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FOREWORD

This document was prepared by Martin Marietta Corporation under contract

NAS9-15120, Orbital Construction Support Equipment Study, for the Johnson N
Space Center of the National Aeronautics and Space Administration and is
submitted in accordance with Data Procurement Document Number SE~302T, Data oo
Requirements List Number T 1094. } =
3
Comments ot requests for additional information should be directed to: i
- Samuel Nassiff, EW4 Lo
Contracting Officer's Representative .

Johnson Space Center
Houston, Texas 77058
Telephone: 713-483-4483

e

;
+
or: i
J. Robert Tewell i
Program Manager 3
Martin Marietta Corporation :
Denver, Colorado 80201 1
Telephone: 303-979~7000, Ext. 2956 1
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1.0 INTRODUCTION

This report presents the results of the Orbital Construction Support
Equipment (OCSE) study, Contract NAS9-15120, and describes the particular

task activities conducted to achieve those results.

The objectives of the
study were to produce a conceptual design and system definition of the OCSE

required for the construction in orbit of large cpace systems, typified by

the Solar Power Satellite (SPS) proposed configurations, and to derive sup-
porting development and cost data.

The Solar Power Satellite is several orders of magnitude larger than

any prior system launched into orbit, or even fabricated and assembled on

the ground. Thus, based on transportation costs, high density material

will be launched and a significant amount of on-orbit fabrication and as-

@;;_.ﬁ_mu_.m_hﬁ.ﬁ..asa.ﬂ‘mzmﬂmnmu“. T rm———

sembly will be provided Ly on-orbit construction equipment. This equip-

i

ment will have to be assembled, positioned, set up, controlled, monitored,

serviced, and maintained with specially~trained p.rsonnel locsted at the

construction site. The special equipment required to perform these types

of functions has been classified as Orbital Construction Support Equipment
(OCSE).

Present indications are that many diverse support equipments will

be required and, although the specific equipment may be dependent on the

T

nature of the large space structure system to be constructed, the basic

principles of construction are such that much of the support equipment is

common. This equipment commonality factor was stressed throughout the
study effort.

Three SPS baseline configurations, shown in Figure 1.1, were selected
by the NASA for application to this study. These corcepts~--the Photovol-~
taic Column/Cable SPS, the Photovoltaic Truss-type SPS, and the Thermal

Engine §PS, represent the typical spectrum of present SPS configurations.

The SPS systems have been structured 2s illustrated in Figure 1-2.
Analyses and/or desigh studies have been or are being conducted, both in-
ternally by the NASA and contractually by industry for each element of the
system to vasrving degrees. As the figure indicates, this study addressed

only the Orbital Construction Support Equipment portion of the system.
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The study consisted of three major parts as described in the following .

[P, VR

paragraphs. Figure 1-3 depicts the overall study flow and shows the inter-

relationship of the individual parts,

1.1 Part I-—-Requirements Analysis i

sk

During Part I of the study, requirements were defined and categorized

e

into system requirements which bound the study, support requirements for
orbital construction of large space systems, and mission support equipment

requirements for three SPS concepts--solar photovoltaic column/cable, solar

photovoltaic truss and thermal engine SPS. These requirements were further
defined by developing construction mission scenarios and associated func~
tioral activities analyses, and comparing the data with the on-orbit opera-
tions capability of man, The result of this activity aided in identifying
the construction equipment necessary and in defining the support require-

ments of that equipment.
1.2 Part II--0CSE Concept Definition

Concept alternatives for the total range of support systems were develop-
ed which satisfied those requirements defined in Part I. An iterative ap-
proach was used to match the functional support activities derived in Part
I with the OCSE candidates to assure all viable options were considered.

Once equipment concepts were identified, integrated conceptual systems

v
B T T S D A DN ST S

were derived which best combined the construction crewman, support equip-
ment, and automated constructior equipment. The emphasis on system integra-
tion was to build complete systems that illustrate OCSE concepts which offer

various technical, operational, and programmatic advantages. i
1.3 Part III--OCSE Concepts Evaluation/Selection

During the final part of the study, the concepts developed and screened

in Part II were analyzed in sufficient detalil to reduce the number of OCSE

N VR

items to the most justifiable for further evaluation. The selected concepts |
were defined analytically and graphically in sufficient detail to provide
for the preparation of estimated costs and development plans. An important

portion of the plan was the identification of OCSE for an operational SPS
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and the relationship to the use of developmental OCSE in the build—up and
testing of the SPS "Pilot Plant." The final output of this study was the
selgction and recommendation of a representative OCSE element for pussible

follow-on design, fabrication, and development testing.
1.4 Program Guidelines and Assumptions

The number and diversity of SPS definition studies currently being
conducted within the NASA and by industry for the NASA, and the consequent
continuing evolution of concepts and 8esigns, make it mandatory that mean-—
ingful study guidelines be established and maintalned. Program guidelines
and assumptions provided by the NASA at the start of the study have been
‘utilized throughout to define and bound the effort. As with any undertaking
of the magnitude of the SPS program, the guidelines used can be very in-
fiuential on the final results. Therefore, the ground rules must be clearly

defined to provide a common understanding of study requirements,

The program guidelines and assumptions established for this study

are as follows:
a) Construction date of the first operational SPS will be 1995.

b) SPS construction will be supported by a space construction base
which provides for the needs of the construction crew, provides an opera-
tions center, provides logistics storage and control, and provides the

facilities for any service required by the construction support equipment.

c¢) Construction of a solar power development laboratory (SPDL), for
this study referred to as a "pilot plant,” will begin in low earth orbit
in 1985 using the same construction techniques as planned for the opera-
tional SPS. The purpose of the pilot plant is to provide an R&D capability
to assess all the critical elements that require evaluation or demonstra-
tion, including construction and associated support equipment operation.
Potential differences between pilot plant (in LEO} and SPS (GEQ) opera-
tions should be taken into consideration; that is, scale factor differences

of 15 to 1 and day-night cycle perturbations should be identified.

d} Pilot plant construction will be supported by a space construction
base which provides services for the pilot plant in the same manner as that

for the SPS.

I-5
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e) The OCSE to bte defined in this study is for support of the opera-
tional 8PS. 1In order to accomplish the objectives of the earlier pilot
plant, OCSE used in its construction should be as near like the eventual

operational SP§S equipment as possible.

f) Initial state of the art technology shall be that which is avail-
able in 1980. Design improvement for SPS construction support can consider

1990 technology.

g) OCSE used in the construction of the SPDL shall be compatible
with the Shuttle Transportation System. 8PS construction requires a new

heavy 1ift launch vehicle (HLLV) and other orbital transfer vehicles.,

h) Study effort will not be expended to originate designs for con-
struction/fabrication equipment, but will utilize designs from companion

studies in order to derive OQCSE requirements.
1.5 Design Guidelines

In addition to the program guidelines defined for the study, several
design guidelines were established to provide assistance in the formulation
of OCSE concepts. The design guidelines supplied by the NASA to Martin

Marietta are as follows:

a) Three SPS configurations chosen by JSC will be used for this
study--solar photovoltaic column/cable concept, solar photovoltaic truss

concept, and thermal engine concept.

b) The OCSE shall be designed for repeated use in the construction

of a number of large space systems,

¢) The entire construction system will operate in a zero-gravity en-

vironment.

d) Pressurized equipment (other than suits) shall be designed to
accommodate a nominal 14.7 psi, earth-like atmosphere. Systems may be
operated at lower internal pressures to reduce or eliminate prebreathing

time if proved advantageous for extensive suited extravehicular operations.

e) Support vehicle crew size shall be a function of support require-

ments, Isolated EVA crewmen shall operate in pairs.

I-6
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f) Concept design shall emphasize functional performance rather than

such things as redundancy, environmental control and power supply which

will be investigated only to the extent hiecessary to determine major im-
pacts on the OCSE concepts.
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2.0 SUMMARY AND CONCLUSIONS s

2.1 Summary

-~

The three major parts of this study are summarized in Figure 2.1-1.

In Part I, approximately 200 separate construction steps were defined for

T S A Y

the three SPS concepts. Detailed construction scenarios were developed r
which described the specific tasks to be accomplished and identified general

equipment requirements. The scenarios were used to perform a functional

analysis, which resulted in the definition of 100 distinct SPS eiements. f
These elements are the components, parts, subsystems, or assemblies upon ‘
which construction activities take place. Table 2.1-1 shows the major SPS

element for each configuration. For those elements, 300 functional require-

ments were identified in seven generic processes. Cumulatively, these processes

encompass all functions required during SPS construction/assembly. Individually

T T S, STy I

each process is defined such that it includes a specific type of activity. Each

SPS element may invelve activities relating to any or all of the generic
processes. Figure 2.1-2 lists the processes and shows an example of the require-

ments defined for a typical element.

PART I--REQUIREMENTS ANALYSIS

Objectives and Definitions
SPS Concepts

Construction Scenarios
Functional Analysis 1
OCSE Requirements L,

PART I11--OCSE CONCEPT DEFINITION

Concept Development
System Integration ¥
Design Definition oh
Preliminary Screening

PART ITI--0CSE CONCEPTS EVALUATION/ o
SELECTION -

Trade Studies <
Concepts Selection -
Conceptual Designs
Cost/Schedule Data

*o® e
Ny

FPigure 2.1-1 Study Overview
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Table 2.1-1 Major SPS Elements
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COLUMN/CABLE SPS

TRUSS TYPE SPS

THERMAL SPS

STRUCTURAL SUPPORT

¢ Main Columns
o Cable System
- Main Cables
- Prime Cables
- Suspension Tapes
- Peripheral Cables

STRUCTURAL SUPPORT

e lLongitudinal Columns
e Transverse Beams
8 Tension Cables

POWER CONVERSION SYSTEM (PCS)

e Cavity Absorbers

e Turbo Machines

o Power Distribution
e Radiators

e Fluid Piping

SOLAR ENERGY COLLECTION SYSTEM

SOLAR ENERGY COLLECTION SYSTEM

SOLAR_CONCENTRATOR (SC)

(SECS)

e Solar Cell Blankets
¢ Concentrator Blankets

(SECS)

e Solar Cell Blankets
# Concentrator Blankets

e Support Styuts

e Concentrator Framework
Structure

o Support Structure

e Reflector Facets

¢ Facet Steering Control

MICROWAVE POWER TRANSMISSION

SYSTEMS (MPTS)

Column Extension Structure
Ball Joint

Support Structure
Microwave Subarrays
Operational Equipment

- Phase Control

- Power Distribution

- Pointing Control

- Counterweight System

MICROWAVE POWER TRANSMISSION

SYSTEMS (MPTS)

8 Extension Support Structure
e Rotary Joint

Support Structure

Microwave Subarrays
Operational Equipment

- Phase Control

- Power Distribution

- Pointing Control

MICROWAVE POWER TRANSMISSIGN
SYSTEMS (MPTS)

# Rotary Transformer Assembly
e Support Structure
e Microwave Subarrays
e Operational Equipment
- Phase Control
- Power Distribution
- Pointing Control

AUXILIARY EQUIPMENT.

¢ Attitude Control

¢ Instrumentation & Communica-
tions

e Counterweights

AUXILIARY EQUIPMENT

e Attitude Control
e Instrumentation & Communica-
tions

AUXTLIARY EQUIPMENT

e Attitude Control
o Instrumentation & Communica-
tions

s L T A
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Diement Characterstics Generic Processes
5Ps Rass Transport Handle Fasten Monitor Checkout
Element WnitTotal) Configuration Process Cycles Attachment Constraints!
Distance Considzrations Distance Support Regmis. Task Cescription Parameter Parameter
Electrical Conductors | 63 ka/m
{Between Joint & SECSH €C: 47,250 kgtlcic: 17 em dia CIC: 4 tines |CIC: IF TojTranspoertable OnjJoint To | Transported Between Guick Disconnect  |Corductor Cable [Flectrical
Conductor 750 m fong each Per MPIS{ MPTS- Reels: SICS - Attach Points, Concept; Aftachment Direct [Continuity
13mi fCable Avoidance [C/C 750 m| If Not Handled May RequireExternal| Or Remate visual [{Between Juint
IT:31,500 kgl |TT:  12cm dia, TT: 8 Lines 33 CiC) TT-1km | Accuracy: 2cm Forcel/ Torque Confract & Disteitulion
Conductor lam long each 18 mi Mechanlsm And Puintst - Up
Attached Fine Cexterity Fo 1 ki Long
BT: 18D, 8T: 3dlnes, 5m BT: 3 Lines {EVA}
Small Dia iorg each Per MPTS | TT: CF o
AC - Small dia) Joint-
lkm
BT: CF To .
ng NOTE; Align, adjust processes not
required for this element.
N—/’-—-—h-—"—-‘-’
GENERIC PROCESSES: L L —
Transport  Adjust BN
Handle Monitor
Align Checkdgut
Fasten

Figure 2. 1.2

Typteal SPS Element with Corresponding Generie Process Requirements
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As a result of the Part I analysesg, the construction equipment required
by each SP3 concept was defined and the support requirements for that equip-
ment were established. Figure 2.1-3 depicts the method whereby construction
functions (in terms of the generic processes) were utilized to generate OCSE,
and how these OCSE items were classified into broad groups. Based on the
usage classifications showun, 11 groups of potential OCSE were identified.
These groups are listed in Table 2,1-2,

Concept definitions for the OCSE were established in Part II of the
study. In addition, over 100 candidate OCSE concepts in the 11 groups were
identified. A process was developed by which the concepts could be screened
across 12 criteria so that a list of OCSE for which conceptual designs would
be established in Part I1I was defined. Figure 2.1-4 shows a portion of the
comparison matrix, identifies the screening parameters, and lists the 11
selected ltems of OCSE,

The OCSE system descriptions developed during Part LII of the study for
each of the 11 items contained the information listed in Tabhle 2.1-3.

Table 2,1-3 OCSE System Descriptions

Operational Description
Crew Participation ¢ Interface Considerations
Concepts e Cost Data (under separate cover,

Appendix B)
e Development Plan

Subsystems
Environmental Factors

Applications of OCSE to SPS Pilot Plants {1985) were also investigated
in Part III, An OCSE development priority was established, as shown in Table
2.1-4, based upon Pilot Plant considerations. This shows that the items
requiring the earliest flight-operational units (1984) are the manipulator
(fixed or mobile), the manned cherry picker (boom or structure attached)
and the basic fabrication/assembly concept of the Central Hub Agsembly/
Deployment module. The other items require the first operational units
between 1985 and 1989, Finally, an overall schedule was defined to show
the reguired technology studies and the OCSE development schedules in re-
lation to each other. This is depicted in Figure 2.1-5.
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5P5
ELEMENTS

CONSTRUETION
FUNCTION

POTENTIAL CONSTRUCTION
EQUIPMENT

SUPPORT REQUIREMENTS

E. TRIANGULAR
BEAMS

- SECS Support
Trusses
(1200}

- MPTS Exten-
sion Struc-
ture

& HANDLE beams to assemble struc-
ture

® ALIGR beams as sections are ass-
embled.

& FASTEN beams together - probe and]

drogue requiring external torque
{rultiple joints @ one operation

o ADJUST beam end fittings to align

diagonat beam plane

Beam and Beam Assembly Transporter

Beam Handlepr

s Beam translation

» Position for alignment
® Adjust after fastened

Fixed

ity

Mobile Beam Transporter {on

¥ Recelve beams Structure)
s Beam holddowns = Assembie on orbit or launch
® Beam release from ground

» Transport to structure

e Placement on rails or cables
} ¢ Communications link

& Electrical power recharge

e Operztional checkout

® Maintenance and repair

Base Manipulators

#» Assemble on-orbit or Taunch
from ground

# Transport to constructfon site

@ Alignment for mounting

¢ Fasten to construction facil-

¢ Service and repair

rer A S S A

Beam Fastener Small Highly Dexterous Manipula-~
& Fzsten beams tor
# Adjust beams » Launched from ground
———— ¢ Transport to constryctipn site .|
2?5 t OCSE
G emaen SUPPORT REQUIREMENTS POTEKTIAL OCSE MAJOR DESIGR DRIVERS COMMON USAGE
roup CLASSIFICATION
No.
1. Hobile Beam Transporter (on
Structure)
# Assemble on-orbit or launch Lavnch from ground Designed to fit within HLLV|Universal docking device
from ground

® Transport to structure
o Placement on rails or cables

¢ Communications link
¢ Electrical power recharge

¢ Operational checkout
®» Maintenance and repair

Fixed Base Manipulators

® Assemble on-gprbit or taunch
from ground

“|e Transport to construction site

o Alignment for mounting

TRIANGULAR BEAMS

& Fasten to construction facility
4 Service and repair

Small Highly Dexterous Manipulator]
» Launched from ground

» Transport to constructfon site

— erface with fixed base

Transporter, free-flying
Facility maniputator/Tv and
lights

Antenna module

Small 3 DOF manipulator

TV and 1{ghts or instrumentg
Railed EVA work platform

Launch from ground

Transporter, free-flyer
Facility manipulator/TV¥ and
1ights

Small manipulator/EVA

5mall manipulator/EVA

Receive from launch vehicle
Transporter, free-flyer

Man-in-the-loop contral
Man-remote control

Replaceable module, func-
tion of distance

Battery storage or recharge
stops

Mation, current, force
Replaceable modules

Erectable structure

Size
Prepared surface gn jig

EOTS size, cherry picker
EQTS size, cherry picker

Small free-flyer, EOTS size|

FF Trnsptr

Antenna mod., 10 Km range
Battery Recharge Station

TV & Lighting System
Comman Replacement Modules

Free-Flying Transporter

One man cherry picker
One man cherry picker

FF Trasptr

Pigure 2.1-3 Generation of OCSE from Construction Functions for SPS Elements

S AT




I e RN R

SRy gt

9-11

Table 8.1-2 List of Potential OCSE

¢ Free-Flying Transporters

¢ Personnel and Materials
e Materials Transporter
¢ Personnel Transporter

o Structure Attached Transporters

s Personnel and Materials
e Materials Transporters
¢ Personnel Transporter

# Handlers

e Manipulators
e General PUrpose

5 DOF (Arm-1ike)
4 DOF Mechanisms

e Aligners

e Align for Joining
e Flatness
e Depth and Range

o Material Fasteners

¢ Manipulator Controlled
¢ EVA Controlled
8 Inherent with Structure

o Adjustment Devices

® Beam Positioners
e Inherent with Structure
e Cable Tensioners

e Checkout

e Input Simulators
o Data Feedback Sensors

Monitor Devices

¢ Indirect Viewing
o Direct Viewing
o Instruments

OCSE Support Equipment

® Docking Devices
e Commodity Servicer
¢ Storage Panels
e Modularized Systems

Integrated Systems

¢ Structure Attached Mobile Manned Vehicle
with Attached Manipulators

e Free-Flying Manned Vehicle with Attached
Manipulators

¢ Remote Manned Teleoperator Vehicle
Structure Attached

® Remote Manned Teleoperator Vehicle Free-
Flying

Base Modules

Central Hub Assembly/Deployment Module
Maintenance and Repair Module
Commodities Storage Module

Assembly Jigs

EVA Module

-
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® Comparison Matrix PARANETERS
‘: CSE
: CONCEPTS
@ Base Modules
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- CMdlg!es Storage Module H L M M N H H H H H [ ] H a8
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» Transporters
- Personnel Traspte Free Flying
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’_E: ® Selected OCSE "“J“——J-q_#__!\ Lty wp vl w}j | wm
- - L\ ”
e Manipulator, fixed or mobile base, or dual, > 5 DOF ] :
. . « s “‘*ﬁL\321\\ :
e Docking Device for joining large systems '
® Manned Cherry Picker, attached to boom or structure :
¢ Central Hub Assembly/Deployment (CHAD) Module ;
¢ Fixed-base Boom, long/extendable, < 4 DOF
® Maintenance Rerair Module
¢ Commodities’ Storage Module
e Personnel/Material Transporter, structure attached
e OCSE Storage Panels
® Personnel/Material Transporter, free-flying
e EVA module
Figure 2.1-4 Screening Analysis Matrix and Selected OCSE ;}
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1 Table 2.1-4 OCSE Development Priority
. OCSE 1984 | 1985 | 1586 | 1987 | 1988 éE?SN&n
% Manipulator (Fixed or Mobile Base) X
% Docking Device (for Large Systems) X X
a Manned Cherry Picker {Boom or Structure Attached) X
E Central Hub Assembly/Deployment Module (Basic Fab/ X
& Assy Concept)
Fixed-base Long Boom X

= Maintenance Repair Module X

® Commodities Storage Module X
i Personnel/Material Transporter (Structure Attached) X
| 0C3SE Storage Panels X X X
; Personnel/Material Transporter (Free-flying) X
“ EVA Module | X X X
:
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89

90

01

92

SRT

Alignmeat Techniques (SLR & RF)
Large Space Systems Docking Study
Algorithms for Autonomous Modes
Dynamics of Moving Space Modules
Selected OCSE Design Studies

Remote & Autonomous Control Tech.
Conmodities Storage & Transfer Tech.
Radiation Impact Studies
Man/Machine {Productivity) Study

DDT&E AND PRODUCTION
Manipulators {fixed base)

Joining Large Systems

Cherry Picker

Central Hub Assembly/Deployment Modul
Booms Fixed Base

Maintenance Repair Module
Commodities Storage

P&M Transporter, Struct. Att.

OCSE Storage Panels

P&M Transporter, Free Flying

EVA Module

11}

1

1985 Different Configuration
than 1995

wan Design Phase

Figqure 2.1-5 Selected OCSE Schedule Swmmary
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2,2 Significant Results and Recommendations

2,2,1 S8ignifiecant Results

The complete results of this study are reported in subsequent sections
of this report. However, some of the more significant observations have been

collected and summarized as follows:

a. Large Space Structure Commonality - Three different SPS configurations

were analyzed during this study. Interestingly enough, while the basic
configurations differed widely, the principles of construction were found

to be similar. As a result, a large percentage of the OCSE was common
irrespective of the particular SPS configuration. The dependency of the

OCSE on configurations were in areas such as size, length, and number required

as opposed to functional type requirements.

b. Man's Involvement - Man's involvement in the construction process needs
further definition. The basic work shift philosophy, the level of EVA, and

man's productivity should be established.

e, Timeline Considerations - The rate of SPS construction needs
additional definition. This impacts the OCSE in that it affects the number

of pieces of OCSE required, provides rationale for mobile vs fixed type OCSE
based on usage frequency, and establishes the rates {or speeds) required of
the OCSE.

d. Operational Maintenance - Upon completion of an SPS, the OCSE moves

to the next work site for subsequent S5PS construction. In many instances,
the OCSE element is aptly sulted for operational maintensnce. This role for
OCSE should be addressed in the future. ‘

e. Simulation Techniques - New simulation techniques for large scale

operations will be required. The dominant factors to be consildered are the
one "g" environment and the scaling of the structure. In some cases a portion
of the large structure may be constructed full scale while in others, a sub-

ascale model of the complete structure will be used.

fv OCSE Tradeoff Studies ~ One of the results of some of the preliminary
OCSE tradeoff studies was the lack of sufficient support ratilonale to make a

II-10
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clear selection of one over anmother. For example, both long booms and
manipulators were found to play a reole in orbital comstruction. The long

boom primarily provides a transport path or material supply function while

the manipulator performs the handling and installation activity. From another
point of view, when the length requirement on a manipulator becomes excessively

long, booms become more attractive.

g. Orbital Construction Equipment - The interrelationships between the

orbital construction equipment and the OCSE is apparent. Therefore, comple-
mentary studies defining automated orbital construction equipment should be
initiated.

h. Construction Jigs - Additional emphasis should be placed on the use

of construction jips and fixtures in the comstruction of large space systems.
The jigs and fixtures are about the same size as the SPS structure but in
general will be stiffer, built to closer tolerances, and incorporate align-
ment references. As these jigs will provide the basic support platform for
some of the OCSE elements, the OCSE requirements (e.g,, manipulative length)
are dependent on the relative location of the jig with respect to the work
gite installation areas. Therefore, the application of jigs, and their
interrelationship with and effects on the OCSE, should be investigated incilud-
ing fixed, mobile, and relocateable types,

2.2.2 Recommendations - Based on the evaluations and discussions pre-

sented in this study and the initial study objective to select and define
the preferred piece of OCSE for potential follow-on design, fabrication,
and development testing, it was determined that the manned cherry picker,

and related supporting research and technology, was the top selection.

a. BSupporting Research and Technology - Critical technology areas were

identified for each of the OCSE and included such items as alignment tech-
niques, material fastening techniques, wvehicle attached transiation on struct-
ural interfiaces, dynamics and control associlated with movement of large masses
in space, berthing of large space systems, and contamination sensitivity
during construction and assembly. In numerous cases, a similar or identical
technology problem was mentioned in connection with more than one OCSE as
indicated in Table 2.2.2-1. These overlapping OCSE “echnology areas should

I1-11
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Table 2.82.2-1 Overlapping Technology Areas for OCSE
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e Manipulator, fixed or mobile base, or dual, > 5 DOF| X[ X

& Docking device for joining large systems

s Manned Cherry Picker, attached to boom or structure] X[ X[ X] X{X| X| X

¢ CHAD Module

s Fixed-base Bgom, long/extendable, < 4 DOF

¢ Maintenance Repair Module
o Commpdities Storage Module

¢ Personnel/Material Transporter, structure attached

e OCSE Storage Panels

# Personnel/Material Transporter, free-flying

s EVA Moduie
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be investigated in a single study covering the spectrum of OCSE requiring
that technology.

e oot e Bl sl .. IO

For example, a study on alignment techniques for large

j IR
. A space structure construction applications may be preferable over separate 108
B ﬁ studies in which each element of QCSE addresses alignment. e
i . i
: % b. OCSE Follow-on Recommendation - As a result of this study an OCSE 1 .
- ﬁ development preference ranking was generated. The four top items in order 1
3
&l

of preference were the manned cherry picker, docking of large systems, man-~ 1
ipulator (50 m), and the central hub assembly/deployment module,

The top 4
item recommended was a cherry picker, because this element of GCSE is g
required during the early phases of SPS activity and is highly involved
in pilot plant construction.

FyATEHES

ST TE Ta s

i

Development of this item should be consistent ?
with other aerospace hardware development programs.

Gl
RAISTORTY BIEW

However, it is recommended %
that early hardware development make use of the NASA protoflight concept. J

i
This concept uses early flight testing of subsystems to reduce the number )

e e S M. 3 et B s e

R
T

of test hardware units, reduce the extent of ground testing and utilizes the

1
A :
Shuttle to return hardware for post-test inspections and analyses. This fits -8

into the basic programmatic philosophy of keeping cost down.

T i

A key term assoclated with low cost programs and involved in many dif-
ferent phases of this study was commonality.

i LA

Commonality of design, common- z
ality of hardware, commonality of test facilities, commonality of technology,

etc all played a major role in determining the development preference. For H

example, the pressurized cab used on the cherry picker to house the operator,

TRt
R

is very likely the same hardware that can be used on the other manned trans-
port vehicles needed dowmstream.

The basic development plan proposged for
the cherry picker is typical for each of the OCSE items, with the exception

of time phasing and some of the unique subsystems requirements.

e

The plan
as lald out has five primary phases to complete development/demonstration:

1) design study; 2) proof of concept (engineering model); 3) protoflight
unit; 4) syatem integration; and 5) space demonstrations.
discussed in detail in section 5.4.3.

These phases are

2,2,3 Conclusions - The past eight months work have resulted in the
generation of the first overall picture of the different parta OCSE plays

II-13
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in orbital construction of the SPS. A number of different options were
considered with data to support entry into follow-on work activities which
should aid in reducing the uncertainties associated in committing to the
development of an operational SPS. In addition the data base developed
during this effort is presented in a format permitting NASA various options

in preparing for future projects.
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3.0 REQUIREMENTS ANALYSIS
3.1 Pa-t I Objectives

During Part I of the study, SPS concepts definition was achieved and
the corresponding OCSE requirements were defined. The concepts definition
was achieved by collecting and organizing data relevant to the selected SPS
configurations, establishing a detailed construction scenario for each con-
cept and preparing functional activities analyses of each construction se-
quence. In addition, a spectrum of elements was defined for large space

structures and the extent of man's role in the construction process was
determined.

OCSE requirements were defined by establishing a finite set of generic
processes which applied to the SPS elements, describing the construction
functions required to complete each process, idertifying the potential con-
struction equipment which cduld accomplish those functions, and defining

the support requirements of the construction equipment.

Figure 3,1~1 shows the functional flow of the Part T tasks and references

the paragraphs in the remainder of this section where each step is described.

Establish Identify
Construction |7} [ SPS —
Scenarios Elements
3.3 3.4.1 Categorize Categorize
’ e SPS FElement SPS Elements {—-
by Generic into
Perform Define Process Groups
Functional u Generic |- 3.4.1, 3.4.2 3.5.1
An:lyses Processes
3.4.1
Identify Identify Identify
Construction Potential Functional
Functions for Construction Support
each Group Equipment Requirements
3.5.1 3.5.2 3.5.2‘

OCSE REQUIREMENTS--
INPUT TO PART II

Figure 3.1-1 Functional Flow to Define OCSE Requirements
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3.2 5PS Concept Baselines

Three solar power satellite (SPS) concepts were selected by NASA to
be used as baselines for this study. These include two JSC concepts of solar
photovoltaic systems(l): the column/cable type and the truss type. The
third system is the Boeing Brayton-cycle thermal engine satellite. A therm-
ionic emission power generation system was also considered but was later
eliminated from consideration since the thermal engine system contained

similar, as well as more diverse, construction tasks.

Scenarios were developed for constructing each baseline SPS to aid in
vigualizing required construction steps preparatory to defining specific
functional activities. The scenarios were reiterated as necessary during the
process of formulating feasible construction methods. The MPTS scenario is

discussed separately (Section 3.3.4) because of commonality to all SPS systems.

3.2.1 Colwm/Cable (C/C) SPS Baseline

The general scenarie for constructing the C/C SPS is presented in Figure
3.2,1-1. Eight construction facilities (CF) are assembled in LEO and boosted
to GEO for subsequent SPS construction. A manufacturing facility (MF-1) will
be maintained in LEQ for assembling SPS elements too large for direct launch
from earth; e.g., MPTS subarrays, solar cell rolls, secondary structures, etc.
In GEO, CF-1 will build a hub for subsequent attachment of CF-2 thru CF-6.
MPTS extension structures will be partially built outboard of CF-5 and CF-6.
The ME 'S construction facilities (CF-7 and CF-8) will dock on this structure.

