SUPPORT SERVICES
Crew - One EVA/MMU Operator
- One CRT Observer at AFD
Power =  Instrumentation TBD
MMU Recharge - TBD
Lighting & TV
-  SBtandard orbiter and MMU lighting
~ TV for aligmment target sighting, CRT in orbiter
Computer/Software
- Program for analyzing étructural wisalignment
Stowage - Aligoment Target - 1.5 x 3 x 0.2m
MO - 0.2 x 0.2 x 0.3m
Other - May require orbiting in a pre-determined gravity gradient

attitude.

MMU propulsion recharge . TBD




FUNCTION  ALIGNMENT ODE
. 01| 09 01.1 09.1
ITEM TRI-BEAM STRUGTURE
METHOD  END-TO-END PAGE 5 of 5
SUBJECT SUMMARY
CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY| TIME | COST
| | (ke) (M3) [ AVG) | (KW) | (KWH) [(MIN.)] ($K)
Construction Support Equipment
Alignment Target 4 10.9 - 0 0 - 183
TV Camera 10 [0.1 -- | TBD TBD - 315
CRT 0 0 — — — — 53
Computer 0 ¢ —— - - - 525
MMU 110 1.1 — TBD TBD - 100
Support Services
Crew - -— [2/1.5 -- —_ —— —
Power (Total) —— - - TBD | TBD - TBD
Proiect Modification
None
Operations — | == |2/1.,5] -~ —— 22 NA®
*Not appropriate, see page 6.




| FUNCTION:  ALIGNMENT co0E] o1 | o e | o
ITEM. - TRI-BEAM STRUCTURE 0l 09 0l. .2
METHOD BAY~TO-BAY PAGE 1 of 5
SUBJECT METHOD DESCRIPTION
BAY 2
TV CAMERAS gKSSEIETomsGET A

l{ CONSTRUCT [ ON

FIXTURE CROSS BEAM _///
LONGITUD INAL

EACH BAY TRANSVERSE BEAMS

o Install eross and transverse beams at Bay #1.

o Secure alignment targets at Bay #1 by EVA/MMU.

o Extend the assembly the length of one bay.

o Install cross bracing cables.

o. Sight through optical devices (TV cameras) mounted on the construction

fixture.

o Measure the alignment of the targets and structure as depicted on a CRT
in the orbiter.

o Take appropriate remedial. action if required:

0 Check for equipment malfunction which could indicate misalignment
(e.2., instrumentation).

o Extend or retract longitudinals as required to eliminate mis-
aligoment.

o Install cross and transverse beams and a target at Bay #2 by EVA/MMU and
extend the assembly.

o Continue bay-to-bay verification and installatiomn.

o Periodically check the alignment from Bay #1 to the construction fixture
by using the offset target at Bay #1.




FUNCTION  ALIGNMENT
ITEM. . TRI~BEAM STRUCTURE

METHOD BAY-TO-BAY

CODE| 01 | 09 01.1

09.2

PAGE| , of

SUBJECT OPERATTONS

-

Hanpuwer
- One EVA/MMU Operator
- One Operator at AF™

Activity Time

- Install Alignment Targets

- Alignment Check
(23 @ 2 min.)

- Remedial Action

Support Activity

- None

480 min.

46 min.

IBD




FUNCTION*  ALIGNMENT CODE| 01 | 09 o1.1 09,2
ITEM *  TRI-BEAM STRUCTURE
METHOD BAY-TO-BAY PAGE 3 of 5
SUBJECT CONSTRUCTION SUPPORT EQUIFMENT REQUIREMENTS

MOUNT ING

BRACKET /— REFLECTORS

ALIGNMENT TARGET

Ttems

- MMU
- 24 Alignment Targets
- CRT in orbiter AFD (adapt existing CRT)

- Computer for analyziﬁg the datna concerning structural misalignment
o Orbiter Dynamics
o] Target Movements
o Platform Stiffness
o Gravity Gradients, ete., ete.

Computer may be on board or on the ground.

- TV Cameras




T%TA;TION %igggmmﬁTsmucmRE CODE| 01| 09 011 | 09.2
METHOD  BAY-TO-BAY PAGE of
SUBJECT SUPPORT SERVICES
Crew - One EVA/MMU Operatoxr

- One CRT Observer at AFD
Power ~  Instrumentation IBD

- MMU Recharge TED
Lighting & TV

-  Standard Orbiter and MMU Lighting

- IV for alignment target sighting, CRT in orbiter
Computer/Software

- Program for analyzing structural misalignmeni:
Stowage |

- Alignment Targets (24) - 1.5 x 3 x 0.2m each
Other

May requiré orbiting in a pre-determined gravity gradient

attitude.

MMU propulsion recharge TBD




FUNCTION LIS CODE| o1 | 09 o1.1 | 09.2
ITEM ' TRI-BEAM STRUCTURE : *
METHOD BAY-TO-BAY PAGEl 5 of 5
SUBJECT METHOD DESCRIPTION ,
CREW ELECTRICAL
WT. | VOL. {(MAX/ | POWER [ENERGYl TIME { COST
(KG) (M%) [Ave) | (kW) [(KwH) [(MIN.)] (SK)
— e}

Construction Support Equipment

Alignment Targets (24) 96 [21.6 | - 0 0 - 773

TV Cameras (2) 20 { 0.2 | — | TBD |TBD - 420

Computer 9 0 —~— - — - 325

CRT 0 0 - —-— - —_ 53

MMU 110 | 1.1 { -- JTBD |TBD - 100
Support Sexvices

Crew —_— | - 2/2 —_— — —_— _—

Power (Total) - = ~— {TBD |'TBD - TBD
Project Modification

None
Operations - | — 2/2 -— - | 520 NA®

#Not: appropriate, see page 6.




FUNCTIOMN® ELECTRICAL WIRE CHECKOUT cobel o1 | 09 03.1 00
ITEM. ELECTRICAL DISTRIBUTION SYSTEM

METHOD PAGE 1 of 3
SUBJECT OPERATION IDENTIFICATION

Mu

/’-
: ﬁ /
TR & ‘\JSL i.__.
1] 1
™~ ORBITER POSITION "C" TO TEST THE
INTEGRITY OF THE RF CABLES FOR

"C" BAND COM 5YS AND DATA
MANAGEMENT WIRING

BATTERY f
HODULES, |

]
‘,.<\i‘ ROl HON. B

L1}
ne

Y
fes 4

= A
==

ORBITER POSITION "A"
TO TEST THE INTEGRITY
OF THE ELECTRICAL
POWER DISTRIBUTION
WIRING

ORBITER POSITION "B" TO TEST THE
INTEGRITY OF THE "K" BAND RF CABLES

Project System

Space-fabricated advanced communications platform
bperation

To test the integrity of all the electrical wiring on the
communication platform.

Physiecal Situation

The platform structure is complete.

The electrical wiring is completely instalied.

The cable end connector has not been connected to the black box,
but has been connected to a permanently installed shorting
receptacle adjacent to the operational interface.

Control module not installed

Connectors to be tested:

Position A: Eleectrical Power Distribution Panel
Power—50 connectors (15 wires/connector)
Signal—15 connectors (55 wires/connector)

750 wires
825 wires

1575 wires

no




FUNCTION  ELECTRICAL WIRE CHECKOUT

ITEM. ELECTRICAL DISTRIBUTION SYSTEM CODE) o1} 09 03.1 | 00
METHOD PAGE 2 of 3
SUBJECT OPERATION IDENTIFICATION

Position B: RF Signal K-Band Distribution Panel

Power—32 connectors (6 wires/connector) = 132 wires
Signal-—8 connectors (55 wires/connector) = 440 wires
RF coaxial-—30 connectors (34 wires/connector) = 096 wires

1628 wires

Position C: Data Manapement and RF Signal C~Band Distribution Panel

Power (amt.)—32 connectors (6 wires/connector) = 192 wires

Signal (ant.)—8 connectors (55 wires/connector) = 440 wires

RF coaxial—30 connectors (34 wires/comnector) = 996 wires

Control Module

Signal~ 50 connectors—-(55 wires/connectors) = 2750 wires

Power » 50 connectors—(5 wires/connector) 250 wires
4628 wires

An interconnect harness (multi-purpose harness in lieu of a dedicated cable for
each cable) with jumper harnesses to mate with the variety of electrical connec-
tors will interface the tester to the cable under test,




FUNCTION® g ReTRICAL WIRE CHECKOUT CODE] 01 |09 03.1 00
ITEM - ELECTRICAL DISTRIBUTION SYSTEM
METHOD PAGE P oof 3
SUBJECT ALTERNATE METHODS
UNTVERSAL TEST CABLE ADAPTER CABLE(S) , ELECTRICAL
e l | POWER DIST PANEL
CONTROL[—{+—{] TesTer [J—12 7] kv sanp sieNAL
CONSOLE[ | I A~ M | SWITCH BOX
1x1TM
! I -~ —_ﬂ ncnp OR
ORBITER | ORBITER ] si«:'.nrcAl:\J E?oﬁGNAL
AFT | PAYLOAD i AlF- T ——[A OR
FLIGHT | BAY | £ BLX DATA MGMT
| | B B SYSTEM
Xo 576

All- ";(]—-i——{A

A | COMPONENT BLACK BOX
SHORTING RECEPTACLE

.,f:.l B

The following methods have been identified:
1. ©Special design tester

2., Commercial tester
3. Individual test instruments

Method 1 is detailed




FUNCTION: ELECTRICAL WIRE CHECKOUT copel o1 | 09 03.1 ]o8.1
ITEM »  BLECTRICAL DISTRIBUTION SYSTEM

METHOD  SPECIAL DESICN TESTER PAGE lof 6
SUBJECT METHOD DESCRIPTION

~1
;Lé‘

=4l
£ Bl=H— -
ol R ¥

PANEL UNDER TEST

N
\

TESTER CONTROL
CONSOLE

\ TESTER

* The platform will be positioned for ready access to the panel under test.

+ The tester will be connected to the tester control located in the aft £light
deck. All pertinent test data will be recorded here.

+ The tester will be coupied to the harness to be tested by the universal
test cable through the adapter cable to mate with appropriate connector.

» The shorting device will allow a continuity test to be performed. After
continuity of all the conductors has been verified, the device will be
switched so that the remainder of the testing may be conducted, i,e., shorts,
grounds, and dielectric withstand.

» Upon verifying the soundness of the wire harness, the operational testing of
the systems may commence,

* The special designed tester will be a computerized system, programmed for
testing for continuity; insulation resistance of wire to wire and wire to
ground; shorts, wire resistance, and load test.

* The tester systematically will test one conductor of a comnector at a time,
and will test all conductors of a connector in seconds if no fault is
detected.

* Test cable and adapter cable will be moved to the next comnector upon test
completion of the previous comnector. The test coordinator will adjust the
console control panel for the next file and will test next cable.

To expedite procedure, several test cables may be connected at one time.




FUNCTION* ELECTRICAL WIRE CHECKOUT CODE] 01| 09 03.1 | 08,1
ITEM . ELECTRICAL DISTRIBUTION SYSTEM

2 of 6
METHOD SPECIAL DESIGN TESTER PAGE
SUBJECT : PROJECT MODIFICATIONS

WIRE HARNESS

T SHORTING RECEPTABLE

COMPONENT BLACK BOX

Structure

Cable shorting receptacle for stowing cable comnector when cable is
installed. Must be Located in proximity of component black box so
cables may be connected after electrical testing complete. Stowage
receptacle must have pins shorted in lieu of a test harness to .
conduct continuity test. Pins may be shorted by means of (1) fusible

links, (2) solid-state stepping switch, or (3) mechanical stepping
switch.

Cable Connector

Manually compatible.




FUNCTION . ELECTRICAL WIRE CHECKOUT ICODE| 01| 09 03.1 | o08.1
ITEM. * - ELECTRICAL DISTRIBUTION SYSTEM

METHOD SPECTAL DESIGN TESTER PAGE 3 of
SUBIJECT OPERATIONS

Manpower—Console control operator plus two EVA operators

Activity Time

Position A

Connect universal test cable to adapter cable
Attach test harness to conmnector to be tested
{2 min./connector)
Perform continuity test (3 sec/cond.)
Perform resistance test (6 sec/cond.)
Activate shorting receptacle to remove short
from pins (0.5 min./black box)
Insulation resistance wire to ground
(3 sec/cond.)
Insulation resistance wire to ground
(3 sec/cond.)
Remove test harness (2 min./connector)
Adjust tester for next connector
(3 min./connector)

Position B

Same procedure as Position A

Position C

Same procedure as Position A

If fault is detected:

Disconnect test harness from tester
Connect time domain reflectometer
Warm-up and fault location displayed
Fault location calculation

EVA activity to clear fault

Support Activity

While tests are being performed, select next cable for test.

Select appropriate adapter cable.
Determine next file for computer.

(Minutes)

130
80
160

15
80

80
130
195 .
863 min. 7
(24.4 hr)

908 min,
(15.1 hr)

2363 min.
(39.4 hr)

oW
Qo Oo

-
c:-::-l
. e
o o

[ 53




FUNCTION ELECTRICAL WIRE CHECKOUT
ITEM ELECTRICAL DISTRIBUTION SYSTEM

CODE} 01 | 09 (3.1 }08.1

METHOD  SPECIAL DESIGN TESTER PAGE 4 of ¢

SUBJECT  CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

Items

Special design electrical tester with a computerized program to perform the
necessary :electrical test on the installed wiie harness (tester in payload)
bay and tester control console in orbiter aft flighe : .2k).

Universal test cable—number of conductors equal to number of pins In largest
comnector to be interfaced with.

Test control console to control test and record data.

Adapter cables—interfaces between universal test cable and harness to be tested
to provide proper connector interface,

Time domain reflectometer (TDR) to determine the location of the fault.
Repair kit necessary for clearing various faults that may be encountered.

Cherry picker.




FUNCTION ELECTRICAL WIRE CHECKOUT ~ODE

ITEM.

ELECTRICAL DISTRIBUTION SYSTEM

01

09 03.1

08.1

METHOD SPECIAL DESIGN TESTER PAGE

5 of 6

SUBJECT SUPPORT SERVICES

Crew

One operator at AFD and two operators EVA.

Power
- Hatts
Tester 1500
Time domain reflectometer 500
Cherry picker operation 500
RMS operation 1000-1800

Lighting and TV

Cherry picker illuminaticn adequate.

Computer/Software

RMS and cherry picker coordinate transform system.

§EEE§EE Meters
Tester 0.5%0.6%1.5
Time domain reflectometer 0,.4%0.4%0.3
Cherry picker 0.9%1,6%1,1
Test control console 0.5%0,6%0,4 (AFD)
Universal cable 2.5 cmx35m

Adapter cables (5) 2.5 emx3 m




FUNCTION ELECTRICAL WIRE CHECKOUT ODE| o1 | 09 03.1 | 08.1
ITEM. ELECTRICAL DISTRIBUTION SYSTEM
METHOD  SPECIAL DESIGN TESTER

PAGE 6 of 6

SUBJECT SUMMARY

CREW ELECTRICAL
WT. | VOL. |(MAX/ | POWER ENERGY! TIME | COST
(k) [ (M3) {Aavert (kW) |(RwH) [(MINGY] (3K)

Construction Support Equipment

Tester ' 28.61 0.6 - 1.5 35 - |3532

Tester control console 20 0.1 - TBD TED| -~ 2272

Universal ecable t15.8)17.2] =~ 0 - - 1006

Adapter cables (5) 20 74| = 0 - - 11035

TDR 9 0.1] - 0.5 TBD| - 592

Cherry picker 273 1.6 - 0.5 TBD | - TBD

RMS 0 0 ~ 1.8 TBD - NC
Support Services

Crew - - 3/3 - - ~ -

Powver - - - TBD TRBD | - TBD
Project Modifications

Shorting receptacles and panel 45 0.6 | ~ - - - 2486

_ Operations
%*Assumes no faults - - 3/3 - ~ |4134% | NA®
(68.9
hr)

*Not appropriate, see page 6.




FUNCTION+ ELECTRICAL WIRE CHECKOUT copel 01 | 09 03.1 08.2
ITEM. +  ELECTRICAL DISTRIBUTION SYSTEM
METHOD INDIVIDUAL INSTRUMENTS PAGE 1of 2
SUBJECT METHOD DESCRIPTION

/

JLLR

PANEL UNDER TEST \
r .

TESTER CONTROL
CONSOLE )

N INDIVIDUAL TESTERS

The basic procedure would be the same as for the special design tester
except individual instruments would be utilized in lieu of computerized

tester.

Continuity check may be performed as an indépendent test by using a contin-
uity test device (light, buzzer, ete.) and individually probe each pin of
the cable. Actually, two conductors can be checked at a time through the

shorting device.

Continuity may be verified when the dc resistance of a conductor is
measured.

Resistance measurements may be accomplished by attaching a wheatstone
bridge or similar instrument across the conductor pair through the
shorting device. Resistance then can be determined of each conducter
kunowing the size of the conductor.

The device used in making the continuity check may be used to test for
shorts and grounds.




FUNCTION  ELECTRICAL WIRE CHECKOUT CODE|o1 | 09 03.1| o8.2
[TEM. ELECTRICAL DISTRIBUTION SYSTEM

METHOD INDIVIDUAL INSTRUMENTS | PAGE 2 of 2
SUBJECT METHOD DESCRIPTION (CONT.)

A hi-pot tester or similar device may be used to check the insulation
resistance wire to wire and wire to ground. The conductors should be
stressed at a low voltage level (150% of nominal voltage of system).

This test will verify that the wire insulation was not damaged during
installation and fabrication of structure.

Using individual instruments to test the integrity of the electrical is
time-consuming., Individual conductors of a given cable would be
assessed several times during the testing procedure.

/N0 ADDITIONAL DETAILS ARE PROVIDED/




FUNCTJON+ ELECTRICAL WIRE CHECKOUT

CODEl 01| 09 03.1 | 08.3
ITEM -+ ELECTRICAL DISTRIBUTION SYSTEM

METHOD COMMERCTAL TESTER PAGE lof 1

SUBJECT METHOD DESCRIPTION

!
|

—

|

TESTER CONTROL
CONSOLE

\TESTER

Same description as for special design tester (01 09 03.1 08)
except it will be of a standard package design and the tester
console may not be compatible with aft flight deck. Also,

tester may not have all built-in features which are required.

/NO_ADDITIONAL DETAILS ARE PROVIDED/
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FUNCTION- ALIGN

ITEM . - ANTENNA MODULE CODEfo1 | 09 04.1] 00
METHOD PAGE] 1 of
SUBJECT OPERATION IDENTIFICATION
1’1”“1
ANTENNA REFLECTOR Pl
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w\ANTENNA

FEED HORN

Project System

- Space fabricated advanced communications platform

Operation .
- Align the antenna system for operational use

Physical Situation

~ The platform structurc is completed with all systems installed.

—~ Antemmna modules are installed but are in the, stowed configuration.




FUNCTION- ALIGN _

ITEM . ANTENNA MODULE CODE| o109 04.1 | 00
METHOD PAGE 2 of 2
SUBJECT ALTERNATE METHODS

ORBITER BERTHED
’$:>/41 / TO SCCM o
L i AR =
S — ==
H 2 2 ——
b el
TV
CAMERAS

The following methods have been identified:
1. Alipnment to orbiter baseline in LEO

2. Alignment to earth target in GEO

Methods 1 and 2 are detailed.




FUMCTION- ALIGN , |CODE o1 09 04,1 | 09.1
ITEM . ANTENNA MODULE

METHOD ALIGN TO ORBITER BASELINE (LEO) PAGE 1 of 6
SUBJECT | METHOD DESCRIPTION
‘—-'ﬁ F‘W ‘
ORBITER BERTHED - |
TO SCCH ™ A o
( - . .. ""a\"’f‘:“!\ﬂf..
ANTENNA REFLECTOR }. y — 'ﬂ"\f;’uu\‘}:_- 5
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* LINE OF SIGHT
. FROM ORBITER

ANTENNA FEED HORNS TO TARGETS

. d-’L"d—

In LEO, orbiter berths to platform at the systems control center module
(sceit; .

Orbiter establishes. positional relationship between its G&N and the platform
G&N. '

The antenna farthest from SCCM is deployed.