The comstruction proceeds with CF-1 thru CF-6 extending the columns, CF-2
and CF-3 installing the golar energy collection system (SECS) and deploying
the peripheral cables, CF-5 and CF-6 installing +X tape reels, and CF-1 and
CF-3 deploying main and prime cables. Supplies from earth are brought to
logistics facilities (LF) at CF-1 and CF-3 and are distributed by local trans-

fer means to the other facilities as required.

Upon completion of construction, installation of auxiliary equipment, and
systems checkout/activation the facilities not needed will be removed and man-

euvered to a different construction site.

(1)

Reference: Initial Technical, Envirommental and Economic Evaluation of
Space Solar Power Concepts, JSC 11568, NASA-JSC, August 1976,
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1. ASSEIMALE CONSTRUCTINN FACILITIES (@)
AND WAHIFACTURING FACILITY

2. TRANSFER TO GEC AMD JOIN FACILITIES

3. COMSTRUCY SECS AMD WPTS3

Figure 3.2.1-1 Colum/Cable SPS - Construction Scenario %
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3.2.2 Truse Configuration (T) SPS ARaseline

The general scenario for comstructing the truss SPS is presented in Figure
3.2,2-1, One large comstruction facility (CF) will be assembled in LEO and
boosted to GEQO for subsequent SPS construction. A manufacturing facility (MF)
will be maintained in LED for assembling SPS elements too large for direct

launch from earth.

In GEO, the main facility will build the SECS while additional facilities '
at the SECS end wall and facility will build the MPTSs. Auxiliary SPS equip~
ment is installed as construction proceeds. When the SPS construction is
completed, the MPTS extension structure at the facllity end is spliced to the
SECS end wall. When systems are checked out and verified, the SPS is oriented
to the sun and the MPTSs are pointed to the earth -nd activated. The construc-

tion facility is then separated and maneuvered to another construction site.

3.2.3 Boeing Thermal FEngine (BT) SPS Baseline

The general scenario for constructing the BT SPS is presented in Figure
3.2,3-1. 1Initially four comstruction facilities (CF-1 thru CF-4) will be
assembled in LEO. These will independently assemble the four power conversion
systems (PCS). Six beam builder facllities for each module (CF-5 thru CF-28)
will be attached to structure at the bases of the PC8s. These facilities will

construct the solar concentrator structure and install ‘reflector facets whille _ i
the PCS elements are installed. Simultaneously, a separate facility (CF-29) f
will construct the MPTS. A manufacturing facility (MF) will also be main- '3
tained to assemble 8PS elements into larger elements to minimize construction ' |
tasks at the 5PS modules (e.g., buildup of turbogenerator modules to minimize . :
potential leak points to check when installed).

After all modules are completed, the MPTS is attached to the bottom of
one module, propulsion units are attached, and the modules are separately
boosted to GEO. In GEQ, the modules and MPTS are joined, the spinal truss

R T RN I

(power conductor) is assembled, and the SPS is checked out and activated.
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3.3 Construction Scenarios

Detailed construction activities and assembly requirements fcr the base-
lined SPS concepts are presented in this section. These scenarios are based
on data provided by JSC (for the Column/Cable and Truss SPS) and the Boeing
Company (for the Thermal Engine SP8). Additional construction details were

generated by preparing functional analyses and constructi-n schedules based
on J5C timeline estimates.

Although proposed construction techniques will continue to evelve as the
8PS definition studies proceed, it should be noted that the scenarios as pre-
sented here still provide a realistic description of the types of tasks which

will be required for eventual SPS construction, whatever its ultimate config-
uration.

3.3.1 Solar Photovoltaie Colum/Cable SPS

3.3.1.1 Overview ~ A view of the JSC column/cable (C/C) SPS is presented

in Figure 3.3.1-1. The system contains much less supporting structure than

exists in other concepts. The main structure consists of three truss-type

cross columns with tension cables connecied at each 3600-meter column incre-

ment to hold the columns in compression. The solar energy collection system

(SECS) is a series of solar cell panels and concentrator sheets. The SECS is

installed on the #X column and is deployed in the +Y directions (Figure

3.3.1-2). The SECS is held in a flat plane by a cross-pattern of secondary

tapes on the top and bottom sldes, and by prime cables that converge at the

+7Z column ends (Figures 3.3.1-3 and 3.3.1-4). The SECS is attached to the

peripheral cables by the secondary tapes. The peripheral cables also serve

to collect and transmit the electrical power from the SECS. The electrical

energy generated in the solar cells is transmitted to the aluminized concentra-
tor material and is conducted through the concentrator to the peripheral cables.
The electrical power is further transmitted by large distribution cables to

the microwave power transmission systems (MPTS) located at the ends of the
+Y column.

3.3.1.2 Construction Activities - The baseline construction method

assumed for the C/C SPS§ is to start at the center and work outwards. All

applicable elements are installed and additional beam segments are assembled

in increments. The columns are assembled by use of six construction facili-

ties and supporting equipment, such as the concepts depicted in Figure 3.3.1-5.
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While a 100-meter segment of the column truss is being assembled in the facility
outboard bays, concentrator rolls or sclar cell panels are installed on the
column (exposed from the inboard end of the facility) and connected to the
secondary tapes, prime cables, and peripheral cables. When these tasks are
completed, the tensions on the main, prime, and peripheral cables are released
and each facility is moved outboard 100 meters. These steps are continually
repeated until the final SPS configuration is reached. As the peripheral
cables move outward from the center, the SENS is pulled out. The SECS is
attached to the secondary tapes with rings that allow relative X-Y movement.
The secondary tapes are deployed from reels mounted on the +X and +Y columns.
All prime cables are carried along by the facilities on the +X columns and

the applicable cable ends are attached to the appropriate secondary tape rings
at the times of SECS installation.

The column trusses are assembled from 2.45-meter wide triangular beams,
100 meters long, fabricated in antomated beam builders (six at each facility).
The beams are assumed to have the centroidal node joints shown in Figure
3.3.1-6. Combinations of automated and remote-controlled equipment would
install the beams and cross—cables and align the “russ by adjustments of beam

and cable lengths. The facility structure will provide a jig for aligning
the column beams.

Simultaneously during SECS construction, the MPTSs are constructed by
equipment operating out of facilities located on structure installed on the
outboard side of the +¥ column facilities.

It is assumed the facilities would be assembled in low-earth orbit (LEO)
and boosted to geosynchronous earth orbit (GEQ). There the facilities would
be joined at a column hub and the SPS construction would proceed. A manufac-
turing facility (MF) would be maintained in LEQ for assembling and supplying
large 5PS elements such as MPTS subarrays and secondary structures. To con-
struct the SPS in LEO and subsequently boost it to GEO would, because of the
configuration, require low thrust levels and long transit times. This would
result in solar cell deterioration in the Yan Allen belt and a delay in

initiating the operational phasse.

When construction is completed and the systems are activated, the con-
struction facilities can be separated and moved to another site for constructien

of the next SPS. A maintenance facility would be left at the SPS to enable
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performing logistics and maintenance services during the operational period. 2
The functional analysis and construction schedule for the column/cable SPS g
are presented in Table 3.3.1-1 and Figure 3.3.1-8, respectively. Approxi-
mately 70 different conmstruction steps are identified, and over 60 specific

equipment requirements were established. These equipment requirements may &
include logistics, construction equipment or counstruction support equipment. o
Other miscellaneous requirements may also encompass these categories of equip~ i

ment. The maximum and minimum potential uses of man during construction and

assembly are also described in the table.

3.83.1.8 C/C Options - Option A to the baseline construction method
asgumes the column trusses are constructed independently of the SECS instal-
lations. The solar cell panels and concentrators are installed by separate
construction equipment systems that can move along inside the +X column,
The SECS is deployed and attached to the peripheral cables as one of the

later construction steps.

Option B assumes solar cells are installed from rolls (Figure 3.3.1-7)
instead of the pleated 10 x 10 meter panels depicted in Figure 3.3.1-2.
Since the solar cell weight for the :
longest trough is about 480,000 kg, : %
several smaller rolls (e.g., 48,000 kg) '

would be more feasible. The use of
rolls permit automating the electrical
and mechanical attachments between

solar cell segments and with the concen~

SR, OEFDR S R URRAT S gy ¢ bt L
L

trator sheets, A zipper-like mechanism

is envisioned for this joining process.
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Figure 3.3.1-7 Colum/Cable SPS - SECS Roll Concept Opiion B
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vable 3.3.1-1 Column/Cable SPS Comstruction - Functioral Analysis

MISCELLAKEQUS
EQUIPNENT REQUIRENEHTS MAR'S ROLE
TASKS TASK DISCUSSION REQUIREMENTS | (Mass, Distance, KAXIMUM KINIHUM
Size, Etc) USE OF “AN USE QF MAN

i

l.1.1

1.1.2

1.1.3

1.1.4

1.1.%

SSEMBLE CONSTRUC.

TiON FACILITIES
(LEG)

1.1 Construct CF-}

Launch construc-
tion pase with
beam fabricators

Install con-
struction equip-
ment

Fabricate facil-
ity beams

Assembie facili-
ty frame

Install auxili-
ary systems (as
required)

‘'m long te assure straightness of the assembled SPS

Fiyht construction facilities will bo ussambled in
LED and boosted to GED for subsaquent construction
of the 5PS. Thess facilities provide the followling
sary ices:

jntagration and managament facility
logistics factlity

habitat

construction facility

Lang
s )
ot

The facilities inciude:

CE-1 - IMF + LF + K + CF for constructing the initial
$PS hub and cne of the main cable support
colunns,

CF-3 - LF + H + CF for constructing the other nain
column.

CF-2, CF-4, CF-5, & CF-6 - H + CF for constructing

the SECS support columns and installing the
SECS.

CF-7 & CF-B - H + {F for constructing the MPTSs.
ese are attached to CF-5 and CF-6.

In addition, a manufacturing facility (MF-1) will be
maintained in LEQ for assembling SPS elements toa
large for direct launch from earth; e.g., MPTS sub~
arrays. "

CF-1 will be initiated with the launch of a con-
struction base with equipment to manufacture triang-
ular beams that are 2.45 meters on a side.

Construction equipment will be installed on the per-
imeter of the base. The equipment will be used in
taking fabricated beams and assembling & large fa-
¢ility frame. This frame will provide hard points
and act as a jig for subsequent zssembly of the SPS
triangular columns that are 100 m on a side. The
facility frame is initially conceived as triangular,
with inside dimensions of 100 m on a side, and 200

columns.
Aux{Tiary systems, such as propulsion, GNSC, etc

must be installed {f not originally fncorporated in
construction base.

e Construction
base (6}

» Capability to
fabricate 2.45
x100m (8 x
328 ft) beams
and assemble
these into the
required faci-
Tty frame.

& CF-1 thru CF-6

capability for
assembling tri-
angular bsams
that are 100 m
{328 Tt} on @
stds.

e Facility beams
will span dis~
tances of approj
100 meters.

Beam mass {s

e Docking provis-
{ons are re-
quired for sub-
sequent resup~
ply vehicles
(materials,
consumables,
etc).

e Bezm jetning
methods are
assumed to be
the centroidal
node joint.

will provide the

~36 kg (80 1bs}|w Resuppty the

is Make the con-
_nections betwe-
en beams to
assembie the
facility.

beam fabrica-
tors,

s Perform on-site
monitoring of
beams to ensure
alignments.

¢ {n-stte opera-
tion of manip~
ulators, 1ike
earth-cperation
of cranes.
& Maintenance.

@ Remote control
of OCSE.

® Systems remoty
monitoring.

¢ Fabricator re-
supply from
shirtslceve en-
viroment.,

o Hatintenance.
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Table 3.3.1-1 (Continued)

2.1

1.5 Construct MF-1
1.5.1 Launch factlity
modules
1,5.2 Assemble facili-
tias

1.5.3 Launch and in-
stall facility
equi pmant

2.0

. 1ties

CF-8

BOOST ELEMENTS TO
GEQ

Construction Facil-

docked to structure outboard of CF-5 and CF-6. These
facilities will assemble the 130 x 65 m frames (with
cross-cables) used in constructing the MPTS polygon
structure., The frame trusses are triangular at 4.3 m
on a stde. The facility Is envisioned as approxi-
mately 30 x 70 meters by 150 meters long. Fabrica-
tors, OCSE, and jigs are provided in 3 bays for sim-
ultaneous manufacture of 3 frames. The same facility]
will provide support to the equipment for assembling
the SECS attachment structure and MPTS substructure
and for installing the secondary structure and sub-
arrays.

The manufacturing faciiity will be maintained tn LEO
and will manufacture/assemble SPS elements that ars
too large for direct earth launch. The facility
will contain a crewman habitat, factory-typs facili-
ty for assembly operations, material stowage area,
docking provisions for resupply vehicles, and pro-
pal}a?t sarvicing provisions for orbit-to-orbit
vahicles.

As the construction facilities are.completed, they
will be boosted to GEQ. CF-1 will go f{rst, since
1t must bulld the 5PS hub for CF-2 thru CF-6 to
dock to. Since low-thrust propulsion is desirable
for these large structurss, longer thrust times will
be required.

fabricate 4.3 x
150 m {14 x 500

assemble thasa
into the re-

ty frame.

ft) beams and | e Beam mass is up

quired facili=}o»

with spans up
to 150 meters.

to~54 kg (119
1bs).
Docking provi-
sions are re-
guired for sub~

MISCELLANEDUS
- MAN'S ROLE
REQUIREM
TASKS TA EQUIPMENT REQUIREMENTS
Sk DISCUSSION REQUIREMENTS [ (Mass, Distance, HAXTMUM HINTFIM
Size, Etc) USE OF MAN USE OF MAN
1.2 Construct CF-2, CF-2 thru CF-6 are essentially Vike CF-1, in that Same as 1.1 Sama a3 1.1 Sama a3 1.} Same a1 1.1
CF-4, CF-5 & CF-6 all build the large 100 m beams. CF-3, 1tke CF-1, '
provides provisions for storing materials and disper-
1.3 Constryct CF-3 sing them to other facilities. In additfon, CF-1 and
CF-3 provide the main and prime SPS cables., CF-2,
-4, =5, and -6 provida the capabilities for SECS in-
stallation:
¢ Solar cell and concentrator packagas;
¢ Prime and secondary cables; -
o Power distribution system.
1.4 Construct CF-7 & CF-7 and CF-8 build the MPTSs. These facilities are o Capability to [e Facility beams |Same as 1.1 Seme 28 1.1

sequent rasup- =

ply vehicles a%

{materials, LY e

MPTS elements, S

Con;mbhh \ e T

te). —

. *u%

e Capability to | o Subarrays = 200f # Hands-on assem{ ¢ Renote control %F

assemble large ky. Material bly of facili- of factory op- 0 =5

habitable ve- ackiges = TBD| t{ and SPS erations from |

hicle, 9. elements. shirtsleeve end 5‘4

¢ Factory-type o Direct machine]  vironment. i -

equipment for oparation, re-| & Monitoring of o 5

lssembling ' supply, and automated 8 3

specific SPS monitoring. eguipmant. 55 =
elements. i o Haintenance. | ® H:chinl resup- =18

ply.
o Maintenance.
[}
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Table 3.3.1-1

{Continuedl

ands of CF-5 and CF-6 to provide attachment points
for the MPTS. attachment structures. These column:
structuras will be attached to the CF-5 and CF-6

factlity structure. CF-7 and CF-8 will be docked

MISCELLANEQUS '
TASKS TASK DISCUSSION EQOLPHENT ALIRCHEN s
REQUIREMENTS | (Mass, Distance, MAXTMUM MINIMM
Size, Etc) USE OF MAN USE OF MAN
2.2 Manned Modules The constructfon crews will follow to GEO #n manned e Docking crew
i modules, which will dock to the construction facilf- transfer pro-
ties, visions.
2.3 Materials/Consum- Materials and consumables will be boosted to GEO as |e Cargo transfer je Cargo distribu-je Fly with cargo [e Remote control
- ables required and docked to the logistics facilities at vehicles. tion distances vehicles to piloting of
CF-1 and CF-3, From there, smaller transfer vehiclesis Docking and up to 40 km (25| make the dock- | cargo vehicles,
will distribute the commodities to the other con- stowage pro- miTes) round ing maneuvers.
struction facilities. E;sions at each] trip.
2.4 Prefabricated Some 5PS elements will be manufactured and/or assem- |e Docking and » Direct partici-{ » flemote control
Elemants bled at MF-1 and boosted in large packages to the stowage provi~ pation in dock andfor monftor-
. SPS 1in GEO. stons at each ing and unload~} 1ing of docking
logistics fa- ing large cargd and unloading.
cility.
2.5 Crew Exchanges construction crews will be exchanged pericdically  je Manned orbit-
depending on the extent of manned participation and transfer ve-
the leagth of time the crews can stay in GEO, These | hicie. )
times will depend on the degree of protection from
radiation.
3.0 ASSEMBLE CONSTRUC- The construction of the SPS starts with all SECS con-
TION BASE ({GEB) struction facflities Joined at the SPS hub and the
. MPTS construction facilities attached at the out-
board ends of structure from CF-5 and CF-6.
3.1 Construct Hub (CF- CF-1 will construct the SP5 column hub, The hub ¢ Same as 1.1 o Same as 1.1 ¢ Same-a3.1.1 c Same as 1.1
1) I will contafn truss stubs to which the other facili- je Basic CF-] o Truss stubs
’ ties will be attached. equipment ap- will be Instal- .
/ pears suffic- Ted after the
- ent to enable| column has
e building the cleared the
)~ hub structure.| facility. .
3.2 start Column Con- Prior to Joinin? the facilities, the constructfon of | ® Same construc- -
struction (CF-2 the columns will be started {n each facility. When tion equipment
thru CF-6) the columns reach the point of protruding from the o Capability to
facilities, they will ba docked and joinad to the hold faciit=
1.3 Dock CF-2 thru CF- tiud built by CF-1. ties togethar
& to Hub {at Truss while contact
. Stubs) points are
Joinad.
3.4 Dock CF-7 & CF-8 Column structure will also be built at the outboard |

T N L

o




Table 3.3.1-1 (Continued) ‘L

E
- g s e
EQUIPMENT :,
TASKS TASK DISCUSSION REQUIREMENTS | {Mass, Distance, MAXIMUM HINIMM 1
Size, Et3) USE OF MAN USE OF MAN i
3.4 (Continuad) and attached to the sides of these column extension

structures. Therefore, these structures must be
able to take side loads also {(no longer only compres-
sfon as with the SECS main coTumn use).

4.0 CONSTRUCT SPS

4.1 Construct SECS CF-1 thru CF-6 build the SECS. CF-1 and CF-3 bulld |
the main cable support columns, perpendicular to
the solar arrays. CF-2, -4, -5 and -6 bulld the
solar array support columns. Installation of all :

SECS elements take place in the vicinity of the ' Y
facilities., As assembly takes place, all facilities : Py
progressively move further apart. !

b
- )

4,.1.1 Build continuous Fabricators in each factlity will build triangular ) Capabi‘iity to w» Beams will span {e Make connec- | e Remote control

columns (6 beams (2.45 m on a side) that are 100 m Yong. These fabricate 2.45{ 100 meters. tions between of construction
places) beams will be assembled to form the continuous SECS x 100m (8 x Beam mass is beams to assem- equipment.
columns {100 m on a side). After each 100 m segment 328 ft) beams L~36 kg (B0 1bs).| bie the columng o Systems monf-
= 4.1.1.1 Build trusses is assembled, the factlity {s moved cutward from the and assemble Beams are joinedi ¢ Resupply the toring.
';{ SPS$ center. Then the procedurs 1s repeated to build thase Into the{ by probe and beam fabrica- | e Fabricator re-
! 4,1.1.2 Assemble trus- the next 100 m column saguent in the empty facility 100 m wide col+ drogue centrei- | tors. supply from
’(5 ses to extend bay. umns . dal node jJoints. e Perform on-sit shirtslesve an-
columns monitoring of yiromnment.
- heams to ensurd e Maintsmance.
al{gnments.
& Work-sfte di-
- ’ rect operation

: of mani{pulatory
¢ Maintemance.

4.1.2 Instal] cable Cable systems naintain the rigidity of the SECS.

systems Main cables between the facilitles maintain the col-

. umns 1n compression. Cables from CF-1 and CF-3 to .

the solar arrays provide the prime support for the *
arrays. Secondary cables (tapes) in a grid pattern
also support the salar arrays (top and bottom). .
These secondary cables are attached between the SECS
columns and peripheral teision cables between facil-
ities. Submain cablas interconnect the columns at
-3600 meter increments,

4,1.2.1 Attach and de- When the facilities are jofned at the hub, cables # Main cable de-je Cable lengths | e Direct attach- .e Remote control

1oy main cab- are attached from CF-1 and from CF<3 to each of the ployment and are about 16.3 ment of cable attachment of

et between other 4 facilities. These cables are fed out from tensianing and 20.5 km ends. cables.,

CFs CF-1 and CF-3 as required, as the SECS expands. 1 reels {8}, {10.1 and 12.7 | ® Operation of | e Perfodic In-
The cables are maintained at 3000 Newtons tension - & Capability to mles) reels when fa- spection and
{675 1bs). The submain cables are permanently at- atiach main . ¢{lities are servicing of
tzched and tensioned when the 3600 meter distances cablas betwe- moved at each automated reel
ars ru_chod on the columns. . en fl:]lit;es }.23:"' incra-

P
{
e
i
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Table 3.3.1-1 (Continued)
TASKS TASK DISCUSSION EQUIPMERT Mo .
REQUIREMENTS | (Mass, Distance, MAXIMUM MINTMUM
Size, Etc) USE OF MAN USE OF MAN
§.1.2.2 Attach and de- Peripheral cables are attached between CF-2 and CF-5,|® Peripheral ca- @ Cable lengths @« Direct attach- b Remote control

4.1.2.3

4.1.2.4

4.1.2.5

ploy peripheral
tensfon cables

Attach and de-
pioy solar-cell
support prime
cables

Attach secon-
dary tapes to
SECS columns
and peripheral
cables

.

Tension indiy-
{dual cables
{as reguired)

The secondary tapes will be automatically maintained

CF-2 and CF-6, CF-3 and CF-5, and £r-3 and CF-6.
There are two cables at esach place. The top (sun-
side) cable pulls on the top secondary SECS support
tapes. The bottom cable pulls on the bottom {anti-
sun} secondary tapes, These cables are attached at
CF-5 and CF-6 and fed out as required from CF-2 and
CF-4., The cables are maintained at 3000 N tension.

Prime SECS support cables are actached at the corners
at alternate square kilometers of the solar arrays.
These four cables (3 at some places at the edge of
the SECS} join and a single cable centinues to CF-1
and CF-3. These cables (36 sets} are initially de-
ployed from CF-1 and CF-3 and the ends are carried
along by CF-2 and CF-4. When the appropriate solar
cel: packages are installed, the corresponding prime
cabies are attached to the secondary tapes.

As the SECS 1s assembled fn the +X direction {CF-2
and -4), the Tongitudinal tapes {+Y} are instalied
between the +X column and the peripheral cable. The
installation incliudes reels installed each 200
meters on the top of the column for the top (sun-
side)} tapes and reels each 100 meters on the bottom.
Each reel contains the required length of tape to
provide the necessary final SECS configuration.

A1l secondary tapes for the +X directions are in-
stalled at the hub during initial ocperations. These
tapes are attached betwean the hub and the +X facii-
ities {CF-2 and CF-4). Again reels are used to al-
low the tapes to extend as the +X dimension increase
Perfodically, the tape ends are attached to the per-
ipheral cable such that in the final deployed posi-
tion, the tapes are 200 meters apart. Tapes are
provided on both the sun and anti-sun sides. The
reels are allowed to move along the +Y columns as
the structure expands in the Y direction.

at 22 N tension by the reels. However, the prime,
periphara] and main cable reels will be released (in
pairs) when the facilities are moved outwards in

100 meter increments. When the facilities reach the
next position, the cables will be retensioned and
locked up. -Thus, disturbances to the structure will
result in loading up a cable and the return of the

ble deployment
and tensfoning
reels (4 eac
at CF-2 and
CF-3).

ployment. and
tensioning
reels (36 each
at CF-1 and
CF-3}. .

a Capability to
attach prime
cable ends to
SECS packages.

e Secondary tape
deployment and
tensioning
reels for the
+Y direction
T3860 reels).

@ Secondary tape
deployment and
tensioning
reels #or the
+X dir scxion
Ta80 reels).

» Tension read-
out measure-
ments on tha
prime, per-
{pheral and
main cahle
reels.

are about 19 km
{12 mites each).

® Prime cable de+s Prime ctble de-

ployed lengths
are up to 15.5
km (9.6 miles).

o Tape lengths
(+Y) from 1.4
to 14.4 km.

» Reels automat-
fcally tension-
ed to 22 N (5
1bs).

e Tape Tengths
(£X} from 0.6
to 7.0 lm,

¢ Reals automat-
fcally tension-
ed to 22 N (5
Tbs).

{faﬁffure to the nsutral {equal cable tension} posi-

- columns,

ment of cabie
ends,
Operation of
reals.

Direct attach-
ment of cable
ends.
Operation of
reels.

Direct attach~
ment of tapes
to peripheral
cables,
Direct instal=
lation of taps
reals.
Kovement of
tape reels
along *Y

Operation of

reels for un-
Yock and re-

tensioning of
cables.

attachment of
cables,

tion and ser-
vicing of auto-
matic reels.

r Periodic inspec

j¢ Remote control
attachment of
cables,

e Periodic fnspec
tion and servic+
tng of automatig
reels,

& Remote control
attachmunt of
tapes and resls,

& Initfats reel
operations from
central ~onsnle
{reels ara autos
matically main-
tained 4n bal-
ance across the )
§P5) and stand-

bx or centing-

ehcies,
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{Continued)

TASKS

TASK DISCUSSION

4.1.3 1Install solar

4.1.3.1 Attach pleated

4.1.3.2 Attach packages

4.1.3.3 Attach prime

4.1.4 Insta)l power

enargy collection
system (SECS}

solar cell and
concentrator
packages at
support columns

to secondary
tapes

cables to SECS
packages

distribution
systom

When CF-2 and CF-4 move outward {+X} 100 meters, a

new set of solar cell packages or concentrator pack-
ages are {nstalied. These packages are pleated and
will be deployed by pull on the secundary tapes from
the peripheral cable, The packages are 10 x 10 me-
ters on the side and up to 8 maters in depth. The
packages are installed in rows of 10 to span the 100
meter distances.

\-

hs

The SECS packages (10 x 10 x 8 m) will be attached,

at the column and by rings to the secondary tapes. -

The rings allow relative movement of the tapes, as
they are deployed.

The prime cables will be carried outward with cr-2
and CF-4, Ag the set of packages that fall at the
corner of alternate square kilometers are fnstalled,
one of the subprine cables will be installed to the
package ring.

The concentrator sheets (aluminumized; are assumed
to conduct the power in the columnfcable SPS since
truss structure 15 minimal. The solar cell pack-
ages must be interconnected electrically and con-
nected electrically to the concentrator pamels. The
concentrator sections must also be electrically in-
terconnected. These connections could be made at
the construction facility but probably would be more
adaptably- to being made at tne time of installation
on the main colum.

Transition conductors between the concentrators and
the conductor cables {peripheral cables} will be
connacted at the tima of SECS package installa-
tions.

:

N e e i il i

I8
5
* Vi
MISCELLANEOUS H
MAN'S ROLE f
EQUIPHENT REQUIRLMENTS i
REQUTREMENTS {Mass, Distance, MAXIMUM MINIMM i
Size, Ete) USE OF MAN USE OF MAN *{‘
o Capability to | e Package sizes le Direct attach- | & Remote control
move packages 10 x 10 x B m ment of SECS of construction
to the instal- {33 x 33 x 26 packages. aguipment.
lation sites. ft)
¢ Weight:
solar cells =
48,000 kg
{106,000 1bs)
maximum pack- .
age.
concentrators =
*5000 kg (11,00
Ths) maximum
package
o Capability to !
attach the |
packages to |
~ the column. i
e Capability to l
haok the rings :
on the second-
ary tapes.
e Capabllity to e DMrect move- ® Remote contro?
move subprime ment and at- of construc-
cabie from tachment of tion equipment !
facility to - cable.
package ring ;
and attach ft.
# Capability to s Direct connec-| ® Automatic ma-
etectrically tions of solan chines or de-
interconnect cells and con- vices to in-
solar cell and] centrators. terconnect
concentrator segments as
segments. they are de-
ployed,
e Capability to o Direct contnecd # Remote control
connect trans- tions of con- of construc-
ftion conduc- ductors tion equip-
tors to per- ment.
{pheral cablei_
- -k .
RIREPY SRR I IRTINe..__ ] i b H s sl i Nl
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Table 3.3.1-1 (Continued}
MISCELLANCOUS MAH'S ROLE
TASKS TASK DISCUSSION EQUIPHENT QUL 3
REQUIREMENTS (Mass, Distance, MAXTMUM MINTMLM ?
Size, Etc) USE OF MAN USE OF MAR 3
4.1.4 (Continued) The peripheral conductor cables (main bus) will be s Capability to s Direct conhec- | Remote control
interconnected and connected to the MPTS conductors connect periph- tion of conduc-{ of construction
after the SECS is totally assembled. eral cables to tors. aquipment. 1
MPTS conductors
l 4.1.5 Install auxiliary A1 auxiliary equipment will be installed at the ends
| equipment of the main columns. It is anticipated that CF can- !
struction equipment could hand'e the transfer and i
instailation of the auxiliary equipment to the column . i
prior to removing the facilities. . - I
- I
4.1.5.1 Attitude con- MPD arc jet engines (48) used for attitude control. |e Capability to |e Total weight e Direct instal- |e Remote control B
trol systems fnstall systems] 313,000 kg tation and con-| of construc- i
) {includes nections of tion equipmant. !
! - 200,000 kg for systams.
1 year of pro-
pallants) 5
i
4.1.5.2 [Instrumentation Systems include computer, data management, and TTAC. |e Capability to e Total weight %,
and commurica- install system | 4,000 kg. i
- tfons systems
—
T' 4.1.5.3 Counterweights Counterweights at tse ends of the +Z column are ad- e Capability to [e~5x 105 kg
) vantageous 1f the high-specific impulse RCS camnot transfer and each.
b2 be developed. 1nstall Targe
. masses.
4.2 Construct MPTS (2} An MPTS at each end of the +Y column converts OC el kmolax72m
power to microwave energy and transmits it to earth. ' depth {straoc-
Each antenna contains 7854 10 m x 10 m subarrays on ture)
a supporting structure. Each subarray is an inte-
gral unit ccntazining microwave generators (klystrons
or amplitrons}, a slotted wavequide front face and :
control electronics. , .
A ball joint allows each antenna to be pointed as ;
required toward the ground receiving antenna. CMGs .
under computer control are utilized to accomp- :
lish pointing. A counterweight system is used to
equalize moments of fnertia about all axes and elim- i
inates gravity gradfent torques.
Phase control, power distributior and pointing con-
trol systems are {nterconnected by siactrical con-
ductors or waveguides between subarrays or groups
of subarrays for overall MPTS controi. Thasa systems
are mounted within the antenna structurs behind,
the subarrays. :
. - " .
N Cgedt¥ T e w .:m._"m;a;.ﬁm.u,m.;ﬂ:‘eﬂ&.mh\‘&hi’u& o il o i ch = e e hhmm
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Table 3.3.1-1 (Continued)
R s o
TASKS TASK DISCUSSION EQUIRMENT REQUIREMENTS,
REQUIREMENTS (Mass, Distance, MAXTMUH MINIMUM
Size, Etc) USE OF MAN USE OF MAN
4.2.1 Build MPTS sup- The MPTS extension support structure connects the e Capability to |e Extension strucis Make connec- » Remote control
port structure antenna itself ~ith the main body of the SECS. This fabricate and ture~750 m tions between of construction
structure is made up of triangular beam sections. assemble sup- length for col-| beams to assem- equipment.
4.2.1.1 Build extension Interfacing structure between this extension struc- port structure umn/cable SPS. ble structurs, |e Remote systems
structure ture and the bali joint frame is alsc attached {ac- beams, inter- | 66 beams & 65 mie Resupply beam monitoring.
conmodates differences in geometry batween ball joint] face structure Tong; 4 @ 35 m fabricators. ¢ Resupply and
4.2.1.2 Build ball frame and suppor: structure}. Electrical conductors |e Capability to {4.3 m triangu-{e Perform on-site manipulator
joint frame-to- which carry the OC power from the SECS over the ex- string and at- Tar). {nspection and operations from
support struc- tension structure are also instalied at this time. tach electrical monitoring of shirtsleave
ture interface : conductors (~1 beam joints, environmant.
km in Tength). electrical con
4.2.1.3 Install elec- e Method to tran- ductor attach-
trical conduc- sfer material ments.
tors (ball from fab facild » Manipulator
joint frame to | ity outward operation.
SECS) along support
structure
4.2.2 Install bal} The ball joint is delivered to GEO as a unit and » Manipulator to] e Ball joint - llje Manipulator e Remcte opera-
Joint mechanical and electrical connections are accomp- pet ball joint m in diameter. operation tion, monitor-
lished at the crastruction site. First, the ball in place. s 2@ 165m, 50 -|e Electrical cond ing.
4.2.2.1 Attach frame to joint is attached to the support structura inter- s Attachment gsim 4@ ductor attach-
support struc- face. Six support arms are built outward from the mechanism. 150 m {5.5 m nent.
ture ball joint. (These arms provide attacnment points o Capability to triangutar)
for the first concentric ring of the main MPTS sub- string and
4.2.2.2 Build support structure; see step 4.2.3.1.) Then electrical con- attach elec-
arms necticns are made between the frame ¢onductors trical conduc-
{step 4.2.1.3 above) and the ball joint power invut tors (»10m
4.2.2.3 Install elec- bus: additional connections are accomplished between length)
trical conduc- the joint ot tput bus and the ball joint frame conduc-
tors frem fram tars (which eventually connect to the MPTS itself}.
to ball joint The ball juint is locked in place to prevent {nad-
bus vertent rotation during MPTS construction.
4.2.3 Assemble MPTS Fabrication and assembly of the MPTS ftructure be- » Hethods to s Triangular & Direct control] e Remote monitord

4.2.3.1

substructure

Build first
concentric
ring

_wtructure.

gins after the ball joint is in place. The fabrica-
tion facility is Tocated at the base of the support
structure (near the SECS construction facilities).
Assembly is accomplished at the antenna site, work-
ing from the center outward in concentric rings of
The first ring is a hexagon formed by
six rectangular frames {65 m high x 130 m long).
Frame members are triangular beams 4.3 m on each
side. Six other frames are used to form six equil-
ateral triangles within the ring. The six_outside
frames are attached to support arms assembled in
step 4.2.2.2. Cables are attached to support each
;rama and to rigidize the hexagon formed by the
raxes.,

transfer mat~
erial from fab
facility over
support struc-
ture to anten-
na.
Capability to
attach and ap-
ply tension to
cables.
Capability to
assemble
frames, con-~
nact frames
together,

frame beams -
4.3mon a
side by 65 m
and 130 m Tong
(12 required}.

e Attachment
beams {ball
Joint to hase
of first ring
frames) 100 m
Tong each (6).

# 24 frame ca-
blas ~ 146 m
Tong.

of frame as-
sembly, at-
tachment and
structure s~
sembly,
Direct controll
of cable ten-
sfoning.

ing of auvto-
matic manipu-
lator process;
inspection of
Joints.
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Table 3.3.1-1 (Continued) .
MISCELLANEOUS WAN'S ROLE
EQUIPHENT REQUIREMERT
TASKS TASK DISCUSSION REQUIREMENTS | (Mass, Distance, MAXTMUM MINTMUM
Size, Ete) USE OF MAN USE OF MAN

4.2.3 - 4,2.3.1 (Cont-
inued)

4.2.3.2

4.2,3.3

4.2.3.4

Install secon-
dary structurss

8uild second
concentric
ring

Build third
and fourth con-
centric rings

Secondary structures, fabricated and assembled at a
separate location, are mounted on the top surface of
the hexagon which constitutes the first concentric
ring. These secondary structures are triangular
{130 m on each side. 7 m in depth) and their inter-
nat structure forms a rectanguiar grid on the top
surface of the antenna. These structures are at-
tached at three points to the main structure frames,
and are delivered to the construction site folded up
to be depioyed as required for attachment. Deploy-
ment 15 automatic (i.e., popout). Six secondary
structures are required for the first concentric
ring of the antenna. Surface flatness {s measured
and adjusted as required.

Once the first concentric ring s completed, assembly
of the second concentric ring can begin. The same
basic types of rectanguiar frame structure and sup-
porting cables are utilized. Additifonal radial
cables are used to tie the second ring to the first
and, once the frame of the second ring is complete,
circularize and rigidize the structure. As success-
ive frames are attached to each other, and.initial
cable attachments made to the first ring, the incom-
plete second ring must be supported and held in the
proper position.

Eighteen secondary structures are mounted to the top
surface of the second concentric ring; these struc-
tures are similar to those utilized for the first
ring in that they "popout" for deployment and are
attached at three points, but the shapes vary to
accomnodate ring gecmetry.

Additional rings are buiit outward of 18 and 24
s1des each, to achieve 1 km diameter.

connect first
ring to ball
Jjoint attach-
ment beams.

+ Transport meth1l S$1ix secondary

od for sacon-

tures.

# Manipulator,
attachment
techniques.

o Alignment meas-
urement and
adjustment
technique.

and 4.2.3.2.

@ Support arms
te hold second
ring frames inje
place while
mating frame 19

e Same as 4.2.3.1. Triangular

attached and |e Radial cables

radial cables
attached.
e 4.2.3.4 same ad

4.2.3.3 ¢ 18 secondary

dary struc- L - Dimensions

e 3rd ring {18

structures.

(folded): TBD
~1200 kg {2640
1bs each)

frames 130 m
65m (12 re-
quired}.

Frame cablies
{28 required)
~146 m long.

(36 required)
12 @ 150 m each
24 6 175 m each

structures (2nd
ring).

frames); 30 sec.
structures; 36
frame cables B
146 m each; 48
radial cables @
175 m each; 12
radial cables @
150 m each.

4th ring (24
frames); 42 sec
structures; 48 1
frame cables &
146 m; 72 radia}
cables @ 176 m;
bzlgbd%ft cablet

Deployment of

secondary

structure, at-
tachment of

secondary

structura to
main frames
using manipu-

lators.

Direct control
of flatnass ad-

Justmants.

p Monitoring of
secondary
structure de-
ployment; mon-
itoring of
attachment pro-
cedurs; inspec-
tion of surface
fistness.

=

TR,

g s sy
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TASKS TASK DISCUSSION EQUIPMENT L
REQUIREMENTS (Mass, Distance, MAXIMUM MINIMUM
size, Ete) USE OF MAN USE OF MAK

4.2.4 Install subarrays

4.2.4.1

4.2.4.2

4.2.5 Install phase
control system

4.2.5.1

Fabricate sub-
arrays

Mount subarrays
on antanna sec-
ondary struc-
ture

Interconnect
electronics
packages be-
twaen subarrayg

Subarrays {10 m x 10 m ea) are nonstructural elements
which contain the power conversion and transmission
equipment. Each antenna contains 7854 subarrays,

which are mounted on the top surface of the secondary
structure.

The subarrays are fabricated in 2 separate facility
(MF-1) and transported to the antenna construction
site. Each subarray contalns microwave generafors
{klystrons or amplitrons), a waveguide system for
phase control, power distribution system wiring and
an electronics package, all mounted beneath the
slotted waveguide front face through which the micro-
wave energy is transmitted.

The subarrays are attached to the secondary structurs
at three points. They can be mounted as each con-
centric ring 1s completed or immediately after each
secondary structure 1s installed (before other sec-
ondary structures are fth place), or subarray instal-
tation can be accomplished after the entire antenna
structure is complete.

Since each microwave generator acts as a separate
radio transmitter, phase information must be avail-
able to each generater so that system efficiencies
are optimized. This is accomplished via an RF sig-
nal sent from the ground to the MPTS, which is
transferred through the subarrays to each microwave
generator.

For phase control, the subarrays are interconnected
in series, with 8 to 16 subarrays per group. The
subarrays in each group are connected electrically
(waveguides or wires). This interconnection is
accomplished through the electronics packages, and
can be done at any time after the subarrays fn any
concentric ring are mounted on the secondary Struc-
ture or after all subarrays are mounted 1n the MPTS,

Transfer method
for subarrays
from fab facil-
ity to second-
ary structure
surface.
Attachment
technique.

Etectrical cong
ductor connec-
tions between
subarrays
{waveguides or
wire connec-
tors).

e 7854 10m x 10
m subarrays.
156 to 240 iy
(343 to 528
1bs) per sub-
array.

s Electrical cond
ductor length
in 10 m incre-
mants.

# Attachment of
individual sub-
arrays to sec-
ondary struc-
ture.

o On-site {nspec-
tion, monitor-
ing.

e On-site place-
- meat and at-
tachment of
conductors ba-
tween elect-
ronics pack-
ages.

e Reamote inspac-
tion,

¢ Remote inspec-
tion of connec+
tions.

4.2.5.2 Install RF Iri order to bring the phase control signal sent fromj e RF transmis- ¢ ~700 RF trans-| e Placement and [ & Attachment of
lines from the ground and received at the center of the antenna sion 1ine at- mission 1ines, attachment of Tines at sub-
reference sub- to the subarray groups (~700) over the MPTS surface, tachment max Tength = Tines to sub- array end,
arrays to sub- RF lines {700 transmission lines) are routed from machanism. 500 m. arrays (both after {nitial
array groups the antenna center to the first subarray in each- sides). attachment of
subarray group. Tines as part
- of that sub-
These lines can be attached at the antenna center array group
as soon as the first concantric circle {with sub- fabrication.
arrays) is completr and the connections can be
S SRR o ] - R
g n R S T U R NPT (R NI L
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Table 3.3.1-1 (Continued)

TASKS

TASK DISCUSSION

EQUIPMENT
REQUIREMERTS

MISCELLANEOQUS
REQUIREMENT

(Mass, Distance,
Size, Etc)

MAN'S ROLE

MAXIMUM
USE OF MAN

MINIMUM
USE OF MAR

4.2.7.1
4.2.7.2

4.2.7.3

4.2.5.2 {Continued)

4.2.6 Install power
distribution
system

4.2.6,1 Install switch

4.2.5.2

4.2.6.3

4.2.6.4

4.2.7 Build counter-
wefght system

gears

Attach elec-
trical conduc-
tors from ball
joint bus to
switch gears

Install elec-
trical conduc-
tors from
switch gears to
distribution
points

Install elec-
trical conduc~
tors at dis-
tribution
points between
subarrays

Build cone sup-
port structure

Fab/assemble
caunterweight

Attach counter-
weight at cone
apex {including
CMGs)

completed as socn as the outer subarray groups are
placed. Alternately, the transmission 1ines can be
attached as a single task after all subarrays have
been mounted in the MPTS.

The microwave energy transmitted to earth from the
MPTS {s that energy collected by the SECS, transfer-
red to the MPTS as DC power over the ball Joint and
distributed to each microwave generator. Each sub-
array, as mounted in the secondary structure {step
4.2.4,2), contains the wiring for power distribution
from the electronics package within the subarray to
each microwave generator.

Sixteen switch gears are required, mounted in two

rows of eight along the antenna axis, as the inter-
face hetween the power from the SELS and the individ-
val subarrays. These switch gears are attached to
the antenna structure within the secondary structure.

Electrical conductors are then attached from the
switch gears to the ball joint bus (4.2.2.3). These
1ines wouid be placed along the antenna structure
radially to the antenna center, then axially (eleva-
tion joint axis) to the ball joint bus.

Electrical conductors are also placed *aterally from
pach switch gear to distribution points {n-each an-
tenna quadrant. Each switch gear services between
100 and 400 distribution points depending upon its
locatio. on the axis. Depencing upon the distance
from the antenna center, these distribution points
transfer power to one, two, or four subarrays. Wir-
ing between subarrays at such distribution points
must also be placed.

Because the antenna structure is relatively massive,
a counterweight system must be employed. Since the
counterweight must be located on the side of the ball
Jjoint opposite the antenna mass, a cone-shaped sup-
port structure must be built. The suppert structure
is composed of 24 beams extending from the circumfer-
ence of the antenna structure back to a single point.l
The counterweight {including the CMGs) must be assems
bled at the apex of the cone.

¢ Transfer tech-
nique to carry
switch gears tol
antenna.

® Electrical con-
ductor attach-
ment mathod.

@ Support struc-
ture beam as-
sembly and at-
tachment.

¢ Transfer of
counterweight.

® 16 switch gears

# Conductor

ar
] Cougterunight

2000 kg (4400
1bs) each.

Tength switch
gears to ball
Joint bus: 4 @
~600m; 4 @~
500 m; 4 @-~400
m; 4 @~300 m,
¢ Conductor
Tength switch
gears to dist,
pts (main lat-
eral path): .
4@50m; 49
400 m; 4 @ 300
m; 4 @ 200 m;
plus « 1000
wires avg
Tength 100 m,
® Intersubarray
wiring 10 m
increments, max
Tength 30 m.

# Support struc-
ture beams -
120 beams @
150 m long ea;
?.5 m triangu-

~105 kg {2.2 x
107 1bs)

e Installation

® Installation

¢ Installation

& Installation

and attachment
of switch gears

and attachment
of wiring from
switch gears to
ball joint bus.

and attachment
of wiring to
dist. pts.

and attachment
of wiring be-
tween subkrrays

¢ Support struc-
ture assembly
with manipula-
tors.

¢ Placement of
counterweight
with manipula-
tor.

» Monitoring/
inspection of
wiring connec-
tions, -switch
gear attach-
mants,

# Inspection of
support struc-
ture joints,

e Monitoring of
counterweight
placement,

i
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TASKS

TASK DISCUSSION

EQUIPHENT
REQUIREMENTS

MISCELLANLOUS

MAN'S

ROLE

REQUIREMENTS

{Mass, Distance,
Size, Etc)

MAXIMUM
USE OF MAN

HINIMUM
USE OF MAN

4.2.8 Install pointing

4.2.6.1

4.2.8.2

5.0

5.1

5.2

5.3

5.4

5.5

5.6

control system

Mount computer
in antenna
structure

Install wiring

ACTIVATE SPS

Complete Column
Attachments to the
MPTS Extension
Structure

Final Alignments

Activate Attitude
Control Systems

Orient SPS to POP
and Solar Orienta-
tion

Unlock MPTS Joints

Activate CMGs, and
Point MPTSs

Checkout Subsystems

A control signal sent from the ground to the MPTS is
used to measure pointing errors, and computer-control-
led {MGs are uysed to correct such errors. The compu-
ter is mounted near the center of the antenna within
the structure. Two contrcl moment gyros {part of
counterweight system, step 4.2.7) point the antenna.
Finally, interconnecting wiring between the CMGs and
the computer, and between the computer and seven
refarence subarrays used to measure pointing errors
must be instalied.

The following tasks are required to complete the con-
struction activities and make the SPS operational.

Portfons of the CF-5 and CF-6 structures are left in
place and parmantently attached to the zelumns to
provide a hard Joint with the MPTSs.

Verify all alignments. Adjust main cables and per-
ipheral cables as required, to assure perpendicular-
ity of main columns. Adjust prime cables, as reguir-
ed, to make solar arrays fiat.

The attitude control systems will be activated and
checked out.

The 5PS will be mansuvered to the desired orfenta~-
tion.

The MPTS joints will be unlocked {see 4.2.2), The
CHGs will be activated. The MPTSs will be pointed
and the automatic steering control System will be
activated,

A1l SPS subsystems will be checked ocut before and
after activating the SPS power systems.

Equipment to
transfer compuy-
ter to antenna
and attach com-
puter to struc-
ture.

Equipment to
transfer CMGs
along antenrna
axis and attach
CHGs to struc-
ture.

Equipment to
string and con-
nect wiring be-
tween CMGs, ref
subarrays and
pointing compu-
tar.

Laser sighting
devices.

Systams CAD
area in CF-1.

18D,

¢ CMGs~ 25,000 kg
{55,000 1bs)
each. L

e Wiring lengths
38~75m 20
~200m; 2 @~
300 m, CMGs to
computer~ 625 mJ

ment, 1nstalia-
tion and attach{
ment of CMGs.
Installation
and connection
of wiring.

Systems moni-
toring and con-|
trol.

Systems mon{-
toring and con-
trol.

Systems moni-
toring and con-
trol.

e Computer size - Computer attach{s Inspection of

siectrical wir-
fng connections
& Monftoring of
computer and
M3 mounts.

iR
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Table 3.3.1-1 (Concluded)
MISCELLANEOUS MAN'S ROLE
EQUIPMENT REQUIREMENTS,
TASKS TASK DISCUSSION REQUIREMENTS | {Mass, Distance MAXTMUM MINIMUM
¢ ( Size, Etc) | USE OF MAN USE OF MAN
——
5.7 Datach and Remove After the 5P5 {s operatioral and verifications are » Capability to ® Direct disass- | ¢ Remcte contro)
Construction compiate, the constructior. facilities are removed and disassembie ambly activi- of cunstruction ;
Facilitias maneuvered to other consiruction sites. facitities as |{. tias. equipment, :
required. i
|
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COLUMN/CABLE SPS
CONSTRUCTION STEPS

1.0 ASSEMBLE CONSTRUCTION FACILITIES {LED) __‘
1.1 Construct CF-1 (IMF + LF + H + CF)
1. 2 Construct CF-2 thry CF-6 (H + CF for T
SECS)
1.3 Construct CF-3 (LF + H + CF for SECS)| -+
1.4 Construct CF-7 & CF-8 {LF + H + CF e .
for MPTS)
1.5 Construct MF-1 {LED Mfg Facility)

2.0 BOOST ELEMENTS TO GED ‘ |
2.1 Construction Facilities - - ‘

{4 et s b R T T PTG ST Sk VT T

il

2.2 Manned Moduies e oo ‘ : - 4
2.3 Materlals/Consumables . : ‘ ) X

As R
2.4 Prefab Elements (from MF-1) Az R:gs;:gg
2.5 Crew Exchanges -

3.0 ASSEMBLE CONSTRUCTION BASE (GED) 1
3.1 Construct Hub (CF-1) - :
1.2 Stari): Column Construction (CF-2 thru o~ ’ Bl
CF-8 :
3.3 Dock CF-2 thru CF-6 to Hub - ! i
3.4 Dock CF-7 and CF-8 - i

4.0 CONSTRUCT LR
. &1 Construct SECS N i
4.1.1 Build Continuous Columns (6) B
4.1.2 Instal] Cable Systems R

4.1.3 Install Selar Collection Sys- 3

]
R

tem .
4.1.4 Install Power Distribution L : 5
System 3 ,
4.1.5 Install Auxiliary Equipment
3 ¥ 4.2 Construct MPTS (2)
.2.1 Build Support Structure
.2.2 Install Ball Joint e -

3 Assemble Substructure

4 Install Subarrays '
.5 1Instal) Phase Control System
6

7

8

Install Power Distribution '
System

Build Counterweight System

: Install Pointing Control Sys-
: tem

i 5.0 ACTIVATE SPS il

1 Complete Column Attachment to MPTS — R
2 Final Alignments - Do
3 Activate Attitude Control Systems . '
.4 Orient SPS
5
[
7

e

4

Unlock MPTS, Activate CMGs, Point
MPTS

Checkout Subsystems e
Detach and Remove Construction Facil-
1tias

|

H s 2

IR [T

Figure 3.3.1-8 Column/Cable SPS Construction Timelines
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i
3
1
1
£
i
3
!
|
E
|

3.3.2 Solar Photovoltaie Trugg-Type SPS

3.3.2.1 Overyiew - The JSC concept of the truss configuration (T) SPS is
presented in Figure 3.3.2-1. The support structure is comprised of four main
longitudinal trusses, connected by transverse beams. The longitudinal trusses
are 650-meter wide triangular trusses assembled from 10-meter wide triangular
beams. The SECS is comprised of 650-meter wide solar cell panels and alumin-—
ized concentrator sheets (Figure 3.3.2-2). GFElectrical power is transmitted
from each half of the SECS, through the concentrators, to power distribution
cables at the end walls, and then to an MPTS at each end of the SPS.

3.3.8.2 Construction Activitiee - The baseline construction method for

the truss SPS assumes the main support trusses are assembled in segments in the
outboard bays of the construction facility, similar te the method discussed

for the C/C SPS. A facility concept is shown in Figure 3.3.2-3. The solar
cells and concentrators are installed as the completed structure is moved out
of the facility. Figure 3.3.2-4 presents an inboard view of the facility
showing the S5ECS installers. The solar—-cell and concentrator strips are
mechanically and electrically connected by automatic zipper systems. Top
transverse beams are installed after the appropriate truss attachment points

have cleared the facility.

DIMENSEONS
{FEET}

Figure 3.3.2-1 Truss Type SPS
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Longitudinal
Beams

Transverse-
Beams

Tension —
Cables

i

1e~-I11

/——Aluminized Mylar Collectors | 1_

/|

“— 10m Beams

Figure 3.3.2-2 Truss Type SPS - Solar Energy Collection System
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MOBILE
MANTPULATOR
. ”//3/

BEAM BUILDER
(TYPICAL)

DISTRIBUTION
INSTALLER

PERSONNEL /CARGO
TRANSPORT SYSTEM

Figure 3.3.2-3 Truss Type SPS - Construction Facility Coneept
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Again centroidal node Jjoints are assumed for joining the beams and the
facility serves as the jig to aid in aligning the SECS trusses.

Simultaneous with SECS construction, the MPTSs are comstructed by independ-
ent equipment and facilities at the outboard ends of the SECS structure
(Figure 3.3.2-5).

Initially the MPTS extension structure at the facility end will be
attached to the facility structure. When SECS construction is completed, this
structure will be spliced to the SECS end-wall structure.

For the same reasons as for the C/C SPS, the truss SPS is also assumed
constructed fn GEO, with the facility constructed in LEO, Also, the construc-
tion facility can be separated and maneuvered to another site after the system
is operational.

The functional analysis and construction schedule for the truss type SPS
are presented in Table 3.3.2-1 and Figure 3.3.2-6, respectively. Approximately
60 different construction steps are identified, and over 50 specific equipment
requirements were established. These equipment requirements may include logis~
tics, construction equipment, or construction support equipment. Other miscel-
laneous requirements identified in the table may also encompass these categories
of equipment. The maximum and minimum potential uses of man during construction

and assembly are also described.

3.3,2.3 [Truss Alternate - An alternate to the baseline truss construction

method is to continuwously extrude the longitudimal trusses and automatically
install the lateral and trana#erse beams and cross~bracing tension cables.

This method Increases automation features, at the expense of complexity. The
method of incremental assembly of the truss segments was selected as baseline
since the time of assembling these segments and moving the facility would be
relatively small compared te the time for fabricating the beams. The construc-
tion equipment requived would be much simpler and more common to anticipated
equipment required for other tasks, as well as for tasks in other large system
concepts. The “continuous" conmstruction method would have problems of accurate
placement of side members while the structure is moving. Also, there would be
problems of splicing In beams when the stock material must be resupplied in

the fabricators.
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Pable 3.3.2-1 Truss

Type SPS Congtruction - Funetional Analysis

TASKS

TASK OISCUSSION

EQUIPMENT
REQUIREMENTS

MISCELLANEOUS

REQUIREMENT

(Mass, Distanca,
Size, Etc)

MAN'S

ROLE

MAXTMUM
USE OF MAN

MINIMUM
USE OF MAN

1.0 ASSEMBLE CONSTRUC-

1.1

1.1.1

1.1.2

1.1.3

1.1.4

TION FACILITIES
{LEo)

Build Facility
Structure

Launch construc-
tion base with
beam fabricator

Install construcH
tion equipment

Butld beams

Assemble facili-
ty. frame

Cne large facility will be constructed in LEQ and
boosted to GEG for subsequent construction of the SPS.

The facility wil1l include a large frame structure thaf]

is approximately 5200 meters long, 564 meters high,
and 1300 meters wide (3.22 x 0.35 x 0.8l miles}.

The following construction equipment will be instal-
led in the facility frame:

beam builders {32)

solar cell blanket installers (4)
concentrater installars (8)

tension cable installers (30}

power distribution harness installers (4)

280000

In addition, a separate manufacturing facility will
be assembled, and maintained, in LEC for assembling
SPS elements too large for direct launch from earth;
e.g., MPTS subarrays, solar cel) and concentrator
raolls, etc.

The construction facility will be initiated with the
launch of a construction base with equipment to manu-
facture triangular beams that are 10 meters (32.8
feet) on a side. This base will become the integra-
tion management and logistics facility (IMF + LF
during SPS construction.

Construction equipment will be launched and Installed
on the forward base module. These will be used in
taking fabricated beams and assembling the large
factlity frame. As partions of the facility are
built, the SPS beam builders will be installed (step
1.2.1). These will then participate {n accelerating
the construction of the facility. Similarly, addi-
tional equipment will be Installed and used in tha
facility assembly.

The same beam configuration used fn the SPS construc-
tion ail) be used to assemble the facility frame,
This +nables using the SPS beam bu{lders to bulld
the Facility.

Tha fabricated beams will be assembled to form the
facility frame. Construction equipment required to
assemble the facility may be different than that to
bufld the 5PS.

o Construction
base -

e Capability to
build beams
that are 10 m
(32.8 feet} on
a side. The
beam Tengths
are 650 m {2130
fest).

e Capability to
assemble the
facility

o Docking provi-
sions are re-
quired for sub-
sequent resupply
vehicles (mat-
erials, consum-
ables, etc).

® Factlity beams
will span dis-
tances up to .
650 m {2130 ft)

e Make connec-
tions betwsen
beams -

e Perform on-sita

¢ Remote control
and monitaring
of fabrication.

o Fabricator re-
supply

s Maintenance

¢ Remote control
of QCSE

® Systems ramoie
monitoring

3 T W TR
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Table 3.3.2-1 (Continued)
MISCELLANEQUS
—c MAN'S ROLE
TAZYS YASK DISCUSSION EQUIPNENT A O
"' REQUIREMENTS | {(Mass, Distance, MAXIMUM MINIMUM
Size, Etc) USE OF MAN USE JF MAN

1.1.4 {(Continyed) o Beam masses are| monitoring to |e Maintenance

up to~B837 kg ensyre align=
{1840 1bs} ments.

s Beam Joining s On-site opera-
methods are as-| tion of manipu-
sumed to bs the| lators, 1ike
centroidal sode{ earth-cperation
joint. of cranes

@ Maintenance
1.2 Install Facility
Equipment

1.2.1 Launch and in- As the facility frame 1s assembled, the SPS peam e Bezam builders e Beam builders [e Direct partici-je Remote control
stall bearm builders will be docked and {nstalied into the will include will build pation in inst-| of constructfon
butlders (32) facility. manned habit- beams 10 m on al alling uilders| equipment

ats and resup- side and up to
ply vehicle 650 m long
docking provi-

sions

1.2.2 Launch and in- These equipment ftems will be docked and installed e Capability to |e Installers span|e Direct partici-|e Remote control
stall solar call when the facility is completed. tnstall fastal-{ 650 m. pation in in- of constructianL
blanket (4) and Jers in factli-j s Solar cell stalling build-| equipment
concentrator (B) ty rolls~7 x 106 ers,
installers kg total.

e Solar concen
trator rolls
~7 x 105 kg
total.

1.2.3 Launch and in- These instailers will be unigue to the SPS construc- & Capability to ® Direct partici< ¢ Remote control
stall tension tion and therefore will also be installed after the install tension pation in in- of construction|
cable instal- facility is completed. cable instal- stalling in- equipment
ters (30) lers stallers.