Laser/optical instrument in orbiter measures the attitude/location of targets
accurately mounted on the antenna reflector and feed horn and calculates the
correcting signals to be sent along hard wired paths between orbiter and
antenna to adjust the stroke of actuators controlling the attitude/location
of the feed horn and reflector.

-

»  Antenna horn is vestowed.
= Proceed with next seven antennas on that side of platform.

+ Reverse the orbiter (i.e., turn through 180°) and align the 8 antennas on
the other side of the platform. : :

« Aligmnment in LEO is designed to eliminate construction errors and tolerance
buildups and will be accomplished to an accuracy consistent with the capa-
bility of the "auto track" mode for antenna operation at GEO. It is
assumed that transfer from LEO to GEO will not cause any additional mis-
alignment.




ITEM - ANTENNA MODULE 01 {09 04,1 | 09.1
METHOD ALIGN TO ORBIVER BASELINE (LEO) PAGE 2 of 4
SUBJECT PROJECT MODIFICATIONS )
REFLECTOR
// TARGETS
/~ /,/ TARGETS TO BE VISIBLE
s : AT 100 YARDS AGAINST

CONTRASTING BACKGROUND

FEED HORN
TARGETS

* Add berthing port to the system control center module (SCCM).
» Add targets to the reflector and feed horn of each antemma.

* Hard wiring between the berthing port/orbifer interface and the actuators
" controlling the movement of the feed horn and reflector.




FUNCTION ALIGN lCDDE
{TEM. ANTENNA MODULE 0L 02 04.1 ) 09.1
METHOD ALIGN TO ORBITER BASELINE (LEO) PAGE 3 ©°f ¢
SUBJECT OPERATIONS DESCRIPTION

Manpower

~ 1 crewman to operate the orbiter measuring system

Activity Time

~ Deploy, allgn, restow antenna and antenma hoin 60 min.

Support Activity
- Berth to SCCM 20 min.
- Alignment between orbiter and platform G&N 20 min.




FUNCTION ALIGN CODE} o1 ] 09 04,1 09.1
ITEM. ANTENNA MODULE
METHOD ALIGN 70 ORBITER BASELINE (LEO) PAGE] 4, of

SUBJECT CONSTRUCTION SUPPORT EQUIBMENT REQUIREMENTS

Laser/Optical Alignment Instrument
= Mounts in orbiter

- Aligns targets on reflector/feed hoxn and reads distance and angles
between target and baseline

- Calculates and displays corrections (e.g., roll, pitch, yaw, X, Y, 2)
to move the antenna into correct alignment




UNCTION ALIGN
II:TEM CODE; |09 04.1 | 09.1
- ANTENNA MODULE
METHOD ALIGN TG ORBITER BASELINE (LEO) PAGE; 5 of
SUBJECT SUPPORT SERVICES
Crew

- 1 crewman in orbiter

Power
- Alignment instrument - TBD

~ Antenna structure movement (supplied from platform)

Lighting and TV
- Not required

Computer/Software

~ Antenna/orbiter/SCCM coordinate transform system

Stowage
- Laser/optical alignment instrument - 0.3 x 0.3 x 0.8M




FUNCTION  ALIGN leobe 7
ITEM. ANTENNA MODULE coD 01 109 64.1 1 09.1
METHOD ALIGN TO ORBITER, PASELINE (LEO) PAGE[  of .
SUBJECT SUMMARY |

cRew |ELECTRICAL

WT. | VoL. {(MAX/ | POWER ENERGY Tmé cSST
Q«;) (M3)___Avs) (KW) | (KWH) [(MIN.)] ($K) |

o — —

Construcition Support Equipment
Laser/Optical Alignment Instrument 20 0.1 - TBD | TBD - - | 2619

Support Services _ ‘
Crew ‘ - - 1/1 - - - -
Power (Total) - - ~ | ™D |TBD | - TBD

Project Modification

SCCM Berthing Port . 110 1 - - - - 473
Control Wiring ‘ 20 0.1 - - - - 200
Targets - : 2 NEG - - - 1. - 105
Operations - ' - - 1/1 - - | 60 | NA®

*Not appropriate, see page 6.




f%r:‘CTIOF‘JI' ﬁﬁfm MODULE CODEf o1 | 09 04.1 |09.2
METHOD ALIGN TO EARTH TARGET (GEO) PAGE 1 of 4
SUBJECT METHOD DESCRIPTION
PLATFORM
o] |2 ==
.= U ] F—

é?;fTV CAMERAS
REFLECTOR

/ e -

\

7N
FEED HORN \

SUPPORT

"

e

[ _ o
N T N§™7 TN GROUND-BASED CRT

« In geoéynthonous orbit the antenna module is deployed.

= A ground based operator points the reflector to the ground target by steering
the boresighted TV camera using a ground based CRT. Accuracy required:
& 1.0
A N :
» The feed horn is aligned to the reflector in similar fashion by gross
movenents of the astromast and feed horn support.

+ Tine alignment of the feed horn and operational tracking is achieved by
moving the feed horn relative to its support, through control by antenna/
ground transmissions by auto track system.




FUNCTION-® ALTGN i
TEM - ANTENNA MODULE CODE| 01 | 09 04.1 | 09.2
METHOD ALIGN TO EARTH TARGET (GEO) PAGE 2 of 4
SUBJECT:‘_ ' PROJECT MODIFICATIONS )
/ Q g ) -
TV CAMERAS
\ .
\
FEED /
HORN
SUPPORT | |
T |
,ﬂ/ tANTENNA
J/ \ REFLECTOR
TARGET \
4 \
\ \
ANTENNA 4
FEED HORN TO GROUND TARGET

- Add two TV cameras to the antenna reflector

« Dboresighted to the ground target
*+ boresighted to the feed horn target

~Add a 3 dimensional target to the feed horn, boresighted to the reflector
TV camera.

- Provide a ground based CRT

-~ Provide uplink-downlink for controlling the movement of the feed horn and
reflector and for TV transmission. .




TION® ALIGN .
FUNC ANTENNA MODULE CODE 01 09 04,1 | 09.2

ITEM
' METHOD ALIGN TO EARTH TARGET (GEO) PAGE 3 of 4
SUBJECT OPERATIONS

il

ORBITER BERTHED

e
TO SCCM = /r\

ANTENNA REFLECTOR

- E’j
" A )
— !
-
\g.,._____‘ B\

e
// LINE OF SIGHT
/ . FROM ORBITER
ANTENNA FEED HORNS TO TARGETS
L LA
Manpewer
- 1 ground based operator
Ac.tiviiy Time
-~ Steer reflector tu align with g:;ound target 5 min.
- Steer feed horn to align with reflector ' ' 5 min,

Total Per Antenna 10 min.




FUNCTION ALIGN CODE

ITEM. ANTENNA MODULE 01 09 04.1 | 09.2
METHOD ALIGN TO EARTH TARGET (GEO) PAGE| 4 of
SUBJECT SUMMARY —

CREW ELECTRICAL

WT. | VOL. [{MAX/ { POWER ENERGY| TIME | CCST
LKG) (M) [ AVG) | (KW) { (KWH) (MINH (3K)

- m———
Construciion Support Equipment
None 0 0 - 0 0 "- -
Support Sexrvices | o
Crew - - .| 1/1 - - - -
Power (Total) - - - 0 0 T TBD
i
Project Modification
TV Cameras (2) 20 0.2 - -] - - 420
Feed Horn Target 2 0.2 - - - - 294
CRT Capability (Ground Based) 1t oo - -1 -1 -1 53
Uplink/Downlink Electronics 0 0 - - - - 437

Operations . - - 1/1 - - 10 NA®

*Not appropriate, see page 6.




FUNCTION: JoIN CODE| 02| 05 01.1 00
ITEM * STRUTS, UNIONS, BERTHING PORTS .
METHOD PAGE 1. of
SUBJECT OPERATION IDENTIFICATION

CONSTRUCTION
FIXTURE

STRUCTURAL SUPPORT & GUIDE RAIL

1 PLATFORM STRUCTURE

w3—2—12-M STRUT

RMS

STRUT ASSEMBLY
FIXTURE

Project System

Erectable Advanced Communications Platform

Critical Function

Join struts and unions into structural assembly and join berthing ports

with moment joints.

Physical Situation

0 Struts are folded and nested in payload bay.

o Joints and berthing ports are in separate containers in the bay.




FUNCTION:  Join CODRElo2 | 05 01.2 | o0
ITEM STRUTS, UNIONS, BERTHING PORTS

METHOD PAGE 2 ' of 3
SUBJECT OPERATION IDENTIFICATION (Continued)

C~STRUTS
B-STRUTS
SOCKET .

JOINT
UNION

A-STRUTS

MOMENT
JOINT
UNTON

BASIC PLATFORM STRUCTURE

Platform consists of:

Double~tapered struts hinged at mid point (large diameter) and each strut
end configured to match either socket joint union or moment joint union.

STRUT\tewerw 7 | L £ | D7 F | L THERNERS
A JZ20 M | 3O M 2L A a0/E M
L 140 # AL M 22 A OB
& | Zom NN 098 M 0006 M
L /697 4 LN . D98 M W06 M.

o Socket Joint Unions
o Moment Joint Unions

o Berthing Port Adaptors




FUNCTION. JOIN

CODE} 02 | 05 01.1 | 00
ITEM . STRUTS, UNIONS, BERTHING PORTS
METHOD PAGE 3 of 3
SUBJECT ALTERNATE METHODS

s

PLATFORM
TRANSLATION
CRADLE

"

Z]\~

CONSTRUCTION FIXTURE

MANUAL

HORIZONTAL STRUT
ORIENTATION
SUPPORT

AUTOMATIC

The following methods have been identified:
Manual
1. EVA/MMU and Cherry Picker
2, EVA/MRU

3. RMS

4, RMS assembly of a strut cluster then joining to the platform

Methods 1, 3 and 4 are detailed




FUNCTION+ JoIn CODE
ITEM . STRUTS, UNIONS, BERTHING PORTS 2] 01| 932
METHOD  EvA/MMU & CHERRY PICKER PAGE i of 5
SUBIJECT METHOD DESCRIPTION
3 PLATFORM
TRANSLAT 10N
CRADLE
CONSTRUCT 10N
FIXTURE 3 HOR1 ZONTAL
STRUT
ORIENTATION °

SUPPORT

CHERRY
PICKER

€ STRUT ASSY "‘"‘"’ A~

- RS / .

o The cherry picker removes hinged strut and union from the cargo bay and
joins them in the strut assembly fixture.

o The cherry picker removes the assembled strxut from the fixture and trans-
ports it to the comstruction fixture.

o An EVA/MMU astronaut joins the strut to the platform strut assembly in a
pre~determined sequence along the Z axis.

o Procedure continues until the platform structure is completed.




FUNCTION' JOIN CODE

ITEM. .  STRUTS, JOINTS, BERTHING PORTS 1024 0501.2 ) 03.1
METHOD EVA/MMU & CHERRY PICKER PAGE| o of 5
SUBJECT OPERATIONS

STRUCTURE ASSEMBLY SEQUENCE

ASSEHBLY __BERTHING
~STEFS ADAPTER
O~ e
@1 \
e
(] ~ \ Ej‘\
S - -
- B @/
&
@ | @\
‘I‘“ . ;7
8 l PLANE OF .\
CONSTR. FIX. @/
B~ SUPPORT
| CRADLE 2oy
i S\-PLANE OF
HORIZ. STRUT
ORIENTATION
SUPPORT
Manpower
- One EVA/MMU Astronaut
- One Cherry Picker Operator
Activity Time
- Strut/union removal from cargo bay (3 min.)
- Strut/union assembly at strut fixture (3 min.)
- Transport strut to platform (2 min.)
- EVA/MMU astronaut joins strut while cherry picker 12 min.
operator prepares next strut
TOTAYL, PER STRUT 12 mia.
- Repeat operations for next eight (8) struts to 96 min.
complete one bhay
TOTAL ELAPSED TIME PER BAY 108 min.
{ ) These activities performed in parallel with actual joining of struts

by EVA/MMU operator except for first time.

Qther

- Major joining operations can be performed in light portion of orbit
to permit visibility for moving the struts around (Reduce power reqmts).




FUNCTION: JOIN CODE{02 05 01L.1 03,1
ITEM STRUTS, JOINTS, BERTHING PORTS
METHOD EVA/MMU & CHERRY PICKER PAGE} 5, of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
‘LU PLATFORM
SPECIAL " . TRANSLAT I ON
END 3 CRADLE
EFFECTOR S 4
o Fyly
 CONSTRUCT 1 ON
. FIXTURE /
CHERRY
P1CKER ———-—-'—"'I
STABILIZER
ARM
~ RMS

HORIZONTAL STRUT
ORIENTATION SUPPORT

Items

MMU

RMS

Cherry picker with stabilizer end effector to handle struts

and

unions

Horizontal strut orientation support

o .Triangular structure (~ l4m/side)

o Restraint mechanisms for struts and unions

o Hinged to swing down to permit structure translation




FUNCTION JOIN CODE
ITEM STRUTS, UNIONS, BERTHING PORTS 02 05 01.1 | 03.1
METHOD EVA/MMU & CHERRY PICKER PAGE 4 of
SUBJECT SUPPORT SERVICES
Crew -  One EVA/MMU Operator
- One Cherry Picker Operator
Power - RMS 1-1.8 Ky
-  Cherry Picker 0.5 kW
- MMU TBD
Lighting & TV
- Standard Orbiter, Cherry Picker and MMU
Computer/Software
- BMS Coordinate Transform System — v
Stowage -  Cherry Picker ‘ 0.9 x 1.6 x1.1m
~  Horizontal Strut Orientation Supporf 14 x 1 x 0.8m
Other - MMU Propulsion Recharge




FUNCTION
TEM JOIN ODE)o2 | 05 01,1 ] 031
STRUTS, UNIONS, BERTHING PORTS PAGE ;
METHOD  myA/MMU & CHERRY PIGRER 5 % s
SUBJECT  smomary
CREW ELECTRICAL
WT. | VOL. {{MAX/ | POWER ENERGY! TIME | COST
(KGY | (M%) [ AvG) | (Kw) | (KWH) {MIN.)| ($K)
——— — e ——— - — — smttn ot et §
Construction Support Equipment
! MMU 110{ 1.1 | -- {TBD |TEBD -- | 100
u Cherry Picker 273 | 1.6 | -~- { 0.5 [TeD | ~- |TBD
Cherry Picker End Effector 3 NEG | -- | TBD |TBD - 1212
RMS 0 0 - 1.8 TBD - NC
Horizontal Strut Orientation Support | 200 [11.2 | -- 0 0 — ] 1161
¥
]
I Support Services
Crew —. - 2/2 - - - -
Power — —_ -— | TBD | TBD —— TBD
l
Project lModifications
None
Operations — - 12/2 - ~— 1108 | NA®
“Not appropriate, see page 6.




ITEM. - STRUTS, UNIONS, BERTHING PORTS 2100l | ol
METHOD RS PAGE| 1 oF 5
SUBJECT METHOD DESCRIPTION
] PLATFORM
N TRANSLAT | ON
/ CRADLE 12-M STRUT
CONSTRUCT | ON o
F1XTURE -
‘ HORIZ., STRUT
.ORIENTATION -
SUPPORT

= B ‘ - ' H\\}>\\
oo, STRUT ASSY . nph .

Mo £ | XTURE B
-

o The RMS removes hinged strut and union from the cargo bay and joins them
in the strut assembly fixture.

o The RMS removes the assembly from the fixture and transports it to the
platform.

o The strut is then joired to the platform.

o The joining of the struts/unions is continued in a pre~determined sequence
along the +Z axis until the entire platform is completed.




requirements).

FUNCTION:  JoIN , CODE[o2 | 05 01.1 | 04,1
ITEM ‘ STRUTS, UNIONS, BERTHING PORTS
METHOD RMS PAGE[ , of 4
SUBJECT QPERATTIONS
STRUCTURE ASSEMBLY SEQUENCE
A;S_El;gw __BERTHING
—_ ADAPTER
@l @\
@ ‘. @/
~ Y \
@~
e @/
&l @\
@ .
8 | PLANE OF \
CONSTR. FIX. @/
B~ SUPPORT
- CRADLE B
~ PLANE OF
HORIZ. STRUT
ORIENTATION
SUPPORT
Manpower
- One RMS Operator at AID
Activity Time
- Strut and union removal from cargo bay 5 min.
- Strut/union assembly at strut fixture 3 min.
- Transport strut to platform 2 min.
- Join strut to platform 10 min.
TOTAL PER STRUT (AVERAGE) 20 min.
- Repeat operations for next eight (8) struts 160 min.
to complete one bay
TOTAL PER BAY (AVERAGE) 180 min.
Other
- Major joining operations can be performed in light portion of orbit

to permit visibility for moving the long struts around (Reduce power




FUNCTION- JOIN ‘ CODE} 02 | 05 01.1 04,1
ITEM *  STRUTS, JOINTS, BERTHING PORTS
METHOD RMS PAGE 3 of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
M 5
PLATFORM

SPECIAL TRANSLAT | ON

END - P GRADLE

EFFECTOR / ‘

CONSTRUCTION
FIXTURE

L 2

HORIZONTAL STRUT
ORIENTATION SUPPORT

Items

- RMS
- RMS Special End Effector
- Horizontal Strut Orientation Support
o Triangular structure (-~ lim/side)

0 Restraint mechanisms for struts and unions

o Hinged to swing down to permit structure translation




FUNCTION  JOIN CODE{ 02 05 01.1 04.1
{TEM STRUTS, UNIONS, BERTHING PORTS

METHOD  Rus PAGE of

SUBJECT SUPPORT SERVICES

Crew -  One RMS Operator at AFD

Power - RMS 1-1.8kw

Lighting & TV

Standard RMS and Orbiter

Computer/Software

Stowage

RMS Coordinate Transform System

Horizontal Strut Orientation 14 x 1 x 0.8m
Support




FUNCTION  JoIN oDE
%
ITEM. STRUTS, UNIONS, BERTHING PORTS 2] 03 01.1 04,1
METHOD  RuS PAGE 5 of ;5
SUBJECT SUMMARY _
CREV ELECTRICAL |
WT. | VOL. [(MAX/ | POWER ENERGY| T:ME | COST
) . (k8) | (M) [AvG) | (KW) | (RWH) [(MIN.)] ($K)
Construction Support Equipment
RMS : , o | o -~ | 1.8 | 1D | -- NC
RMS Special End Effector 3 | NEG -- | TBD TBD | ~-- 212
Horizontal Strut Orientationm Support |200 }11.2f -~ [ O 0 == 11161
Support Services
Crew . ‘ - - 1 1/1 - ~- - -
Power | — - -- | IBD | TBD - TBD
Project Modifications
None
Operations ' : — - |1/1 - - | 180 NA®

*Not appropriate, see page 6.




FUNCTION-  Jorw CODE} 02 | 05 01.1 | 04,2
ITEM : STRUTS, UNIONS, BERTHING PORTS yps

METHOD RMS/STRUT CLUSTER PAGE 1 of ¢
SUBIECT METHOD DESCRIPTION

_PLATFORM TRANSLATION
sy CRADLE

CONSTRUCT ON
FIXTURE  ————m]

- MOMENT
“ L7 JOINT

HORIZ,
" STRUT
ORIENTATION
SUPPORT

STRUT ASSY
| XTURE

o The RMS removes a pre—assembled strut cluster (4 apex struts) from
the bay and positions it in the strut assembly fixture.

The strut cluster is unfolded and required unions are attached.

The cluster is partially deployed.

The deployed cluster is transported to the platform and attached to
the Fixture.

(=3 o I o]

o The RMS removes a single hinged strut and union from the cargo bay
and joins them in the strut assembly fixture

o The RMS removes the strut from the fixture and transports it to
the platform.

o The strut is then joined to the platform.

o This operation is continuwed to complete one bay (4 struts).

o The single strut operation is repeated for the apex to apex strut.
o This entire sequence is repeated for each bay.




FUNCTION- JOIN CODE} 02| 05 01.1 04,2
ITEM. STRUTS, UNIONS, BERTHING PORTS :
METHOD RMS/STRUT CLUSTER PAGE| , of
SUBJECT PROJECT MODIFICATIONS
A B c
SOCKET / 1 TN - HINGE r'
JOINT \ /"\ © pIvoT
UNTON - — FLOM—— L > HEAD
AW Y A |
- %“KZ ] -
_ / FuD SUPPORT STRUT
AFT SUPPORT B~ / =
A ] STRUT AssY ORBITER ASSY FIXTURE
FIXTURE LONGERON PLANE b~ ¢
STRUT CLUSTER
| STRUT RETENT!ON
o . SUPPORT SPIDE
VIEW A-A VIEW C-C

Structure (Struts)

-

Four
ends
free
part
end)

12.0m long struts are hinged at their midpoint with four ball
of the struts attached to a socket joint union, and the four
strut halves are folded back over and secured to thelr counter-
at the small strut end near the union joing. The large (hinged
of the struts are secured with a supperting retention spider.




FUNCTION:  JOIN CODE| 02 { 05 01.1 | 04.2
ITEM . . STRUTS, UNIONS, BERTHING PORTS

METHOD RMS/STRUT CLUSTER PAGE 3 o
SUBJECT OPERATIONS

STRUCTURE ASSEMBLY SEQUENCE

BERTHING
ASSEMBLY
STEPS - —~[@ 7 ADAPTER
——en (PASSIVE HALF)
W > 2N Z\
P Y sl
%, =/
=1 ) /@ E\
T . - 7 |
=7 : fes <
B~ f ' .
P ; T PLANE oF
a CONSTR. FIX,
B\ SUPPORT
CRADL
7 P £
PLANE OF
HORIZ. STRUT
ORIENTATION
SUPPORT
Manpower
- One RMS Operator at AFD
Activity Time
- Strut and union removal from cargo bay 5 min.
- Strut/union assembly at strut fixture 3 min.
- Transport strut to platform 2 min.
- Join strut to platform 10 min.
TOTAL PER STRUT {AVERAGE) 20 min.
- Repeat operations for next four struts te complete 80 min.
base and apex tie struts
- Remove strut cluster from cargo bay 2 min.
- Cluster/union assembly of strut fixture 12 min.
- Cluster transport to platform 3 min.
- Strut joining 20 min.
TOTAL PER BAY 137 min.

- Major joining operations will be performed in light portion of orbit
to permit visibility for moving the long struts around.




FUNCTION-  JOIN CODE{ 02 | 05 01.1 | o0z.2
ITEM STRUTS, JOINTS, BERTHING PORTS
METHOD RMS/STRUT  CLUSTER PAGE t of g
SUBJECT CONSTRUCTION SUPFORT EQUIPMENT REQUIREMENTS
i
PLATFORM
SPECIAL TRANSLATION
END CRADLE
EFFECTOR ‘
CONSTRUCT I ON
FIXTURE
o 4 . A\
““‘--‘_;: e RMS
HOR1ZONTAL STRUT Dy
ORIENTATION SUPPORT Lo
Ttems

- Horizontal Strut Orientation Support

- BMS with Special End Effector

o Triangular Structure (~ l4m/side)
¢ Restraint Mechanisms for Struts and Unions

o Hinged to swing down to permit structure translation.




FUNCTION  JoIn CODE| 02 | 05 01.1 | 04.2
ITEM STRUTS, UNIONS, BERTHING PORTS

- PAGE 5 of ¢
METHOD RMS/STRUT CLUSTER
SUBJECT SUPPORT SERVICES

Crew - One RMS Operator at AID

Power -  RMS 1- 1.8 k4

Lighting & TV

- Standard RMS & Orbiter

Computer/Software

- RMS Coordinate Transform System

Stowage ~ Horizontal Strut 14 x 1 x 0.8m
Orientation Support




FUNCTION JOIN CODE| 05 | 05 01.1 04.2
ITEM. STRUTS, UNIONS, BERTHING PORTS PAGE ;
METHOD RMS/STRUT CLUSTER ° 6
SUBJECT SUMMARY : .
CREW ELECTRICAL
WT. | VoL. [(MAX/ | POWER ENERGY| TIME | COST
(k) |(M3) [ AVG) | (Kw) | (KwR) [(MIN.)] ($K)
Construction Support Equipment
RMS 0 0 -=- ] 1.8 TBD | == NC
RMS End Effector 3 NEG — TBD TBD - 212
Horlzontal Strut Orientation 200 '11.2 | ~-- 0 0 - 1161
Support
Support Services
Crew - -— {1/1 N _ —_ -
Power - - - TBD | TBD e “TBD
Project Modifications ) \
Strut Clusters =0 —_ — — —_— - | NAe
Operations - - 1/1 - — 137

#No change from individual
struts and unions

*ENot appropriafe, see page 6.




FUNCTION: Jomw —
ITEM STRUTS, UNIONS, BERTHING PORTS 02 0501.1 | 0L.1
METHOD EVA/MMU PAGE| , of
SUBJECT

PLATFORM TRANSLATION
CRADLE

CONSTRUCTION v
FIXTURE

HORIZ. STRUT
ORI ENTAT| ON
SUPPORT

7~
:‘ -:"‘-. A o RHS
w"‘""h.
STRUT ASSY v

e, FIXTURE

TS

o EVA/MMU astromaut remove hinged strut and union from the cargo bay and
joins them in the strut assembly fixture.

o The assembly is removed from the fixture and transported to the platform
by EVA/MMU.

o The struts are joined to the partially completed platform, one end at
a time,

o These operations are repeated until the entire platform structure is
completed.

o The operations can be performed by one or two EVA/MMU astronauts.




FUNCTION:  joIy CODE} g2 | 05 01.2 | 00
ITEM TupusT STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM

METHOD PAGE 1 of

SUBIJECT OPERATION IDENTIFICATION

ORBITER
i 1
il I )
I\L?‘E: NPT S ]
| = CONSTRUCTION FIXTURE
Y/ -
SWING CRADLE [N——""" 2\, GUIDE RAIL
POSITION FOR THRUST A
STRUCTURE ASSY .. 7
BASIC PENTAHEDRAL -;></ : SUPPORT
N
PLATFORM PLATFORMAL T\\‘
THRUST

STRUCTURE ‘\\;::\\

PLATFORM TRANSLATION—
CRADLE

SWING CRADLE WITH THRUST
STRUCTURE IN POSITION FOR
MATING WiITH BASIC PLATFORM

Project System

Erectable Advanced Communications Platform

Operation

Join thrust structure struts, joints and berthing ports to platform.

Physleal Situation

® The basic pentahedral platform is complete.

o Platform is supported by the constructiem fixture.

o Pivotable swing cradle for thrust structure assembly is attached to

lower portion of the construction fixture.




FUNCTION"  goxy COBE| o2 [o0501.2 | 00
ITEM . THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM :
METHOD PAGE{ , of ,
SUBJECY ALTERNATE METHODS
STRUCT. ASSY & l
TRANSLATION g et
SUPPORT CRADLE | TS oSy &~ /N
SUPPO"T i
CRADLE : up RADLE ﬁ W
ROTATION - CRADLE ROTATION~ I’ a
AXIS ) AXIS \ i \ :
FIXTURE . e\ )
SUPPORT RMS/CHERRY \ FXTURE . ﬁ'
ﬂ.
e ,A Ul Ay
(5 )
" ~—— /
_ o BB ~ 50
S ——— .STRUT ASSY & PR,
'—"“‘“"*--.__,a_:_mv--.fTXTURE Z STRE}“X%EY
T i
MANUAL ' AUTGMATIC

The following methods have been identified:
Manual

BMS assembly of individual (five) propulsion module support
structures with cherry picker for joining to platform.

1.

2. Cherry picker placement of ground assembled propulsion module
support structures on swing support cradle.
3. EVA/MMU (with BMS assist) joining of individual struts, etc.,
directly to platform.
Automated
4, RMS joining of struts, etec., directly to platform.
5. RMS joining of struts, etc., on swing cradle.

Methods 1

and 2 are detailed.




FUNCTION:  JoIx CODElo2 |05 01.2 | 03.1}
ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM

METHOD CHERRY PICKER PAGE 1 of

SUBJECT

METHOD DESCRIPTION

STRUCTURAL ASSY &
TRANSLATION SUPPORY

CRADLE
CRADLE ROTATION

AX1S \H

\ FIXTURE
SUPPORT

BOOM /

“FIXTURE

® Starboard mounted RMS removes hinged struts, unions and berthing ports

from orbiter bay.

® Struts, unions and berthing ports are joined at the strut assembly fixture
to form one of the five propulsion module support structures.

® Port side RMS with cherry picker picks up assembly and tramslates it to

a location on the end of the platform for attachment.

o Astronaut in cherry picker attaches assembly to platform.

o Sequence is repeated until all five propulsion module support structures

are attached and aligned on the platform.




FUNCTION+ JOIN CODE| 02
ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM

05 01.2 03.1

METHOD

CHERRY PICKER PAGE),

of 5

SUBJECT

OPERATIONS

FIXTURE SUPPORT BOOM

-h.“'

- - -

= STRUT ASSEMBLY FIXTURE

Manpower

¢}

[¢]

One Cherry Picker operator
One RMS Operator (ATD)

Activity Time -

[v]

¢}

Struts (6) removal from orbiter hay

Struts assembly at struf assembly fixture
Total per propulsion module support structure

Transport assembly to platform structure
Attach assembly to plafform

Total assembly time per cluster
Assemble/attach remaining four clusters

Total for thrust structure

18 min.

30 min.

48 min.

M 5 minu

10 min.

63 min.

252 min.

315 min.

(5.25 hrs.)




FUNCTION:

JOIN

CODE

ITEM  THRUST STRUGTURE STRUTS, JOINTS, PORTS/PLATFORM 02 | 05 01.2 | 03.1
METHOD CHERRY PICKER PAGE of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS
TRANSLAT! ONAL
SUPPORT
CRADLE
&
SUPPORT !
\\BOOM
SWING
SUPPORT
~ CRADLE
_
< ,\/ CHERRY P1CKER
—_—
CONSTRUCTION FIXTURE
Ltems

-  Starboard and port RMS

-  Cherry picker

—~  Bpecial end effector for cherry picker stabilizer arm

(see Page 4)




FUNCTION JOIN
ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM

CODE| 02 | 05 01.2 | 03.1

METHOD CHERRY PICKER PAGE s oF ¢

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS (Continued)

LIGHT

STANCHION 7@

C&D
CONSOLE

P/L HANDLING
DEVICE

FOOT RESTRAINT (PLATFORM)

STABILIZER




FUNCTION  J0IN CODE| 92 | 05 01.2 | 03.1

ITEM. gmusm S'FRUCTURE STRUTS, JOINTS, PORTS/PLATFORM
METHOD = GHERRY PICKER PAGE} , of

SUBJECT SUPPORT SERVICES '

Crew = One cherry pilcker operator
One RMS operator (AFD)

Powexr - RMS operation 1.0 - L.8 kW
Cherry picker operation 0.5 kW

Lighting & TV -
Standard cherry picker, RMS and payload bay

Computer/Sof tware -

BRMS coordinate transform system

Stowage - Cherry picker - 0.9 x 1.6 x l.Im




FUNCTION omy CODE! g5 | 05 01.2 | 03.1
ITEM. THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM ; i
METHOD - CHERRY PICKER PAGE| ¢ of
SUBJECT  smmary .
CREW ELECTRICAL
WT. | VOL. {{MAX/ | POWER ENERGY| TIME | COST
) (ke) ~(M3) [AVE) | (Kw) | (kwH) [(MIN.)] ($K)
Construction Support Eguipment
RMS (First) 0 0 - 1.8 TBD - NC
RMS (Second) 411 0 - 1.8t TBD | ~- TBD
Cherry Picker _ 273 1 1.6 | -~ . TBD | —— 212
Cherry Picker End Effector 3 NEG | —-- TBD | TBD | —-
Support Services
Crew -] == 12/31.5 ~—~ | -- - -
Power (Total) - | - - TBD [ TBD | - TBD
Project Modification
None
Operations -t == |2/1.8 == -— [315 NA®

*Not appropriate, see page 6.




FUNCTION' o1y CODEl 02 | 05 01.2 03.2
ITEM. THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM
METHOD CHERRY PICKER - SWING SUPPORT CRADLE PAGE 1 of 6

SUBJECT METHOD DESGRIPTION

b

STRUCTURAL ASSY & T
TRANSLATION SUP-

PORT CRADLE
CRADLE ROTATION\\\ !
iiiiizz

AX1S

\\\ FIXTURE

BOOM

-

WA

o

———. —_ b & R A .
. e, STRUT ASSEMBLY

*— SWING SUPPORT

CRADLE

o Assembled platform is elevated by translation cradle.

o  Swing support cradle is rotated clockwise over orbiter bay.

o Ground fabricated propulsion module support assemblies are removed from
the orbiter and attached to the swing cradle by the cherry picker.

o After the five assemblies are attached, the swing cradle is rotated

counter clockwise to align with che platform.

o The platform is lowered and attachment to the thrust structure assembly

is made.




FUNCTION: JoINn CODE

ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM 02 | 05 01,2

METHOD CHERRY PICKER — SWING SUPPORT CRADLE PAGE 2 of ¢

SUBJECT QPERATIONS

\

FIXTURE SUPPORT BOOM

i
)
I
o

SWING SUPPORT
CRADLE

Manpower

@ One cherry picker operator

Activity Time

® Rotate swing cradle to assembly position 5 min.
o Transport propulsion module support assembly to cradle 5 min.
© Attach assembly to cradle 3 min.
¢ Transport and attach remaining four assemblies 32 min.
© Rotate swing cradle to align with platform 5 min.
o Attach thrust structures to platform 50 min.

Total 100 min.




ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM 02 j 0501.2 | 03.2
METHOD CHERRY PICKER — SWING SUPPORT CRADLE PAGE| 5  of
SUBIJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

wzgr
TRANSLATING SUPPORT
s CRADLE

\\ SUPPORT

_.SYING

" SUPPORT
,,»// . CRADLE

CHERRY PiCKER

CONSTRUCTION FIXTURE

Items
- RMS
- Cherry picker
~  Swing support cradle

-  Special end effector for cherry picker stabilizer arm
(see Page 4)




FUNCTION  jorn

CODE
ITEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM 02 | 05 01.2 03.2
METHOD  CHERRY PICKER - SWING SUPPORT CRADLE PAGE[{ 4 of g
SUBJECT

CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS (Continued)

LIGHT
STANCHION

C&D . 1
CONSOLE

P/L HANDLING
DEVICE




FUNCTION  JoIn {CODE

02 | 05 01.2
ITEM. THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM -

03,2

METHOD CHERRY PICKER — SWING SUPPORT CRADLE PAGE 5 of

SUBJECT_ SUPPORT SERVICES

Crew - Cherry picker operator
Power - Cherry picker operation 0.5 kW
RMS operation 1-1.8%k0

Lighting & Television -

Standard cherry picker and payload bay
Computer/Software -

RMS coordinate transform system
Stowage -~

Cherry picker - 0.9 x 1.6 x 1l.1m

Swing support cradle - 3 X 3 x 4m




FUNCTION  jo1n CODE
ITEM. THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM 021 05 01.2 03.2
METHOD  CHERRY PICKER - SWING SUPPORT CRADLE PAGE] 4 of
SUBJECT  gmpaany |
CREW ELECTRI?AL
WT. .VQ}. (MAX/ | POWER ENEREY} TIME | COST
(Ka) | (M%) {Aave) | (k) | (kwH) [(MIND (3K)
e e
Construction Support EQuipment
RMS , 0 0 - 1.8 TBD { -- NC
Cherry Picker 273 11.6 - 0.5 BB | -~ TBD
Swing Support Cradle 250 1 36.0) -- TBD ! TBD | — 3839
Cherry Picker End Effector 3 NEG - TBD | TBD | =-- 212
Support Services
Crew — - 1 - — - ——
Power (Total) - - - TBD | TBD| -—- TBD
Other '
‘Project Modification
None
Operations - —— 1 - - | 100 | WA*

#Not appropriate, see page 6.




FUNCTION- JOIN CODE
ITEM , 02 | 05 01.2 | 02,1
THRUST STRUGTIURE STRUTS, JOINTS, PORTS/PLATFORM

METHOD EVA/MMU PAGE 1 of

SUBJECT METHOD DESCRIPTION

=
N\
pd

STRUCTURAL ASS¥~

& TRANSLATION \; N\
SUPPORT CRADLE ||| ;

FIXTURE
SUPPORT
BOOM
. —~\\\\‘ 1, TRANSITION
\. ./, STRUCTURE
B D i
/ ( o \ :’% . Al
)y \/ " RMS
| : ;\,;\;Jb\ o7 SNAL pocking
< —_ e BEBXN, ADAPTER.

STRUT ASSEMBLY

T e ~FIXTURE

@ RMS removes hinged struts and unions from orbiter bay and assembles them
at the strut assembly fixture.

6  BMS transports finished assemblies to platform position.
o Astronaut/MMU makes attachment of strut(s) to basic platform structure.

e Provisions are required to properly align thrust structure berthing
adaptor to the basic pentahedral structure.

NO ADDITIONAL DETAILS ARE PROVIDED




[FoNCTION: 3018

CODE
ITEM. THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM 02 | 93 01'2‘ 04,1
METHOD RMS PAGE 1 of 1
SUBJECT  METHOD DESCRIPTION

STRUCT, ASSY & ',/’/
TRANSLATI ON ~J
SUPPORT CRADLE \ | :
I ]
CRADLE ROTATION- ||’ ;
AX1S 1\\9 :
FIXTURE ||
- SUPPORT j||°
"o BOO&////J '
[1‘ |
= ij’ffﬂl AR A=)
T . “
/ 7 I_/\
. o A
mmﬁ\,
£ STRUT ASSY
FIXTURE

0] RMS removes hinged struts and unions from orbiter bay and assembles them

at the strut assembly fixture.
@ RMS transports the assemblies and joins them to the platform.

@ Provisions are required from the orbiter to properly align the thrust
structure berthing adaptors with the basic pentahedral.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION®  Join CODE

{TEM THRUST STRUCTURE STRUTS, JOINTS, PORTS/PLATFORM (02| 05012 | 04.2
METHOD  RMS ~ SWING SUPPORT CRADLE PAGE of
SUBJECT METHOD DESCRIPTION

=]

STRUCTURAL ASSEMBLY.J(
& TRANSLATION 1
SUPPORT CRADLE

e . ——

FIXTURE il
SUPPORT |

STRUT ASSEMBELY
~ FIXTURE

SWING SUPPORT
CRADLE

[ RMS removes hinged struts and unions from orbiter bay and assembles them
at the strut assembly fixture.

5 RMS transports the assembly to the swing platform for joining into one
of the propulsion module support structures.

e With all five mini thrust structures in place on the swing cradle, the
basic pentahedral structure is lowered for attachment to the thrust
structure supported by the swing cradle.

o Alipnment is assured because all berthing adaptors were supported during
assembly by the swing cradle.

NO ADDITIONAL DETAILS ARE PROVEDED




FUNCTION+  INSTALL CODE| 02 { 06 01.1 00

ITEM

RCS STRUCTURE, MODULE & WIRING

METHOD

PAGE of

SUBJECT

OPERATION IDENTIFICATION

ORBITER

CRADLE & PLATFORM
STRUCTURAL SUPPORT
FRAME

RCS OUTRIGGER STRUCTURE

Project System

Erectable Advanced Communications Platform

Operation

Install RCS support structure and RCS modules and associated wiring
to. basic structure at four locations (two at each end of platform)

Physical Situation

I

The ‘basic pentahedral structure is complete.

Structural assembly is supported.by the assembly fixture which is
attached to a boom docked in the orbiter bay.

The individual, folded, nested struts are stored in cargo bay.:

Berthing ports, RGCS modules, and electrical wiring in cannisters
are separate cargo items.

Electrical junction boxes are mounted on the unions.




FUNCTION:  INSTALL coDE| 02 | 06 01.1 | 00
ITEM . . RCS STRUCTURE, MODULE & WIRING
METHOD PAGE| , of ,
SUBJECT ALTERNATE METHODS

SOLAR ARRAY

BERTHING PORT
BERTHING -
ADAPTER SOLAR PANEL #~—RCS TRIPOD SUPPORT

SUPPORT TRIPGD

RCS MODULE

RCS TRIPOD
SUPPORT
STRUCTURE

MANUAL

STRUCTURE

TRUTS
;”/3

N

/ s > \'\.\\

A \W._
) RCS TRIPOD
n SUPPORT
™ STRUCTURE RMS

RCS MODULE
(4 LOCATIONS)

AUTOMATIC

The following methods have been identified:

Manual

1. RMS delivers assembled tripod structure (including RCS module)

from the orbiter bay to the platform for installation with assis-
tance from the astronauts located at interface locations.,

2-

Identical to Concepﬁ Method #1, except RCS module is installed

after tripod structure is attached to platform ~- requires 2Znd RMS,

3.