1.2.4 tLaunch and in- These installers will be instalied after the facil- |e Capability to | e Weight and sizeje Direct partici4 o Remote control
stall power dis- ity 15 completed. install har- TBD pation 1n in- of construction
tribution har- ness installers stalling in- equipment
ness Instailers stallers

1.2.5 Launch and in- Auxiliary equipment reguired to transfer the faciii- e Capability to | e TBD o Direct particid{ e Remote control
stall auxiliary ty to geosynchronous orbit {GEO) will include propulq install auxil- patidn in in- of construction
equipment s{on modules, guidance and navigation systems, and iary equipment stalling equip{ equipmant

attitude control. The same equipment will be used ment
to stabilize the SPS/facility during the sarly con-
struction phase.
" e il LA - (L1
i Ty TS DN o ) i Wik il e el v o at o ot -
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Table 3.3.2-1 (Continued)
MISCELLANEQUS MAN'S ROLE
CQUIPMENT REQUIREMENTS
TASKS TASK DISCUSSION REQUIREMENTS | (Mass,’ Distance, MAXIMUM MINIMUM
Size, Etc) USE OF MAN USE OF MAN
1.3 Assemble Manufac-
turing Facility
1.3.1 Launch facility The manufacturing facility will be maintained in LEQ j» Capability to ({TBD b Hands-on assem- |8 Remote control
modul es and will manufacture/assemble SPS elements that are assemble large bly of facility| of factory op-
too Targe for direct earth launch. The facility will| habitabhle ve- and SPS ele- erations from
1.3.2 Launch and in- contain a habitat for crewmen, factory-type facility hicle ments shirtsieeve
stall facllity for assembly operations and/or manufacturing, materiafe Factory-type Direct machine envirocnment
equipment stowage area, docting provisions for resupply vehicleg ecuipment for cperatfon, re- (@ Monitoring of
and propellant servicing facilities for orbit-to- assemb!ing/hanw supply, and automated
1.3.3 Build facility orbit vehicTes. ufacturing monitoring equipment
specific 5PS HMaintenance ® Machine resuppl
elements. ¢ Maintenance 1
2.0 BOOST ELEMENTS TO

2.1

2.2
2.3

2.4

2.5

3.0
3.1

GED

Construction Facil-
ity

Manned Modules

Materiais/Consum-
ables

Prefabricated
Elemants

Crew Exchanges

CONSTRUCT 5PS
Construct SECS

The construction facility will be transferred to GEO.
The construction crews will follow to GEQ in manned
modules. These will dock to the peam builder
facilities.

Materials and consumables will be boosted to GED as
required. These will dock at the Toegistics facility.
From there, smaller transfer vehicles will distribute
the conmodities to the beam buillder facilities.

Somg SPS elements will be manufactured and/or assem-
bled at the manufacturing faciiity {in LEO} and
beosted 1n large packages to the SPS in GEQ.

Construction crews will be exchanged pericdically de-
pending on the extent of manned participation and the
Tength of time the crews can stay in GEO. These
times will depend on the degree of protection from
radiation,

ATT SECS construction will occur within the construc-
tion facility. The outboard end wall will be assem-
bled, Then the longitudinal trusses will be con-
structed. These are canstructed by assembling and
adding on segments that are 650 meters on each leg.
These secments are strengthened by tension cables.
Lateral beams across the structure, top and bottom,
are periodically instailed. As the structure {s

e Docking and
crew trensfer
provisions

e Cargo t ansfer
vehicles

® Docking and
stowage provi-
sfons at the LF

¢ Docking and
stowage provi-
sions at each
facility

s Manned orbit-
transfer ve-
hicle.

s Cargo distribu-
tion distances
up to 5200 me-
ters (3.2 milas)
round trip

o Fly with cargo
veh'cles to

make the dock-
{ng maneuvers

|» Direct partici-

pation 1n dock-
$ng and unload-
ing large cargo

Remote control
ptiot of cargo
yehicles

Remote control
and/or monftor-
ing of docking
&nd unloading

PR TR IR SRR R IR B
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Table 3.3.2-1 (Continued) p
MISCELLANEOUS 3
MAN'S ROLE '
REQUIREMENTS
TASKS TASv DISCUSSION EQUIPHENT REQUIRE
REGUIREMENTS (Mass,” Distance, RAXIMUM MINIMM
Size, Etc) USE OF MAN USE OF MAN
3.1 {Continued) periodically moved out of the facility, solar cells, ) .,
concentrators, and power distribution conductors are -
installed. The entire SECS structure is completed by
adding the inboard end wall.
31.1.1 Build outboard The SECS end wall will be assembled at the outboard |e Capab{lity to |e Beams will span j» Make connectionje Resmote control
end wall side of the construction facility. The wall is a fabricate 10 x Jdistances up to| betwsen beams of construction |
planar structure made up of 15 equilateral triangles,| 650 m (33 x 650 meters equipment ;
65~ meters on & side. The beams over the solar cell 2130 feet) # Beam masses are
troughs will be fabricated and transferred for in~ heams and as- up to~837 kg

stallation after clearing the facility. semble wall | (1840 1bs)

# Beam jolining
methods ara as-
sumed to be the

N centroidal node i
Joint. 2
3.1.2 Build longitud- These trusses are fabricated fn 13 beam builders. s Capability to . ¢ Perform on-sitejo Remote monftor- " i
— inal trusses Alignment 1s achieved by fit to the facility jig. fabricate con- monitoring and ¢ ing e
i tinuous beams resupply of & Maintenance iy
H {l0mona beam fabrica- 7
w side) up to tors j
o 650 meters # Maintenance o
3.1.3 Build and attach The lateral trusses ares fabricated by 7 beam buiid- {e Capability to s Same as 3.1.2 |e Same as 3.1.2 .
lateral trusses ers {3 on the bottom and 4 at the top). The beams fabricate beams @ Direct attach- | @ Remote control T
are attached at each intersection with longitudinal 10 m on the ments between of construc- :
beams . sides and 1300 beans tion equipment \
meters long g
(4 required) *
A
- 3.1.4 Build and attach At each 650 meter {ncrement on the longitudinal e Capability to |e Same as 3.1.1 {e Same as 3.1.3 | Same as 3.1.3 _
side trussas trusses, 8 side trusses are Instz1iled between the fabricate beams I
longitudinal beams. This will {n effect form con- 10 m on the
tinuous colum s (where the concentrators are in- sides and 650
stalled) that are 650 meters on each side. Beam meters long.
builders fabricate and extrude the trusses in near (8 required) .
vicinity to the attached location. e Capability to ]
attach trusses. ) -J
3.1.5 Attach diagonal After each 5§50 meter increment of sach column 1s » Capability to | e Cable span 520 | @ Direct attach-| @ Remote control
tensfon cables assembled, diagonal tension cables will be attached extend cable meters {3000 mant of cables of construction S
across the square areas. Similarly cables are across area feet) - aquipment y
strung across the areas at the bottom cf the solar and attach/ “
cell trough. tens{ion cables
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Tatle 3.3.8-1

{(Continued)

- e sremapu i AT s i e i R i

r——

TASKS

L)

TASK DISCUSSIQN

EQUIPMENT
REQUIREMENTS

MI5CELLANEOUS ,
REUIREHENTS MAN'S ROLE

(Mass, Distance, MAXTMUM MINIMUM
Size, Etc) USE OF MAN USE OF MAN

3.1.6 Install concen-

trator material

3.1.7 Install solar

cell blankets

3.1.8 Install power
distribution

system

As each 659 meter increment of SECS columns 1S moved
putward, tue concentrator material is transferred
from the rollers onto the columns at B places. The
material is electrically connected tuo the soiar cell
blankets as it 1s unrolled {step 3.1.7). The mater-
$al 1s mechanically attached to the column.

As each 650 meter increment of SECS columns is
moved outward, the solar cell blanket is transferred
from the rollers and attached to the lower column
trusses at 4 places. The blankets are attached
electrically to the concentrators and mechanfcal]y
to the trusses.

The main power distribution mode is assumed through
the aluminumized concentrators. Additional conduc-
tors are needed to carry electrical power from each
half of the SECS to the respective MPTSs. The con-
ductor system for the outboard MPTS will be instal-
led when the outboard end wall is completed. Con-
nections to the concentrators will be made when the
first sections of concentrators are installed.
Simitarly, the inboard conductor system i5 installed
after the SECS structure {s completed. Also, conduc
tor splices will be made when concentrator material
is resuppiied. Appropriate switching equipment is
required for circuit controls.

& Capabllity to
attach the ma-
terial to the
columns.

e Capability to
connect the mad
terial to the
solar cell
blanket

@ Capability to
attach the
blankets to
the column
trusses.

e Capability te
attach the
blankets to
the concentra-
tors

¢ Capability to
install conduc,
tor cable sys-
tems in end
wall and at-
tach the con-
ductors to the
concentrators

# Capability to
eiectrically
and mechanfc-
ally splice

_concentrator
material

o Capability to
install

» Total concentra-
tor material in-
stalled is 7.15
x 105 kg per
1acagion (1.57
% 10°% 1bs).
Conrentrator
rolls will be
resupplied per-
fodically.

e Total solar
cell material
per locatéon is

7.15 x 10
(15.7 x 10
1bs). Blanket

roils wili be
resuppiied per-
{odically.

o Total Tength
of conductor
cables at each
end wall is
~10,400 maters
{38,100 feat)

e Cable size s
12 cm dia.

Mass fs~31 kg/
m.

Resupply of

concentrator of replacement
material, of rolls
Make initial » faintenance of
and splicing rollers and
connectfons, attachment
mechanisms.
Resupply of ® Remote control
solar cell of replacement
bilanket rolls of rolls.

Make initial » Maintenance of
rollers and
attachment
mechanisms

and splicing
connections

Attachment of | @ Remote control

conductor ca- of equipment
bles to con- for 1nstalling
centrators conductor
Attackment of cables

cables to

structure

Attach switch-

Ing equipment
Make connec-
tions at
switching
equipment
Make alectric-
al and mech-
anical splices

# Remote control

switching in concentra-
equipment tor material
3,1.9 8uild inboard _Similar to 3.1.1 .
end wall
3.1.10 Actach MPTS to When the inboard end wall is completed, the MPTS o Make struc- # Remote control
inboard and extension support structure will be spliced to the tural attach- of construc-
wall end wall by attaching end wall to portions of facil- ments tion equipment
ity structure. - ..
- - T
: e o el i
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Table 3.3.8-1 (Continued)
MISCELLANEQUS MAN'S ROLE
EQUIPMENT REQU!REMENTg
TASKS TASK DISCUSSION REQUIREMENTS | ({Mass, Distance, MAXIMUM MINTHUM
Size, Etc) USE OF MAN USE OF MAN
3.1.11 Install auxili- A1l auxiliary equipment will be installed on the SECS
ary equipment within the construction facility, as applicable.
Therefore, construction equipment may be compatible.
3.1.11.1 Attitude con- MPD arc jet engines are assumed distributed about the| e Capability to o Total weight ® Direct instal- p Remote control ;
trol systems edges of the SECS structure. install propul< 355,000 kg (in- lation and of construction
ston modules cludes 200,000 connections of | equipment
and associated| kg for I year of] systems . 3
control circuiq propellants) 66
try. engines assumed
3.1.11.2 Instrumenta- Systems include computer, data management, and TTAC. | & Capability to J‘ Total weight
tion and com- install systemd ~4,000 kg .
munications . . ¥
systems H -
3.2 Construct MWPTS {2) An MPTS at each end of the SECS structure converts s MPTS = 1 km dia )
DC power to microwave energy and transmits it to x 72 m depth F
earth. Each antenna contains 7854 (0 m x 10 m sub- {structure) :
arrays on & supporting structure. Each subarray is
tj an integral unit containing microwave generators
— {klystrons or amplitrons}, a slotted waveguide front
é_ face and control electronics.
e A rotary joint allows each antenna to be pointed as .
required toward the ground receiving antenna. Drive
systems within this joint are cont-olled by a compu-
ter to correct pointing errors.
Phase control, power distribution and pointing con- %

trol systems are interconnected by electrical conducH
tors or waveguides between subarrays or groups of :
subarrays for overall MPTS control. These systems - 3
(i.e., cables, computers) are mounted within the ‘ ;
antenna structure behind the subarrays.

z2.1.2

3.2.1 Build MPTS sup-
port structure

.| The MPTS extension support structure connects the

Build rotary
joint frame-

antenna itself with the main body of the SECS. This

differences in geometry between rotary joint fraze
and support structure). Electrical conductors which
carry the DC power from the SECS over the support

e Capability to |e 1041 m length:

fabricate and

face structure
e CapabiTity to
string and

30 beams @ 100

(4.3 m triangu-
lar)

& Moke connec-
tions between

fabricators
@ Perform on-
site inspec-

'e Remote control
of construction

siructure is made up of triangular beam sections. assemble sup- m long, 4 € 40 beams to assemy equipment
3.2.1.1 Build extension Interfacing structure between this support arm and port structure{ m, 25 @ 130 m ble structure |o Remote systems
st-. sture the rotary joint frame is also attached {accommodated beams, inter- # Resupply beam monitoring

9 Resupply and
manipulator op-
erations from

to-support- structure are also instalied at this time. attach elec- tion and mon- shirtsleeve an- i

structurs trical conduc~ ftoring of vironment. .

interface tors &1 km in beam joints, :
ength) s | electrical L
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Table 3.3.2-1 (Continued)
T s s
TASKS TASK DISCUSSION EQUIPHENT REQU I RE )
REQUIREMENTS (Mass, Distance, MAX IMUM MINIMM
Size, Etc) USE OF MAN USE OF MAN

3.2.1-3.2.1.2 {Cont'd)
3.2.1.3 Instal’ elec- # Method to . conductor at-

trical conduc- transfer mater- tachments

tors {SECS to ial from fab ® Manipulator

Jjoint inter- facility out- operation

face)} ward along sup-

port structure
3.2.2 Build rotary The rotary joint contains separate azimuth and ele- | Joint structure|e Joint structurefe Direct fab and {e Inspection of
Joint ’ vation joints with individual drive systems. The fab/assy ~]O0 beams - assy of joint structure
structure for the rotary joint is assembled in place,je Haterial §0 to 130 m structure Joints, drive/

3.2.2.1 FabZassemble beginning at tke interface to the extension structurej transfer tech- Tong (4.3 m e Installation off power transfer

rotary joint (3.2.1.2). The jolnt drive systems are then instal- nique triangular) drive system, systems place-

structure led within the structure at each joint; in addition, power transfer ment

the brush/slip ring power transfer mechanism in the machanism

3.2.2.2 Install drive azimuth joint is also installed. The drive systems

3.2.2.3

1.2.2.4

3.2.2.5

3.2.2.6

3.2.2.7

system and
power transfer
mechanism in
azimuth jeoint

Install drive
system in ele-
vation joint

Instail elec-
trical connec-
tors between
azimuth joint
bus and brush/
slip ring con-
nectors

Install wiring
from rotary
Joint frame to
azimuth joint
bus

Install wiring
from elevation
Joint bus to
azimuth joint
bus

Build support
arms (6) -

are interlocked to prevent rotation until the con-
struction operations are completed.

The power transfer system over the rotary joint is
completed by installing wiring from the brush/siip
ring connectors to a bus in the azimuth joint, from
the azimuth joint bus to the rotary joint frame bus,
and from the azimuth joint bus to the elevation joing
bus. Finally, six support arms are built outward
from the elevatfon joint structure. (These arms
provide attachment points for the first concentric
ring of the main MPTS substructure; ses step 3.2.3.1)

tlectrical
conductor
placement and
attachment
technique

¢ Electrical con-
ductor length -
azimuth bus to
eievation bus
~150 m; others
<20 m
& Support arms -
2 @ 165m long
508 65m, 4@
150 m (5.5 m
triangular)

Wiring instal-
latfon, connec
tions made
manually at
ezch bus

e Inspection of
connectors,
wiring

T

a2

gz

R g P
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Table 3.3.2-1 (Continued)
i s
TASKS TASK DISCUSSION EQUIPMENY S,
REQUIREMENTS (Mass, Distance, MAXIMUN MINIMUN
Sire, Etc) USE OF MAN USE OF MAN
3.2.3 Assemble MPTS Fabrication and assembly of the MPTS structure begins | ® Method to s Trianguler framel ¢ Direct control  Remate monitor-

substruycture

3.2.3.1 Build first
concentric
ring

3.2.3.2 Install sec-
ondary struc-
tures

3.2.3.3 Build second
concentric
ring

after the rotary joint 1s in place. The fabrication
factlity is part of the main SPS construction base
(step 1.2). Assembly is accomplished at the antenna
site, working from the center outward in concentric
rings of structure. The first ring is a hexagon
formed by six rectangular frames (65 m high x 130 m
long);: frame members are triangular beams 4.3 m on
each side. 35ix othsr frames are used to form six
equilateral triangies within the ring.

The six cutside frames are attached to the support
arms constructed 1n step 3.2.2.7. Cables are attach-
ed to support each frame and to rigidize the hexagon
formed by the frames.

Secondary structures, fabricated and assembled at a
separate location, are mounted on the top surface of
the hexagon which constitutes the first concentric
ring. These secondary structures are triangular
{130 m on each side, 7 m in depth), and their inter-
nal structurc forms a rectanguiar grid on the top
surface of the antenna. These structures are deliv-
ered to the construction folded up and are deployed
automatically (f.e., “"popout”) as required. They are
attached to the main structure frames at three points
Six secondary structures are required for the first
concentric ring of the antenna. Surface flatness is
measured and adjusted as required.

Once the first concentric ring is completed, assembly
of the second concentric ring can begin. The same
basic types of rectangular frame structure and sup-
porting cables are vtilized. Additional radial
cables are used to tie the second ring to the first
and, once the frame of the second ring {5 complete,
circularize and rigidize the structure. As success-
jve frames are attached to each other and fnitial
cable attachments made to the first ring, the {ncom-
plete second ring must be supported and held in the
proper position.

Efghteen secondary structures ave mounted to the top
surface of the second concentric ring; these struc-
tures ara simflar to those utilized for the first

# Capability to

# Capability to

transfer mater-

jal from fab
facility over
support struc-

ture to anten-je 24 cables~146

na

attach and ap-
ply tension to
cables

assemble
frames, con-
nect frames to
gether, con-
nect first
ring to ball
Jjoint attach-
ment beams

o Transport
method for
secondary
structures

s Manipulator
attachment
techniques

o Alignment
measurement
and adjustment
techniques

e Same as
3.2.3.1 and 2,
plus: support
arms to hold
second ring
frames in
place while
mating frame
is attached
and radial
cabtes attach
ad.

s Samu as
3.2.3.3

required)

long

¢ 51x secondary
structures
~ Dimensions

1bs) each

e Triangular

65 m {12 re-
quired)
& Frame cables
(24 required)
~146 m long.
@ Rad{al cables
{36 required)
12810men
249175 e
e 18 secondary
structures

beams 4.3 m on
side by 65 m an
130 m long (12

{folded): TRO
e ~1200 kg {2640

frames 130 m x

3

of frame assem<
bly attachmant
and structure
assembly
Direct control
of cabla tan-
sioning

Deployment of
secondary
structure, at-
tachment of
secondary
structure to
main frames
using manipu-
lators

Direct control
of flatness
adjustments

Same as 3.2.3
plus installa-
tion of radia?
tension cableg
and control of
support arms
for second
rind frame
On-site align
ment between
rings and ad-
Justment of
Tlatness

ing of automat-
ic manipulator
process; inspecs
tion of joints

Monitoring of
secondary
structure de-
ployment; moni-
toring of at-
tachment pro-
cedure; fnspec-
tion of surface
flatness

Monfitoring and
inspection of
aszmbly

e

TR
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Table 3.3.2-1

(Continued)

TASKS

TASK DISCUSSION

EQUIPMENT
REQUIREMENTS

MISCELLANEOUS
REQUIRFMLNTS

{Mass, Distanca,
Size, Etc)

MAN'S

ROLE

MAXIMUM
USE OF MAN

HINIMUM
USE OF MAN

3.2.3.3 (Continued}

3.2.4 Install subar-
rays

3.2.4.1 Fabricate sub-
arrays

3.2.4.2 Mount subar-
rays on anten-
ne secondary
structure

ring in that they "popout” for deployment and are
attached at three points, but the shapes vary to
accommodate ring geometry.

Additional rings are built outward, as each success-
ive ring is completed, of 18 and 24 sides each, to
achieve a 1 km diameter.

Subarrays {10 m x 10 m ea) are nonstructural elements
which contain the power conversion and transmission
equipment, Each antenna contains 7854 subarrays,
which are mounted on the top surface of the second-
ary structure.

The subarrays are fabricated in & separate facility
(MF-1) and transported to the antemna construction
site. Fach subarray contains microwave generators
(x1ystrons or amplitrans), a waveguide system for
phase control, power distribution system wiring and
an electronics package, all mounted beneath the
slotted wavequides front face through which the
microwave energy is transmitted.

The subarrays are attached to the secondary struc-
ture at three poimts. They can be mounted as each
concentric ring is completed or immediately after
each secondary structure is installed {before
other secondary structures are in place), or sub-
array installation can be accomplished after the
entire antenna structure is complete.

s Transfer methodie 7854 10 m x 10

for subarrays

from fab facil-

ity to second-
ary structure
surface.

& Attachment
technique

e 3rd ring: 30 seg
structures, 36
frame cables, 6
radial cables

# 4th ring: 42 seq
structures, 18
frames & 184 raq
dial cables

m subarrays.
156 to 140 kg
(343 to 528
1bs) each

& Attachment of
{ndividual sub-
arrays to sec-
ondary struc-
ture

¢ On-site inspec-
tion, monitor-
ing

¢ Remote inspec~
tion

3.2.5 Install phase Since each microwave generator acts as a separate ¢ Electrical cont e Electricel e On-site » Remote nspec-
control system radio transmitter, phase information must be avail- ductor connec- conductor placement and tion of con-
able to rach generator so that system efficlencles tions between Yength in 10 m| attachment of nections
3.2.5.1 Interconnect are optimized. This 15 accomplished via an RF sig- subarrays fncremants conductors
electronics nal sent from the ground to the MPTS, which is (waveguiae at- between elec-
packages be- transferred through the subarrays to each microwave tach or wirs tronics pack-
twesn subar- generator. connectors}. ages,
rays
for phase control, the subarrays are {nterconnected
in series with B to 16 subarrays per group. The
subarrays n each group are connected electrically
{waveguides or wires}. This interconnection {5 ac- -
compiished through the electronics packages and can
be dore at any time after the subarrays in amy con-
centric ring are mounted on the secondary structure
. or after all subarrays are mounted fn the MPTS.
-, -
¢ i e e T ! - ..'..—..::,:, - iy ‘";’J
) b o s i s

L
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Table 3.3.2-1 (Continued)
o | s s __
i e I R
3.2.5.2 Install RF In order to bring the phase control signal sent from |e RF transmis- ~700 RF trans- | Placement and = Attachment of

1.2.6

3.2.56.1

j.2.6.2

3.2.6.3

3.2.6.4

Tines from ref-
arence subar-
rays to sub-
array groups

Install power
distribution sys-
tem

Install switch
gears

Attach elec-
trical conduc-
tors from rg-
tary Joint bus
to switch gears

Install elec-
trical conduc-
tors from
switch gears to
distribution
points

Install elec-
trical conduc~
tors at dis-
tribution
points betwean
subarrays

the ground and received at the center of the antenna
to the subarray groups { 700) over the MPTS surface,
RF lines ( 700 transmission 1ines) are routed from
the antenna center to the first subarray in each sub-
array group.

These lines can be attached at the antenna center as
soon as the first concentric circle (with subarrays)
{.. complete and the connections can be completed as
soon as the outer subarray groups are placed. Alter~
nately, the transmission Tines can be attached as a
single task after all subarrays have been mounted in
the MPTS.

The microwave energy transmitted to earth from the
MPT5 is that energy collected by the SECS, transferred
to the MPT5 as DC power pver the rotary Joint and dis~
tributed to each microwave generator. Each subarray,
as mounted In the secondary structure (step 3.2.3.4{.
contains the wiring for power distribution from the
elactronics package within the subarray to each
icrowave generator.

Sixteen switch gears are required, mounted in two rows
f eight along the antenna axis, as the interfaca be-
tween the power from the SECS and the Individual sub-
rrays. These switch gears are attached tosthe an- °
enna structure, within the secondary structure.

lectrical conductors are then attached from the
witch gears to-the ratary joint {elevation axis)
us. These 1ines would be placed along the antenna
tructure radially to the antenna center, then axially
{elevation joint axis) to the rotary joint bus.

lectrical conductors are alse placed laterally from
ach switch gear to distribution points in each anten-
a quadrant. Each switch gear services between 100

nd 400 disteibution points depending upon its Toca-
jon on the axis. Depending upon the distance from
he antenna center, thase distribution points trans-
er power to one, two or four subarrays. Wiring be-
ea? sugarrnys at such distribution”points must also
e placed.

sfon line at-
tachment mech-
anism

nique to carry
switch gears
o antenna
s Electrical
conductor at-
f tachment math-
od

¢ Transfer tech- ﬁ

r

»

mission 1ines,
max length = SO0
m

16 switch gears
2000 kg (4400
1bs) each.
Conductor len~
gth-switch gears
to ball joint
bus 4 B~600 m;
4 P~500m; 49
~400 m; 4 @~
300 m,
Conductor Ten-
ghts-switch gear
to dist pts
(main Tateral
path): 4 @ SO0
my 4 @ 400 m; 4
B300m: 4@
200 m, plus ~
1000 wires avyg
length 100 m. -
Intersubarray
wiring 10 m in-
craments max
Tength 30 m

L

attachment of
cables to sub-
arrays (both
cnds¥

Installation p
and attachment
of switch gears
Installation
and attachment
of wiring from
switch gears to
rotary joint bus,
Installation
and attachment
of wiring to
distribution
points
Instaliation
and attachment
of wiring be-
twean subirrays

cables st sub-
array end, aften
initial attach-
ment of cabies
at antenna cen-
ter as part of
the subarray
group fibrica-
zion.

vonitoring/
inspection of
wiring connec-
tions, switch
gear attackanis
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Pable 3.3.2-1 (Concluded)

MISCELLANEOUS e R
EQUIPMENT REQUIREMENTS MAN'S ROLE
TASKS TASK DISCUSSION REQUIREMENTS [ (Mass, Distance, MAXTMUM MINIMUM
Size, Etc) USE OF MAN USE OF MAN
3,2.7 Install pointing A control signal sent from the ground to the MPTS is |e Technique to o Computer size [o On-site place- |s Remote inspec-
control system used to measure pointing errars, and a computer is mount computer } TBD ment of compu- tion of alec-
used to command the rotary joint drive systems to in structure |e Wiring lengths ter wiring trical connec-
' 3.2.7.1 Mount pointing correct such errors. The computer 1s mounted near ¢ Wire Installa- subarrays to tions
| control compu- the center of the antenna within the structure. This| tlon, connec- computer: 3 @
| ter in anten- computer fs connected to saven refersnce subarrays tion 75m; 28 200m
Rz structure used to measure pointing arrors, and tgq the drive 2 @ 306 m.
systems via elactrical wiring, Computer to ro-
3.2.7.2 lInstall wiring : tary Joint: 40
between ref- m to elevation
erence subar- Joint; 140 » to
rays and com- azimuth joint
puter '
3.2.7.3 Install wiring
between compu-
ter and rotary
- Joint drive
rr-ﬁ systems 7 .
=~ 4.0 ACTIVATE SPS The following tasks are required to complets the con-
n struction activities and make the SP5 opera.ional. i
4.1 Activate Attitude The attitude control systems will be activated and # Systems CAD . Systems monjtory
Corntrol System checked out. arez in IMF irg and control
4,2 Orient SPS to POP The SPS will be maneuvered to the desired grienta- & System monitor-
and Solar Orienta- tion. . ing and control
tion
4.3 Unlock MPTS Joints The MPTS joints will be unlocked (see 3.2.2). The n Systems monftorf
Activate Computer computer will be activated. The MPTSs will be point- ing and control
and Point MPTSs ed and the automatic steering control system will be }
activated. . .
4.4 Check Out Subsys- A1l SPS subsystems will be checked cut before and
tems after activating the SPS power systems.
4.5 Detach and Remove After the SPS {s operational and verifications are s Capability to #» Direct disass- | ¢ Remote control
Construction Facil complete, the construction facility is removed and disassemble enbly tasks of OCSE
{ties maneuvered to another construction site. This will structure and
require some Structure disassembly and separate remove {nstal-
removal of installers. - lers
o Transfer ve-
hicles
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CONSTRUCTION STEPS
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1.0 ASSEMBLE CONSTRUCTION FACILITIES (LEO)
1.1 Build Facility Structure
1.2 Install Facility Equipment
1.3 Assemble Manufacturing Facility

BOOST ELEMENTS TO GEO Lo
Construction Facility
Manned Modules 4
Materials/Consumables = As
Prefab Elements (from Mfg Facility) As
Crew Exchanges =
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ACTIVATE <P5

uct MPTS (2)

Build Qutboard End Wall
Build Longitudinal Trusses
Build/Attach Lateral Trusses
Bulld/Attach Side Trusses
Attach Diagonal Cables
Install Concentrators
Install Solar Cells

Instal} Power Distribution
System

Build Inboard End Wal}l
Attach MPTS to End Wall »
Install Auxiliary Equipment

Build Support Structure
Build Rotary Joint

Assemble Substructure
Instal) Subarrays

Install Phase Control System
Install Power Distribution
System

Install Pointing Control Sys-
tem

-
LR T L

4.1 Activate ACSH \ 3
4.2 Orient SPS - .
4.3 Unlock MPTS Joints, Activate Comput- - :

er, Point MPYTSs i i
4.4 Checkout Subsystems ™
4.5 Detach and Remove Construction Base

R T AT

Figure 3.3.2-6 Truss Type SPS Construction Timelines
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3.3.3 Brayton-cycle Thermal Engine SPS

3.3.3.1 Overview - The Boeing concept of the Brayton-cycle thermal (BT)
engine SPS is presented in Figure 3.3.3-1. "The total system is comprised of
four power modules and a MPTS. (Ongoing studies may derive different system _é A
sizes and may incorporate a second MPTS.) At each power module, solar radiation .
is concentrated by steerable facet reflectors (17,000 in each module) into a | S

power conversion system (PCS) cavity absorber. Piping inside the cavity de- %1 3

livers heated helium to drive turbogenerators which generate three-phase AC ::-a

electrical power. The electrical energy is delivered through the three-element
spinal truss to rotary transformer at the MPTS interface. Here the electrical
energy 1s converted to DC for driving the microwave generators. Waste heat is

rejected from each PCS via a liquid metal (NaK) system and large halo radiators.