Astronaut in cherry picker performs all assembly operations

{RCS module installed at strut assembly fixture).

Automatic

4,
of RMS.

Methods 1, 2 and 4 are detailed.

Automated/articulating fixture to position structure within reach




ITEM.

RCS STRUCTURE, MODULE & WIRING

02 | 06 01L.1 02.1

METHOD EVA/MMU - RMS PAGE 1 of

SUBJECT  ymruop DESCRIPTION

FIXTURE
ROTATIONAL

AX1S

SUPPORT TRIPOD ' -

RCS MODULE 5/—“"-*—)*‘-—

-

RCS TRIPOD
SUPPORT STRUCTURE

RCS MODULE

i

Struts are tranmsported from storage location to assembly area in cargo
bay by EVA/MMU astronauts.

Struts are unfolded, berthing port is retrieved and joined to struts and
electrical wiring installed by astronauts.

RMS retrieves RCE module and joins it to strut assembly. Astronaut con-
nects wiring to module.

Tixture is rotated outward towards the orbiter tail to move the platform
within the BRMS reach envelope.

RMS transports RCS tripod assembly to location at platform.

EVA/MMU astronauts join strut ends to platform and conmnects wiring to
platform wiring at J-box on basic structure union.

]




FUNCTION-+ INSTALL CODE
ITEM . RCS STRUCTURE, MODULE & WIRING 021 0601.1 | 02.1
METHOD  EvA/MMU — RMS PAGE 2 of 6
SUBJECT PROJECT MODIFICATIONS
TGNAL
WIRE SPACER —
SUPPORT

SADDLE

szqnfj WIRE

RUN

POWER
LINES

FIXED UNION

LATCH APERTURE
(STAGGERED)

STRUTS st IA,,«f”f’,’

STRUT

Struts (2) Wire Support

- Four holes 90° on center at 2.0m spacing staggered along length to
support electrical wires.

RCS/Struts Union

- Fixed (moment carryingj struts to RCS module support union.




FUNCTION: INSTALL CODE

02 { 06 0O1.1 02.1
ITEM - RCS STRUGTURE, MODULE & WIRING

METHOD EVA/MMU -- RMS PAGE 3 of 6

SUBJECT OPERATIONS

’ /— EVA/MMU

/—RCS TRIPOD ¢
ASSEMDLY

/

7

RMS
EVA/MMU
Manpower
- BMS Operator at ATD
- Two EVA/MMU Astronauts
Activity Time
~ Remove struts, berthing port and RCS module and 60 min.
wiring from orbiter bay and assemble.
-~  Transport assembly to platform and position 25 min.
- Connect electrical wires (3 connecters) 10 min.
TOTAL PER RCS ASSEMBLY 95 min.

Qther

-~  Installation of strut/module assembly can be performed in daylight
portion of orbit to reduce lighting requirements.




FUNCTION-+ INSTALL CODE

ITEM. *  RCS STRUCTURE, MODULE & WIRING 02] 06 0..1 02.1
METHOD  EvA/iMU — RS PAGE| , of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

PLATFORM STRUCTURE

RCS ' RCS
MODULE MODULE
FIXTURE

ROTAT | ONAL
. AXIS
\\\H\N‘*CONSTRUCTION’
FIXTURE

AR SPECIAL RMS
——— END EFFECTOR

Ltems
-  MMO

—~ RMS with special end effector to handle struts




FUNCTION 1INSTALL CODE
ITEM. RCS STRUCTURE, MODULE & WIRING 02 | 96 0i.1 | 02.2
METHOD  EVA/iMU —- RMS PAGEl 5 of

SUBJECT SUPPORT SERVICES

Crew - Two Astronauts with MU's
- Cne RMS Operator at AFD

Power - RMS Operation 1-1.8 kW
- MMU Recharge TBD

Lighting & TV

- Standard Orbirer Bay RMS and MMU

Computer/Software

- RMS Coordinate Transform System
Stowage -  Special RMS end effector 0.3 diameter x 0.5m

Other - MMU Propulsion Recharge




- 1}
NCTION X
FU INSTALL CODE| 02 | 06 01.2 ! o02.1
1TEM . RCS STRUGCTURE, MODULE & WIRING -
METHOD EVA/MMU -~ RMS PAGE] 5 of &
SUBJECT SUMMARY .
1
CREY ELECTRICAL
WT. « VOL, |(MRX/ | POWER ENERGY! TIME [ COST
(ka) | (M%) | Ave) | (KW) | (KWR) [(MINLY {$K)
Construction Support Eguipment
RMS 0 0 {-—- | 1.8 18D | — NC
Two MMU's 220 2.2 | == TBD TBD | -~ 200
End Effector. 3 | NG |- | TBD | TBD | ~ | 212
Support Services
Crew -— == 13/2.5 —= | = | — |~
Power (Total) - - - TBD | TBD | — TBD
Project Modification
"Fixed Joint 30 | NEG | —- —_— - —-— 672
Drill Holes in Strut 21
Operations — — {3/2.5] -- — 85 NA®
*Not appropriate, see page 6.




FUNCTION:  INSTALL lcobe| o2 [ o6 0.1 | o02.2
ITEM. RCS STRUCTURE, MODULE & WIRING

METHOD EVA/MMU SPECIAL RMS (MODULE SEPARATE) |PAGE| i of ¢
SUBJECT METHOD DESCRIPTION

STRUCTURE SUPPORT &
CRADLE GUIDE RAILS

SPEC)AL | =
. A

RCS TRIPOD SUPPORT
STRUCTURE

RMS ©be—RCS QUAD

RMS

éf;lXTURE SUPPORT ARM

Struts are transported from storage locatlon to assembly area in cargo
bay by EVA/MMU astronauts.

Struts are unfolded, berthing port is retrieved and joined to struts
and electrical wiring installed by astronauts.

RMS transports RCS tripod assembly to location at platform.

EVA/MMU astronauts join strut ends to platform and connects wiring to
platform wiring at J-box on basle structure union.

Standard RMS retrieves RCS module and berths it to port facing forward
(in rotation to the orbiter). Second RMS mounted on fixture support arm

retrieves RCS module and berths it to aft facing port. The two arms are

not operated simultaneously. Astronaut comnects wiring to module.




FUNCTION- INSTALL CODE
ITEM . RCS STRUCTURE, MODULE & WIRING 02 | 06 01.1 | 02.2
METHOD EVA/MMU SPECIAL RMS (MODULE SEPARATE) PAGE 2 of 6
SUBJECT PROJECT MODIFICATIONS

S1GNAL

WIRE SPACER on

SUPPORT “" "“

SADDLE WIRE RUN

POWER LINES

2 M (MAX.)

Struts (2) Wire Support

- TFour holes 90° on center at 2.0m spacing staggered aiong length to
support electrical wires. '




FUNCTION®  TNsTALL

COTZEf 02| 06 01.1 02,2

ITEM RCS STRUCTURE, MODULE & WIRING
METHOD EVA/MMU SPECIAL RMS (MODULE SEPARATE) | ~CF 3 of ¢
SUBJECT OPERATIONS
TRIPOD SUPPORT
STRUCTURE
BE N
. P0§$H] 6 MODULE
3 RES
EVA/MMU THRUSTERS
Manpover
~ BRMS Operator at AFD
Activity Time
- Remove struts, berthing port and wiring from 55 min.
orbiter bay and assemble.
~ Transport assembly to platform and position. 15 min.
~ Join struts to unions (6 struts) 10 min.
~ Comnect electrical wires (3 connectors) 6 min.
~ Remove RCS module from bay and install on 25 min.
berthing port.
TOTAL PER RCS 111 min.
Other

Installation of strut assembly and module can be performed in

daylight portion of orbit to reduce lighting

requirements.




FUNCTION-  INSTALL CODE| p2 | 06 01.1 | 02.2
ITEM : RCS STRUCTURE, MODULE & WIRING

METHOD EVA/MMU SPECIAL RMS (MODULE SEPARATE) PAGE s of

SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

{3

STRUCTURE SUPPORT &

CRADLE GUIDE RAILS \
\l

SPECIAL

FIXTURE SUPPORT ARM

RCS TRIPOD SUPPORT
STRUCTURE

@—RCS QUAD

RMS

|

Ttems
- MU
-~  Two RMS (One mounted on fixture support arm)

~  RMS special end effector to handle struts




FUNCTION INSTALL CODE
ITEM. RCS STRUCTURE, MODULE & WIRING 02} 06 01.1 | 02.2
METHOD EVA/MMU SPECIAL RMS (MODULE SEPARATE) PAGE 5 of
SUBJECT SUPPORT SERVICES
Crew - Two Astronauts withk MMU's
One RMS Operator at AFD

Power - RMS Operation l1-1.8KkW

- MMU Recharge TBD
Lighting & TV '

- Standard Orbiter RMS and MMU
Computer/Software

- RMS Coordinate Transform System
Stowage -~ Special RMS End Eff.ector 0.3 diameter x 0.5m
Other -  MMU Propulsion Recharge




FUNCTION INSTALL . ICODE| a1 06 01.1 | o02.2
ITEM RCS STRUCTURE, MODULE & WIRING .

METHOD pyA/MMy SPECIAL RMS (MODULE SEPARATE) | ~Of| 6 ) of 6
SUBJECT SUMMARY

CREW ELECTRICAL

WT. | VOL. {{MAX/ | POWER ENERGY| TIME | COST
(kG) {(W®) [AVG) | (KW)|(KWH) |(MIN.)| ($K)

Construction Support Equipment

RMS (First) 0 0 -~ | 1.8 | TBD —_ NC
RMS (Second) 4111 0 -- } 1.8 {TBD - NG
Two MMU's 220 | 2.2 ~~ 1 TBD | TBD - | 200
Ena Effector 3 |NEG -— { TBD |} TBD - 1212
Support Services
Crew " =132, = | = | — | —
Power (Total) —_— - -— | TBD | TBD —— | TBD
Other
Project Modification
Brill Holes in Strut < 21
Operations - | =— [3/2.§ -~ | —- | 111 | NaA*

#Not appropriate, see page 6.




FUNCTION INSTALL CODEl 92 | 06 01.1 04.1
ITEM. - RCS STRUCTURE, MODULE & WIRING :
METHOD RMS/FIXTURE PAGE 1 of 6
SUBJECT

METHOR DESCRIPTION

BASIC PENTAHEDRAL
TRUSS STRUCTURE

PLATFORM THRUST
STRUCTURE

SUPPORT BOOM & ASSY
FIXTURE WITH EXTEND-
ABLE ARM

SUPPORT BOOM
ROTATION AXIS

) \-.__.___.,- STRUCTURAL SUPPORT
FRAME

Struts are transported from storage location to assembly area in cargo
bay by RMS.

Struts are unfolded, berthing port is retrieved and joined to struts,
and electrical wiring is installed,

Support arm is extended and platform rotated to bring the platform within
reach of the RMS.

RMS transports RCS tripod assembly to leocation at the platform and con~
nects struts and electrical to basic platform.

RMS picks up RCS module from bay and installs it to structure. Electrical
connections are made as module is installed on berthing port.

Strut assembly procedure is repeated and construction fixture/platform is
rotated to provide RMS acecess to other side of structure.

RCS tripod assembly and module are installed separately to platform.

Fixture is rotated to translation position, platform is translated and
procedure is repeated at other end.




FUNCTION®  1nsTALL CODE| 02 | 06 01.1 | 04.1
ITEM . RCS STRUCTURE, MODULE & WIRING p
METHOD RMS/FIXTURE PAGE s of
SUBJECT PROJECT MODIFICATIONS
S IGNAL
WIRE SPACER— 211
SUPPORT “1 r‘*
SADDLE WIRE RUN
POWER LINES
2 M //l
LATCH APERTUR-E-\
/ “ (MAX.)
Struts (2

-  TFour holes 90° on center at 2m spacing staggered along length to
support electrical wires. '




ITEM RCS STRUCTURE, MODULE & WIRING 02 | 06 01.1 04.1
METHOD RMS/FIXTURE PAGE| 3 of ¢
SUBJECT OPERATIONS

- /]\ . /.

ATION AX1S R 2 TO BE INSTALLED
|
PLATFORM THRUST )
STRUCTURE /
RCS MODULE/STRUCTURE RCS MODULE 7
TO BE INSTALLED OUTRIGGER p PLATFORM

./ . [ ) }_l

\ ,,__"j.'f M

|RMJ s — > G

SUPPORT ARM kaom'mou Ax:s/;‘” N A8

o AN BASIC PENTAHEDRAL '*\ 27N
PORT oo | -ATFORM ASSEMBLY /\\I‘\i \/#¥ RCS HODULE/STRUCTURE

SUPPORT THRUST STRUCTURE
STRUCTURE CEEE MOD.

Manpower

Activity

BMS Operator at AFD

Time

Remove struts, berthing port and wiring from 55 min.
orbiter bay and assemble (fixture repositioning
accomplished simultaneously).

Transport assembly to platform and pesitiom. 15 min.
Join struts (6) to union on platform. 30 min.
Connect electrical wires (3 connectors) 15 min.
Install RCS module 25 min.

TOTAL PER RCS ASSEMBLY 140 min.




FUNCTION: INSTALL CODE| 02| 06 01.1 04.1
ITEM . RCS STRUCTURE, MODULE & WIRING

METHOD RMS/TFIXTURE PAGE &4 of 6
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

BASIC CONSTRUCTION—*[
F|XTURE ' I

FIXTURE
EXTENDABLE
SUPPORT ARM

RMS SPECIAL
END EFFECTOR

Items
~ RMS with special end effector to handle struts.

~ Construction fixture modified to include extendable support arm
for eradle and platform structural support frame.




FUNCTION  INSTALL coDE|oz | 06 01.1 | o04.1
{TEM .- RCS STRUCTURE, MODULE & WIRING
METHOD RMS/FIXTURE PAGE{ 5  of
SURBJECT SUPPORT SERVICES
Crew - One RMS Operator at AFD
Power - RMS Operation 1-1,8%0
~ Fixture Operation TED
(only that peculiar to
this method)
Lighting & TV
- Standard Orbiter Bay and RMS
Computer/Software
- RMS Coordinate Transform System
Stowage - Special RMS End Effector 0.3 diameter x 0.5m




FUNCTION  INSTALL ODE | |
[TEM 02 06 01.1 | 04.1
: RCS STRUCTURE, MODULE & WIRING )
METHOD RMS/FIXTURE PAGE] 6 of ¢
SUBJECT
CREW ELECTRICAL
WT. -UOSL. (MAX/ | POWER ENERGYI TIME | COST
_ [fke) [M) | Ave) | (kW) | (KWR) IMIN| (3K) |
Construction Support Equipment
RMS 0 0 — 1.8 { TBD —_— NC
Yixture Mods 900 | 10 - TBD { TBD -— 16348
RMS End Effector ' 3 (NE¢ {—- | TBD {TBD | - ’ 212
!
3
Support Services
Crew _ — | - /1| -~ -_— - -
Power (Total) -— [ - —_ TBD | TBD —— | TBD
Proiject Iziodification
Drill Holes in Strut 21
Operations — ] - /1] — — 140 NA®
*Not appropriate, see page 6.




FUNCTION+  INSTALL CODE| 02 | 06 01.1 | o03.1
ITEM. : RCS STRUCTURE, MODULE & WIRING

METHOD CHERRY PILCKER PAGE 1ooof 1
SUBJECT METHOD DESCRIPTION

SOLAR ARRAY BERTHING PORT-axi_‘__

x

RCS TRIPOD STRUCTURE

N s CHERRY
Y T 2 PICKER

#(/fRMS

="

RCS TRIPOD
STRUCTURE
}
~
o Struts are transported from storage location to assembly area in cargo
bay by cherry plcker.
0 Struts are unfolded, berthing port is retrieved and joined to struts
and electrical wiring installed.
o Cherry picker retrieves RCS module and joins it to strut assembly and

connects wiring to module.
o Cherry picker transports- -RGS tripod assembly to location at platform.

|
0 Cherry picker join strut ends to platform and connects wiring to platform
wiring at J-box on basic structure union.

NO ADDITIONAL DETAILS ARE FROVIDED




FUNCTION+ INSTALL CODE
ITEM . . WIRING & "J" BOXES 02 | 06 03.1 00
METHOD PAGE 1 of 3
SUBJECT OPERATION IDENTIFICATION
ORBITER
- T
1

CONSTRUCTION FIXTURE

SWING CRADLE IN GUIDE RAIL

POSITION FOR THRUST
STRUCTURE ASSY .

E&XTURE
BASIC PENTAHEDRAL — - NN BOESORT
PLATFORM PLATFOR \} N

THRUST \\** _

STRUCTURE ‘,
\ \}'-

PLATFORM TRANSLAT|ON—
CRADLE

SWING CRADLE WITH THRUST
STRUCTURE IN POSITION FOR
MATING WITH BASIC PLATFORM

Project System

® Erectable Advanced Communications Platform
Operation
o Install wiring and J boxes

Physical Situation

e The basic pentahedral structural is complete.
® Wire support saddles are installed.

¢ Platform is supported by the construction fixture




FUNCTION: INSTALL CODE{ 02 | 06 03.1 00
ITEM. WIRING & "J" BOXES

METHOD PAGE| 5 of
SUBJECT ALTERNATE METHODS

STRUC. ASSY
: & TRANSLATION

STRUCTURAL ASSY __
SUPPORT \\qf

& TRANSLATION

SUPPORT CRADLE CRADLE
gi?gLE ROTATION— | -
ROTATION “\\
J-Boxs AXIS Nl

FIXTURE

FIXTURE
SUPPORT,

—= CHERRY

BOOﬂ/,,fT&

3. J-BOXES

RS
" (PORT

SIDE)

Ry & P1CKER
_,,z il .,aeéf‘
== AL
N LN
£ ~—
ST fSSEHBE i L STRUT ASSY

T T ~FIXTURE

MANUAL AUTONATIC

The following methods have been identified:

Manual

1. Astronaut in cherry picker installs and attaches "J" boxes to

unions and lines to struts as platform makes downward pass
thru construction fixture.

2. Astronaut with MMU attaches lines and "J" boxes to platform
unions as platform makes downward pass thru construction
fixture.

Automatic

3. BMS with special end effector installs lines and "J" boxes to
unions of the platform as it passes thru the construction
fixture.

Methods 1 and 2 are detailed.




FUNCTION INSTALL CODE
ITEM. TRING & "J" BOXES 02 | 06 03.1 00
METHOD PAGE| 3 of

SUBJECT WIRING EXPANSION OPTIONS

WIRE RETAINER CLIPS LOOPS IN CABLE LEADS -
/ /_..umow JOINT
— - i
) - \ - V3 = — s
¢ \— - il T .
STRUT yd \_ J-B0X
J-BOX.
/~ FLOATING
LEADSTN . == Tl CLOSEOUT COVER
e |
hos L B ™
- I LEADS
é N UNION JOINT H‘L‘

FLOATING END PLATES -~ JUNCTION BOX

E;—--CABLE SUPPORT BRACKET

: RIGID LINE CABLE

— = o c
5, —_l:j:: - ;;\./cf{ J-BOX
( TNLSTE

| STRUT) / '

“L_T__
FLEXIBLE LEADS~" x
<

UNTON JOINT




FUNCTION®  InsTALL CODE

ITEM. WIRING & "J" BOXES Floz | 06 031 | 032
METHOD CHERRY PICKER PAGE} 1 of 7y
SUBJECT METHOD DESCRIPTION

STRUCTURAL ASSY _
& TRANSLATION
SUPPORT CRADLE

AX1S

FIXTURE

CRADLE ROTATION —\ |

£sT

RUT

ASSEMBL
{TURE

'F/}F-J-BOXES

#—~ CHERRY

PICKER

@ Cherry picker operator tranmsports "J" boxes to position near platform

union joints.

s "J" boxes are attached to mounting interface on union joint.

o Power leads, coax leads and data buses are distributed along struts
between "J" boxes.

@ Attachments of lines to struts is accomplished by probe and latch clips

that penetrates pre-located holes in strut members.

@ Loops or other expansion'capability-for lines is provided to allow for
expansion/contraction of cable lengths.