3.3.3.2 Construction Activities - The baseline construction methods assumed

{partially derived from Boeing concepts) for the BT SP5 includes constructing
the power conversion system {PCS) inside a hexagonal construction jig structure,

i as shown in Figure 3,3.3-2, The cavity absorber shell is assembled from pre-

fabricated panel sections. When the shell 1s sufficiently assembled, structure
18 installed around the cavity opening as a base for installing the solar con-

centrator (SC) structural struts (see Figure 3.3.3-3). The SC is assembled

Dt Gt T

using mobile beam buillder facilities while the remainder of the PCS is assembled. @
e The mobile beam builders are assumed capable of fabricating two beams
simultaneously and contain a manipulator system for installing lateral beams . g

and tension cables (see Figure 3.3.3-4). These SC facilities will also in-
stall structural framework to form the SC bowl, overlay this framework with
popout secondary structures, and install reflector facets into steering mech-

anisms previously installed in the structure (see Figure 3.3.3-5).

The PCS construction facility contains six manipulators for installing
the PCS elements and two long cranes (X900 m) for installing the massive

radiator segments and the spinal truss structure.

Simultaneous with the PCS conscruction, a MPTS is constructed at a separate
site. When the four power modules and the MPTS are constructed, the MPTS is

temporarily attached to the bottom of ome of the modules. Ion/chemical propulsion

units are attached (Figore 3.3.3-6) and the four modules are boosted to GEO.
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Table 3.3.3-1 Thermal Engine SPS Construction - Fumetional Analysts
MISCELLANEOUS
MAN'S ROLE
EQUIPHENT REQUIREMENTS
TASKS TASK DISCUSSION REQUIRENENTS | (Mass, Distance, | ~ MAXIMUM MININN
Size, Etc) USE OF MAN USE OF WA

1.0 ASSEMBLE CONSTRUC-
TION FACILITIES

Each of the SPS modules will be constructed in LEQ,
boosted to GEQO, and joined in GEC to form the total

o CF-1 thru CF-§
will provide

FAS

1.1.1

1.1.2

1.1.3

1.1.4

(LED)

1.1 Construct CF-1
thru CF-4 for PCS
Assembly

Launch eonstruc-
tion base with
beam/fabricator
(4}

Install construc-

tion equipment

Fabricate facil-
fty beams

Assemble fa:114-
ty (4)

1.7 Construct CF-5"
thru CF-28 for SC
Assembly

SP5. Initfally four construction facilitfes (CF-1
through «4) wil) be assembled {n LEO. These will
independently assemble the four power conversicn
systems (PCS). Six additional beam-builder facil§~
ties for each module (CF-5 through -28) will be
assembled 1n LED and attached to the PCSs. These
will then construct the solar concentrator {SC)
assembly. Simultaneously, CF-26 will be assembled
in LEO and used for constructfng the MPTS.
facturing facility (MF-1) will be assembled and
maintained in LEO for assemblfng SPS elements too
iarge for direct launch from earth; e.g., MPTS sub-
arrays, popout SC secondary structures, radiators,
etc.

Construction bases are Jaunched with the capability
to manufacture square beams B meters on a side.
OCSE {manipulators) are leunched and installed on
each facility. The OCSE will take the fabricated
beams and assemble the hexagon structure. The OCSE
manipulators will be instajled at the interior side
of the apexes as the hexagon structure s assembled.
PCS stanchions are also installed at these points.

These factlities will be launched and assembled when

the PCS construction has proceeded to the point wherd

the SC support spokes are ready to be assembied.
These facilities are envisioned as capable of bufid-

Ing beams out both ends and containing manipulators

for installing transverse SC beams and cables.

A manu- -

¢ Capability to
fabricate 8 x
125 meter {26
x 410 feet)
square beams.

e Capability to

assemble faci-
1ity. Manipu-
lators to be
installed are:
Cavity const-
ruction ~ 6
required, ~110
meters each;
Radiator con-
struction - 2
required, ~700
meters each.

o Capability to
fabricate tri-
angular beams
10 x 338 m (33
% 1100 feet}.
Beams to 1600
m long are re-
quired between
the SC spokes.

1 « Capabilfty to

1nstall beams
spanning 1600
n,

1o Facility beams

¢ Beam mass~1.3

the integration
managamant

{INF} and log-
{stics facili-
ties (LF}. AN
construction
facilities will
incTude manned
modules. Sta-
tionkeeping

systems are

praovided in all
facilities.

will span B6 m.
Beam masses are
up to~215 kg
{473 1bs).

¢ Docking provi-
sions on the
manned factlity
are needed for
O0CSE and sub-
sequent resup~
ply vehicles.

e Beam Joining
methods are
assumed to be
welded butt
Joints.

kg/mater

® Make the con-
nections be«
tween beams.

# Resupply beam

fabricators.

* beams to ensu
Joint integri
and alignments.

e On-site oper-
atfon of OCSE
menipulators.

¢ Maintenance.

¢ Perform on-sé
monitoring of

@ Remote control
of OCSE,

o Systems remote
monitoring.

e Fabricator re-
supply from
shirtsleeve
envivorment.

¢ Maintsnance.
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for MPTS Assembly

1.4 Construct MF-1

 1.4.1

1.4.2

1.4.3

Launch facility
modules

Assemble facili-

ties

taunch and in-
stall facllity
equipment

2.0 CONSTRUCT SPS °

2.1 Construct Individ-
ual Modules (4)

2.1.1

Construct PCS
(4)

2.1.1.1 Assemble cav-

1ty absorber
shell

ing systems, logistics facilities, and manned mod-
ules will be included. This facility will assemble
the 130 x 65 m frames (with cross-cables) used in

constructing the MPTS polygon structure. The frame
trusses are triangular at 4.3 m on 2 side, The fa-
cility is envisioned as 30 x 70 x 150 m. Fabrica-

tors, OCSE, and jigs are provided in 3 bays for con-
current manufacture of 3 frames at a time. The same
facility will provide support to the OCSE for assem-
bly of the MPTS, including attachment structure,
substructure, secondary structure, subarrays, and
operating equipment.

The manufacturing facility will be maintained in
LEO, near to the SPS construction sites. This fa-
cility will manufacture/assemble SPS elements that
are too large for direct earth launch. The facility
will contain a crewman habitat, factory-type facil-
ity for assembly operations, material stowage area,
docking provisions for resupply vehicles, and pro-
pellant servicing provisiens for orbit-to-orbit
vehicles.

The PCS construction starts by assembling the cavity
absarber shell. The surface of the shell is made

up of series of flat facets. Around the center is a
belt of 32 facets, where the bulk of the Lrayton cy-
cle machinery will be 1nstalled. These facets are
alternately 20 m (65.6 ft) square and 20 x 9 m

fabricate 4.3
x 150 m {14 x
500 ft) beams
and assemble
these into the
required facti-
ity frame.

Lapability to
assemble large
habitablz ve-
hicle.
Factory-type
equipment for
fabricating/
assembling
specific 5PS
elements.

Capability to
install facet
sections on CF]
stanchions and
install re-
maining facets]

witl span up to
150 meters.
Beam mass 1s up
to~54 kg (119
ibs).

Docking provi-
sions are re-
quired for sub-
sequent resup-
ply vehicles,
Self-sustaining
systems: ACS,
GNAC, power,
stc,

Subarrays = 200
kg, Material
package = TBD
kg. )

Cavity sphere
size 150 m

(492 ft) dia.
Mass of 20 x

29 m saction
with gas piping

e dands-on as-

o On-site oper-

sembly of fac-
iiity and 5PS
elements,
Diract machine
operation, re-
supply and
monitoring.
Maintenance.

Direct 1nvolv
ement in join-
ing structure
facets.

atfon of mani-
pulators

- [ SRS VP s “W“‘H“‘ﬁ
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Table 3.3.3-1 (Continued)
MISCELLANEQUS MAN'S ROLE
EQUIPMENT REQU!REMENT;
TASKS TASK DISCUSSION REQUIREMENTS | (Mass, Distance, MAXIMUM MINIMUM
Size, Etc) USE OF MAN USE OF MAN
1.2 {Continued) e Capability to
install cables
spanning 2050
m.
& Maninulators
with 150 m
reach.
1.3 Construct CF-29 This facitity will be self-supporting. Stationkeep-] e Capability to |e Facflity beams Same as 1.1 Same as 1.1

e Remote control
of factory op-
erations from
shirtsleeve
environment.

e Monitoring of
automated
equipment.

¢ Hachine resup-

ply.
o Matrtenancu.

¢ Remote control
of OCSE.
¢ Maintenance.

ol eme e




AT T T e ———— e - ¢ 8

e e e g e TR
5 B % ¢

7C-111

BNl s e A MO T

Table 3.3.3-1 (Continued)
MISCELLANEQUS MAK'S ROLE
EQUIPMENT REQUIREHEHTS
TASKS TASK DISCUSSION REQUIREMENTS | (Mass. Distance, MAXIMUM MINIMUM
Size, Ete) USE OF MAN USE OF MAN
2.1.1.1 (Continuad) (65.6 x 29.5 ft). The majority of the remainder of }e Manipulator and insulation |® Maintenance of
the facets are 20 m square with smaller, tapered, lengths requir-| ~53,000 kg each] OCSE.
flat panels in between to complete the sphere. It sl ed are about {116,500 1bs}.
probable that several of the facets could be assem- 110 m. o 98 sections.
' dled into larger elements at MF-1 and transferred to N
the PLS sites.
2.1.1.2 Install fluid 1t is assumed that the gas (helium) heat exchanger o Capability to }e Sizes TBD. ® Direct joining ;e Remote control
piping piping inside the absorber cavity will be part of the| make gas piping of gas piping. of OCSE.
structure facets. Connections will be made between connections
sections as the absorber sphere 1s assembled. It is {exterior acc-
assumed that the gas piping inlet and outlet for each] ess assumed).
section can be on the exterfor of the sphere for ease
of assembly.
At installatfon of the waste heat radiators, Yiguid |e Capability to |e Sizes TBD. & Mrect {nstal~ [ e Remate control
metal {NaX) piping is fnstalled between the PCS and install and lation of pip- of OCSE.
radiators. connect 1iquid ing.
metal piping.
2.1.1.3 Install turbo- Sixteen 300 MW turbogenerator (TG) sets will be in- | Capabiiity to | e Mass of each ® Direct joining | @ Remote control
generator sets stalled around the periphery of each PCS sphere. _ transfer and TG set~236,400f of connections, of QCSE.
Each set will be preassembled in MF-1 pricr to trans< {install TG setg kg (520,000 ® On-site opera-
fer to the PCS site. on cavity 1bs) tions of man-
structure. © fpulators.
2.1.1.4 Install A halo radiator assembly will be installed on each e Capability to | e Assume 12 radi-{e Direct instal-
Radiators SPS module. These will be Installed on tha +X transfer and ator segments Jation and
structure spoke after the SC structure assembly has install radia- at~500,000 kg connection
progressed sufficiently. Since the mass of each tor segments (105 1bs) with activities.
radiator assembly will be~6 x 106 kg, it is assumed and make pipind dimensfons of |# On-site opera-| e Remote control
each radiator will be assembled from several seg- connections. ~180 x 730 m, tion of manip- of OCSE.
ments. This wil¥ then require on-site mechanical ulators.
and fluid piping connections.
2.1.1.5 Leak check and As each fluid system is installed, leak checks will | e Leak check flud » Manual leak ¢ Remote monitor-
charge fluid be performed to verify system integrity. If leak- 1d systems. check methods. ing of leak
systems age 1s present, methods must be employed to 1solate Methc: TBD. » Fly-around check method.
leak location and seal the leak. As part of activa-| » Locate point leak detection! e Lezk detection
ting the system, the fluid systems will be charged. of leakage. routine and and evaluation
.The helium system presents no problem and can be Method TBD. 6 evaluation. ® Leak repair,
remotely activated by opening the accumulator supply| & NaK loading o=4.08 x 10 kg | o Leak repair, ¢ Connection of

valve. The NaK system presents some problems. The
Nak metal must be 1n 1iquid form to flow into the
system and the system must be operating to maintain
the 1iquid form. The NaK charging therefors will be
in GEQ as part of activating the SPS. . .

system to melt
the metal com-
pound and
charge tha PCS
system.

Nak 1n each
radfator.

¢ Connection of
NaK toading
system and on-
site operation

NaK loading
system ard re-
mote oparation
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Table 3.3.3-1

{Continued)

TASKS

TASK DISCUSSIOR

EQUIPMENT
REQUIREMENTS

{Mass, Distance,

MISCELLANEQUS
REQUIREMENT

Size, Etc)

MAN'S

ROLE

MAXIMUM
USE OF MAN

MININUM
USE OF MAN

2.1.21

2.1.2.2

2.1.2.1

2.1.2.4

2.1.2.5

2.1.2 Construct Solar
Concentrators

{sc}
Install SC sup-

port base struc-

tures

Dock CF-5 thry
(F-28 to sup-
port strut base

Build 5C sup-
port struts and
cross-trusses

Install tension
cables

Build reflector

The cavity absorber shell will have truss pads {ncor-
porated at appropriate spots for anchoring the 5€
suppert struts. Preassembled base structures will be
instailed on these pads ucing the PCS construction
facilities. These structures will provide docking
for the SC construction facilities.

These construction faciiities will have fly-around
capability and contain beam fabricators and manipula-
tor systems. Each facility will dock to the SC sup-
port strut bases constructed in 2,1,2.1. A beam will
be partially fabricated and attached to the support
strut base.

Each SC construction faciiity will continue to build

the beam strut. This will in effect mave the facili-
ties away from the PCS. Simultaneously, a beam will

be built out the other end of each facility. At the

appropriate time, this second beam will be installed

between support struts.

Tension cables will be periodically installed to

stabilize the long support struts. Cable Tayout 1is
TBD.

When the SC construction faci{lities have built the

|

CF-1 thrv CF-4
facilities.

Capability to
faktricate SC
triangular
beams and at-
tach beam to
base while
docked or sta-
tionkeeping.

Capability to
fabricate and
install beams
10 mon a side
and up to 1600
m (1 mfle) long

Capability to
install tension
cables over
spans up to
2775 m (9100
feet).

Same construc-

s Control of dock-je

ing maneuvers.
Direct connec-
tions of beam to
base,

Beam mass up to
1560 kg (3430
ibs).

Popout second-,

- ends and ten-

A
Direct connec-

tion of base
structure.

Remote control
of OCSE.

Make connectiong
of cross-beams.

Transfer cablas
across span.
Install cable

sion cables.

Dirsct connec-

» Remote control
of OCSE.

¢ Remote control
of OCSE.

8 Material re-
supply.

s Maintenance,

# Remote control
of OCSE.
o Material resup-

® Maintenance.

¢ Remote contro)

framework struts to the desired lengths, beams will be taken tion facility ary structure tion of beam of OCSE.

from the other end of the beam fabricators and, by capabfliity as weight~5000 kqg| ends. o Materfal resup-
use of the manipulators, placed in positions to start| 1n 2.1.2.3. {11,000 Ths}). ply.
building a framework for the bowl of the SC. The e Manipulator ® ~762 secondzry # Maintenance.
construction facilities will move themselves, by use capability to structures in-
of the manipulators, to other places on the bowl move construc- stalled each
framework as required to continue building the freme-| tion facility. module.
work. When the equilateral-triangle structures are ¢ Facility mass
completed, “popout" secondary structures will be T8D.
transferred to the sites and installed. (This con-
cept was devised to present a possible 5C assembly
method. The bowl framework would have to be re-
worked to achieve the equilateral layout. Existing
Boeing data 1s fncomplete in this area.)}
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Teble 3.3.3-1 (Continued)}

MISCELLANEGUS

[}
EQUIPMENT REQUIREMENT S HAN'S ROLE
TASKS TASK DISCUSSION REMENTS Mass, Distance, MAXIMUM MINIMUM
REQUIREMENTS | { size, Ete) USE OF MAN USE OF MAN
2.1.2.6 Instzll reflec- Preassembled reflector facets are installed at each @ Transfer facetde ~17,000 facets [# Make mechanical ¢ Remote control
tor facets top joint of the "popout" secondary structure. Each to installatiod {installed each connection, of OCSE.
facet is individually steered by a 2-axis drive assem sites. module.
bly. The drive assembly 15 mechanically attached at | e Install facet i» Mass~65 kg
the structure jofints. drive assembiy| (143 1bs) per
at secondary facet,
structure
Joints.
2.1.2.7 Instal]l reflec- Each facet contains a sensor and ci—cuitry to auto- e Capability to e Connections at | e Make electrical o Remote control
tor control matically maintatn focusing on the eavity absorber. make electric-| =17,000 facets connections. of .
systems However, remote control of the facet steering {s re- al eircuitry on sach module.
guired to permit defocusing the facets in the event cormections. e Connections at
of PC5 contingencies that require removing radfation . =30 primary
into the cavity. Circuitry for power to the drive structure jofnts
assemblies and control signals ts raquired for each :
facet. Circuitry will be preassembied in the second-
ary structures and will be installed on the primary
beams as they are constructed. A1l circuitry must
be connected as the assembly operations occur.
2.1.3 Construct/{install Power is transferred from the turbogenerators up the T' Unique beam
power distribuy- primary bus trusses to the spinal truss. The spinal fabricators to
tion system truss carries power to the end module, down the SC build power
strut near the MPTS, and to the rotary transformer conducting
N joint {see 2.2). The generated power is 3@. Each beams. (These
longitudinal member of the transfer beaams carries a beams could be
phase. Cross-members are Insulated from the long special built
elements, in ¥F-1.)
[2.1.3.1 Install primary The primary power bus trusses are installed on the ¢ Facility manipTc Beam Tengths & Make beam con-| @ Remote control
power bus trus- PCS~to-5C interface structure. ulators ade- ~]150 m. Mass nactions, of OCSE.
ses quate, ~146 kg. e Direct opera~
. tion of manip- .
. ulators.
P.1.3.2 Install spidal The spinal truss 15 installed between the top ends of | ¢ Facflity manipje Beam lengths & Make beam con-| » Remote contro}
truss the primary power bus trusses. This spinal truss will] ulators ade- «340 m, Mass nections, of OCSE.
eventually be extended when all SPS modules are joined quate. =330 kg. a Diract opera-
tn GEO. tion of manfp-
o ulators.
P.1.3.3 Connect PCS pri- Bus bars are installed on the PCS to carry power from | e Capability to ® Make bus bar # Remote control

mary pawer bus the turbogenerators and are connecte€d to the primary install power instailations of OCSE.
bars bus trusses. bus bars and and connec-
connections tions.
with primary
bus trusses.
- x ae g .7
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Table 3.3.3-1 (Continued)

g T AT ke

TASKS

TASK DISCUSSION

EQUIPMENT
REQUIREMENTS

MISCELLANEQUS

REQUIREMENT:

{Mass, Distance,
5ize, Etc)

MAN'S ROLE

MAX TMUM
USE OF MAN

MINIMM
USE OF MAN

2.1.4 Prepare SPS ele-
ments for trans-

far to GEO

2.1.4.1 Install auxil-
{ary systems

2.1.4,2 Instat]l MPTS

en 5C

2.1.4.3

tem

2.1.4.4
struction

facilities

2.2 Construct WPTS

Install orbit
transfer sys-

Remove con-

The separate SP$ madules will be transferred to GEQ
for final assembly. The following tasks are required
to prepare the SPS elements for this orbit transfer.

Those systems will be installed that will monitor
orbital parameters and integrate orbit-transfer func+
tions for control of the propulsion modules. The
same systems may be used for controliing the steer-
ing of the SPS when operational or additional sys-
tems may be installed. Permanent operational ACS
will be installed.

The MPTS will be installed on the bottom of one of
the SC modules for transfer to GEO.

Three orbit transfer vehicles will be installed on
each SPS module, These vehicles will be remotely
maneuvered to the docking points and connected using
on-site equipment.

-

Those canstruction facilities will be removed {Fly-
away) that are not needed in the GED operations.
CF-1 thru CF-4 and 2 of each of the SC facilities
will be needed. These will be secured on the 5PSs.
CF-29 will be required for MPTS maneuvers.

The thermal type SPS concept utiliizes one MPTS to
transmit to earth all energy collected from the 4
modules. MPTS construction and assembly includes
buflding the antenna and extension structure and
attaching the rotary transformer assembly {RTA)} in
LED. This entire assembly is constructed independ-
ently {from PCS and 5C) and then transported to GEQ
{on a SP5 module) where it is attached to the SC
assembiy.

The antenna contains 7854 10 m x 10 m subarrays on

a supporting structure. FEach subarray s an inle-
gral unit containing microwave generators {klystron
or amplitrons), a slotted waveguide front face and

e Use PCS con-
struction fa-
cil{ties.

» Capability to
transfer MPTS
to SC provided
by CF-29.

e Capability to
{nstall MPTS
uh 5C.

e Use SC con~-
struction fa-
cliities.

e Capability to
connect OTY to
SPS module.

# Use 5C con-
struction fa-
cilities.

o CF fly-away
capabilities.

e Attitude con-
trol-~» 400,000

kg each module.

¢ MPTS mass
~12x10° kg.

s OTY mass - TBD

o CF=1 will be-
come the sin-
gle IMF in GEO

1 km dia anten-
na x 72 m depth
(structure}
NOTE: The use
of 1 MPTS (of 1
km dia) to
transmit total
energy output
of the PCS to
earth conflicts
with NASA con-
cepts, whirn
use 2 antennas
for each SPS.

o Make mechani-

o Direct connec-
tion of suxil-
{ary systems.

\

e Make mechanic-
al connections
between MPTS
and SC.

cal and elec-
trical connec-
tions.

» Remote control
of OCSE.

e Control dock-
{ng maneuvers.

of OCSE.

¢ Remote control
of OCSE.

# Remote controtl|

AT T
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Table 3.3.3-1

{Continued)

MISCELLANEQUS

REQUIREMENTS MAR'S ROLE
EQUIPMENT
TASKS TASK DISCUSSION REQUIREMENTS | (Mass, Distance, MAXIMU HINTMUM
Size, Etc) USE OF MAN USE QF MAN

2.2 {Continued) control electronics.

Phase control, power distribution and pointing con-

trol systems are interconnected by electrical conduc-

tors or waveguides between subarrays or groups of

subarrays for overall MPTS control. These systems

are mounted within the antenna structure behind the

subarrays.

The extension structure physically connects the an- .

2.2.1 Assemble MPTS

tenna to the RTA at the end of the SC, and allows
3609 of rotation of the antenna about the long axis
of the SC.

The rotary transformer assembly {RTA} is the actual
joint which allows the antenna to rotate for pointing
toward earth. The RTA is attached to the extension
structure (in LEO) and the main SC frame (in GEQ);
and Includes power conversion and transfer equipment
to the antenna systems. Antenna peinting control
methods are TBD.

CF-29 1s utilized to construct the MPTS. Since this

Capability to

@ Triangular

® Make connec~

s Remote control

substructurs task 1s accomplished independently from othey SPS fabricate 4.3 m| frame beams - tions between of construction
construction, CF-29 must be capable of stabilizing x 150 m beams, 4.3 mon a side|  beams to assem-| eqguipment.
2.2.1.1 Bufld first itself and the MPTS, at least during early construc- build attach- by 65 m and 130] ble structure. |es Remote systems
concentric tion phases. This facility will construct the main ment arms. m long (12 re- is Dirsct control monitoring,
ring sntenna structure and the extension structure {in- o Docking factili-} quired). of frame assem-| # Remote monitor-
cluding support attachments to the MPTS). ties for resup~i® 24 frame cables| bly attachment ing of automat-
ply. ~146 » long. and structure 1c manfpulator
Assembly 1s accomplished working from CF-29 (at what |e Method to tran- ‘ - assembly. process;
would be the antenna center) outward 1n concentric sfer material # Direct control inspection of
rings of structure. The first ring is a hexagon from fab facil of cable ten- Joints.
formed by six rectangular frames (65 m high x 130 m ity over sup- sioning.
Jong). Frame members are triangular beams 4.3 m on port structure
. each side. Six othar frames &re used to form six to antenna.
equilateral triangles within the ring. e Capabflity to
attach and ap-
ply tension to
cables.,
s Capability to
assemble frame
connect frames
tagether.
‘ e LA
e g e p S e SN .
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Table 3.3.3-1 (Continued)
:lSCEkLAN§$US MAN'S ROLE
EQUIPMENT REQUIREMENTS |
TASKS TASK DISCUSSION REQUIREMENTS | {Mass, Distance, MAXIMUM MINIMUM
Size, Etc) USE OF MAN USE OF MAN
2.2.1.2 Install secon- Secondary structures, fabricated and assembled at a |e Transport meth-|e Six secondary |e Deployment of {e Monitoring of
dary struct- separate Tocation, are mounted on the top surface of od for second- structures. sacondary secondary
urss the hexagon which constitutes the first concentric ary structures.| Dimensions structure, structure de-
ring. These secondary structures are triangular e Manipulator, (folded): TBD | -attachment of ployment; mon-
(130 m on each side, 7 m in depth} and their internal] attachment *~1200 kg {2640 secondary {toring of at-
structure forms a rectangular grid on the top surface| technlques. 1bs each}. structure to tachment proce-

2.2.1.3 Build second

concentric
ring

2.2.1.4 Build third

2.2.2

2.2.2.1

and fourth
concentric
rings i

Install subar-
rays

Fabricate sub-
arrays

2.2.2.2 Mount subar-

rays on anten-
na secondary
structure

of the antenna. These structures are attached at 3
points to the main structure frames, and are deliver-
ed to the construction site folded up, to be deployed
as required for attachment. Deployment 15 automatic
{i.e., popout). Six secondary Structures are re-
quired for the first concentric ring of the antenna.
Surface flatness is measured and adjusted as required

Once the first concentric ring s completed, assembly
of the second concentric ring can begin. The same
bas{c types of rectangular frame structure and sup-
porting cables are utiiized. Additional radial ca-
bles are used to tie the second ring to the first and
once the frame of the second ring 15 complete, clircu-
larize and rigidfze the structure. As successive
frames are attached to each other, and initial cable
attachments made to the first ring, the incomplete
second ring must be supported and held in the proper
position.

Efghteen secondary structures are mounted to the top
surface of the second concentric ring; these struc-
tures are similar to those utilized for the first
ring in that they "popout” for deployment snd are
attached at three points, but the shapas vary to
accormodate ring geometry.,

Additional rings are built outward, as sach success-
ive ring 1s completed, of 18 and 24 sides each, to
achieve 1 km diameter.

Subarrays (10 m x 10 m aa) are nonstructural elements
which contain the power conversion and transmission
equipment. Each antannz contains 7854 subarrays,
which are mounted on the top surface of the second-
ary structure.

The subarrays are fabricated in a separate fac{iity
{MF-1) and transported to the antenna construction
site. Each subarriy contains microwsve genarators
(k1ystrons or amplitrons), a waveguide system for
phase control, power distribution system wiring and
an slectronfcs package, a1l mounted bensath the

1o Attachment

s Alignment meas-
urement and
adjustment
technique.

® Same as 2.2.1.1
and 2.2,1.2

hold second
ring frames in
place while
mating frame
and radial ca-
blex attached

® Same as 2.2.1.3

¢ Transfer meth-
od for subar-
rays from fab
facility to
secondary
structure sur-
face.

techniqus.

& Support arms to)

e 18 secondary
structures (2nd
ring)

¢ 3rd ring {18
frames); 30 sec
structures; 36
frame cables @
146 m ea; 48
radial cables @
176 m ea; 12
radial cables @
150 m ea.

# 4th ring (24
frames): 42
sec Structures;
48 frame cables
@ 146 m; 72
radial cables @
175 m; 12 rad-
{al cables @
150 m,

.

# 7854 10 m x
10 m subarrays.
156 to 240 kg
(343 to 528
1bs) par sub-
array.

mafn frames us~
$ng manipula-
tors.

s Direct control

Justments.

e Same as 2.2.3

plus installa-
tion of radial
tension cables
and control of
Support arms

frames.

e On-site align-
ment between

* rings and ad-
Justment of
flatness.

e Attachment of
individual sub
arrays to sec-
ondary struc-
ture.

s On-site fnspec+
tion, monitor-
fng.

of flatness ad-

for second ring

dure; 1inspec-
tion of surface
flatness.

» Monitoring and
inspection of
assembly.

o Remote fngpec-
tion.

prasgean = on VTR
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Table 3.3.3-1 (Continued)
Ty | s
TASKS TASK DISCUSSION EQUIPKENT SEWIREVENTS,
REQUIREMENTS | {Mass, Distanca, MAXIMUM HINIMUM
Size, Etc) USE OF MAN USE OF MAN

2.2.3

09-111

2.2.4

2.2.4.1

2.2.3.2

2.2.2 - 2.2.2.2 (Cont'd)

Install phase
control system

2.2.3.1 Interconnect

alectronics
packages be-

tween subarrayd

Install RF

lines from ref

erence subar-
rays to sub-
array groups

Install power
distribution
system

Install switch
geurs

siotted waveguide front face through which the
microwave energy 1s transmitted.

The subarrays are attached to the secondary structure

at three points. They can be mounted as each con-
centric ring {s completed or immediately after each
secondary structure is installed {before other
secondary structures are in place), or subarray
installation can be accomplished after the entive
antenna structure 1s complete.

Since each microwave gemerator acts as 2 separate
radio transmitter, phase information must be avail-
able to each generator so that system efficiencies
are optimized. This 1s accomplished via an RF sig-
nal sent from the ground to the MPTS, which is
transferred through the subarrays to each microwave
generator.

For phase control, the subarrays are {nterconnected
in series, with B to 16 subarrays per group. The
subarrays in each qroup are connected electrically
(waveguides or wires). This interconnection is ac-
complished through the electronics packages, and
can be done at any time after the subarrays in any
concentric ring are mounted cn the secondary struc-
ture or after all subarrays are mounted in the MPTS.