FUN CTION 4 INSTALL CODE

02 | 06 03.1 03.1

ITEM. - WIRING & ™J" BOXES
METHOD CHERRY PICKER PAGE| 2 of 7
SUBJECT PROJECT MODIFICATIONS

PLATFORM STRUCTURAL
UNTON JOINT

|
SLOTTED HOLES __~"

(4 PLACES)

| ] //;PROBE & LATCH DEVICE

J=BOX (% PLACES)

-~

Structural Joints v

o Tour slotted holes required to match probe and latch device on
junetion box. :




FUNCTION’ INSTALL CQDE
ITEM - WIRING & "J" BOXES 02 | 06 03.1
METHQD CHERRY PICKER PAGE 3 of 4
SUBJECT PROJECT MODIFICATIONS (Continued)

SIGNAL

WIRE SPACER
SUPPORT ,SADDLE

St

WIRE RUNS

POWER

POWER LINES
LINE '

LATCH APERTURE

-
2 M MAX

Struts

s Four holes staggered at 2.0m spacing along length for wiring
support saddles.




FUNCTION' INSTALL CODE |
ITEM. + WIRING & "J" BOXES 0z ] 0603.1 03,1
METHOD CHERRY PICKER PAGEZ 4 of 5
SUBJECT OPERATIONS
J-BOX
. 23 f 15
N s BN
| —bb0pb—=— TET L BM
120 M !
7|
RUT A
REF)
ITOM
\ STRUT LATCHING
o D~ ——l 4 LEAD/STRUT (TYP)
&TR.”T% fles
. ‘g g
= g 32
x>
5 TSt J-BOX l
' \ﬁOCK!NG ADAPTER
Manpower
©® Cherry pilcker operator
Activity Time
"J" box removal from orbiter supported magazine 10 min.
@ Translation to union interface on platform 5 min.
® Attach "J3" box to union 5 min.
® Attachment of lines to struts between unions 60 min.
(9 lines per longitudinal strut)
] Connector attachment at each strut end 30 min.
(9 at 2 places)
Total time per union/strut 110 min.




FUNCTION-+ INSTALL CODE

ITEM. < WIRING & "J'" BOXES 02z | 06 03.1 | 03.1
METHOD CHERRY PICKER PAGE 5 of
SUBJECT CONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

WIRE BUNDLE MAGAZINE
(ATTACHES TO SUPPORT
BOOM)

STRUCT. SUPPORTA
& CRADLE GUIDE
RAITL

CONSTRUCT ION
. FIXTURE
UPT.BOOM

CHERRY PICKER

Ltems

- RMS
=  Cherry Picker
= Wire Bundle Magazine




FUNCTION  INSTALL CODE{ 02 | 06 03.1 { 03.1
ITEM WIRING & "J" BOXES
METHOD  CHERRY PIGKER PAGE| ¢ of
SUBJECT SUPPORT SERVICES
Crew = Cherry Picker Operator
Power -  RMS 1~ 1.8kW
Cherry Pilcker 0.5 kW

Lichting & TV -
Standard Cherry Picker Illumination

Computer/Software -

RMS coordinate ‘transform system
Stowage -~  Cherry Picker 0.9 x 1.6 x 1.1m




“Not appropriate, see page 6.

FUNCTION  INSTALL
) gt " CODE 02} 06 03.1 03.1
[TEM. WIRING & "J" BOXES _
METHOD  CHERRY PICKER PAGE 7 of 7
SUBJECT SUMMARY |
CREW ELECTRICAL
WT. ‘VOSL. (MAX/ | POWER ENERGY! TIME | COST
, e o (k&) | (M) | AVG) | (kw) | (kwn) [(mIN. )] (SK)
Construction Suppurt Igulpment
Cherry Pleker 73] Lo | - 0.5 | THD | == Thh
RS Q O = 1.8 | TBD | == NG
Wiriag Mapacine 5 13 | == 0 0 —— 441
Support Services
Crow —— —=t /1| == — —-— -
Power (Total) - —— - 23] TBD | —- THh
Project Modification
Union & Strut holes 0 0 —— —— . —~ NG
Opuerations e -— /1§ = - 110 | NA®




FUNCTION*  1nsTALL CODE| 02 | 06 03.1 | 02.1
ITEM. __ WIRING & "J" BOXES

METHOD EVA/MMU PAGE 1 of 7
SUBJECT METHOD DESCRIPTION

STRUCTURAL ASSY _ :
& TRANSLATION | Q&
SUPPORT CRADLE .

CRADLE ROTATICN
AXIS

~

’/- J-BOXES
L0~ CHERRY

~7. P|CKER
f?

o  Astronaut with MMU transports "J" boxes to position near platform union
joints.

o "J" boxes are attached to mounting interface on union joint.

o Power leads, coax leads and data buses are distributed along struts
between "J" boxes,

o Attachments of lines to struts is accomplished by probe and latch clips
that penetrate pre-located holes in strut members.

0 Loops or cther expansion capability for lines is provided to allow for
expansion/contraction of cable lengths.




FUNCTION:  INSTALL CODE
ITEM . WIRING & "J" BOXES 02 | 06 Q3.1 02,1
METHOD EvA /i PAGE 2 of 3
SUBJECT PROJECT MODIFILCATIONS

‘PLATFORM STRUCTURAL
UNION JOINT

d
SLOTTED HOLES _~
(4 PLACES) '
1

“PROBE & LATCH DEVICE

f
‘ E/- (4 PLACES)

R R NN o =

J=BOX.

Structural Joints

o Four slotted holes required to match probe and latch device on
junction box.




FUNCTION*  1NSTALL CODE
ITEM. . WIRING & "J" BOXES 02 | 06 03.1 | 02.1
METHOD EVA/MMU _ PAGE[ 3 of 7
SUBJECT PROJEGT MODIFICATIONS (Continued)

S IGNAL

WIRE SPAGER

SUPPORT  SADDLE

A

2 I _-wire Ruws

POWER

POWER LIMNES
LINE A

z’(--Fw‘.l':'Lll\l‘ES

LATCH APERTURE

-
2 M MAX

P

Struts

o Four holes staggered at 2.0m spacing along length for wiring support
saddles. '




FUNCTION' INSTALL CODE
ITEM WIRING & "J" BOXES 02 | 06 03,1 02,1
METHOD EVA/MMU PAGE of
SUBJECT OPERATIONS _
J=BOX
ione M O B
9009 o— = L8H
| T L
. 120 M ;
. ] -'lt'* ‘ ¥ r —_1 E
o oL ﬂT‘}( / ~ ;3(\
N / TRUT A
ke X ey
Y O M
; : \ STRUT LATCHING
—— - —— " & LEAD/STRUT (TYP)
LEADS

Manpower

o EVA/MMU operator

Activity Time

o "J'" box removal from orbiter supported magazine cradle

o Translation to union interface on platform

o Attach "J" box to union

o Attachment of lines to struts between unions

(9 lines per longitudinal strut)

o] Connector attachment at each strut end

(9 at

2 places)

Total time per union/strut

10

min.

5 min.

60

30

min.

min.

min.

110

min.




FUNCTION®  wszass CODE| 92 | 06 03.1 | 02.1
TEM . WIRING & "J" BOXES :

METHOD EVA/MMU PAGE 5 of 7
SUBJECT ' (ONSTRUCTION SUPPORT EQUIPMENT REQUIREMENTS

Ttems

o MMU

o Wire Bundle Magazine




FUNCTION  1INSTALL CODE| 59 | 06 03.1 02.1
ITEM. WIRING & "J" BOXES -

METHOD EVA/MMU _ PAGE 6 of 7
SUBJECT SUPPORT SERVICES

Crew - One EVA/MMU operator

Power - MMU recharge TBD

Lighting & TV -

Standard MMU lighting

Computer/Software - None
Stowage -  None

Other - MMU propulsion recharge




FUNCTION  INSTALL ‘ ook

METHOD  EVA/MMU PAGE| 7 of 7
SUBJECT  sumvany

ELECTRICAL

W, | VoL, (MAX/ | POWER ENERGY] TIME | COST
(ka) | (M ) | AVG) | (KW | (KwH) [(MIN.; (3K |

Construction Support Equipment _
MMU 110 [ L.1 | - TBD | TBD - 100
Wiring Magazine . . 50 13 | == 0 0 - 441

Support Services

Crew _ — - 1/1 — - —— _
Power (Total) _ m— ] e | TBD | TBD - TBD
Other ’

Project Modification

Union & Strut 0 0 —_— —— - —_ -

Operations ' . - -— | /1] -- - | 110 | NA%®

*Not appropriate, see page 6.




FUNCTION,  TNSTALL -
ITEM . WIRING & "J" BOXES 02 |06 03.1 04.1
METHOD RMS PAGE| 1 of
SUBJECT METHOD DESCRIPTION

ELECTRIC CABLE SUPPORT CRADLE
(ATTACHES TO SUPPORT

BOOM)

ik

& CRADLE GUIDE

5 FIXTURE

ﬁ;tﬁng.aoon

STRUCT. SUPPORT—{[™

|

HERRY PICKER

o RMS transports "J" box units to platform structural unions and installs.

o Power line, coax leads and data buses are attached to struts by inserting
probe and latching clips into pre-located holes in strut members.

o  Expansion capability of line is provided by loops in the line.

NO ADDITIONAL DETAILS ARE PROVIDED




FUNCTION*  SERVICE (EXCHANGE) : _
[TEM . CONTROL MOMENT GYRO (CMG) AT GEO CQDE 02 0804.1 | 00
METHOD PAGE| 1 of 3
SUBJECT OPERATION IDENTIFICATION

System Control

Center Module %

Berthing Port

Project System

— Erectable Advanced Communications Platform

Operation

- Changeout of control moment gyro (CMG) at GEO (also applicable to

packages other than CMG's)

Physical Situation
~ Platform in operation at GEO

- Teleoperator type vehicle (T/0) is delivered to platform by orbital

transfer vehicle (OTV)
Assume payload of OTV is 11,300 Kg

L

1

Servicing is accomplished by man~in-loop (not automatic)

Servicing will not interrupt platform operation

Serviecing is scheduled with multiple changeouts to be accomplished




FUNCTION- SERVICE (EXCHANGE) CODEl 02 | 08 04.1 | 00
ITEM : CONTROL, MOMENT GYRO (CMG) AT GEO .
SUBJECT

OPERATION IDENTIFICATTQN -~ (CONTINDED)

System Control Center Module Configuration

cMG's -
{(~1lx1lxlm

Electronic
Black Boxes

Teleoperator
Berthing Port

Module Berthing
Port

- Wired to permit isolation of individual units (permits continuous
operation)

- T/0 docking aids
~ Capability to identify failed units from ground and T/O

-= All exchangeable items mounted on outside faces with one or two
attachments

~ Electrical and heat transfer interfaces made simultaneously with
physical mating of units




FUNCTION:- SERVICE (EXCHANGE) CODE] 02 | 08 04.1| o0
ITEM . CONTROL MOMENT (CMG) AT GEO

METHOD PAGE 3 of 3
SUBJECY ALTERVATE METHODS

Central Berthing

System Control Center Module

T/0

System Control
Center Module

Servicing
Orbit
Transfer

l*ﬁ;;: J Vehicle

SRU Magazine

Individual Berthing

The following methods have been identified:

1, T/0 with spares magazine delivered by O0IV. T/0 docks to CM and
exchanges units using sexvicing arm.

2, T/0 delivered (no spare parts) at end of platform construction process.
0TV with spares docks to CM and T/0 ghuttles between OTV and CM
exchanging units. T/0 remains at platform for next servicing operation.

3. T/0 delive-ed (no spare parts) at eund of platform construction process.
0TV delivers spares magazine to platform vicinity. T/0 retrieves
magazine from OTV and docks to CM. Exchange operation accomplished
with serviecing arm.

Methods 1 and 2 are detailed.




FUNCTION:
ITEM.

SERVICE (EXCHANGE) CODE|[ 02 | 08 04.1 | 06.1

CONTROL MOMENT GYRO (CMG) AT GEO

METHOD CINTRAL DOCKING LOCATION PAGE} 1 of 4
SUBJECT METHOD DESCRIPTION
System Control Center Module
, v
7/0 N AR ' [
. : ]
‘ Ve
— ' Servicing
Orbital
Transfer
Vehicle
‘SRU Magazine \\\\ggggggi;ations

)

I

T/0 with replacement packages separates from OTV and flys to decking port
on control module (CM)

T/0 servicing arm removes first package from CM and places it in empty
storage location Iin mapazine

New package 1s removed from magazine and installed at vacated CM position
Exchange operation is repeatéd for remaining units

T/0 and OTV put into non platform interference orbit




FUNCTION: SERVICE (EXCHANGE) CODE .
ITEM - CONTROL MOMENT GYRO (CMG) AT GEO 02 | 08 04.1 | 06.1
METHOD CENTRAL DOCKING LOCATION PAGE| 2 of
SUBJECY

CMG's

System Cohtrol
Center Module

SRU Replacement
Mechanism

Manpower
= Ground monitor and control of OTV and T/0

Activity Time

- T/0 Translation to CM Docking Port,Align and Dock (10 min.)
- Removal of 0ld CMG Unilt and Storage 10 min.
~ Retrieval of CMG from Magazine and Installation 10 min.
Total Per Unit 20 min.
- Repeat Exchange Operation for Remaining 6 Units - 120 min.
~ T/0 Undock from CM and Place Itself and 0ld CMG's in Non
Interference Orbit with Platform {10 min.)
Total 160 min.

( ) One Time Operation




FUNCTION- SERVICE (EXCHANGE) CODE

ITEM . CONTROL MOMENT GYRO (CMG) AT GEO 0z 08 04.1] 06.1
METHOD CENTRAL DOCKING PORT PAGE| 3 of 4
SUBJECT SUPPORT EQUIPMENT REQUIREMENTS

Magazine

T/0.

Teleoperator (T/0)

Servicing Orbital
with SRU Magazine

Transfer Vehicle (OTVj

Items
T/0

|

CMG Storage Magazine

TV Communications and Control from Ground
Illumination for TV

Servicing Arm (~ 5M reach)

6800 KG Payload Capability

Non Reusable (single servicing operation)

i

0TV (Reference)
~ Rendezvous Capability

- Propulsion to establish non platform Interference Orbit after usage




FUNCTION SERVICE (EXCHANGE) CODE| 02 { 08 04.1 | 06.1

ITEM. CONTROL MOMENT GYRO (CMG) AT GEO
PAGE s of 4
METHOD CENTRAL DOCKING LOCATION
» SUBJECT SUMMARY |

CREW ELECTRICAL

WT. | VOL. |(MAX/ | POWER ENERGY. TIMF: CGST
(kG) (M3 | Ava) | (kW) | (Xwh) [(MINY] ($K)

Support Equipment

T/0 ' 4500 | TBD | - - - - | 1550
SRU Magazine _ 14855

Support Services

Crew - (Ground Controllers for : - - TBD - = - -
T/0's and 0TV)

Power (Self Contained) - - - - - - -

Project Modification

None

Operations - - TED - - 160 | NA¥

%#Not appropriate, see page 6.




FUNCTION- SERVICE (EXCHANGE) CODE
ITEM. - CONTROL MOMENT GYRO (CMG) AT GEO . 02 1 08 04.1 ) 06.2
METHOD T/0 REUSABLE/MULTIPLE DOCKING PAGE 1 of
SUBJECT METHOD DESCRIPTION

T/0 - SCCM CMG's System Control

Berthing Port _~~Center Module

T/0

SRU Transfer o
Mechanism '-__,,,,,,ffr

~ T/0 parked at platform (delivered during construction)

~ OTV with new units flys from orbiter and docks with platform at now empty
orbit transfer propulsion module port

- T/0 flys to (M, removes unit, flys to 0TIV and exchanges old for new unit
~ T/0 flys to CM and installs new unit at vacated interface

- T/0 flys to next unit to be exchanged, removes it, flys to OIV and exchanges
for new unit :

- T/0 returns to CM and repeats operations until all (planned) units have been
exchanged

- T/0 returns to stowage docking port on CM

~ OTV is separated from platform and placed into non interference orbit with
platform




FUNCTION: SERVICE (EXCHANGE) copEl o2 | 08 04.1 | 06.2
ITEM : CONTROL MOMENT GYRO (CMG) AT GEO

METHOD T/O REUSABLE/MULTIPLE DOCKING PAGE 2 of

SUBJECT PROJECT MODIFICATIONS

System Control Center Module

CMG's

Electronic

Servicing v
""" Black Boxes

T/0 Berthing
Port

SCcM/Platform

Berthing Port Berthing Port

Potential T/0 Storage

~ Storage docking port on control module for T/0 (potential)




FUNCTION- SERVICE (EXCHANGE) CODE

ITEM CONTROL MOMENT GYRO (CMG) AT GEO 02 | 08 04.1 |06.2
METHOD T/0 REUSABLE/MULTIPLE DOCKING PAGE 3 of &
SUBJECT OPERATIONS

CMG's
T/0 - sceM
Berthing Pork\\

T/0

W, -
557
L0
=
SRU Transfer -

Mechanism ""—_,naf/f

-

.
[l 7
Ny

System Control
Center Module

Manpower
~ Ground monitor and control of OTV and T/0

‘Activity Time
-~ T/0 undock, move to CMG on CM, and dock
T/0 remove CMG, flv to 0TV and place unit in container
T/0 move to new CMG on OTV and dock
T/0 remove new CMG, fly to OTV ard install new unit

Total Per Unit

Repeat exchange operation for 6 remaining units

T/0 wndock with last unit, fly to stowage docking port
and dock

Total

(

) One t.me operatiomn

(3 min.)
20 min.
6 min.
20 min.

46 min.
276 min.
(6 min.)

331 min.




FUNCTION- SERVICE (EXCHANGE) CODE02 (08 04,1 06,2

ITEM. . CONTROL MOMENT GYRO (CMG) AT GEO
METHOD T/0 REUSABLE/MULTIPLE DOCKING PAGE s oF 5
SUBJECT " SUPPORT EQUIPMENT REQUIREMENTS

Teleoperator

Serviecing Orbital
Transfer Vehicle (QTV)

Ttems

T/0
~ TV Communications and control from ground
- Illumination for TV |
~ 4500 KG payload capability

- Propulsion sized for total servicable life of platform (multiple
servicing operations)

0TIV (Reference) _
~ Rendezvous and docking capability




FUNCTION- SERVICE (EXCHANGE) CODE
ITEM - CONTROL MOMENT GYRO (CME) AT GEO 02 | 08 04.1 |06.2
METHOD T/0 REUSABLE/MULTIPLE DOCKING PAGE of
SUBJECT OPERATIONS
cMG's System Control
T/0 - Sco Center Module

Berthing Poré\\

T/0

SRU Transfer % L4
Mechanism ""'__,,fff’ ;

Manpower
-~ Ground monitor and control of OTV and T/0

Activity Time
T/0 undock, move to CMG on CM, and dock

1

T/0 move to new CMG on 0TV and dock
/0 remove new CMG, fly to OIV and install

i

and dock

( } One time operation

T/0 remove CMG, fly to OTV and place unit in container

new unit

Total Per Unit

Repeat exchange operation for 6 remaining units

T/0 undock with last unit, fly tc stowage docking port

Total

(3
20

20

46
276
(6

331

min.

min.

S

min,

nin,

min.
min.

mirh)

min.




FUNCTION: SERVICE (EXCHANGE) CODEI02 |08 04.1 06,2
ITEM. : CONTROL MOMENT GYRO (CMG) AT GEO

METHOD T/0 REUSARLE/MULTTPLE DOCKING PAGE 4 oF 5
SUBJECT - SUPPORT EQUIPMENT REQUIREMENTS

Teleoperator

Servicing Orbital
Transfer Vehiele (OTV)

Items

T/0
- IV Communications and control from ground
- Illumination for TV ‘
- 4500 KG payload capability
- Propulsion sized for total servicable life of platform (multiple
servicing operations)
0TV (Reference) _
- Rendezvous and docking capability'




FUNCTION SERVICE (EXCHANGE) CODE! 0 | o5 06z | 06.2
ITEM. CONTROL MOMENT GYRO (CMG) AT GEO 2 : :
METHOD /0 REUSABLE/MULTTPLE DOCKING PAGE] 5 of
SUBJECT SUMMARY |
crey | ELECTRICAL . |
Wr. | voL. {(MAX/ | POWER ENERGY| TIME { COST
L _ (KG) (ﬂa) AVG) | (ku) | (kwH) JCMIN. )| (3K
Support Eguipment
T/0 3000 |TBD | - - - - 1550
Support Serviceg
Crew (Ground Controllers for T/0 - - TED | - - - -
and OIV)
Power (Self Contained) - - - - - - -
Project Modifications
Stowage Docking Port for T/0 110 | 1.0 - - - - 473
Operations ~ - TBD { - - 331 | Na*®

#Not appropriate, se2 page 6.