In order to bring the phase control signal sent from
the ground and received at the center of the anten-
na to the subarray groups {~703) over the MPTS sur-
face, RF lines (~700 transmission 1ines) are routed
from the antenna center to the first subarray in
each subarray group.

These lines can be attached at the antenna center
as soon as the first concentric circle (with sub-
arrays) is complete, and the connections can be
completed as soon as the outer subarray groups are
placed. Alternately, the transmission lines can
be attached as a single task after all subarrays
have been mounted 1n the MPTS.

The microwave energy transmitted to earth from the
RTA 15 that energy collected by the SECS, trans-
ferred to the MPTS as DC power over the joint

and distributed to esach microwave generator. Each
subarray, as mounted {n the secondary structure
{step 2.2.2.2), contains the wiring for power dis-
tribution from the electronics package within tha

e Electrical con-

# RF transmission

® Transfer tech-

e Elactrical con

ductor connec-
tion betwesn

subarrays (wave
guides attach
or wire connec-
tors).

Jine attachment
mechanism.

nique to carry
switch gears
to antenna.

~ductor attach-
ment method.

e Elactrical con-
ductor length
in 10 m fncre-
ments.

® ~700 RF trans-
mission 1inas,
max length =
500 m,

.

® 16 switch gears
2000 kg (4400
1bs) each.

# (onductor
tength switch
gears to ball
Joint bus: 4

s On-site place~

-conductors ba-

ment and at=
tachment of

twean plac-
tronscs pack-
ages,

Placement and
attachment of
1ines to sub-
arrays (both

sides).

Instailation
and attach-
ment of switct
gears.
InstalTation

and attach-
ment of wirin

¢ Remote inspec-

tion of connec-
tions.

Attachment of
Tines at sub-
array end, aft-
er {nittal at-
tachment of
1ines as part
of that subar-
ray group fab~
rication,

Monftoring/in-
spection of
wiring connec-
tions, switch
gear attach-
mants.

TR S Ly T TN A L P Py
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2.2.6

2.2.7

2.2.8

2,2.8.1

2.2.8.2

control system

Butld joint sup-
port arms

Build extension
structure

Install rotary
transformer
assembly (RTA)

Attach RTA to
extension
structure

Install power
conversion/
filter unit

Support arms (beams) are attached to the edge of the
outer (4th) MPTS concentric ring substructire and
the extension structure s buflt to house the power
converston equipment (step 2.2.8.3 below) and pro-
vide an attachment poini for the RTA.

The RTA structure is delivered to CF-29 as a unit
and attached {via latitude actuators) to the exten-
ston structure. The RTA assembly (including the
latitude actuators} s locked to prevent inadvert-
ant rotation during MPTS construction.

Power conversioa equipment 1s 1installed within the
extension structurz and electrical conductors are
fnstalled from that equipment through the extension
structure to the MPTS fnterface. Finaily. thae
varniar 1inear actuatoe halves are attached betwasn

» Capability to
transfer mat-
erial over
extenston
structure to
support amms
truss work.

e Stabilization
system

& Manipulators
to put RTA as-
sembly 1n
place.

# Locate and at-
tach power
conversion
equipment.

# Electrical
conductor
attachment.

® Extension

structure:, 4
@~30m; 4 8
20m (4.3 m
triangular}.
Support arms:
4 @ 65 m long,
4@25m; 109
I0m{(4.3m
triangular)

® RTA=20 m dia

_ inspection and

TR T T T e T I AT T T D (P ATt 4 LI SN W ‘_.2,'._“.;.'.'.'.;;”:-'_..;‘..7:3...‘5'[:;:,.’T: NM:H”TF ot s il
Table 3.3.3-1 ({Continued)
MISCELLANEDUS .
TASKS TASK DISCUSSIO EQUIPMENT ALV, —
UsSI0N REQUIREMENTS | (Mass, Distance, MAXTMUM MININM
Size, Etc) USE QF MAN USE OF MAN
2.2.4.2 Attach elec- subarray to each microwave generator. A~600m; 4 8 from switch
- trical conduc- ~500m; § 8~ gears to ball
tors from RTA Sixteen switch gears are required, mounted ip two 400 m; 4 #~300] joint bus.
bus to switch rows of efght along the antenna axis, as the inter- m. Jo Installation
gears face between the power from the SECS and the individ- # Conductcr lengtd and attachment
ual subarrays. These switch gears are attached to switch gears to| of wiring to
2.2.4.3 Install elec- the antenna structure within the secandsry structure. distribution distribution
trical conduc- points (main points.
tors from Electricatl conductors are then attached from the lateral path): |s Instailation
switch gears switch gears to the RTA bus (2.2.2.3). These lines 4 0500m 46 and sttachmant -
to distribu- would be pTaced along the antenna structure radially 400 m; 4 0 300 of uiring.rr-
tion points to the antenna center, then axially (elevation joint m; 49 200 m, twasn su ays
axis} to the ATA joint bus. plus ~1000
2.2.4.4 Install elec- wires average
‘trical conduc-]- Electrical conductors are also placed laterally from - length 100 m.
tors at each switch gear to distribution points in each an- e Intersubarray
tribution tenna quadrant. EAch switch gear services between wiring 10 m
points between 100 and 400 distribution points depending upon {ts increments, max
subarrays location on the ax{s, Depending upon the distance length 30 m,
from the antenna center, these distribution points
transfer power to one, two, or four subarrays. Wir-
ing between subarrays at such distribution points
must also be placed.
2.2.5 Install pointing T8D

Resupply beam
fabricators
Perform on-sit

monitoring of
beam joints,
electrical cond
ductor attach-
ments.
Manipylator
operation

Manipulator
aperatton.
Electrical
conductor
attachment.

# Resupply and

manipuiator
operations fromy
shirtsleevs en-
virorment.

Remote opera-
tion, monitor-
ing.

WY
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Table 3.3.3-1

(Continued)

TASKS

TASK DISCUSSION

EQUIPMENT
REQUIREMENTS

MISCELLANEOUS
REQUIREMENTS

{Mass, Distance,
Size, Etc)

MAN’S

ROLE

MAXIMUM
USE OF MAN

MINIMUM
USE OF MAN

2.2.8.3

2.2.8.4 Attach halves

3.0

3.1
3.2

3.3
4.0
4.1
4.1.1

4.1.2

4.1.3

4.2
4.2.1

4.2,2 Attach MPTS sup-

Install electri
cal conductors
from power con-
version unit to
MPTS interface

of vernier 1in-
ear actuators

BOOST ELEMENTS TO
GED

SPS Modules

Constructfon Facil-
ities

Manned Modules
ASSEMBLE SPS
Join Modules

Maneyver modules
together

Attach modules
at SC edges

Install trusses
between PLSs

Install MPTS
Maneuver MPTS to
SC adge

port structure
to SC structure

the RTA and the extension structurs.

The construction crews would return to earth while
the 5PS modules are transferred to GEQ. The trans-
fer will be coniralled from the ground. Minimum
craws will be launched to GEO to arrive when the SPS
modules arrive.

The modules will be maneuvered together by use of

the OTVs. The SC facilities will fabricate connec-
tor beams and will connect the SI edgss. Methods
are T80.

Additional spfnal trusses must be installed between
the four PCSs. These are the pewer carrying trusses
that would be unique assembiirs. These trusses
would be fabricated from fac1iities carried te GEO
or would be preassembled 1n MF-1 and transferred to
GEQ. Because of the large span between FCSs, maney-
verable vehicles are envisioned for installing these
trusses.

After all modules are in GEQ, the MPTS will be un-
docked from the SC and maneuvered to the edge of the
SC. One of the SC construction facilities will be
used to make the connaction of the MPTS support
structure to the SC. .

F Use CF equip-
ment.

e Maneuverabie
vehicles for
installing
spinal trusses.

¢ CF-29 maneuver-
ing capability.

=20 x 10" kg.
Module with
MPIS massw32 x
10° kg.

L SPS module mass

e Span between
PCSs~4500 m
{~2.8 milas).

1 » Attachment of

beams.
# On-site control
of equipment.

o Attachment of
spinal truss.
& Birect control
ef vehicles.

@ Make mechanic-
al connections

s Rempte control
of OCSE.

¢ Remote control
of vehicles
and OCSE.

¢ Remote control
of OCSE.

PETE

® SC construction between MPTS -
facility ade- and SC.

quate for MPTS & Direct opera- |
installation. tion of OCSE. :
‘ |
i

F—~—
i

o : gl i cmeiiaiis "-H-—m-ﬂ.
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Table 3.3.3-1 (Concluded)

b3

T R c

TASKS

TASK DISCUSSION

EQUIPMENY
REQUIREMENTS

MISCELLANEOQUS
REQUIRENENTS

{Mass, Distance,
Size, Etc)

MAN'S ROLE

MAXIMUM
USE OF MAK

MINIMUM
USE OF MAN

4.2.3 Connect powey

5.0

5.1

5.2

5.3

5.5

distribution
system

ACTIVATE SPS

Activate Attitude
Control Systems

Maneuver SPS to
Solar Orientation

Untock MPTS Joint
Activate and
Point MPTS

Check Qut Subsys-
tems

Detach and Remove
Constructior Fa-
cilities

Wher the MPTS 1s connected, eiectrical connections
will be made between the power transfer SC strut
and the rotary transformer joint (see 2.2).

The follawing tasks are required to complete the
construction activities and make the SPS operaticnal.

The attitude control systems will be activated and
chacked out,

The $PS will be maneuvered to the desired orientation

The MPTS Joint will be unlocked (see 2.2.2). The MPT
will be pointed and the automatic steering control
system will be activated.

All $PS subsystems will be checked out before and
after activating the SPS power systems. Charge the
NpX system immediately before focusing the facets
activating the PCS.

After the 5PS is operatfonal and verificatfons are
complete, the construction facility 1s removed ang
maneuvered to another construction site. This will
require some Structurs disassembly and separats
removal of installers,

# SC construction
facility usage.

e Systems CAD
area in IMF.

o Capability to
disassemble
structure and
remove instal-
Ters.

« Transfer veh-
icles.

{e Systems moni-

® Systems moni-

® Systems moni-

® Systems mon{~

¢ Operatfon of

® Direct disam-

» Make electrical
connections.

s Direct opera-
tion of OCSE.

torfng and con-
trol.

toring and con-
trol.

toring and con-
trol.

toring and con-
trol.

Nk Toading
systam.

mbly tasks.

e Zonnect HpK
Joading system.

9 Remots control)
of OCSE.

=p=




THERMAL SPS
CONSTRUCTION STEPS

1.0 ASSEMBLE CONSTRUCTION FACILITIES
i 1.1 Construct CF-1 thru CF-4 {PCS)
; 1.2 Construct CF-% thru CF-28 (SC)

1.3 Constryct CF-28 (MPTS) — . "‘-
1.4 Construct MF-1 (LEQ Mfg Facility) . }
2.0 CONSTRUCT SPS 1

2.1 Construct Individual Modules {4}
2.1.1 Construct PCS (4)
2.1.2 fi‘ogitruct Solar Concentrators
S . . :
‘ 2.1.3 Construct/Install Power Dis- ' . D
i tribution System )
g 2.1.4 Prepare 5P5 Elements for
Transfer to GEO )
2.2 Construct MPTS (1) ;
. 2.2.1 Assembie MPTS Substructure b
; 2.2, Install Subarrays
.2.3 Install Phase Contrpl System -4
2.4 1Install Power Distribytion
System ' k
2.5 Install Pointing Contro)
System
2.6 Build Support Arms
2.7
2.8

Build Extension Structure
Install Rotary Transformer -
; Assembly (RTA)

! 3.0 BOOST ELEMENTS TO GEO
' 3.1 SPS Modules . !
3.2 Construction Facilities
3.3 Manned Modules o

4.0 ASSEMBLE SPS
4.1 Join Modyles
4.2 Install MPTS

i 5.0 ACTIVATE spS
: 5.1 Activate ACS !
i 5.2 Orient SPS -
; Unlock MPTS Joint, Activate and;, -
Point MPTS .
Checkout Subsystems -1
Detach and Remove Construction —rt
Facilities

11

1 )

R T T Y Y S

-

w o wm
o (=]

e T

e

Figure 3.3.3-7 DBoeing Thermal SPS Construction Timelines
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There the modules and MPTS are maneuvered together and joined at the SC edges.

The construction of the spinal truss between the PCSs is completed and the

power transmission system is connected. The heat transfer systems are charge
simultaneously with focusing the solar radiation into the PCSs and activating
the generator systems., The construction facilities are left in place as an

i aid in performing maintenance during the operational phase.

The functional analysis and construction schedule for the Boeing thermal
SPS are shown in Table 3.3.3-1 and Figure 3.3.3-7, respectively. Approximately
v different construction steps are identified, and over 65 specific equipment
requirements were established. These equipment requirements may include logistics,
construction equipment, or construction support equipment. Other miscellaneous

requirements identified in the table may also encompass these categories of

equipment. The maximum and minimum potential uses ofmman during constructicn

and assembly are also described.

3.3.3.3 BT Option ~ Option A to the baseline construction method assumes
the SC bowl structures are installed using a long boom, with traveling manipu-

lators and cargo transporters, similar to the concept shown in Figure 3.3.3-8.

The baseline strut beam builders would be located at the SC periphery and would £
continue to fabricate SC bowl structure beams. The boom assembly would transfer ﬁ
the beams and install them. This concept eliminates the need (in the baseline)
] for the beam builders to 'walk along" the SC structure during assembly. The

boom pivot area could also serve as a logistics supply area for preassembled j
secondary structures and reflector facets. This eliminates the long transfer

distances from the PCS facility. This SC facility would be left in place for

operational maintenance activities, such as removing deteriorated reflector facet J

layers.

J Figure 3.3.3-8 Long Boom Use in BT SPS
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3. 3.4 Mierowave Power Transmission System (MPTS)

3.3.4.1 Overview - The microwave power transmission system (MPTS)
accepts DC electrical power from the collector pertion of the 5PS, converts
this power to microwave energy and beams the energy to an earth receiver

(rectenna). TFor the purposes of the study, a single MPTS configuration was

applied to the three SPS baseline concepts. For each concept, however, a
different MPTS joint (physical comnection between the collector portion of
the SPS and the MPTS) configuration was assumed. ' E}

Except for the possible utilization of any one of three joint concepts
(ball joint, rotary joint or rotary transformer assembly) and for differences
in scheduling dictated by the overall SP8 construction scheme, the MPTS assem-
blies are the same for any of the baselined SPS concepts. Each MPTS (two
required for the column/cable and truss type, one for the thermal SPS) is a
1-km diameter antenna which is bullt outward from its center in concentric

rings of substructure.

Figure 3.3.4-1 shows the major structural components of the MPTS.

CONCENTRIC RINGS (4 WHEN .
MPTS COMPLETE) OF SUBSTRUCTURE '

EXTENSION STRUCTURE

SECONDARY STRUCTURE:
130 METERS EACH SIDE

FRAMES: ' ¢RI
4.3 METER BEAMS/
65 X 130 METERS

S i L

Figure 3.3.4-1 MPTS Major Structural Components

Additional subsystems which provide for power distribution, phase control and ; e
antenns pointing are mounted within the main structure. The joint between the %
MPTS and the main body (collector) of the SPS allows the antenna to rotate a
full 360° about one axis and to pivot 15° in the plane of ancther axis. This

2 - g e
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rotation is required to insure that the antenna can achieve proper pointing

to the earth-based rectenna.

Figure 3.3.4-2 shows the sequence of major construction activities. The
construction equipment used to assemble the rings and place the secondary struc-
tures/subarrays would be mounted either at the end of the extension structure
near the joint (working from the bottom of the antemna) or at the top center

of the first ring.

3.3.4.2 METS Conmstruction Aetivities -~ Construction of the MPTS is

accomplished concurrently with the main body of the SPS. For the column cable
'nd truss concepts, the MPTS is assembled while physically attached (via the
extension structure) to the main SPS; for the thermal engine S5PS, the MPTS is
assembled apart from the concentrator/collector modules and attached to the

edge of the modules after assembly is completed.

The physical interface between the MPTS and the =olar collector is an
extension structure, which 1s long encugh to pfovide clearance between the
main SPS structure and the antenna for pointing. The joint, which accomplishes
the two-axes pointing, is mounted at the end of the extemnsion structure.
Additional structur:l elements {support arms) attach the joint to the main
MPTS substructure.

'The functional analysis and construction schedule for the MPTS are incor-
porated into the analyses made for each SPS concept (see Tables 3.3.1-1, 3.3.2-
1 and 3.3.3-1 and Figures 3.3.1-7, 3.3.2-6, and 3.3.3-7).

a. MPTS Structure - The main substructure of the MPTS 1s made up of four

concentric rings of framework; each frame is 130 meters long by 65 meters high,
and the rings contain 6, 12, 18, and 24 frames around their respective circum-
ferences. Successive rings are connected via radial cables which provide
support by holding the frame structures in hoop compression. Secondary struc~
tures, of roughly triangular shape 130 meters on a side and 7 meters high, are
mounted to the top of the frames between concentrie rings. These structures
are folded into rectilinear packages for delivery to the construction site

and "pop out” for deployment. Figures 3.3.4-3 and 3.3.4-4 show the main com-
ponents of the MPTS structure in detail.

b. MPTS Subsystems - The major subsystems of the MPTS are power distribu-

tion, phase control and pointing control. 1In each case, the primary interfaces

are contained in the subarrays which are the prime active components of the
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Figure 3.3.4-2 MPTS Construction

/~ Secondary Structure

_., lst Concentric
230 M Ring Frames

Support Z k
Arms {6} I 100 M :
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MPTS Extension .
Structure s
f

65 M

Framework —

Figure 3.3.4-3 MPTS Construction - Extension Structure/Joint/lst Concentric Ring
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MPTS5. Each subarray acts as a microwave transmitter to earth. These subar-
rays (7854) are mounted individually to the top surface of the secondary

structures (see Figure 3.3.4-5) and contain from 10 to 40 microwave génera-
tors (klystrons) each. Electronics mounted on each subarray interface with

the power distribution, phase control and pointing control systems as required.

Figure 3.3.4-6 shows the MPTS power distribution system, as seen from the
back surface of the secondary structure, Power conductors from the joint are
routed to 16 switch gears mounted along the antenna diameter in the secondary
structure. Additional conductors carry the power from each switch gear to
distribution points in subarray groups. Wiring internal to the subarrays then

takes the power to each microwave generator (for transmission to earth).

The phase control system is depicted in Fipure 3.3.4-7. The phase dif-
ferences of the microwave signals transmitted to earth from each klystron are
minimized by inputing a reference signal to each klystron. This signal is
received from the ground at the center of the MPTS and transmitted to subarray
groups via RF lines. Additional iines carry this signal to the individual
subarrays in the group. Wiring internal to each subarray then takes the sig-

nal to each microwave generator.

Antenna pointing is controlled by a computer (mounted in the secondary
structure) and achieved via the drive system associated with the joint.
Pointing error signals from the ground are received at seven reference sub-
arrays and transmitted to the computer for comparison. Pointing commands are
then gent to the drive system. Figure 3.3.4-8 shows the MPTS pointing control
system.

e. dJoints - A different joint concept was applied to each of the three
SPS concepts studied, although these concepts are interchangeable in that any
could be utilized with any of the SPS concepts. For the purpose of this study,
the ball joint concept was employed with the column/cable SPS, the rotary
joint with the truss-type SPS, and the rotary transformer assembly (RTA)
with the thermal SPS (refer to Figures 3.3.4-9, 3.3.4-10, and 3.3.4-11).

The ball joint (column/cable SPS) is small enough to be delivered to the
MPTS construction site as a unit, where it is attached to the extension struc-~
ture. The ball joint (7.5 meter dia.) is not a load bearing attachment but
acts only as the point of rotation for the antenna assembly, and as the path
for transfer of electrical power between the solar collectors and the
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Figure 3.3.4-4 MPTS - Concentyic Ring Constyuction
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Figure 3.3.4-5 MPTS - Subarray Placement in Seeondary Structure
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Pigure 3.3.4-9  Thermal SPS - MPTS with Rotary Transformer Assembly
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transmitting antenna. Actual antenna pointing is accomplished with control
moment gyros (CMGs) under the control of a computer mounted within the antenna
gtrueture. - A massive counterweight system is utilized to equalize moments of
ineriia about the pointing axes and ﬁinimize gravity gradient effects.

The rotary joint (truss-type SPS) contains two independent drive systems
for azimuth (360°) and elevation Qt?.S“)'pointing, and acts as both the srruc—
tural attachment between the SECS and the MPTS and as the power transfer path,
Since the rotary joint is relatively massive, its structure and drive systems
are built and assembled in orbit, as the initial steps of MPTS construction.

The baselined thsrmal 8prs concepL uttilizes the third distincL joint con-
figuratlon, the rotary transformer assembly (RTA), between the solar collec-—

tion-system-ahd'the transmitting antenna. The RTA is eimilar to the ball joint-

concept for the column/cable SPS in that it acts as the point of rotation for

the antenna, and as the power tramsfer path.

Since the thermal SPS generates "AC power, the RTA includes power conver-—
sion equipment Cmounted within the extension structure) to produce a DC input
to the microwave generators in the antenna. The extension and support struc-—
tures for this concept are similar to those used for the ball joint concept,
except that the extension structure is just long enocugh to house the power

conversion equipment and that the support structure is attached to the side

 not the base, of the MPTS. The RTA/extension and support structure/MPTS

construction and assembly procedure is accomplished in LEQ; attachment of the
RTA to the solar concentrator frame is completed In GEO.

© 8.8.4.8 MPTS Congtruction Options -~ Several options to the baseline MPTS = -

construction technique exist, and are briefly' described in the following para-—
graphs. Each opi:ion implies construction activitles sr equipment requirements
which differ from the baseline, and present different functional requirements.

OQtzon A - After tha flrst concentric ring of the MPTS is completed, with”

secondary structures placed on the top of the first ring frames, construction
of succeeding rings can be accomplished by using the secon&ary sgtructures as
the assembly/support base for the ring frames. Secondary structures for the
gecond rlng can be attached along one side to the secondary gtructuras of the
first ring (and attached to each other as succeeding structures are placed);
then the frames of the second ring can be attached underneath the outermost

sides of the second ring secondary structure. Three permanent attachments .
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would be made between each secoﬁdary gtructure and the underlying frames;
temporary attachments would be made between the secondary structures. After
the secondary structures and frames of the second concentric ring arve in place,
radial ~ables between the first and second ring frames can he installed and

the temporary intersecondary structure attachments can be removed.

Option B -~ To minimize the necessity to work within the secondary struc-
ture at the back of the subarrays to connact clectrical conductors and RF
lines for the powef distribution, phase control and pointing control systems,
an alternative construction approach can be used. After the secondary strue~
tures are attached to the substructure (frames) and prior to attachment of
the subarrays, the power conductors between. the switch gears and the dimtribu-
tion point, the RI' lines, and the pointing control wiring between the computer,
drive system and positions of the reference subarrays can all be placed over
the secondary structure. The lines could be tied to the structure at appropri-
ate support points and contain connectors at the end for ultimate mating with
the proper subarray. Intersubarray conductors for the power distribution and
phase contfol systems can be made a part of initial subarray fabrication; tcon-
nections between subarray would be made when the subarrays are attached to
the secondary structure. (The subarray design would have to allow for clesr-

ance for the various conductors between the subarray back face and the seccndary
structure. )

MFTS Constryetion Option € - It is assumed that the subarrays, as fabri-
cated in and delivered from ﬁhe maﬁufacturiﬁg'facility, include 1in preprogrammed
lengths and positions all the requiréd RF iines, électrical conductors (for
the power distribution system), and pointing control wires. The transport,
handling and fastening of these iﬁdividual elements after subarray installa-
tion in thé secondary strﬁcturea is'no longer required., This assembly dption
requires that each of 7854 subarrays be designated for a'spécific location on
the MPTS surface. This would allow the phase control iines (RF), power dis-
tribution conductorsa, and pointing control lines to be incorporated into the
éubarrays during their fabrication in the MF. As each subarray is attached to
the surface of the seéoﬁdary structures dﬁring MPTS assemﬁly, the Inersubarray
connectiong would have to be accomplished (either autom&tically or via manual

operations)..

Such. an assembly technique would eliminate the requirement to locate and

éupport long (up to 500 meter—lengths)_RF or signal lines at the back side of
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the subarrays within the secondary structure after initial subarray instal-
lation. Long-length conductors must still be installed, however, between the
16 switch gears mounted in the base of the secondary structures and the sub-
array distribution points (groupings of one to four subarréys). Up to 1000
distribution points, at distances of up to 500 meters from the switch gears,
will be located on the MPTS. Thus, although this construction option elimin-
ates some "cable stringing” requirements, it does not eliminate all such
requirements and also adds complexity to subarray fabrication and installation.

3.8.5 Lonszderatton of Man's Partieipation Duving Gonstruetzan

The functional analyses tables presented in the preceeding paragraphs for
each 8PS concept contain a preliminary assessment of man's potential role in

each construction task. Both the maximum and minimum possible use of man are

- identified in the tables so that the potential extent of man's role during SPS

-construction could be measured against the use of automated equipment.

Previous mammed space programs, especially Skylab, have amply demonstrated
man's_utility in space and have provided large amounts of empirical data to guide
the functional allocation between man and machine in new space systems designs.

The approach was to survey previcus. efforts and to modify these efforts with

 MMC's experience, vesulting in a definition and catalog of man's capabilities

and limitations. The functiocnal allocations between man and machine for actual
_construction Wére based on tradeoffs of several criteria. One of the primary
criteria was the number of times a particular function must be performed.

The more frequent functions could be allocated te a machine with the development
cost amortized over many operations. The infrequent functions could be assigned

to man, depending upon additional criteria. These other criteria include the

avallability of man and the hazards associated with using him.

Man's participation modes rﬁnge from shirtsleeved control of e@uipment
opératidns from a remote ‘location, to a suited mode for direct EVA tasks.
Figure 3.3.5~1 depicts the various potential :oles_anticipated for SPS comnstruc-
tion. ' |
_ The prlmary reasons Eor placlng man in orbit to support orbltal construc—
tion are his Judgment and flexibility. Potentlal EVA tasks are considered to

be 0pL10ns, where man can efiﬂ‘“ively perform infrequent or contingency type -

operations.
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Manned EVA can be used for force applications such as that required for
aligning and mating parts where the man can react againgt a handhold, foot
restraint or other hard point. Man, even though encumbered by the pressure i

suit and thick pressurized glove, still has high dexterity compared to a

machine. This dexterity can be used for assambly of small or odd shaped parts, : : | i
repair and resupply. ' B

Man's visual acuity makes him very valuable foxr precision visual inspection; - % h
however, x~ray and other sensors may be more valuable for other situations. - The
EVA crewman can perform effective qualitative inspection of cables and joints,
although torgue meters, strain pages, and other sensors may be requlred for
more quantitative 1nspecti0n. Man is also very adaptable for performing con-
tingency inspection such as visual sightings fox alignment‘mgasurements and

electrical measurements at suspect connectors.

Based on the mission scerarios, functional analyses, guidelines and man's
availability, the crewman's performance participation should be evaluated on an
integratgd'mission level. Table 3.3.5-1'preseﬁts a listing of the major param—

eters that should be considéred in'developing and displaying the feasibility of

‘using man in space.

Table 3.3.5-1 . Man's Partiecipation Parameters

Distance from worksite to shelter o Number of times task is repeated
Accessibility to worksites - - » Duration of each task

Accessibility to work tasks ® Metabolic work Toads

Configuration of worksite e Radiation environment and parametric
Masses manipulated | shielding requ1rements

Joining techniques/fastener types L Thermal environment and contro]

- requirements
Visibility constraints _» Micrometeoroid environment
Construction base support '

¢ Contamination- sen51t1ve areas at
facilities and interfaces worksites

A ety it 43 A e it gt D R e e

The major problem in utilizing man in GEO is the long-term effect of vadia-

“¢ion, which Is minimal in low earth orbit. To reduce the radiationldose to man,

-a com9051te shield is required which is comprised of a 1ow-den51ty material to

- gbzorb electrons, followed bv a high—density mater1a1 to deflect the Bremsstrahlung-

(penetrati1g secondary xrrays) The high~energy protons resulting from solar
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flares present a more difficult shielding problem than electrons., Therefore,
a strategy based upon solar prediction, coupled with a well shielded area

of retreat, may be applicable. Since the effects of radiation are cumulative
with time, the 1onger a crew is on-orbit, the more time spent in suited EVA,

and the less protection received from the EVA suit, the more protection the

‘habitat must provida.

The predicted effects of radiation on man are severe for foreseeable
GEO dose rates (reference, Bioastronautics Data Book, NASA SP-3006). It
éppéars that to protect.thé GEo.crewman from any predictable effects of
radiation, the weight'of the shielding and/or the frequency of crew rotations

may be prohibitive. Table 3.3.5-2 summarizes the rolationship between radia-

.tion dosage, time xn GEQ and shielding required.

Table 8.38.5-2 Ioniaing Radiation in GEO ve Shielding Thickness

EFFECTIVE ALUMINUM THICKNESS REQUIRED IN GEO
ACC“M?F%QW DOSE | - TIME | rop QUIESCENT SUN = (MILS)  FOR ACTIVE SUN
270 365 Days 700 800
130 120 ‘Days 600 700
70 30 Days 220 380
50 7 Days 140 270
24 '8 Hours| 90 130

2 2 0 & =

Should cause no injury to blood forming system
~50% probability of some change in ocular lens
Reduced fertility T
At least a two year loss in 11fe expectancy

About 10% probability of male sperm mutations

Despite the radiation hazard thich it is assumed will be effectively

perform the task,

.. the display ot ‘control.

'controlled), it is antiolpated that man Wlll perform both IVA and LVA

functions in orbit.

In either, he can perform directly with his hands as

~manipulators and eyes ag sensors, or he can use controls and dlsplays to
A man using controls and displays can use computing
machines to augment his capabilities by simplifying (such as quickening)

' The -computer can assume some or. all of the control

function relegating man to an interactive supervisory or observer role.
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Many of man's inherent capabilities are extremely difficult to build
into a machine. Man is very versatile with the ability to easily change from
performing ome function to another. His adaptive capacities allow him to

easily change his responses based upon previous feedback or observed anomalies.

However, most important of man's capabilities is judgment, which includes
the ability to devise heuristic procedures and take action in the face of
uncertainties, For example, maﬁ can estimate probabilities’ and eventualities,
evaluate alternatives, perceive what is relevant and utilize previoua ekperi—

ences in novel situations, improvise, see velationships, select appropriate

" procedures, and usually arrive at decisions within exdisting time and environ-

- mental limitations. Table 3.3.5-3 summarizes the advantages and dlsadvantages

¢f man's ut111ty in space.

Even with the program assumption to use automated equipment wherever
possible, it is anticipated that man will play a continually increasing part
in orbital construction assembly during the development progression. With: -
the availability of man on orbit, he will alsc play an increasing role in

contingency operations resulting in a higher mission success probability.

Table 3.8.5-8 Man's Utility in Space

ADVANTAGES DISADVANTAGES

“|s Ability to use judgment, devise

e Versatility - “le Must work in tightly controlled
o Adaptive capabilities 1ife support1ng envirenment

¢ Easily bored or fat1gued with
F'_?Zélgzﬁytq effectively utilize Tow vigilance reliability

o Limited channel capacity. compu-
tational abilities poor, has -
troubie controlling parallel
operations

v Poor at producing rapid and

heuristic procedures, and take
corrective action :

uniform outputs

3.8, 6 Summary of Results - Cbnstructzan Scenarzos/FunetzonaZ Analusea

The detalled understandlng of potential SPS configulatlons achleved by
developing construction scenarios and functlonal analyses provided the basis
for identifying OCSE requirements. That is, the scope of the tasks to be

‘performed by the support equipment was defined in broad terms by giving
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vigibility to the entire construction sequence. The actions to be performed

upon separate SFS elements were identified as distinct steps in the assembly

process. SPS elements are integral components, structural assemblies or sub-

systems which togethef comprise a complete SPS. The depth to which the
analyses of the individual steps were completed was sufficient to allow

categorization of the requirements in generic terms.
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3.4 Generic Processes for SPS Elements

8.4.1 Geonerie Processee Summaries

Based on the construction tasks identified in the functional analyses of
the baseline SPS concepts investigatéd, requirements were identified for per-
forming the SPS construction tasks on each SPS element. These requirements
are summarized in Gemeric Processes Requirements Tables 3.4.1-1 thru 3.4.1-7.
These tables were generated for each of seven partlcular processes. Cumula-
tively, these processes encompass all functions required during SPS conmstruction/
assembly. Individually, each process is defined such that it includes a speci-
fic type of activity. The SPS elemeats may involve activities relating to any

or all of the generic processes. The processes are defined as follows:

a.  Transport - To carry from one place to another (e g+, take package of

.beams from logistics facmlity to remote installation site on SPS).

b. Handle - To manlpulate an item from'one 1ocation and/or orientation

to another, with specifiéd placement requireﬁents (é;g.;'take beam from fabri-

cator and position it for attachment into structure).

e. Align - To position and verify an item is in a specific desired loca-
tion prior to. fastening (e.g., adjusting a beam location prior to welding the

ends in place}.

d. Faeten - To join, connect, or attach where some SpEblfic action is

taken after p051tioning the item (e.g., welding or screw1ng jomnts together).

} e. Adjust ~ To repositlon a prevmously fastened item (in orlentation
or location) by applying force through another element of the total system.

(e.g., tensioning of cables, adjusting vernier).

f.' Monitor - To evaluate conditions (e.g., verification of alignment

ot viewing progress of adjustment by remote optics or direct viewing).

. g- - Lheckout ~ To verify task completion or equipment operation (e.g.,

measuring instruments, display devices, and interpretation of data)

REquirements were 1dent1fied for each process applicable to each SPS

element, for every recognized task involved in the baseline construction'methods.ﬁ.

Unique tasks applicable to construction options were added as deltas.. In addi-
tion, tasks were added and analyzed for other construction _operations in the
maintenance and repair -categories.. Table 3.4.1-8 summarlzes the general main-
tenance tasks considered and potential application to the baselines.' '
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Table 3.4.1-1 Genevic Process Swmnary — Transpors

SPS ELEMENT

SOURCE

FUNCTIONAL, CRAFMCTERISTICS

WASS {UNIT/TOTAL)

Solar Lell Packages

Corzéntrator
Haterfal

galar Cell Blanket
Instalfers

Concentratar
Installers

Tension CabYe .
Installers

Power DHstributfon
Harness Insiallers

Auxit{ary Facillty
Equipment

Auxilfary 5P5
Eqdipeent

FCS Stanchiong
Cayity dbsorier
shell
Turbaganerator
Sely

50 Frankwork
Secarndary
Structures

& (1.1.3.1)
e (4.!-11)

™ hgitity
{1.2.2}

T faeility
{1.2.3)

T facility
(2.4}

Tr fecii
[1.275] v

T (3.1.1)

AT Tazilit,
{1.1,4) ¥

BT {2.1.1.1)

BT (2.7.1,3}

BT [2.1.2.5)

' TRO

£82000 &g eazh.

Haxizum package
w45y 48,000 kg.
Progresstre‘ly Tess
sass per package,

MaxYmn package
mass 5000 kg, Pro-
gressively lest
rass,

Maunt = T .
Tolal saler cel
raterfal T x 109 kg
Hount -~ TAD
Total :un:enmtgg
muf n-Tx1

g,

THy

163,000 kg each
1nstaller (uuh 4
12 em cables on
each fnseallar}

TED

255,000 ky tota} -
assuze 2000 kg eich

4000 ty toral
T80 per cnit

~25 kg
~ 53,000 ky each

236,400 kg fash

5500 kg each -

Kaxfrum package 10 x 10
% B reters, Progresg-
{vely s=aller packages.

100 meter long rolls,

End munts.
rolls 650

Mater{ils on
m lehg.

SC ralf >~ a diamster
{7 251 one roll.

Teh

T

Prozulston modules
ALS modules

CH £ € modute

20 estirated

AL modules,
14 Crodules
Auxdtiery squipment

nounting provistens,
fad with base sbrotbure

20 2 3% pane] sections.

Hu\ur mashinery and
tanks Jotned in package
~20 x29 x5

Fop oot strustore deploys
19 225 = eqguilateral

Up to 13 mifes through
space. Up to 18 miles
raintaining structure
contack.

Up to 13 =iles throush
space, Up to 1B miles

maintaining struciure
coptact,

from LF to instatlation
point = 3300 metérs max.

Froa LF to tnstallation
palnat = 2600 meters max,

From LF fo {nstallation
point « 2500 meters max,

From LF to instailation
paints = 3900 reters pax.

Tasta¥led within facility
Up to 2600 meters,

Inszalled within fact1ity,
Up to 2500 peters,

Installed within facllity
Up to 2600 meters,

ptodde

Upto300m

Upto 3N m

Fron COF to instzilatfon
site: attached to €95
strosture o SEC0 o rax,

tefangTe x 10 Bater

e

2 to each of 4 facl~
Ttles,

120 packages

240 pells

Mounts - 24
SCrolls = 4
Concentratar rolls - 8

o

4 [2 at eich end wli)

~20

w250
TBD
Ty
1 {each facflity}
54 [each rodule)

16 {eath module)

762 {each 575 rodule)

Free=flying 2100 o pax,

?i'alelun: for gl
mxdyles, "

Propellant hetards If
damaged,

COAFTEURATION DISTAKCE PROCESS CYCLES SUPPORT REQUIACMENTS CONSTRAINTS ATTACHMENT CONSIDERATIONS
: Access on and theough Yacl-| Attachment Yoads should be
Facility Basms C{E.'hﬂ"&y ] 36 kg each - gigsnn_l::;-nguhr x 50 to 100 m 15 Ht.; G Baz n R ener Teege. turtace
e e et 024 assenbled from thin mater— | ares.
h.anspurte f . Jizen
7% "y 00 1 B Access on and through faci-] Attachment Toads should be
H {“;1"’ i 19- eaeh }gn: triungaler x €51 ) 36 to 130 ® " 1ty framewrk, Beam sgread over Targe surface
o assonbled from thin meter= | area,
hal.
) ' Attacheent tords should be
BT facility 215 ki esth B w zguare x 125 m Yony | Up to 30'm k} Attachoent Tonds should b
ArEd.
. 2 Access on and through fatfs| Attichment Toads should be
th:._mq i Beans we (.1 30 10 40 &g each -%ﬁt'i :rg:!ﬂg“hr x8 ~Han . 3 Jity framework. g spread over Merge surface
\ . assewbled from t.hh: mater= | area.
fads.
t Secandary tapest Packaged = T80 Up to 13 ul'(es thrw;h Qae Z4CD kg packace to Packaged,
ﬁ?o: E?}.; [#3] AR -ﬁg tgr{u:;pe ¥ space, to 18 miles each of 2 faciifties,
2400 &g total mlnhﬂnfng structure One 1800 kg packige to
) contact, esch of 2 faciiitfes,
Peripheral cable: [ Reel Reel pu:knged ~ Targe

volore, 168 0% each,
Packaged In groups.

Pi.thprd {o grocps of rolls.

Cou'ld patkage inta hrper
package.

Could be broken {nto
sralier units,

'

MO0Od ST JOVd "t
|HT, J0 ATITIENOE
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Table 3.4.1-1 (Continued)

55 ELEHENT

FUMCTIONAL CHRARACTER{STILS

SURCE

HASS {UNTTITOTALY

. CONFIGURATICH

DISTANCE

FRCESS CYCLES

SUPPIRT REQUIREMEKTS

CONSTRAINTS

ATTACHMENT CONSIOERAYLONS

Reflectar Fet els

MFTS

Spinal Trutfes
Eetwern PS5

Construztion

Equfpaent

Solar Cell
Patiayes

" {zrzentratar Radis
Secsnlary Taps'
Reefs

Aut;;:ated Len-
struzticn Equip-
ezt

fongbro S0
Consteusticn
Eqytpment -

Salar Cell Ratl
and #eunts

. Resupply Bum
' Eullcers

#8-111

£P5 Commadfity-
Moiytes {e.g. ALS
Tanks}

Fagbeniry Ceﬂ:n
Resuzply .

tutricstion

Rezove Hefleltor
Facet Layer -

Belieg and Hak
Systes Retharse

TraubTeshasting

P(r:*r #F Ragoye

BY (2.1.2.6)

BT {2, 1.4 2 and
1,2.1}

o (4.1.3).

€fC optton A
E/C optian &

EJC cotfan A

. CfC optien A

T catien A

' BT cptian A

T epttn B

Planedd unrhedu‘led
SIT\“EE

Plarned unsthedated
servics.

Blanned unsibedaled
service,

Plarnetfechediled
paintera=ca.

Plynnedfezhedeles
raintenamil,

Contirgenales

Cantiejencles

wri0 kp each

'quu-miq

~s 5 kg eich

21 x 18 gy

T80

Unit p«lthae: -(.000
to 5

Tnh'li r stde of
SELS 2.7 2 105 k|

Untt 1]13 4,000
to 50,000 kg, .

:d

Estirated B,000
3.

Ralls = 43,000 kg

E.

wach.

20

1D

=31} unft oper~
ated by EVA cren-
Esn,

T

Eerﬂ:u card

135 4 225 kg
estimte.
_—

w EX) kg

Flat hexagonal weterisl
stretched between ten-
sion stroctures at 3
sides,

Complete assechbled MPTS
with rotary trassformer
assemhly.,

T0 reter trusses
Handling equipment far
{nstalling SEXS wquip-
wment,

Packages 10 x 10 = by

thizlness of 0.1 to B
meters.

Rolls 100 meters Tong x
©p to 1.0 neters dh-
m2fer,

Seall reels.
T2

Loag truss strusturs
with attached webile
ranfpalators,

100 w Toog rolls.

Stock materfal oa rolls.

Cm'?a pazkage on srder
1w A vplome.

Haterfols uged In fastend
irg devices [e.g. weld
waterfad, glue} .

Lutricate csnswtin
equipcent.

EVA erewcan or remate -
ceatrol frep flyer B5T5,

Service cart with large
Kag gty fark.

EVA crewean witf fnstru-
nents,

Remste controlled yien-
ing device.

stegle persen,

e L maa

Fromt CF to fnstedlation
site: attached to 5PS
structure o~ 5600 m max.
Free«t1ying w2700 = max.|

Order of ailes.

ArAL00 metrers

~r BO00 meters frem CF Lo
centar of SECS supports.

Up to 6000 meters, .

Up to 6200 »eters,
ﬂp to 12,000 reters,

Up to 2600 reters {rom
LF .

T80

4F to ¢F .~ 13 iies FF,
18 miley, attached,

CF to Sfte ~ €000 raters

LF to C/CLF = 13 wilax
FFy 168 m1Tes on struc-

ture. .
\F to n bem buflder -
2E00 e

tf to B‘I‘ bel!l tuilder -
2700 m free flying,
EE00 m atfathed,

C/C - 13 piles FF,

18 mil2s cn strusture,
TW-uptoll

Y - to 2703 m Tres
flying, 5600 m attacked,

€/C = 1F 10 OF 13 miles
FF or 18 n!les =]
structure

CF to fastener ess thia

o n

T8 - Tess than & kn,
BT - up to 2.7 m FF
or 5.6 kn attached to
struttore, -

C!E ‘2001:

BI 5.6 b

8T cnly » ~2.7 K,

BY caly - up 22 9 kx
free fiylz3.

l'.‘!c » p to 5 kn,
T~ ip tonrZd b,
B'f-l.; to w10 k,

€L - g3 t0 18
TT -4ty »» 28 Im,

BF - tn to 10 km,

17,000 {mach 3PS
moduTe)

I spems

As required,

As raqulred depending
on packagizg,

120 rolls par side
af SECS
At required dlpm:lng

ckiging.
Teels tenad,

Estimste 36 places.

Iretallid ooce,

AR

AR

Rezeated for 67,000
facets durirg 5F5 30
year ¥ife.

MR

MR

T . T

Stition keap crpabliity.
Capture by manipaletor
from SC structure.

Diszosal itowcge

Astucs requires EVA criw-
wen for c,,er.mn; equip
went,

Transportation ln:lda 100
meler column {5 dasirmble

because of malin cabies on

outsfde of colum lruu.

Need 13 be hard attached to
strustore to ntt wodale
exchange,

Enviroreent !mct: and
{educed affects.

'} Patent{ally hat envircas
weit, .

Erviroreent

Ausume EVA creeean,




Table 3.4.1-1

(Continued)

35 ELEMOKT

SDUMCE

FUNCTIGNAL CHARACTIRISTICS

 g8-111

mss [UNIT/TOTAL) CONFIGURATION | DISTANCE PROCISS CYCLES
0 Multizle person vahlele, | In vicinity of faciifty.
Neturn Failed Contingencias Estimated 20 = 500 | Mobile/portable contrue-| Up to 6 k. AR
Purts to Shop : kg t.lon eguipment,
Estimated 575 operatiom] modules | MFTS « 1 ko
100 = 2000 ky. {e.9. suhrrlys) C/C - 16 o fres-flying,
22 Jm structure attached.
= 14 bn mx,
ET = 1D kn max, free-
. flying,
hplr Felled - Cont{pgemcies T80 (100 kg Raterizl seb-nt{nn: MR
Parts Da-Site est plos o) -E C and. TT concentra~ | Up ta 16 b=,
bk . tap
= BT reflecter _ Up to 1D lu,
Servite Cart (i80) | Systee Teak on 8T PCS. Upto 9 km, AR
(1000 kg est
plus Cu} .
BT ((IDO ty €3t | Cable break: MR
plus ¢o = C/C SECS suppart, Up to 1 ko,
= TF tenslon rods, Up te 15 ko,
= MPTS primary srictvre. Up te 5 ka,
780 (<|oc kg est | Electrical conductor MR
plvs CH]. bresk:
< CfC peripheral cadle. Up 40 1D o,
= 7T power cable, Up ta 3 S,
=~ WPIS powar cable. Up ta 1 km,
T80 l<l00 t5 a5t | Componant Feplazement: AR
plus O] = T/C tape reel, Up to 14 Yo,
=TT ACS sensor, Up 20 15 v,
= BT transformer. Up 205 ks
80 (D-ZDD lg at Conatruction equfpment L'p ta 4 ta. MR
plus £ repair,
= - o CJG MPIS 2.1 5 kafmeter [¥14] B‘Sﬂn 'Inng each Cits LF to MPT5 A
e e | 0 w2 oy | T tn Tength eech 12.7 siles FF
Jofst b SECS) TTP1S 21T conductar A ‘.‘5 18 ailes attached
B MP1S Tr: 63,000 kgf 17 o= dfa, = 4 conduc- Y L{Ftajont=-1k
T |
BT q
_ cunduELur o
; 4, Atndere 11 m dia LF to K715 1
21 Jolnt ewns bzl Eolindere ' 12.7 miles IF
: : 18 miles attaghed
P75 4,2.3,1 7| 14049240 K 55 nx 130 m rectingles | CF to MPTS 33
""»‘i'.;,&m:»b R (m,rzc:zsgm.) wjth dtagose] cables ge: 1508
BT HP1S 2.2.T.3 BT; P r
CiC #1S 4.2,3.2 1200/115200 vg Teiangle 130 m o each C/t: LF to WPTS 12,7 LU B
g:ﬁg:f;:{s Tupls 3.2.3.2 | (26407253440 slde,’7 = bigh. FF 38 »l attached
e BT KPIS 2L, 1es) 10z CF to W15, 1k
o o mg.“d;oT u54
[ C FJ’TS #.2.4 - 20071570809 X, Wnx10nx . ,25m - L]
Subarrays s e s Tor) | wch ¥F, 18 miles
.Bl' HPTS 2.2,2 : attached
Tr: CF ta W15, [ Im
Bi: CF to MT5,4100 ol
Electronics Packs c;; w018 4.2.5.1 5ni11 dia, 10 m Tengths | CfC: 1F to #9975, 12,7 | ~+7000
age3 Inter 1T #PTS 1.2.5.1 wach, nlle{a a
cansects {vlecs BY METS  2.2.3.1 ‘ ﬁ{«l:he; et
canductors) - TI} CF to TS 1 I
3 CF to TS 100 m
RF Lipe:s Cjt #PTS £.2, Smal) dia.,. 1engths Cice LF tu MPTS, 12,7 =700
T 215 3.2, Betwesn 10 and 200w,
BT MeTs Z.2. F{v :5 niles
’ TT: CF to WIS 1 m
RT3 CF & WIS, IO K
.

SUPPORT REQUIREMERTS

CONSTRAINTS

ATTACHMENT CONSTOERATIONS

Pravisfons for docking while

remaving module.

EYA crewman system with

repaipr kit.

Crencan wperated Teak

detector, Leak and ser-

vice cart,

E‘u’A Crewan with repair kit

fru-ﬂ!-r

E\'.: crowan with repalfe kit

Freesflyer
il trinsporties
Free={lyer

EVA crewsun with rlqulrrd

support
hardle C:lq:goqul:

EYklcrr—ln with repair

kit.

m

Inter’irences In dense-
Siructure aress,

Environment.

Envirorment.

Enyironment.

Prime cabls interferences.

Envirorment

Envirorment

Enviroment

Cable avoidance {CfCY.

Cable avotdance {C/C).

Cable avoidincé [C/E)."

fable avoidance (€/C).

Ceble avofdance {C/C).

Cable avgldance {C/L).

Could be transported o
reels,

Probably transparted fn
seyeral packages {e.g. 8
40 nx 40mx 40 m pack=
ages

Corild e transported on
reels.

—
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£PS ELDNET- -

FUACTICNAL LHARACTERISTICS

98-TIL

i

TTHPIS 3.2.3.1
or NPTs 2,211

36 B 150 ll eagh
T4 # 175 = each

7y 1B m1 attached
TIt LF to W75 1
BT; LF to MPTSe100
»eters

S KiSS (IT/TOTAL) CCAFLGURATLO prSTACE PROCESS CYCLES STPORT REQUIREHENTS CHCTRAINTS ATTRCHPERT COMSIDIRATINS
Stwitch loars Cil ¥ATS -I..Z.E 1 2077 kL3230 ki Blatkhax CiC: LF o KPTS:12.7 m) | 16 Cable avoidance (CfE).
T HPT5 3.2.6.1 4403 TRFAIGISE oy ! 7,18 ot attacked K
5T W75 2.2.4.1 T0: CF to 1975, 1 = '
- BT: &F to MT5<100
: reters
“flestreizal Confuze | L72 MPTS 4.2.6.2 | 15.75 kalm Lezgthss CG:. LF £z WPTS 12,7001 | 16 { Ceble avaldance {CfC), Resl
tors {betwson fointl 77 HATS 3.2.6.2 4 8 5157 %3 eazh 4 DéEI} FF 15 of attached
“bus and switch oT TS 2. 2 1 4078753 cagh 4B%In T Fea¥ISlka o
gears) D 632 k3 each [R: L= BT: CF to MPIS«I0G
4 D 4725 kg each 4033 m eters
S=a17 dia {8.5 ey dfa ea)
Elestrizal Corduge-l £40 10T5 4.2.6.3 | 15.75 ¥afs Lengths: TIC LF e BRTS 12,7 mi | oar 1000 fable avatdezze (CfC). Reel
re 1iotwera switch] TT RPTS 3.2.6.3 1 4 2 7875 ky each 1EBENm © FF,1ZmY atteched '
Coirs AR2 cisiritu-l S IDTE 2,2.4.3 ] 4 0 6250 k3 exch 40400 TT: FtoMI5 1k b
&1zn goints) 4 .0 4725 kj each 3830w BTY {F to KPIS<I00 OO
. # @ 3130 k7 pach £ 9100w meters
. TCI @ 1675 k3 060 Dll :
: : 8.5 £ dia sach
Eleztrical Come TILIPTS 4.2,6.4 ED n lersths ) CH: 1F to MPTS 13 4 o TO0T Ceble avaidenza (C/C).
¢ustors [0 dfstef= ] T M3TS 1.2,6.8 . FFJIB =1 attached
buticn pafnts tae ETMRTS 2.3.4.4 Tr: CEtoWI5 1 km
twran sutarraysl BI: £F to MPT5<100
seters
Cuppart forms CIG WeTs 4.2, 1. E4JEAE0 kg 152 1 Teag each CF tg K7TS ~u750 meters | 120
Lounterweighs Cors ) 1139714255 1bs) (5.5 pAl
Countrrwsight TIC ko1 4.2.7.2 [ 1f Xy Onxfluxio LF tp KFTS 13 olles 1 [untess tyani~
[iretudiry CH33) F7y T8 niles bttached rorted in pletes
forzuter c;: KATS 4.2.8.1 ™ CfC; LF tg MPIS, 1383 | 1 Cable and structure
* 0TS 1A - FF,T6 £1 attached avoldence,
. T CFtaWiS 1k .
Wirtny (Between /0 HPTS 4.2,0.2 Langths: C/C: U to copputer 8 lnes [ebie 274 structare Reel
certee, Tofers T OTS 2.0.8.2 10 25 peters 4 CIC 13 w15 . Ll .
€rze guiITrays end 2 P 203 peters L] Ky 10 &1 attached :
grive $yites - 2 0203 peters 4 1T TE: . CF to computer
ceuntereeist for plus 1 ¥ 625 » for G5, 1k .
L/C, ratary Jotny. 10100 for
for 11} : R
| 11 TT M55 3.2.2.2 ) tF to rur.ary Ioint 1 step
g::;‘e. ;l{:ne!:;nd * 3.5.2.3 axfmuth joist lnd elevi-
Mazkanfen {im D« tion joint 3
tary Jointy _ o
Elecerieal Confuc= | YT H275 2.2.2.8 | Sall dfn, lengths of LF to jotnt, 14 1 step
tars {rotary joint 3. 25m, 150 =, 25 B,
busesh
Ratary Transforeer | BY HPYS 2,280 26 n dla CF o Jatnt, ~1H n 1
Asseraly. (RTAY
Power tonpersien ot TS 2.2,0.2 CF to foint, ~i00m 1 5tep
Esuipeent and
Fitter | .
| Raztal Cetles Ci MAT5 4.2.3.1 Lengehs: €ft: LF to M°T5 13 xf 180 cabTes Strwture avofdance, Retls




Table 3.4.1-2 Generic Procese Summary

Handle

T FUNCTIDNAL CHARACTERISTICS

FONEIGURATION

POSTYIDNING ACCLRACY

SUPPORY REQUIASMEXIS

CONSTRAINTS

GRIP COMSIDERATIONS

| vatn tastes

Prire l:nbtu.

T [g-TIL

Perlipheral Cableg

Secondary ‘n;&
Reels
Seccn'.‘lry Tape
Ends.

talar Cel) Fatkige

{crentratar Pack-
F L

Power Distribution
Sysien on SECS

Pawver lateibutlan
Systes Conductors

Auxdtfary StS
Equipment

34 (:.1.2;1)
e {4.3.2.2)

eIt tr2is}
it {5.0.2.4)

/8 (4,521}

IR RERY

£2 {,1.4)
ZCNIRICY

c/e {4.1.5)

£82,000 kg for exch
of 2 cables at eaxch
quadrant

101y

Max. 48,000 kg

Max, 5,000 k5 .

Sl

63 kgjpeter

§5% &y eazh

4000 kg total TRD
perounit

£20,00% &3 eich
(can be broken

1nts patler units)
™

by reels._ Flnil Tength
up to 12,7 miles, "

Dep‘luyetl 1Tron fastiities
by veels. Final Jength
up to 10 mfles,

Deployed by reels.. Cabile
rade up of power condit=
tors stepped to 4CSOTO-
date increasing power,

Tapzs deployed fron
ree.

5.

Attach tape ends to
periphers) cable,

102 10 % B meters .

100 weter Tong roll

Electrica) connectors
to pertpheral eable, .

Condactor gables ‘I? o
diapeter.

ALS meduler.

1L L rodules,

Countereeights,

Aux§iary :qu!y-r.nt
mounting provifons,

nectien,

25 reters faitlal con-
nettion, 200 meters
from fazility during
construct[on .

26 peters

#4725 peters from
faicility.

100 meters

100 meters

L 25w

Inttadled aToog colum
ard extensfon structere,
Yictnlty of CF,
Yigtnity of CF.

Yicinity of CF,

¥einity of CF,

200 reters (rom facllity.

5P ELEMERT SURLE Was (ORTT/TOTAL) DISTAMCE FROCESS CYCLES
Facilfty Beamg CiC fecility 36 kg #ach 2,95 m trisngular = ~+ 70 W kE
7 HRN _ Homtong
T fazility B3T kg eath }ﬂ_i_ trefangular x 850 m | 50 to J00m L1t:]
oig .
BY faziiity 215 kg edch ? faquare beam x 125 5 1 325 meter [
) oag . :
Ream Buflders CJC Tacd¥1++ (1,7} { 15,000 kg exch fys’llndrical Smdlax Bm & (per CF}
k n
Construzticn . €€ Tackiity T80 780 50 160
Equipmest o R
. T fasiitty
Tensfcn Reds C/C {1.1.4 an¢ 2.0}f ~5 kg Snall diseeter fiTurent | T4 m Faclifty = 12
. - with probe end fitting . Colvma
and adfustoent, ¢,9. 854 at 4 facllitfes
turpbuckle, 431 1t T facilities
Tolumn Hub Beams e §3.1) 10 to 40 kg zach. | 2,45 = triesgular x 5 A0 a3 -
: : to 112 m teng
Colum Beans ¢/t (3,2, 4.3.1)  § 36 kg each 2,15 x trlengaler = AR B67 at & facd)itles
16 = Tong 425 1t 2 facilities
Facthtles {dost | €/¢ (3.3 ~1200 kg plus 100 m trlangafar x 'Dockln; plicement {fac1- | 5
to hub} base fecilities ~+200 n long 11ty ALS irovidcs qross
s placesent
Haln/Prine Cable LI fazilfty 40 xy 200 reters 9% reels st £F-1 and
Reely {Initinl 1,0 LF=3
tnstattatlony ) :
tfe €4,1,2.11 Deplayed from flf.ﬂltizs 25 peters {aftfal coa= |32 cables, B wain

cables released and re-
tensioned exch 100 &
of colum construction,

22 reels at CF=1 and
CF-1, 288 cable wnds,

B peels . -

BA4 reels
344 reels

10 per arpay channe]

repeated £D fEmes

at eath of Z facill=

ties,

.2 per array chinne] =
reprated 120 times g%
each af 2 facilities

2 per array channe]
4 cables Teading ta
eich 1S
24 at wach ond of %
X colown,

™

T8

2

Locate beam ends within 1 o
Jateral, 59 angqular Insert
in padal drogue fitting.

Locate b-un -ends within 1 o»
Jateral, 59 anqulsr insert
1n nddsl drogue fitting.

wd fer u:hnnlcn fastens
ing or we

Hold for methanteal futen—
frg or weld,

Hold for mechanical faglen-
ing or weld,

Hald for mechanice] fasten-

ing or weld,

Held for mechanical fasten-
iaq or weld,

Slmultaneously tnsert tl’lru
obe end fittings = 1
ateral, 1 min. anguisr.

fonpectsr plug engagement,

Probe and drogue engagesent,
trobe and deague enjagement,

Mat critical,

Hard pocrited £ shructure,

Lighting maintained through-|
out fecility ares.

Lighting maintained through-
cul facitity sres,

Lighting,

Lighting.

Lighting,

Lighting.
tighting,

Lighting, Yides viewing
or EYA crewwen {1).

Lighting. ZReers maintain
22 Mewton tensfon.

Lighting

Lighting

Liskting

EVA erewmet.  Eighting.

Provisions for ntrslng

mdules,

Safety provisions because of

electrical potentinl between]

peripheral cables,

SEQ wnviromment,

Erip beam at Z pointt or
over Targe ares to minimlze
dSeflections and local
stresses, Posafbly 2 hand-
Ters halding at beam wed
fiitings.