FUNCTION:  SERVICE (EGHANGE) lcopeloz |08 041 | 06.3
ITEM : CONTROL MOMENT GYRO (CMG) AT GEO
METHOD T/0 REUSABLE/SINGLE DOCKING PAGEl ; of

1 SUBJECT METHOD DESCRIPTION ;

System Control
" Center Module

T/0

" G V 7 ) _— ’
T . : ,/‘ﬁf;ﬁ;ﬁ : Servicing
://// Orbital
» Transfer
Vehicle

SRU

T/0 Storage Magazine

Berthing Port

T/0 parked on platform (delivered during construction)

0TV with spare units in canister flys to vicinity of platform

T/0 undocks from platform, flys to OTV, retxieves canister
T/0 flys to platform and docks with central docking port on CM
Servicing arm on T/0 exchanges old units on CM with new units in canister

T/0 exchanges used for new canister on OTV as required

After servicing operation is complete T/0O redocks with CM to await next
servicing operation and OTV is placed in non interference orbit with platform

NO ADDITIONAL DETAILS ARF PROVIDED
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SECTION III
CONSTRUCTION SUPPORT EQUIPMENT

This section contains descriptions of the standard pieces of support
equipment~—namely, the MMU, MRWS, RMS, and beam builder. The information was
extracted directly from the latest documentation concerning each piece of
equipment, A brief description of the construction fixtures used in gener-
ating the data in Section II has also been included to aid the users of the
Data Base.

A, STANDARD EQUIPMENT DESCRIPTiION

There are several pleces of construction support hardware which have
been designated "standard" as they are being developed or planned for use as
general support items for future space operations. They have been used
extensilvely in the operations described in Section II. Therefore, a brief
description of each is given below. Additional information can be obtained
by a review of the referenced documentation.

Manned Meneuvering Unit (MMU)

The MMU is being developed by the Martin Marietta Corporation, The data
presented in the following paragraphs have been taken from their Users' Guide
for the MMU, dated May 1978 (MCR 78-517, NAS9-14593).

General

The principal elements of the MMU (Figure 3-1) are its basic structure,
a propulsion subsystem, two hand contreollers, and a contreol electronics
assembly (CEA). Twenty—four fixed-position thrusters utilizing gaseous
nitrogen (GNz) provide full six-degree-of-freedom control by reacting to com-
mands from the three-axis translational hand controller (THC) and the three-
axis rotational hand controller (RHC). Electrical power is supplied to the
MMU subsystems from two batteries mounted at the top rear of the unit between
the GN2 pressure vessels. Command logic, power conditioning equipment, and
gyroscopes are mounted in the control electronics assembly (CEA) located behind
and below the batteries.

The MMYU is a fail-safe system in that any single failure does not preclude
the astronaut* from returning safely to the orbiter vehicle. The thrusters are
separated into two independent systems (12 thrusters each), each of which pro-
vides full six-degree-of-freedom control in the event of a failure in the other
system., The control electronics are also redundant such that at least one set
of 12 thrusters can always ba commanded.

In addition to the manual commands which are applied by the astronaut
from the hand controllers, an automatilc attitude hold (AAH) capability is also
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available. By activating a switch located on top of the RHC grip, the astronaut
can command attitude hold and the MMU will maintain attitude in three axes of
rotation by firing thrusters automatically, as required. Three rate gyros sense
rotations and attitudes in each rotational axis, and the MMU control logic uses
these data to command the thrusters. If rotational rates are already present
when attitude hold is commanded, the control logic will fire thrusters to

cancel those rates.

The two propellant tanks contain a total of 40 1b (18 kg) of GN: at
4500 psia and 70°F, on initial charge on the ground prior to a mission. These
pressure vessels are rechargeable during EVA by an unassisted crew member. The
initial charge provides sufficient propellant for an equivalent AV of 110 to
135 fps; subsequent recharges on orbit will provide a minimum equivalent AV of
72 fps (36 fps per GNz tank). The control logic of the MMU is designed to
maintain fuel consumption from cach tank at a relatively even level. In addi-
tion, the logic is designed to select the optimum combination of thrusters in
order to conserve propellant when mass offsets are present or multiple axis
commands occur simultaneously.

The MMU is stowed for launch and reentry in the Flight Support Station
(FSS) located in the payload bay of the orbiter (Figure 3-2). The F§S struc-
ture provides environmental protection to the MMU during launch, on-orbit
(nonoperational) periods, reentry and landing. The FSS also contains the
necessary attachment provisions, foot restraints and handholds for donning/
doffing and servicing the MMU in orbit by an unassisted EVA crew member. One
FSS can be mounted on each side of the paylead bay so two MMU's can be carried
on each orbiter flight.

Flight Characteristics

The maneuvering unit responds to direct manual commands input by the crew
member via the two hand controllers. TFor a nominal system mass, translation
accelerations are 0.3%0.05 ft/sec?® and rotational accelerations are 10.0% 3.0
deg/sec?. Since the MMU operates im a direct flight mode, these acceleration
levels are present whenever either hand controller grip is displaced from the
center or null position. Acceleration commands are terminated when the grip
is returned to the center position. Simulianeous commands in several axes
(multi~axis commands) are possible at reduced acceleration levels,

Each MMU thruster develops approximately 1.4 lb of thrust; therefore,
single axis translation commands generate 5.6 1b of thrust in the normal
operations mode, and 2,8 1b of thrust in the backup operations mode., Rota-
tional torques are the same for the prime and backu» modes. For wulti-axis
commands up to six thrusters can be firing simultaneously.

The automatic attitude hold (AAH) capability of the MMU allows the crew
member to malntain attitude in any or all of the axes of rotation. The MMU
control logic automatically fires thrusters as required to hold a position
within a deadband of 0.5 to *2.0 degrees (premission selectable) in any
rotational axis, as sensed by the rate gyros, Drift rates across this dead-
band (if, for example, the crew member is relatively still while inspecting
or photographing a payload) are on the order of 0.02 deg/sec.

3-3
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In the AAH mode, highly developed control logic incorporating limb motion
filters and limited minimum impulse thrust repetition rates allows a tight
limit cycle deadband that is relatively insensitive to large crew member limb

motions and is fuel conservative in the presence of the cyelic disturbance
torques.,

Three-axis attitude hold can be commanded during translation in any axis.
Attitude hold can be inhibited independently in the roll, pitch or yaw axes
when the crew member inputs via the RHC a manual rotation command in that axis.

Table 3-1 summarizes the flight characteristics of the MMU.

Table 3-1. MMU Flight Characteristics

¢ Six-Degrees-of-Freedom Control Authority
s Spacecraft-type Piloting Logic

- 3-Axis Transtational Controller {Left Hand)
- 3-Axjs Rotational Controller (Right Hand)

~ Independent or Multiple Axis Commands

- Pulse or Continuous Comma=-s

e Manual (Direct) Translation and Ratation Control
¢ Automatic Attitude Hoid

Deadband Adjustable #0.5 to 12.00
- Inertial Drift less than 0.01°/5ec

H

o Response

- Translational Acceleration 0.3 +0.05 ft/sec?
- Rotational Acceleration 10.0 +3.0%/sec?

# Audio Feedback for Thruster Operation

Operational Guidelines

Although the MMU cold gas propulsion system is essentially noncontaminating,
the EMU 1life support system does vent water vapor to space (approximately ome
pound of water per hour). In almost all cases for specific payload operationms,
this level and type of contamination is well within acceptable limits.

The MMU cannot be effectively utilized as a stable platform from which

large forces and torques can be exerted; that is, the MMU should not be con-
sidered a mechanism through which large forces or torques can be reacted to do

3-5
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work, Additional restraints are required in such cases., The MMU can be uti-
lized, however, to counter light loads such as might occur during simple tasks.

Work Site Alds/Ancillary Equipment

The MMU contains provisions to attach cargo or equipment for transport
during maneuvers. These attachments allow the crewmember's hands to remain
free to operate the MMU hand controllers, Three types of attachments are
available. Telescoping, lockable arms with grappling end effectors (Figure 3-3)
can be extended from each side of the MMU to hold cargo in front of and below
the hand controllers., Soft tethers can be attached to the cargo and to the
pressure sult waist ring, or the side of the MMU. Finally, attachment mechan-
isms can be mounted at the end of each handcontroller housing (Figure 3-4) to
carry a smaller cargo item directly in front of the crewmember's hands,

These attachment provisions are generally intended to allow easy transport
of relatively =irall (less than 50 1b) cargo items. The MMU system is capable,
however, of transporting larger masses (up to several hundred pounds) when
operating free of external forces. The MMU control system compensates for
changes in center of gravity and the torques which result from attaching such
additional cargo., Exact limiting eriteria are dependent on the total task
requirements (e.g., distances, time constraints), in addition to the cargo
mass and location.

The electrical system of the MMU provides auxiliary power which can be
utilized to operate tools or other equipment at the task site, once translation
to the site has been accomplished. Two power outlets supply 28V dec and 2 amps
maximum; each outlet is operated by a switch accessible to the crewmember in
flight. In addition, a floodlipht whiech provides local work site illumination
is mounted over each shoulder of the crewmember in the MMU.

Tethers can be utilized to establish a soft attachment between the crew-
member/MMU and work site. A temporary system is also available to establish
a more rigld attachment between the MMU and the work site. This system is
designed to allow the crewmember to apply moderate forces at the work site
without generating intolerable reactions or torgques. It should be noted that
additional work site dedicated restraints may be required if large forces or
torques must be applied by the crewmember at the site. These restraints must
be supplied by the user, or be built into the work site. A variety of standard
Shuttle equipment is available for such support (see JS8C-10615, "Shuttle EVA
Description and Design Criteria').

The arms on which the MMU hand controllers are mounted can be folded down
to provide clearance for the crewmember to approach the work site more closely.

Additional functional capability can be kitted into the MMU if required
by a specific operational mission. Additional propellant tanks and navigation
aids can be attached to the baseline MMU system to allow extended excursions
farther away from the orbiter vehicle. Although design concepts for these kits
have not been finalized, potential MMU users should be aware that such capa-
bility will become avallable as part of the basic MMU configuration as the
Shuttle flight program progresses.
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Servicing

The MMU can be serviced by a single crewmember while it is mounted in the
FSS. Spare batteries, stowed in the pressurized crew compartment, can replace
used batteries in the MMU; battery replacement takes less than five minutes,
Two fully charged batteries provide 540 watt-hours of power; the nominal MMU
load is 30 watts. (Battery recharge, if required, is accomplished in the
pressurized airlock of the orbiter using the EMU recharge system. Up to
16 hours are required to establish a full charge.)

Recharge of the MMU nitrogen propellant tanks can be performed at the TSS
using a pressurized nitrogen supply (3000 psi maximum) available from the
orbiter, A quick disconnect establishes the connection between the orbiter
supply and the MMU., Gauges and toggle valves mounted on the MMU and FSS are
utilized to monitor and centrol repressurization. Propellant recharpe of both
tanks can be completed in less than 10 minutes.

Sinece the orbiter supply (3000 psi maximum) is less than the initial
ground charge of the MMU (4500 psi), the delta velocity available from the
recharge will typically be 80 to 100 fps. A full ground charge provides 110
to 135 fps delta velocity capability.

Mass Properties

The total weight of the MMU is approximatedly 243 1lb (110 kg), including
a full charge of propellant (40 1b GNz). Figure 3-5 depicts the reference
coordinate axis and shows the location
of the center of mass of the EMU/MMU
system, The maneuvering unit will
accommodate personnel within the range
of the 5th percentile based on anthro-
pometric data for 1968 USAF women offi
cers, to the 95th percentile based on
data for 1980 male flying officers.

For each MMU carried aboard the
orbiter, a Flight Support Station (FSS)
is required. The FS88 is a structure
to which the MMU is attached for launch
and reentry of the orbiter. The weight
of the FSS is approximately 50 1b
(23 kg); hence, the payload lauunch
weight penalty for one MMU is approxi-
mately 293 1b (133 kg). It should he
noted that the weight of the flight
operational MMU system includes the
astronaut and the extravehicular mobility
unit (EMU). The astronaut weight can
vary between 100 and 215 1b (45 to 100 kg);
Figure 3-5. MMU Reference the EMU weight is approximately 175 1b

Coordinate System (80 kg).
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Manned Remote Work Station, MRWS (Cherry Picker)

The MRWS is being developed by the Grumman Corporation. The data pre-
sented has been taken from their final report, '"Manned Remote Work Station
Development Article," Volume I, Book 1, Flight Article Requirements, Report
NSS-MR-RP008, dated 3-1-79,

Flight Article System Requirements

The following defines the overall configuration, safety, reliability,
maintenance, and interface requirements.

Open Cherry Picker MRWS (Figure 3-6)

The MRWS shall support the EVA astroworkers and provide unobstructed
reach for the astroworker to perform space tasks. The MRWS shall consist of:

* A platform with a restraint system to secure the EVA astroworker

* Stabilizer attached to the platform

* Illumination

* Stabilizer controls and displays

* RMS controls and displays

* Tool storage (small hand tools)

* Provisions for large tools

* Payload handling devices

* RMS mechanical and electrical interfaces

* Provisions for storage in payload bay

The platform shall be mounted to the orbiter RMS utilizing the stabilizer
fixture that interfaces with standard snare-type end effector.

Electrical power, controls, and data shall be routed through the RMS
internal cabling utilizing the payload mounted grapple fixture special-
purpose end effector connector.

The open cherry picker MRWS shall fold for storage in the orbiter payload
bay. Its folded volume shall not exceed 1.5 m® and it shall be mounted adja~
cent to the EVA hatch at the starboard manned maneuvering unit (MMU) donning
station attachment points.

Open Cherry Picker Subsystem Requirements
Structure/Mechanical
All major load~carrying structures of the structural subsystems shall be

designed to a safe life of 2 minimum of 10 years in orbit with a scatter factor
of 4.0. Life limitations shall be identified.

3-10
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As a goal, fail-safe design concepts shall be applied to all ecritical
structure so that failure of a single structural member shall not degrade the
strength of stiffness of the structure to the extent that the crew is in immed-
iate jeopardy.

The structure shall be Jesigned to resist damage resulting from accidental
impact during crew activities.

Safety factors used for structural design shall be consistent with those
currently used for manned operations.

* Primary Structure

~ Ultimate strength: A factor of 1.5 x limit load shall be applied.
~ Yield strength: 4 factor of 1.2 x limit lead shall be applied.

Structures shall be designed to withstand temperature cycling between
~433°K to 366°K.

The structure shall be designed to withstand orbiter launch and landing
oads specified in JSC-07700, Volume XIV,

The open cherry picker (OCP) shall be designed to be folded and unfolded
by an EVA astronaut to facilitate orbiter payload bay storage.

Communications

The OCP operator shall utilize the EMU for communications with the orbiter,
EVA astroworker and space construction base as applicable,

Electrical Power

The open cherry picker MRWS shall receive 28 V dc¢ orbiter power, up to
250 W, via the RMS grapple fixture electrical connector.

The distributilon systeﬁ shall provide circuit protection devices for all
power equipment. '

The electrical power subsystem (EPS) shall have a maintained lifetime of
not less than 10 years, Elcments may be replaced in total or in modular form
for maintenance or for growth up-rating.

Environmental Control and Life Support (ECLS)

The OCP operator shall utilize the extravehicular mobility unit (EMU)
for ECLS.

Thermal Control

Passive thermal control approach should be utilized where appropriate,
or if not feasible, the design should minimize system complexity and weight.
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The subsystem shall not require selected orientation in orbit to maintain
its thermal control funection.

Crew Accommedations

An existing foot restraint that is mounted to a rotating platform
(Figure 3-7) will be utilized for the OCP.
FOLDING HANDRAIL

K Q 360° YAW

TOE RESTRAINT

=== RELEASE DEVICE
ROTATING/MOVEABLE FOOT RESTRAINT

Figure 3-~7. Foot Restraint

A safety tether shall be provided. Also provided will be a waist
restraint to be used in conjunction with foot restraint as needed.

Tﬁe open platform equipment shail not inhibit crew reach (Figure 3-8) to
perform assembly tasks.

Stabilizer (Controller and Slave)

The OCP MRWS shall have one stabilizer located on the platform extending
forward and shall be capable of being installed/detached in orbit, The
stabilizer shall have 3 DOF as defined in Tigure 3-9. The stabilizer
characteristies are:

Reach ‘ 1.3 m
Tip force (locked) 40 1b
Tip moment (locked) 4000 in, ~Ib
Accuracy . +1cm
Resolution £ 2 mm,
- Velocity 1.1 cm/sec
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The stabilizer master control shall be a resolved rate controller(s)

The tip shell have mechanical and electrical interfaces to acecept
end effectors.

Provide controls to actuate end effector functions, eg., open/close
Jaws.

The stabilizer jodnts shall lock in existing position at power
removal,

Back driving shall not damage the stabilizer.

Cherry Picker Arm Control

Provide orbiter RMS/cherry picker arm control from the OCP utilizing
the same type of controllers uscd for the orbiter RMS,

The capability shall be available to select control of an alternate
RMS/crane arm.

The capability shall be available to the OCP operator to control
individual RMS joints,

Interface units shall be provided for open cherry picker RMS control
as shown in Iigure 3-iC.

ITllumination

Lights shall be mounted on the QCP to provide 50 ft-c of luminous intensity

within the reach of the OCP operator. The lights shall be adjustable by the
OCP operator for direction and reach.

Controls and Displays (C&D)

A C&D console shall be mounted convenient ta the operator during OCP RMS

maneuvers and when controlling the stabilizer. The panel shall provide accom=-
modations for mounting the RMS and stabilizer controllers. Controls and dis-
plays panel shall be moveable so that the operator is not constrained while
performing space tasks,

Software

Utilize existing orbiter software for control of the RMS.
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Remote Manipulator System (RMS)

The RMS is being developed by SPAR of Canada for the Shuttle program.
These data have been taken from the Space Shuttle System Payload ALcommoda-
tions, JSC 07700, Volume XIV, Revision F, dated 9-22-78,

The RMS is shown in Figure 3-11. A single manipulator of 50 feet, 3 inches
(15,316 mm) in length is normally located on the port side of the vehicle, as
shown in Figure 3-12. The RMS is stowed outside the payload dynamic envelope
and is charged to orbiter welght. Detailed arm dimensions and joint angle
limits are shown in Figure 3-13.

A second manipulator arm can be installed on the starboard longeron if
compatible with 8TS operational constraints, The weight of the second manipu-
lator is weight chargeable to the payload. This weight is 905 1b, including
the standard end effector and TV at the wrist (TV also mounted at the elbow is
an additional 28 1b). Capability is provided to operate two manipulators in
serial-only (non-simultaneous) operations. Capability is provided to hold
the paylead with one manipulator arm in a chosen position while operating the
second manipulator arm.

The capability is provided to jettison cach manipulator arm assembly.
Sufficient redundancy is provided to insure that the payload can be released
prior to RMS arm jettison.

General RMS Capabilities

a. In orbit, the manipulator is capable of deploying a maximum envelope
(approximately 15 feet diameter x 60 feet long), maximum weipght 65,000 1b
(29,484 kg) payload. Under normal operational conditions, the RMS is capable
of retrieving a 32,000-1b (14,515-kg) payload and placing it in a position
for engagement with the cargo retention system in the cargo bay for return
to earth. Under clearly defined contingency conditions, the RMS is capable
of retrieving a maximum weight payload (65,000 1b) in a non-time constrained
operation. (The requirement for retrieval of a payload weighing more than
32,000 1b could be to correct a malfunction in the payload and subsequently
redeploy the payload. The orbiter entry and landing is normally constrained
to payloads weighing less tham 32,000 1b.

Deployment of a maximum envelope, maximum weight payload can be accomplished
in approximately 25 minutes from release of payload tiedown to release of the
payload at the manip.ilator fully deployed position.

The RMS is capable of supporting up to a maximum weight payload in the pre-
planned deployed position under the attitude stabilization loads imposed by
the orbiter vernier RCS (operating in min impulse mode).

wWithin the operational reach limits of the manipulator the orbiter vehicle
will have the capability to deploy and/or retrieve single or multiple pay-
load elements on orbit during a single flight. Within defined limitations,
the RMS may also be used to place payloads on or dock payloads with, a
suitably configured and stabilized bhody.
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b. The standard end effector provided with the RMS and its associated grapple
fixture (payload provided) are shown in Figures 3-14, 3-15, and 3-16. The cap-
ture and rigidize sequence ig shown in Figure 3-17. The RMS also has the on-
orbit capability of grappling a special-purpose end effector (payload provided)
and providing an electrical connection across the interface for econtrol of the
special end effector. This connection may also be used to provide power and/or
signals to payloads, if the payload provides the compliance and mating connector
within its grapple fizture. The electrical connector is fitted on the outside
of the standard end effector at the end effector/payload interface as indicated
in Figure 3-14. The power for the special purpose end effector or payload is
taken from the 28 V arm power bus, Wiring is provided from the orbiter flight
decl on-orbit station distribution panel to the RMS shoulder interfape, and
from there to the face of the standard end effector. Controls and displays for
command or signals to the special purposce end effector or to payloads must be
provided by the payload. The wire gauging and quantities available for this
interface are shown in Figure 3-18, On-orbit stowage of any special purpase end
effector must be provided by the payloads. The RMS standard end effector may
be exchanged on the ground with a speelal end effector for use on orbit.

¢. Figure 3~19 deplcts the maximum reach capability of the RMS, The figure
indicates the end effector kip reach limitation, but does not imply that the
full arm torque/force capability exists along the reach arcs deseribed. The
limits shown in Figure 3~19 are actually '"contours'" with respect to the axis
that is orthogonal to the plane of the paper. The contours shown do not
account for orbiter structure/RMS interference. Total reach accessibility
within the contour envelopes may, therefore, not be available. The actual
reach capability for a flight or payload task will bhe analyzed prior to flight.

d. Imsofar as it is intrinsic in the RMS design for payload deployment and
retrieval, the RMS may also be used to perform other tasks in support of pay-
load servicing and as an aid in translating an FVA crewman to assist in extra-
vehicular activities. An EVA handhold is an intepgral part of the RMS end
effector.

RMS Performance Characteristics

The velocity of the lecaded RMS end effector is controlled such that the
kinetic energy of the payload will not exceed that of a 32,000-1b payload
moving at approximately 0.2 ft/sec. The velocity of the unloaded RMS end
effector is limited to 2.0 ft/sec.

Within 5 minutes following extension of the RMS/payload and deactivation
of the orbiter VRCS, the RMS will be capable of releasing a 32,000-1b maximum
envelope payload within the following limits:

« Attditude within 1° of a specified orientation, relative to the
RMS shoulder attach point. Attitude relative to orbiter is TBD.

*» Position within 2.0 in. of a specified position relative to the
RMS shoulder attach point.

* Angular momentum of the payload relative to the orbiter less than
or equal to 10 slug~ft?/sec.

* Linear motion of less than 0.10 ft per second.
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Front View of Orbiter and X-Contours

Figure 3-19 (a).
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Figure 3-19 (n).
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A 65,000 1b payload can be released within TBD limits.

In the automatic mode, the RMS is capable of accurately positioning the
effector (loaded or unloaded) within +2.0 inches (50.8 mm) and +1° relative

to the shoulder attach point. In the manual augmented mode the end effector
positioning accuracy is primarily a function of operator visibility.

The manipulator arm will transmit, when fully extended and attached to

a payload, loads not exceeding the following:

a,
end

b.
and

A combined 12-1b shear force and 160 ft-1b bending moment at the
effector.

A 230 Ft-lb torque about the end effector axis. An example of the forces
torques that are applied by the end effector for various arm configurations

are shown in Table 3-2,

Table 3-2. Force Torque Capability at End Lffector

Torque Kange Force
{£t/1bs) (1bs)
Hin Hax Min kax Condition

Shoulder Yav 772 - 1158 18. 44 f 23.2 Straight Arnm
Shoulder Pitch 772 -~ 1158 1E.44 - 23.2 Straight Arm
Elbow Pitch 528 -~ 792 12.41 - 27.3 Bent ﬁxm.0verall length < 42 Ft.
¥rist Pitch 231 - 347 37.97 - 57.0 Bent Arm Overall length < 20 Ft.
Wrist Yaw 231 - 347 Eu.ﬁE - E1.6 Bent Arm Overall Xength < 14 Ft.
Wrist Roll 231 -~ 347 -
Hote: All values afe quotes ror the arm under steady state rigid body static

or

condition. E.G. Jln Payload Eay - And Single Joint Drive

The manipulator arm is capable of operating (when exposed to direct and/
reflected sunlight) for not less than:

* 30 minutes when operating in the cargo bay

* 120 minutes when operating outside the cargo bay

RMS Control System

Control of the RMS is effected by the operator from the RMS D&C panel in

the aft flight deck. The operator has access to four prime control modes, in
which he has varying degrees of software support, and a back-up mode which
completely bypasses the control and display software. The control modes that
can be selected by. the operator are as follows!
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a., Manual Augmented Mode - The operator issues commands through two 3-DOF
hand controllers for commanding resolved rates for the six degrees of freedonm
of the arm. The rotational controller provides for resolved roll, pitch, and
yaw without inducing translation at the point of resolution. The tramslation
controller provides for resolved up/down, left/right, fore/aft translation
without inducing rotation,

b. Automatic Mode -~ The manipulator arm movement can be controlled automat-
ically along a prespecified trajectory. This trajectory is defined by a series
of predefined positions and orientations stored in the GPC. The operator can
select up to four preprogrammed automatle trajectories from the D&C panel

mode select rotary switch. Up to 200 points (total) can be stored for auto
trajectories, each point defined by orbiter reference position x, y, z, plus
yaw, pitch, roll orientation.

A second type of automatic trajectory can be initiated by the RMS operator
through the D&C select switch and the GPC keyboard. This is the operator
commanded auto sequence mode and is initiated by input of the required posi-
tion and orientation of the end effector or payload. A straight line traject-
ory 1ls then performed from the current position and orientation to the desired
position and orientation.

The above automatic sequence capabilities are available to be negotiated by
payloads on an individual basis.

c. Single-Joint Drive Mode - The operator commands, through D&C panel
switches, movements of individual arm joints, These commands are made through
the RMS software, which controls the position of all joints, limits drive
speeds, provides joint position displays, and indicates when joint angle reach
limits are encountered,

d. Direct-Drive Mode - Direct drive control of the RMS is by the operator
command of individual joints, using hardwired commands from the D&C panel.
This is a contingency mode which bypasses the software when driving the motors
(software data are normally displayed).

e. Back-Up Brive Mode - Back-up ceontrol of individual joints by operator
commands through unique hardwired channels. No position data are displayved.

The combined operations of the six joints of the manipulator arm, through
one of the appropriate control modes above, enables the operator to move the
end effector in six degrees of freedom (3 degrees of motion in translation,

3 in rotation). The coordinate systems relating these travel directions are
shown in Figure 3-20. In the manual modes, the operator commands movement
of the end effector using the THC and RHC in the selected coordiaate system.
Operations in the automatic control mode will utilize the orbiter referenced
coordinate system,

RMS Software
The RMS software, under which most RMS operations arc performed, resides

in the orbiter general-purpose computer {(GPC). The RMS software performs the
following functions:
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* Translates operator commands into RMS arm operations and motions,
* Monitors RMS status

* Performs display computational tasks for information to the RMS
operator, Iincluding caution and warning.

Control algorithms contained in the RMS software convert operator commands
(normally input by the hand controllers at the D&C panel) into output rates
resolved for each joint of the arm. The rate demands to the joint servos are
output within limits defined according to arm and individual joint loading
conditions pregent at the time of computation.

Initialization Data

Parameters with which the BMS software is initialized may vary from flight
to flight, These parameters may be RMS hardware dependent {generally called
I-loads) or flight and payload dependent (generally called Level C data). The
hardware dependent parameters include: (a) end effector length, (b) hand con-
troller biases, and (¢) tachometer biases, etec, The flight and payload depend-
ent parameters include the following (nominal values for a 32K payload are
indicated:

Coarse Vernier
Maximum payload translation rate 0.2 fps 0.01 fps
Maximum payload rotation rate 0.0083 rad/sec 0.00415 rad/sec
Joint angle course rate limits - ——
Joint angle vernier rate limits - -

Payload to end effector trans-
formation matrix
Automatic trajectory parameters

The BMS initialization parameters (I-load and Level C) are identified in
8D 77-SH-00024, Level C Functional Subsystem Software Requirements (FSSR)
document. Some of these quantities can be changed on orbit through GPS key-
board input. To generate the payload dependent RMS software parameters,
payload characteristics should be provided approximately one year prior to
flight. These characteristics, and their allowable variations, are as follows:

* Payload mass to +10%

* Payload center of mass to -6 inches, defined in Payload
Coordinate System

» Moments of inertia about paylead principal axes to +10%
* Payload cross-products of inertia, to +10%

* Grapple fixture location(s) and installation orientationm,
in payload coordinates. If the payload has no preference,
NASA will select grapple fixture orientation. The grap-
ple fixture will normally bhe located within 5% (of payload
length) of the Y-Z plane of the payload center of mass.
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Downlist Data

A number of RMS parameters are on the GPC downlist. These measurements
are signals which are used directly or indirectly to provide data to the flight
computers, the RMS operator, the ground mission controllers, or flight planners
regarding the systems performance, component status, or condiiion of hardware
and/or software elements., Each measurement is given a unique identification
number to identify its signal source or location, sample rate, range, and
units. The available RMS downlist parameters are listed in SI) 77-SH-00024,
Level C Functional Subsystem Software Requirements (FSSR) document.

Orbiter Crew Station

The orbiter aft flight deck contains the primary stations for payload
deployment and retrieval operations. The RMS D&C is loeated at panel A-9 as
shown in Figure 3-21, All RMS D&C, including the hand controllers (but exclud-
ing RMS software initialization controls), are located st this port side of the
on~-orbit station. In addition, CCTV monitors and exterjor~viewing windows
are located at this RMS operator's station. The starbouard side of the an-orbit
station contains the displays and controls required for orbiter vehicle trans-
lation and attitude control. The mission station will contain the CRT and
keyboard utilized. to initialize the RMS software and checkout sequences and
to provide messages for operator information and action. Two aft windows and
two overhead windows are located to provide direct exterior viewing for two
operators at the on-orbit station,

Orbiter Exterior Lighting

The orbiter exterlor lighting in the vicinity of the cargo bay is described
in ICD-2-19001. This lighting is used to provide illumination to ald direct
and, at times, indirect (CCIV) viewing of payload handling and proximity opera-
tions. In addition to the cargo bay bulkhead and overhead lights, a light
is located on the wrist segment of the RMS arm, to provide illumination for
grappling or for illumination to areas that may be shadowed by elements within
the payload bay. This RMS light, along with a CCTV camera, is fixed-mounted
te the rolling member of the RMS wrist joint, as shown in Figure 3-22. The
RMS light brightness is 3 ft-candles at 30 feet, diminishing to 0.15 ft-candle
at 200 ft,

Closed Circuit Television (CCTV) System

The orbiter CCTV system is described in ICD-2-19001. The orbiter can
accommodate up to five CCTV camera locations within the carge bay. The stand-
ard locations are considered to be one of the mirror image positions on the
forward and aft bulkheads, plus one of four keel positons. In addition, the
RMS can accommodate two camera positions on the manipulator armj one wrist and
one elbow location. The CCTIV D&C panel at the aft crew station is used to con-
trol all exterior CCTV cameras, including serial operation of the two RMS
cameras, CCTV cameras are generally considered as kittable with any mix, up
to five cameras, installed to support mission requirements. These installa-
tions may ineclude, on occasion, cameras mounted on payload-provided cradies
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or hardware (utilizing orbiter junction and wiring capability) to support the
viewing requirements for the payload deployment or berthing operations. The
CCTV mounting location payload options are indicated in Fipure 3-23. All CCTV
cameras will haze zoom and iris control. In addition, the forward and aft
bulkhead cameras and the optional RMS elbow camera have pan and tilt control,
with pan and tilt angles displayed on the CCTV monitors. The TV cameras will
be capable of accommodating a range of lenses for special payload applica-
tions; the TV lenses may be removed and replaced prior to flight. The field
of view for the standard lens varies from approximately 48.0° diagonal, to
approximately 8,5° diagonal, when focused at infinity.

Beam Builder

The beam builder is under development by General Dynamics Convair Division.
The information on the following pages was taken from "Space Construction
Automated Fabrication Experiment Definition Study (SCAFEDS)" final report,
Volume II, Study Results, CASD-ASP77-017, dated 5-26-78.

The SCAFE beam builder is an automatic machine process which fabricates
beam assemblies from non-metallic materials stored within the machine. The
materials are preconsolidated thermoplastic graphite/fiberglass composites
which are manufactured in a convenient form for small volume storage. The
thermoplastic composite materials not only provide excellent properties for
space structures, but lend themselves to automatic fabrication techniques
because they are heat formable and can be joined by efficient spot welding
techniques.

The beam builder concept satisfies the following design criteria:

« Power utilization well within orbiter capability
+ Automatic quality control

* Least amount of material

* Fewest number of beam weld joints

» No growth limitations .

+ Low weight

Beam Builder Concept

The basic processes of the beam bullder are illustrated schematically
in Figure 3-24., The beam is constructed of three formed caps, joined to
channel-shaped cross-members, and stabilized with six zig-zag plyed tension
cord diagonals., TFabrication of this bheam requires these processes:

a. Storage. Flat strip material for {he caps and cross~members, and the cord
for the diagonals are stored by a process which provides safe, positive con-
tainment and dispenses the material with ease.
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b, Heating. The flat strip material for the caps and cross-members is fed through
a heating section in preparation for forming. The heating section applies heat
only to bend zones in order to conserve energy. The bend zones are heated to
the plastic state prior to entering the forming section.

¢. Forming. The heated caps and cross~-members are formed to the desired cross
sectional shape by the Convair-developed rolltrusion process.

d. Cooling. On exit from the forming process, the beam members are cooled to a
satisfactory use temperature before exposure to load.

e. Drive, The beam is moved through the fabrication process and deployed into
space by a drive mechanism on each cap member. The drive mechanism slso
provides the force necessary to extract the cap and cross-member material
from storage and pull it through the forming process.

f, Diagonal Cord Applicator. As the beam advances through the fabrication process,
the diagonal cord members are plyed across each face of the beam. The cords
are properly fensioned and positioned for joining.

g. Cross-Member Positioner. Before the finished cross-members are cut to

length, a positioner grasps the member. After cutoff, the positioners rotate
and translate the cross-members into position for joining to the caps.

h. Joining, When the cross-members are positioned and the cords are positioned
and tensioned, the joining process permanently joins the beam elements together.

f. Cutoff, Cutoff devices are required to cut ecross-members to length and to cut

off finished lengths of beam.

+



Salellite Systems Division ‘ Rockwell
Space Systems Group International

The cyclic-feed beam buillder (Figure 3~24) operates for a 40~second run
period during which the caps and beam are advanced at 2.2 m per minute. After
1.434 m beam extension, a pause of 40 seconds is made for cross-member and
diagonal cord attachment. During the pause period, the formed cross-members
are grasped by the positioner, cut off, and positioned on the caps. The
diagonal cords are aligned between the ca, and cross-member by the cord feed
mechanisms and the cord and cap are ultrasonic weld joined to the cap. The
beam builder then reveats the operating cycle. The configuration of the machine
is shown in Figure 3-25, :

/CAP FORMING & DRIVE SECTION
GROSS MEMBER POSITIONER

CORD STORAGE SPOGL

BEAM CUTQFF SHEARS

RADIATOR

CROSS MEMBER
STORAGE & FEED CLIP

CORD PLYER

ULTRASONIC WELD HEAD

A

DIAGONAL CORD /

Figure 3-25. SCAFEDS Beam Builder Concept

Preliminary Design Description
Preliminary performance data are summarized in Table 3-3,

Cap Forming Machine Subsystem

The carp forming machine assembly contains all elements necessary to continuously
process flat strip glass/graphite/thermoplastic material into the baselin-e cap config-
uration. Approximately 918 m of material is coiled in the roll retained in the storage
canister. The roll turns freely on bearing-mounted rollers and unwinds uniformly as
material is used. The canister is in two halves, with one half hinged to permit the
material roll to be inserted. When the canister is closed and latched, an access panel
in the hinged half is opened to allow the material to be manually routed over the heating
section guide rollers into the forming section manual feed rollers.
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Table 3-3. Beam Bullder Preliminary Design and Performance Data

DROCESS OR LIMITS OR
SUBSYSTEM PARAMETER TOLERANCE
Material Storage | Roll 0,D, 121.4 cm Max
Roll I.D. 60 cm Min
Roll Length 918.2m
Roll Width 19,05 cm
Roll Weight 262.2 kg
Heating Temperature Limits:
Ist Stage 482°K
2nd Stage 707°K
Forming Section T07°K
Start-Up Time 430 seconds
Forming Forming Section Length
Max, Forming Rate Not Determined
Cooling Actuation Time 0.2 seconds
Actnator Stroke 0,32 em
Max, Cooling Time 12 seconds
Drive Cap Stroke Tolerance + TBD
Cap Speed 3.585 cm/sec
Max, Acceleration 1.3 em/sec?
Max, Force Capability 533N
Max. Force Required 311N
Run Time 40 seconds
Pause Time 40 seconds
Cord Storage Cord on Spool:
Length 1219 m
0.D. 13.12 cm
I.D. 7.62 cm
Width 13,12 em
Weight per Spool 2,13 kg
. Spool Drag Torque 96.5 = 5.6 N-cm
Cord Tensioner Tensioning Force 44,5 £ 8.9 N
Spring Stroke 2l.2 cm
Spring Load Rating 89 N
| Max. Cord Speed 11.3 em/sec
" Pulley Diameter 7.1 cm

Cord Plyer

Travel Speed
Pulley Diameter
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Table 3-3. DBeam Builder Preliminary Design and Performance Data (Cont.)
PROCESS OR LIMITS OR
SUBSYSTEM PARAMETER TOLERANCE

Clip Storage Capacify 650 pieces
and Feed Weight of Cross-Members 79.8 kg
Feed Rate 0.4 em/sec
Crosgs-Member Time to Position Cross-Member 3 sec
Positioner Separation Time 1 seq
Return Time 4 sec
Welding Stroke 4 cm
Mechanism Time to Engage and Pierce 3 gec
Time to Engage for Weld 0.2 sec
Weld Time 2 sec
Cooling Time 1 sec
Retraction Time 3 sec
Cutoff Mechanism { Time to Engage and Shear 1 sec
Time to Retract 1 sec

The heating section is partially built into the storage canister with resistance strip
heaters and parabolic reflectors mounted on the access panel. The heating section ex-
tends from the access panel up to the point where the material starts to form.

The material passes from the heating section through the forming section. The
rolltrusion forming section is also equipped with strip heaters which heat the partially.

formed material in preparation for start-up of the machine,

The material then passes from the forming section into the cooling section where it
is contact cooled by aluminum platens. Cooling fluid is supplied to the inside cooling
platens and expelled as waste heat by an independent cooling system in the beam builder.
Waste heat is also extracted from the heater reflectors by the cooling fluid loop. The
cooling platens cool one bay length of eap section during the 40-second pause period.

The drive section has four friction-drive rollers which provide the necessary pull
force on the cap to draw the material from the storage roll through the heat/form/cool
sections, The three cap drive sections also provide the push force to advance the beam
out of the beam builder.
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Cross-dember Subsystem

The cross-member clip is constructed of machined aluminum sections. Two mating
center support panels are joined by two end piece assemblies to form the basiec clip
structure.

The stack of eross-members is supported and fed to the beam assembly process by
four timing belts, The clips are indexed on the belts by serations on the mating sur-
faces of the belts. The belt drive and belt pulleys are mounted on the center support
panels, The clip holds. 650 eross~members.

The clip is loaded and assembled by laying the stack of cross-members on one of the
center support/belt drive subassemblies. The second center support/belt drive sub-
assembly is then layed on ihe stack and all belts inspected for proper mesh with the
cross~members. The end pieces, which consist of two mated halves, are bolted to the
center supportis,

The feed drive is a redundant motor‘drive which provides simultaneous oufput to all
four feed belts. The retainer mechanisms at the output end of the clip are described
below,

Mounting pads on the inboard center support allow the clip assembly to be bolted fo
the beam builder structure.

The cross-member positioner/handler mechanism transports one cross-member at
a time from the storage clip to the installation position on the beam. During the run
period, when the beam is advancing one bay length, the positioner/hendler is fully
retracted with the handler below the plane of the beam side. This allows the last
cross-member installed o clear the handler and also allows the cord plyers to pass
over the handler/positioner.

At some time after the cord plyers have completed their stroke, each position arm
is rotated and translated into position for receiving the next eross~-member from the
clip, The cross-member retainers on each end of the next crogs-member are retracted
and the clip drive stepper motors are activated., When the stack has moved about 0.4
cm, a sensor in the cross-member handler is triggered. This causes the clip drive
motors o stop and cross-member refainers to engage and retain the next fo last
eross-member. The fingers on the handler also close and grasp the next cross-mem-
ber to be installed.

The cross-member positioner arm is rotated and translated to remove the cross=-
- member from the clip and lay it in proper position for welding to the cap members.
After welding is complete, but before the beam is advanced, the handler fingers are
opened and the positioner arm rotated to drop the handler below the plane of the beam
side.
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Diagonal Cord Applicator Subsystem

The cord plyer mechanism consists of six reciprocating cord plyer subassemblies.,
Each plyer is driven along a guide beam by a motor-driven ball reverser lead screw.
Each guide beam is equipped with position sensors to monitor the six positions of each
cord plyer. Cord is supplied to each plyer from a storage spool over a series of
pulleys, The inboard pulleys on the cord plyers are mounted on swivels to allow the
cord to be properly aligned as the cord plyer changes position, '

Forward and aft cord plyers permit the two cords on each side of the beam to be
applied without interference between the moving plyers. The aft cord plyers have a
longer stroke than the forward : » d plyers because they are set back 13.5 cm from
the forward cord plyers, This requires more lateral motion to achieve the required
angle between the cord and the caps.

The forward cord plyer must always complete iis stroke to the outboard position
ahead of the aft cord plyer fo avoid a collision with the cord of the aft plyer at the
apex of the beam. Similarly, the aft cord plyer must always move from the outhoard
position first.

The forward and aft cord plyers each have redundant motor drives. Two of the
three lead screws are motor driven while the third is driven at either end by a flexible
drive shaft. Should one of the two drives fail, the other would drive all three lead
serews. The cord plyers are all driven at an average velocity of 10.7 cm/sec,

The cord tensioner mechanism operates in two modes. The first mode is the supply
mode where cord passes freely from the storage spool to the cord plyers. The second
mode is the tensioning mode whereby the free-turning capstan is stopped and held by an
electric-operated clutch brake. This causes the traveling pulley fo extend under the
force applied by the constant-force spring. A tension force equal to one-half the spring
force is thus applied to the cord. Total spring force is measured by a force transducer
attached to a guide pulley.

A cord tension force of 44.5 = 8.9 N is applied io each cord during assembly, This
preloads the cords sufficiently to preclude any slackening or over tensioning due to
thermal and deflection effects. The +8,9 N variation limits the theoretical twist and
deflection in the beam to less than 1.2° of twist and 0.5 cm of tip deflection for a
200 m beam.

The stroke of the traveling pulley assures that a constant force is maintained on
the cord throughout the assembly sequent, As the cord plyers move from the outboard
position fo the ready-to-weld position, the traveling pulley automatically compensates
for the change in cord length.
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As the beam siarts to advance in the beam builder, the cord tensiouers are in the
free feed mode and the forward cord plyer drive is activated. A 3-second delay is
provided before start of the aft cord plyer drive so that the forward cord plyers reach
thelr outhoard position first.

The cord plyers stop at thelr outhoard positions and, after 23 seconds, the cord
tensfoner capstan brakes are applied. The beam drive thus applies the necessary force
to extend the cord tensioner constant force springs to the proper stroke.

After the beam is stopped and the cross-members {0 be attached are in position, the
ultrasonic welding heads are advanced and activated momentarily to allow a pin on each
weld head 1o plerce the cross-member and cap just below each cord. When the piercing
is completed, the aft cord plyer drive i{s activated. A 2-second delay permits the aft -
cord plyer cords to move clear of the forward cord plyers before the forward plyers
start to move. The forward and aft cord plyers move to the ready~to-weld position
while the cord tension is maintained by the cord tensioning mechanism,

At the ready-io-weld position, the cords have been strung over the piercing pins
and are at their final assembled angle to the beam caps. At the conclusion of the
welding operation, the cord tensioner capstan brakes are released and the nexi cycle
is ready to begin.

Beam Welding Subsystem

The beam welding mechanism has six ultrasonic weld head asremblies which
are driven in pairs by a redundant motor drive for each pair. The three weld
head positions are: (1) fully retracted to allow the cross-members to be
pusitioned by the cross-member positioners; (2) pierce position, where the
piercing pin on each weld horn has penetrated the cross-member and cap; and
(3) the weld position, where the weld horn is engaged and properly loaded to
enable the welds to be accomplished.

Each weld horn 1s equipped to perform two dimple spot welds and one
speclal cord capturing weld simultaneously. The weld hornsact against
internal anvils, which are extended against the inside surface of the caps
by a common dual motor-driven cam mechanism. The weld station is supported
and sized by the combined action of the weld anvils and the beam support
rollers located on the centerline of the weld station. A spring cartridge on
each anvil actuator-rod limits the engagement force. The weld anvils are
retracted to allow the weld dimples to pass and to minimize frietion drag on
the caps.

Beam Support Subsystem

The beam is supported at two stations by precision located metal rollers.
The roller support stations fall on the centerline of the beam cross-members
when the beam builder is in the assembly pause mode. The rollers maintain
beam straightness during assembly and react bending moments during beam
extension,
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Coolant Subsystem

The coolant (F-21 or equivalent) is circulated through the cooling platens
and heater reflectors in the heating and forming sections of the three cap
forming machines. The coolant removes an estimated 448 watts total [rom the
platens and veflectors, The high temperature coolant then flows through the
radiator panel where the excess heat is radiated to space. The radiating
area is sized to reject the 448 watts cooling load under maximum solar heat
influx conditions, The silver backed teflon tape provides high emlittance and
low absorptance to minimize the thermal Impact of solar heatiog.

The pump operates with a power demand of 58 watts, Overall system weight
is estimated to be 15.3 kg.

The radiator for this system {s mounted to one of the ¢lip housings., The
remaining components are installed inside the beam bailder structure beneath
the clips.

Beam Cutorf sSubsystem

The beam cutofl mechanism shears cach cap and cord member to separate a
complete beam from the beam builder. The clamping device is normally retracted
to allow the cross-members to travel past the outer clamps.

In preparation for beam cutoff, a short cutoff bay (60 cm) Is manufactured
by the beam builder. The cords are layed along the caps within this short bay
rather than crossing over in diagonal directions as they do In normal bay
construction, The short bay is advanced to the point where the cutoff shears
are in the center of the short bay as the next complete bay is in assembly.
When the next bay is assembled, the beam builder sequence is interrupted to
permit beam cutoff and beam builder or platform repositioning,

Dual motor drives operate each cutter. As the actuators are extended,
the clamps engage the internal backup mechanism and foree the backups into
position. The shear blades are spring loaded to allow the c¢lamps to tully
engage before the shear blades penetrate the cap., The shear blades are then
driven through the caps as the actuators contimue to extend. This also shoars
the cords as they lay along the sides of the cap.

Beam Builder Structural Subsysten

The beam builder structure is composed of welded aluminum elements, A
preliminary analysis indicates a weight of 06b0 kg for the complete assembly,

The structure consists of three major segments: a forming section support,
a central "spider", and an assembly section support. The Torming section sup-
port is a trussed hexagonal system whose external surfaces provide support for
the three machine storage/forming sections and the throe cross-member storage
clips, To maintain precise alignment of machine clements, iocal pads, machined
after weld completion are provided at machine/structure interfaces.
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The central spider is a three-legged box structure providing a transition
load path from the internal forming section support to the external portions of
the assembly section supports. It also provides an interface with the beam
builder roll/turn positioning mechanism as well as supporting three canti-
levered internal support beams and a support pedestal for the crossimembes
handler and weld anvil actuators.

The three external beams in the assembly section support provide mounting
for the cord plyer/tensioner mechanisms, the ultrasonic weld station, the cut-
of f mechanism, and guiderollers at the weld and exit stations. One of these
three beams also supports the beam builder/assembly jig latch system. As a
consequence of this eccentrle support, the three beams are connected by a
cross-bracing system to provide system torsional rigidity, particularly needed
in view of the reduced beam section, near the spider attachment plane, to
accommodate cord plyer imstallation.

Beam Builder Support Subsystem

The support subsystem includes the mechanisms and controels which support
the beam builder during platform fabrication.

A handling arm assembly attaches to the spider section of the beam builder
structure. The handling arm is connected to a mechanism on the assembly jig
which positions the beam builder.

A longitudinal beam latch mechanism aligns and couples the beam builder
with the assembly jig. It provides the added support necessary to prevent
relative motion between the beam builder and assembly jig during longitudinal
beam fabrication. A cross-beam latch mechanism is also required to align and
support the bheam builder during cross—beam fabrication.

B. CONSTRUCTION FIXTURES

The fixturc plays a very significant role in the construction on any
larpe project. As such, it in most applications is designed specifically
for a particular project. The three projects which were the basis for this
data base were sufficiently different in their structural and systems instal-
lation approach to require unique construction fixtures. The descriptions of
these fixtures which follow are provided so that the data base user has all
the information pertinent to the construction methods described in Section II.

SPS Test Article Fixture

The construction fixture concept for the fabrication and assembly of the
SPS test article is illustrated in Figure 3-26. The fipure consists of a
gtructure to which the test article retention arms, beam positioner, and
rotational handling device are mounted. The rotational handling device sup-
ports the beam builder during fabrication, and also supports other special
construction devices. The test article translation is accomplished hy provid-
ing articulation of the retention arms which permits the cross—beams to be
"stepped" through the retention arms during the translation operations.
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The total construction fixture is attached to the orbiter via a berthing
port and appropriate structural members to raise the fixture to permit trans-
lation of the completed SPS test article.

Erectable Advanced Communications Platform Construction Fixture

The construction fixture developed for the assembly of the erectable
communications platform conmcept is illustrated in Figure 3-27. The fixture
consists of a single post/guide rail that supports the translation cradle.

The guide rail/translation cradle assembly is supported from the orbiter.

The translation cradle supports struts in their proper relationship during
assembly and also provides the capability to translate the total platform

the distance of one pentahedral bay. Platform supporting clamps secure the
platform to the post of the upper end of the support post, permitting the
translation cradle to release the platform and return to the assembly location.

The thrust structure support cradle locates and supports the thrust
module attach tripods in their proper relationship. A rotation capability of
of thrust structure support cradle permits the assembly of the thrust module
support pods to within the reach envelope of the orbiter RMS,

Space-Fabricated Advanced Communications Platform Construction Fixture

The construction fixture for the tri~beam structure is illustrated in
Figure 3-28, and provides the support and location of the heam builders
during fabrication, the support and tramslation capability of the platform,
the location of the cross~beams, and the provisions for the attachment of
the cross-beams to the longitudinal beams via welding.

The translation of the project system is accoﬁplished by providing articu-
lation of the holding arms, thus permitting the cross-beams to be stepped
through the holding arms during the translation operation.

Cross—beam positioning devices accept the fabricated beams from the RMS
and precisely locate the beams for attachment. After the tri-beam structure
has been completed the beam builder support arm and the beam positioner sup-
port structure are removed, thus clearing the fixture for the installation
of the subsystems.
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SECTION IV
INDEXES

Section II indexes the 76 construction methods (22 operations) by project
(Erectable, Space-Fabricated, or Deployable), This section includes indexes
by Function (Table 4-~1), Item (Table 4-2), and Method/Key Equipment (Table 4-3),
These titles are the various headings associated with code number explained
in Figure 1 of the Introduction.

Table 4-1, anction_ Index

FUNCT I ON CODE NUMBER OPERAT | ON
01  DEPLOY
02  FABRICATE -
03  TRANSPORT 01 0301.1 TRANSPORT BEAMS
04  POSITION
05  JOIN 01 0501.1 BERTHING PORTS
01 0501.2 THRUST STRUCTURE
01 0501,3 SWITCH BOX ATTACH FITTINGS
02 0501,1 STRUTS/UN | ONS
02 0501.2 "~ THRUST-STRUCTURE
06  INSTALL 0] 0601.1 CROSS-BRACING WIRES
01 0603.1 ELECTRICAL LINES
01 0604,1 SYSTEM CONTROL MODULE
01 0604,.2 RCS MODULES :
01 0604.3 INSTALL ANTENNAS
01 06044 SEPS MODULES
01 0605,1 SOLAR BLANKETS
02 0601.1 RCS & STRUCTURE
02 0603.] WIRING & J-BOXES
07  CONNECT 01 0703.1 CROSS-BEAM ELECT./J-BOXES
01 0704.1 ANTENNA ELECTRICAL
08 SERVICE . 01 0804.1 CMG's
09  QUALITY .01 0901.1 " STRUCTURE AL|GNMENT
ASSURANCE 01 0903.1 ELECTRICAL CHECKOUT
01 0904.1 ANTENNA AL[GNMENT




Table 4-2,
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Item Index

01

02

03

04

05
06

07

I TEM

STRUCTURAL ELEMENTS

ASSEMBLIES

WIRING/LINES

MODULES

BLANKETS/MEMBRANES

SYSTEM

COMPONENTS

CODE NUMBER

01
0t
01
01
o1
01
02
02
02

0%
01
0]
02

0}
01
01

ot

01
0l
02

01

0301.1
0501,1
0501,.2
0501.,3
0601.1
0901.1
0501.1
0501.2
0601.,1

0603.1
0703.1
0903.1
0603.1

0604,1
0604,2
0604.3
0604. 4
0704, 1
0904.1
0804, 1

0605.1

OPERATION

TRANSPORT BEAMS

JOIN BERTHING PORTS

JOIN THRUST STRUCTURE

JOIN SWITCH BOX ATTACH FITTINGS
INSTALL CROSS-BRACING WIRES
STRUCTURE ALIGNMENT

JOIN STRUTS & UNIONS

JOIN THRUST STRUCTURE

INSTALL RCS & STRUCTURE

INSTALL ELECTRICAL LINES

CONNECT CROSS-BEAM ELECT/J-BOXES
ELECTRICAL CHECKOUT

INSTALL WIRING & J-BOXES

INSTALL SYSTEM CONTROL CENTER
INSTALL RCS

INSTALL ANTENNA

INSTALL SEPS

CONNECT ANTENNA ELECTRICAL
ANTENNA ALIGNMENT

SERVICE CMG's

INSTALL SOLAR ARRAY BLANKETS
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Table 4-3, Method/Key Equipment Index

METHOD/KEY EQUIPMENT  CODE NUMBER OPERATION
01 EVA % 01 0601.1 CROSS-BRACING WIRES
(5/3) % 0] 0603.] ELECTRICAL LIMES
% 01 0603.1 ° ELECTRICAL LINES

01 0704.1 ELECTRICAL CONNECT ANTENNAS
02 0501.1 JOIN STRUTS/UNIONS

02 MMU % 01 0301.1 TRANSPORT BEAMS
(]]/8) 01 0501.1 BERTHING PORTS
#« 01 0501.3 SWITCH BOX ATTACH FITTINGS
01 0501.3 SWITCH BOX ATTACH FITTINGS
% 01 0601.1 CROSS~BRACING WIRES
% 01 0703.1 ELECT CONNECT X-BEAMS/J~BOX
% 01 0704.1 ELECTRICAL CONNECT ANTENNAS
;02 0501.2 THRUST STRUCTURE
% 02 0601.1 RCS & STRUCTURE
* 02 0601.1 RCS & STRUCTURE
% 02 0603.1 WIRING & J-BOX

03 CHERRY PICKER % 01 0301.] TRANSPORT BEAMS
(13/11) % 01 0501.1 BERTHING PORTS
% 01 0501.3 SWITCH BOX ATTACH FITTINGS
01 0501.3 SWITCH BOX ATTACH FITTINGS
% 01 0604.2  RCS MODULES
% 01 0604,2 RCS MODULES
% 01 0604.3 INSTALL ANTENNAS
% 01 0704.1 ELECT CONNECT ANTENNAS
% 02 Q501.1 JOIN STRUTS, UNIONS
% 02 0501.2  THRUST STRUCTURE
% 02 0501,2  THRUST STRUCTURE
02 0601.1 RCS & STRUCTURE
% 02 0603,] WIRING & J-BOXES

04 RMS % 01 0301.i TRANSPORT BEAMS
(23.10) 01 0301.1 TRANSPORT BEAMS
01 0301.1 TRANSPORT BEAMS

% 01 0501.2 JOIN THRUST STRUCTURE
01 0501.2 JOIN THRUST STRUCTURE
* 0] 0604.1 SYSTEM CONTROL MQDULE
* 01 0604.1 SYSTEM CONTROL MODULE
01 0604.) SYSTEM CONTROL MODULE
01 0604,2 RCS MODULES
* 01 060%4.3 INSTALL ANTENNAS
01 0604,3 INSTALL ANTENNAS
01 0604.4 SEPS MODULES
: 01 0604.4 SEPS MODULES
01 0604.%4 SEPS MODULES
01 06044 SEPS MODULES
01 0604.4 SEPS MODULES

b

sh
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Table 4-3. Method/Key Equipment Index (Cont.)

METHOD/KEY EQUIPMENT  CODE NUMBER OPERATION

04 (Cont.) 01 0703.1 ELECT CONNECT X-BEAMS/J~BOX
* 02 0501.1 . JOIN STRUTS, UNIONS
* 02 0501,1 JOIN STRUTS, UNIONS
02 0501.2  THRUST STRUCTURE
© 02 0501.2 THRUST STRUCTURE
% 02 0601.1 RCS & STRUCTURE
02 0603.1 WIRING & J-BOXES

05 CRANE/BOOM % 0] 0301.1 TRANSPORT BEAMS
(3/2) % 01 0704.] ELECT CONNEGT ANTENNAS
01 0704.1 ELECT CONNECT ANTENNAS
06 SPECIAL ToOL % 01 0501.1 BERTHING PORTS
(7/5) % 01 0501.1 BERTHING PORTS
01 0501.1 BERTHING PORTS
% 01 0605.1 SOLAR BLANKETS

% 02 08041 SERVICE CMG's
% 02 0804,1 SERVICE CMG's
02 0804,1 SERVICE CMG's

07 SELF-ACTUATING 01 0604,1  SYSTEM CONTROL MODULE

(2/0) 01 0704.1  ELECT CONNECT ANTENNAS
08 ELECT /0 * 01 0903.1] ELECTRICAL C/0
- TESTER 01 0903.1 . ELECTRICAL C/0
(3/1) 01 0903.1 ELECTRICAL C/0

09 MISCELLANEOUS 01 0501.2  JOIN THRUST STRUCTURE

(5/4) # 0] 0901.1 STRUCTURAL ALIGNMENT
. 01 0901.1 STRUCTURAL ALIGNMENT

01 0904.1  ANTENNA ALIGNMENT

01 0S04.1  ANTENNA ALIGNMENT

e
o

%

10 CONSTRUCTION 01 05071.3 SWITCH BOX ATTACH FITTING
FIXTURE % 0] 0601.1 CROSS BRACING WIRES
(4/3) % 01 0604,2 RCS MODULES

* 01 0703.1 ELECT CONNECT X-BEAMS/J-BOX

TOTAL (76/47)

NOTE: THE NUMBERS IN THE METHOD/KEY EQUIPMENT COLUMNS REFER TO THE TOTAL
NUMBER OF TIMES IT HAS BEEN LISTED AND THE NUMBER OF DEFINED METHODS USING
IT, RESPECTIVELY, THE "OPERATIONS' WITH THE ASTERISKED CGDE NUMBERS ARE
THOSE WHICH ARE DEFINED IN SECTION 11,