[Same ax sbove)

(Same a1 above)

{Same 25 abave)

Meed ta grip all 3 peints
of facility to prevent
bending Toads,

Requires {ine danterity,




Teble 5.4.1-2 (Contimied)

. oo - FURGTICNAL CARCTEAGTIG -
'SP5 ELEMENT SORLE . :
E g : o] Hass (NITAIOTR) CORFIRIRATION DISTAMCE PROCESS CYELES PUSITIONING ATCURACE SUFPOAT REQUIREMENTS CORSTRAINTS GAIP COASIDERATION
Tensicn Roas ™ {1.3.4} A3 k3 Small 900 Factifty = BD tocate erds within 1 2 | Lighting
: . SP5 fruss ~ 1260 Tatera?, 59 anzular, Insert s . :
in nodsl drogue FitkEng. . }
£eaq fuflders 7 fazility {20,000 kg test] 13 mater dlameter cyline | Capture and plece {n EH Spat pasitics. Lightirg,
: {1.2.1}. “drical positicn for attachment |
o to facility strusture, B
sstar Col? Blarket § TY facilisy Hount = TED Heunt = TEI Wowm 24 rcunts Position mowmts for rechani=] Lighting,
Installoes and {1.2.2} Max, stlar cell fialls 650 m tong, 4 5C rolls L cal attzchroent, PFlage ralls :
Csnientratyr Ir- ro1) = 7 x 105 kg, - @ cencentrator xolls | Inio mount recegtacies. ¥
stallers Max, consentrator . i
. roil - 7 2 105 }g, . ;
Tengpicn Lable 1 facidity (I.?;!J TED : TED %5 23 Hold fer pactaafeal attach- | Lightirg,
Inghaticrs ’ o ment to facility struzture,
Fower Distributfen | 7 facstiby {3.2.4) A 163,000 kg each | TR ITnstallers return 2620 | 2 at begieateg of 4318 for peckanteal attsche | Lightisg,
heress Instaiiers petars while Installing | monstrustion phase ‘ment ta faciliey strutture,
) : harress cables. ard 2 at end. . )
FuxtViary Fasibity | 1T factiity (1,2.50) TE3 Prezulsion, ACS end HEC ~Z0 "Heckzaical attactment to Lighttra, ;
Equipsent GHb G Mediles facility strusture. .
SICS Suppoed k1 13.!1. B BT ky 10 o trlangilar X 659 | 25| AIIZE3 tota), 23 at § Engage exd probe fate cene ] Lighting mafntafned throughe i
Trusses : - long . tad cperation. 7 {n | trofcal fietfrg. cut factifty. H
. " ) ozz bay, !
Trangttion TF {3.1,10) ot Shart 10 beter Beiss, Hm Onte at end of SEC5 [ Eryage end grebe {nto cens '
Struitore - : : cengtructien, €6 trofdal fiktieg. i
bexms fnstalled. :
\ . i
F FaufTiary 75 1T {3.1.11) Aszme TAC3 kY ca, | ALS mafuled Near yicinfty of 50 spread throosh- | Probe 2nd drogue Lighting.
1 Fqulpmmt . . facility structure, c?t constegzticn engagecent,
o - 3 phase.
' @ £307 kg toted W3 | 18 € oodales. Hear vicinfty of 2 Prote and. droyes Lighttng,
por unit. T facilsty str;:ture,_ epyagecent, .
TER fasdliary poutpoent Hear vicinity of ~t 55 Hard exunted to strusturs, | Provistms far aligaing
= eeuntiny provisions, faeflity stricture, . sotales, : i:' -5
fazility BT fazillty k1 w110 coters 1org tpta259m & [each facility). Hard counted 1o struzture Lighting. ;‘3
MinfruTatses - {1.5.4} - at prefrstalled kexs pads, -
w¥ ~s 700 aters Torg on 2 {each facflity} op] e :
FLS Stanshbzng T fazility ~ 25 kg Ra4 with bace strustore. | W30 4 {eash faziiiey) Spot positfon hsrd oounted | Lightirg, E [ ¢
) {1.1.8}F - ) to strustura, = ;
{anfty Abaorler 6T {20,510 o B3,007 B3 eash ) 20 & 29 mopangd sectden, ¢ 330 53 {each podule} Hald 1n spob postélen for § bightira, g c i
hetl - . . . : fastentny. ) () |
Turbsszraratin &7 {2.1.1.3) i 216,503 kg earh | Heavy exzhizery and 25 mater 15 {each module) Hild tn sgnt pesiticn for Lighting. Leuld be installed in E I
tats . . tarks Joircd tn 20 x oechanizal fastening, smaller enits &gt lealage i) i
i3 x 5 neler package. . patentisl insreazes, o
Euz Bir Harross {21 §I7 kg eash WIre hameoses top and 25 eaters - a1l arecnd 2 karnesses par Spot fastenfry to xhall. FJ j i
. turile. battin of tyrbozanerator|. shell perineter, wlale, . el
Bard. \ = . &
fasfatan Frazes uT {2..1.4) 93] ki vax, 10 meter trinnsuter gult meters froq IF 19 beans . Nold in szat pastedon for Eimtrity ; o Rt o
. R i 120 k3 oln, _bee=s, ur th G5l peters | o : fasr.enir.gt éﬁ:ﬁf"&gﬁf}%w‘i I‘L‘a =] i
Teg, . be crifred at pne end, 3 A
; . . . - . ’ o] i
Fadfatsr Sempts ¢ BT (2.1.%4) Assised 0,000 Radater panel me 13 x £5] peters from CF. 12 segents Hald In spot praftien for Ea i
- k3 pach. 711 materss ] fastents3. - i
teak Chesk ARy BT {20,581 TED (HaR~d,8 % teif contetned wnit for | <2220 meters fen CF | Derends oo methcd, Kot eritizal. EVA crewszn to Insbett CED enyirenzert,
farefze Lalt . 105 kg for qech provfairg Jeak chesi frase) . - for Iekase.
Frs) gas ard for servicing '
‘ . KAk, .
BT [2.1.2.0) Estizated £23 k3 freasseskled straiture 203 eters G places HaTd {n 8708 pasitfen fer
ei:h in 12 pleces. | attasteX Rocavity : fastenicy.
. absorler shetl, ’

e
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- Table 3.4.1-2 (Continued)
- FUMCTIOHAL CHARACTER]ISTICS
5PS ELIMEXT SIRCE WAZS (UNIT/OTAL) CONFIGURATION DISTAMCE PROCESS CYCLES FOSTTIDNING ACCURACY
5 T (2.1.2.2 Extimated 65,000 | 15 = dfameter module Captore and plate in [3 spot pasitianiag,
}S‘sdﬁ:mctiun B ] g rased B capable of manufactor- spot position, L '
irg 10'™ bean out both
ends,
L 5y 2.2, Up to 1580 K 10 peter triangilar beans| Benzs evplaced 1n Eath mdele bulds | 2.5 on throughout
fﬁasﬁap?;'ﬁﬁ:; o123 ? 1o s up :: %Ewrneﬁrs Tong. vicinity of construction | and fastalls ~ 5350 suppart structures,
. rodule, n?ters of beams §n 7 X
) pleces, .
b 5T (2.1.2.4 T80 Up o 2275 meters Tong. | | Attacteent within 970 24 to 36 cables trobe fasertion.
SC_Te!:slnn Gubles @ ! » 3 reters of construction {per 565 module) .
. : rodule, .
BT (2.2, ~220 & 10 meter trisngular Construction module 1368 beams fnstalled ] Spob pasition,
?fmﬁim 5 (21.2.5 beain § per beass x 225 neg:rs Teng | moved to instalTatios by 6 canstruction .
- site. madules,
) - T (2.0.2. ~PEB00 kY each Fouwout structure ~r225 m trstabled n nesr wicl= | 762 at each 5 3 point spot pasitioning
E:ﬁf ary Strac 8T {2.1.2.5) 9. et Sk e iyl nity to constrection rodate, and 1014 for sttaciwent,
10 peter bhlck, rodule, . - ’
s 2 z T {2.0.2.6 =+ E5 §g each tat hersoomal paterfa) | Instadled in nesr 17,000 {each SP3 Jrobe 1ssertion Tnlo steape
Reflestar Fazets i {2.9.2.6) Rhch ztug;hgaumgn tene yicinity to construction -aauh) fog pechaniss.
sfon structures at 3 rodule,
stdes. * 3
. ~r angular tn wicinity of Cf 2 {each SP5 medule} | Butl beam-ends pnto SC
:x:.:g Power Mos | BT £2,1.3.%} 146 kg each mlna:t:r‘galu lar Y ¥ { support skructure at
Caps are power condus- specific location,
tors with lateral ele-
pants Insulators.
BT (2.1,3.2 ~r 3 Y 10 meter trianplar 2 250 paters Doce fper SPS Yald to bus trusses for
Spiral Truss (2.1,3.2} my e T . vty fastening. :
Caps are powsr conduce
' tors with Tateral
= elezents being insulae
I=h tors. . L
’T‘ Auiiitary €25 BT {2.0.4.7) 400,000 kg each | ACS modules 1a vieinity of CF. T80 Lr:?ée and drogue angage-
oo Equipsent . rodule.
\ V=1 TED Moztiting provisions, In viefnity of CF, ™ Hard rounted to 5C
. : . . ) tupport base struckure,
. HFTS BT {2.1,4.2 and 21 5 168 g Corplate assenhled Capture by 3PS system 2 Hald for bard eitachment,
4.2.2} KIS with rotary trans= | eqriprest and M{; for
former assecbly, Attazhment, . .
drbik Teanster Br {2.3.4.3} - REnd Tonfchenieed propulsien | Dacked to SC and PCS 3 [per madule) Ensage Inrcunting
System steges, . - | structore ty use of wquiprent., .
. ‘onboard equipment,
£P5 Medales a7 :1.1.2) BY 5 108 g Capture &nd hald medales | 3 places Bald far fasten'ng,
.. tagrther for fastening, :
‘Spinat Trusses BT {4.%.3) h£:] 10 reter telargular Tots? span between padr | 3 Hald far Eastaning beam ends
Between PLSs bears | th of pcs;p%; ~ A0 P plates together, .
: meters.
Construstisn LI0 Cptica & TEY T83 Up ta 5003 = H
Equipezny
Suler Cell Pazksges) €/C fpticn A 4,000 eo 52,000 ky | 10 x I reters x wp to AL T00 meters 10 packages per SICS
. B maters thick, trovgh,
: 370 packiges ner
. guadrant.
{orzentratae Rally | C/C Cptizn A 4,000 to 0,900 kg | 100 peter Tong rolt x <5 100 reters £9 rolis per quatrant,
) up to 1.0.veler diaseter,
Prise Lableg ¢/ Cptien A 73] | Ends af sl cahles < 50 paters 33 gable ends per Hold for sttechment,
wored in preparation for quadrant.
. attacheent o soler ceils) .
taccniary Tape CiC Cp¥inm A a1 k3 eagh, rall resls. «< 100 peters B44 reels total, Hold for spat atiachwent,
Eetts ) Instalied along bath
- sidex of coluens.
Sesasfary Tape C/5 Lattan A 22 rewton gl Pull on tapes depln: Up to 14,000 reters, Depands on how depioyed Bt crfticsl. Ttemy pree
Attazieents to force at each solar ““p::i tgn:{n- P * rent 1% perl'ur:td? Y sarked and Tocated,
Peripyeral Cables tape. Aratar packeges, " -
Atomated Teastrug- | TT Cteet A TH2 T3 £ 100 meters Estirated 35 places, Ly
tion E:'_prrnnt .
!
H
i
k3
hY
B ol il i e 5, A e Py i b X . W

P

Optlca) alds and accorate
ned surdmant of bean
Tengths.

Alpn prier to fastening.

Proyisfons for aligning
rodules,

Mounting provizions pre
tmataiied, pre

Assmse transport syst
instzlles ,,"2,1,,1‘ :::

11t

Larry 111 caded cabiles
-aleng 65 WOrk procesds
along colwas,

Meascrements made in

stable thermal conditions,

Construction sodule manis
pulators achiare actval
contack and piscaeent,

Speciad handling problee
becaure of Targe flat exe
panse with attach mechine
1w close on one sice,
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Table 3.4.1-2 (Contimied)

FURCTICHAL, GARACTERISTILS

€ 2 s T - > R
<F5 RerT FERE BSS [t} COHFIERATIO! UISTACE FROGESS CICLES POSTTIGNING ACCURACY EIRPRT REQUIRIHENTS COSTRAINTS TP CACTERATIT
Longebemm €5 87 Gatizn A Estleated G000 kg | fang triss strusture. | TED Crze
Construsticn
Exutrosnt .
sotar Call Rl C/t Cptica B Estimtsd 200t | Meuats to bold solar ~Ba 33 ratrs per quadrant | 1014 for frstentey.
Heuntsy ; e1ch xnk. g1 ro¥l and to zipper
L ) £C to concentrator.
scmu!- c;rhm- £/C tattev B 43,000 k3 T03-pater Torng Tells. S ~2120 per quadrant, Plaze 1n moints.
suzaty Rall L _
BaturaTy Raaa Tated vnztheda T oy pyteritl corolls je2m AR L Net eritfoal, Afds - IVA cresTan,
Bytlrgrs oled tervice. { tnstatled and mzterinl tuilder recestacle. :
1 . . fed out. .
Heplace/estarse . | Plarnad crssheds =) i <2m 3R Held for dozking, Dock erufamest to fazility
Eattery Syitcay Fuled 2ervite. - 4 zaintemanie ares.
Lervize EQufrmenl TR TE3 Z2n AR Operatior castrolled res
Sropulsion Tanks : - t wately sndfer ty VA
fesspaly Tostess wE TED 2w MR o
fng Levtte (well- . )
875, glus gy
ett) } )
fraface 25 Come Flarred vaschade wh Compacy patkage on ofer | TED AR Intert 10 guiles for TER
moity Hodiles uled teryize. of 5 &% Tn volumk, wmodule inzerticn.
Ludrizasiea, Plarredfrchesaled. | T futrizaticn ﬂarfu. At spot of eppdaaticn, | MR Spot positica. Cperated by EVA crawean 22
. oeinjenanse. . 1 : _ automated. .
Roroye reflecior | Plaznedfecnsduled |oc2d kg a— 'mr cr 2 100 per day 1f 2l Greb st rip tab. 1 Eotentfally bt enyircoent
fpiat Tamr. raintenazce. - facet m:frut. l‘eﬂg:!d 1n 2 Z-ymr F Free-fiyer mist mintaln ™=
. pericd Soor diatence vy,
tielfum 2id Mol Plansed/echedales | fervize cart (TED] | Cart utth hr"! ﬁal 2 L] hoctu; distance, . § AR ot eritical. YA crovean svatlahle, Erpfroomment
Systeal fechivpa o intenance, . £.pply ta p 2 300 naters oni OF fraae
. on
Troubteshodting Continginetes T2 Instrmentatfon Keer N Reqiras great desturity, EVA crevean o1 vemgte 1 Enviscrmant
4 . contro]
: Viewing device. <5n
Persoonat Rescuy | Cantfngenczles ~200 kg §ingle perscs, Kear 137
C : bl ilefpte pertas vahfcle, | Within festiity. fagility equipment,
feturned Fatled fontingen:fes Extizated 20 » Menilefportable Eonstruzs] Mear N )
Favrts t3 Shep . E20 k3. ticn equiprent.
!st!nt:d 1o - €85 operaticna) pidules - | TED Provisicns for hand
. 05 b9, {e.9. sutarrays) . ¢2zking.
tmesfte Repafrs | CrotRogensies <10k Resair Kit, Hands on, AR £VA prewzan. Envircment
; ‘ >0y Replatesent parts Yands on. ’
- jsuel 5 Leak check and aervice ikl
cart, .
Extensicn Structore] O MPT5 4.2.1.14 oL 1650 &g Lengthy: CfC 66 § £5 £F bean fatricator to - 70 {C/C) 55 May reqaiee a24iticm) Basrs must be transported Leager beses 3y Fequlre 2
Peazs [strusture L4212 {3533 b3} 36 kg peters, 4 § 15 paters strusture assendly L] Tl'; transzarter op several 4f randler cannet werk aver | ¢l Randler.
Tergeh: TEImEr{ T s 3210 | rer 1!:] n T IC3 potnt: 35 to 750 m ~10 {BT, hirdlers along structure, | spesified range {up 1o} k)
ity 3 b fer 17, . 3.2..2 I L3 ‘ﬂ o, 25§ ‘30 for C/C, 40 ta 1000 = ] .
0w For BT} BT ¥PTS 2.2.7 {313 l l?::} 23 xg/ | BT: 430ndf0m fer 10, 430 » for BT
s .. 100 m leny AdIn
BRIt 12 I:) lISS
1te] 11 kg per
o 0 lengt
Etecerfeat Condoss | CFC M2TS 4.2.3.3. 3 dyloater Wire tundle, 7E0 G Teng | o3fob to SECS: up *m 4 <2 Kay resuire transperter or | Condoctors must be trecs- Rez1{s}
tars (Selween 4,2.2.2 Crt 47, ESEI k3t {CC] % ¥ oy £TE) 12, several hardlers at and ported between attech pofints .
Anird and SEOS) 1T Hes 320103 eaduster 75 o 1gr.3 (8T) 4 confuse batsten end patets. §F hardler carzst reach.
BT FPTS s sz.uun k3t ters, 17 o dia pach. :
. cetdustor
BT 4.7"5 I:g.fcv:n-
. L. duzter )
Ba¥t Zafnt TrC 175 4.2.2.3 11 m din gylinder Transprter to end of . 1 <ica Handler can be attached
- . tuiemsicn strusture . to transparter or to
<i0e, extension strusturs,
y o ST - - o -
&L o e m I
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Table 3.4.1-2  (Concluded)

FUMCTIONAL CHARACTERISTICS

hatery Transformer
Assechly (RTA} .

Pover Carversion
Equipeent and
Fitter:

Strclure Beans =
Ratary Jdofat

BT k975 2.2.8.2

T HATS A28

23 k7 (49,5 thslea

2320 kg {4950 ths

bog X119

4.3 aA lenguss
D -

Betwesn attachoent polnts
=

Rithin extengionsstrucs
ture ~ from transporter -
gl

A~ e

Several steps,

w100

Interference with extensfon
strgtyre.

Hay regeire trantport to
$1te (Seams or handler}).

7 - - -
5PS ELEMENT SUACE Mss (UKLT/TOTAL) CONFIGURATION DISTANCE PROCESS CYCLES POSITIONING ACCUPACY SUPPORR REQUIREMENTS COMSTRALNTS SAIP COMSIDIRATION
c.ppert Arm Beams § OC WPTS 4.2.2.2 ity 1500 kg tengths: ASSw Transparter to suppart {1 ~ 60 CJI:] £ HandTer ean be attached Beezs ray require aciitional] Longer beams sy reovire
ks 3.2.2.7 {3107 Tks) FL-28165m arm asseshly palat: L B ta transperter Joint or traaspert from fatricator handiing at hth endc,
8T HPTS  2.2.6 TT: 840 kg (e063 | 500 &5, 42150, reath u!’ B wiNs ~ 20 BT extenifcn structure, (distance to CF can by up
1bs T = sapea% 15 1 kn) handler may nquln
BY: 240 ky (520 BT -4 B E5m, 4025 m u-msport-
o} s} T ECE NN
Feares l‘.‘.r: MpTS 4.2.3.1 14779240 kg £5 | % 120 & rectangle Transporter ta HPIS: 66 Frares pay tequire sddi-
R HPTS 3.2.3.7 . {acafe0a2e lb) Ad43m 130 to 500 A ticnal transpert 11 handler.
BJ TS 2.2.1.1 has xited Teach, or hand-
Jer could be trangported, |
te'crmr,y Striags tlc HPT5 4.2,3.2 1200115200 ky 130 = equmtam tri= | Transparter ta tGR of 9% Sacondiry struztures Fay
ures PTS 92,320 | f2640/2535800 Th) | engle x 7 @ each = frames = rax, 3 requive a24ittera) transpect]
: BT HFI’S R23.2 buam structure Ad3 n . A7 handler has 'I(a!ted rnc.h
- or_handler £l
radfal Cables Lo 12750 4,230 Seg]T diameter cabdles, Transportor to frames: | 180 Tables ma¥ Tecutre andih ‘Attahed 5t both ends ta
{betwean BPIS M5 3.2.3. lengths - 356 8 150 m frame-to-frese distancs . transport 1F handler has T | fromes, irasgoorted on
rings} Bree1s 2,214 ¢42h 134 P 175 m ezch {rin3 2 ring) ~ 130 m ""g‘ﬁ"é:“m or hender reels,
. LJLoutd be tranzpor
tutarrays (anto MG KIS &,2.8.2 2510500 kg 10 x 10 20,25 o each Transporter to Secondery| 7854 “Eubirrays miy require 4491~
gotcndary steue-  } YT MRTS 3,2.8.2 34073455760 1ks] strustore: max. Teath 10"} transpors 15 hendler
taves) BY HPTS 2.2.2.2 ‘ . reg'd w500 m hay 1izited reach, or hasd=
- Jer san br_trangps
Elstrentos Pack= | £/ MPI5 4.2.5.1. smali Slamiter, 10 & Transporter to bottoy ~T000 “Intercennezts or handler
a7¢5 Intercomnest #7T5  3,2,5.1 Jeagihs each, of sgbarrays: 10 to require additn’¥ transport
{electriz copdue~ | B1 BPIS Z2.3.0 0 R o gover 1 b ik antenma;
tarsi poss. inter{erence l:rnb'ls&..
. § _within zstandary stroctare,
Ri Lirey £fi, WIS 4,25 £ Srall diaseier, lengths | 1D to S00m o P00 tandler ruy require trans. 1rur3er=nce probfces With § Cable sy,
ITHTS 3.2.52 betveen 10 and 503w port between attachnent ary structure,
BF #APTS 2.2.3.2 . . paints.
tuitth Gears 0 ¥PTS 4.2.6.0 | 2000732000 k? X TED Trensperier to attack 16 Handler my rgquirg trang- | Interference problets withe
HENITS 9.2.6.3 | [4320/7045D Bus) pafats, 70 to port between attalrent in srcondary itructure ua-
BT RATS 2241 points, Tesy attacted within 3truce
. . ture p-{nr o trinsport.
Elettrical Condustd (75 EPTS 4.2.6.2 | 15.75 kg/m Len;ths 486 Trlns;'arur to aEtich 16 Sawe &5 above, Siwe- 23 abave, Lable ande,
ors {betecot Joire] YT MFIS 2.2.6.2 [ A ¥ G450 ky eath 4050 4 & ‘Eﬂ n pts, 40 o E00 =, De=
tus 403 gWItsh + Wi EATS 2282 {487575kgcach | 48300 $ween attach pofats.
Grarsy 4 8 6150 %7 sach 8.5 o dia. tach
i 4 9 2725 kg each
B~ N .
B e | Elcptrira? Conduc= | €/C ¥PTS 4.2.6.3 - | Same 25 above, I.:ngths. 40500 py Between attach points 1000 Seme 35 abaye, Same g thove. CbTe imdy,
- torg (between Suit-f T3 HPYS 3.2.6.3 : 5B 403w, 46 200, 100 16 500 )
0 chgeary apd dise | BT HPTS 2,2.4.3 492000+ 1000 9 10 =
| tritution paints) 8.5 ¢z dia eath
ET=ctrical Conduc- c:c hF's £.2.6.4 10 n Tengths Betwmen attich palnts = |0 7000 Hirdler say requlre trazse | Siex s above.
tars (B Mostritu- 3.2.6.4 W part ta cover full 1 i
tiom poins betweer BT R-rs 2.2.4.4 dia antenna,
$.2arTAFS) ) :
curgrt Tears = C/L ¥PIS 4.2.7.1 54 !g' ea {168 1b) | 150 m long exch 150 m, betieen attich 120 Hordler may reculrs mobil= | Irterference with structure | Meltiple Eandlers say be
L Counterweighk Cone 6433 kg (14255 Ibs)] 5.50A gaints ‘fld:r to hlltd entire struce | 75 (0 43 BOITE, bel'feqwlr--t for e 150 m
. AT .
Counterwelght {in c.rc w15 4.2 | 108 ig 50mx50axs 10 1 {unless transported Prodably will be 2sswed] K3ss must b= redured by
- eTuding CHGE) . 1o pleces) at site, hepalfng pieces caly.
Cooruter CIC KeTS 4‘2 T8 A0 feom transpaeter | 1 Interference with yeccndery
T° K75 3.2.8 to attach potnt fn KPI5 stritture, counttrweight
seccndiry Struzture suppart structire, 1ofnt.
Hirfs) (Between C]C HPTS LZ;S 2 Lengths:s 3075 C/C 1 Eebween attach points: B Yines Lable ard structure avold-
c:::;uter,rere'znu TS 1.2.0.2 2R 200 a - 75 to £25 ppbeteen ance, handler may require
gurareays and drlvy AW subarrays, up 10 S0 m transpart between attach-
Systen plus 1 8 B35 a (C[Ci rent points and batween
18100 [T) SubETTIYS.
Crive Systeo and | ¥ WPTS 3.2.2.2, TED Batwesn alevat{ts and Sayerai ateps, EsndTer attathed to 2xtes-
Yo Transfar 3.2.2.3 arienth Iafnts I A sfox structure, Joint or
Hzshandc .rutar,y KPS,
1aint)
Elestrizal Condue- | 1T #7735 3.2.2.4 8 § 83 kglreter: <al] dia Teagshs of Between attschuent polints] Several steps. Same 1% abave,
ters {rotary Jaint 3.2.2.8 4 @ (575 k3 epch 25, T00 &nd 25 peters H-10e
it} 3.2.2.48 4 @ 6300 kg #ath BdlTomdla, 169
16 @ 15.75 knfm 8.5 ca dfa.
398 J7 each
BT KPTS 2.2.8.0 1 Hazdler attached 2o MPTS,

cr FF.
Same 21 1bore.

{ 1 [ 1 A o
L] -
SR S

-'ul- .

L
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Table 3.4.1-3 Generie Proccss Summeavy - Align

SPS ELEMENT

SOURCE

FUNCTIORAL CHARACTERISTICS

DESCRIFTION

SUFPORT
REQUIREHENTS

CORSTRAINTS

EXLST

. Facility Beams

PCS Stanchions

ule/Beams

Primary Power Bus

Trusses

Beam Builders

Extension Structu

Support Arm Beams

Support Beams »

On-1ite Repair:

Auxiliary Equipsnt

S¢ Construction Mod

Auxitiary Equtpun't

1]

Launterweight Cone

IC (4.1.5
T{‘ fgcﬂ!t}' (L2.5)

T (3.4.1)

BT faci 1ty (114}

BT faciiity {L.1.4)

BT (2.1.2.2)

.

BT {2.1.3.1)

BT {2.1.4.1)

¢/ factlity {1.1)

C/C HPTS 4.2,1.1
TT Hp +lgde

BY HPTS 2.2.7

£/C HPTS 4.2.1.3
TT KPS 3.2,1.3
BT WPTS 2.2.5

C/C WTs 4.2.7.1

Contingencies.

Align ACS and propul~
eion thrust vectors
by adfusting mounting
provitions

Aignment nu;igatlon
sensors by adjusting
mounting provisions

Allgn bears prior to
welding, - Facility
proyides Jig for cav=
1ty construction,

Adgn prier to hard

fastening, Stanchions|d

are ;19 points for
cavity absorber.

Altgn beam attachment
inside SC construction
module to assuré myd-
ule equidistance
apart

Agn pover trus. as
ralgﬂg:"to PCS aper-
ture centerline.

Align ACS thrust
yectors and sensors
by adjusting maunting
provisiens

Gross alignment of
beam bufilders prior
to fastening fn placa
on faci1ity structure

Rifgn beams of struc~
tura a8 each section
{3 astenbled

Suee a3 above .

Same A% above

| Align constructicn

aquipnent, whan appli-
cable, aftar npll;r

Fersurement of SECS and
structures relative t2
axiliary aquipmant

Cptica) measuremants
Optical measurements

Optical afds and pe-
curate measurement of

" |beam lengths.

Recopmend alignment
stations set up an 5C
base structure,

Optical alds and xce
curate meassiremant of
batn Tengths.
Recomend alignment
stations set up on 5C
base structure.

Heasurement of PLS and
$C subsystems align-

ment,

Lighting .
Lighting.

Optical measurenent

Lighting. mnitorinq.
allgnmant maasursmnt

Sar2 as ebove

| Seme 2y abave

EVA crawean

Kara accurate to adjust

struty aftar construc="
tion s atarted, t0 |

2.5 cm

Facility in thermel
stabilfty

Facility in thammal
stability )

Environeant

Al{gn exch
section
against
existing
sections

St a8 abovs

Sane ag aboyb

PROCESS CYCLES]) ACCURACY

£/t~ 48 TH0

T factiity -

TRD

T - 65

TBD 00

8 places {exch{TAD

facility) ]

4 {each. faci1-]T60

ty}

L places 2§06 1n twe
planes

2 guch Sps  |TBD

madulel.

8D TBg

& 2.5 ¢m at
100 m bers
span.

~20 (C/C) 42 o

~20 {17} '

~3 (1)

~20 {C/C) 2 en

~20 {TT}

~5 (8T)

20 = 50 times |45 cn

MR MR
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Table 3.4.1-4

Cenerie Procese Summary - Fasten

SPS ELEMENT

FUNCTIONAL CWARACTERISTICS

MATERIALS JOINT PROCESS CYCLES COMSTRAINTS
Prime Cables c/C (4.1.3.3) Cable ends attached to SECS rings | 264 connections. Max | Difficult to sutomsts. GED eavir-
of 10 at one opcration onment constraints on EVA cresmen.
Power Distribution | C/C (4.1.4) Concentrator | Feed out conductor from concentra- | 240 total comnections | Electrical poteatial scress alter-
System on SECS conductive tor joined to plt-nlt connector nate concentrator pasks, whes
material con- | feading into paripheral cable. daployed.
nected to
peripharal
cable conduc-
tors
Power Distribution C/C (4.1.4) Conductor Connector plugs for 17 cm diameter | 4 cables Teading to
System Conductors sables cable segments of TBD length. sach WPTS.
Attach cable to structure period-
fcally.
Auxilfary Equipment | C/C (4.1.5) ™ Hard mounted to structure - mech- |~30
Mounts anfcal, weld, otc.
Beam Bullder TT facility (1.2.1 Mechanical fastening to facility |33 -TT7
C/C faciiity (1.1) structure 6 - pax sach C/C CF
Solar Cell and Con- | TT factility (1.2.2 Mechanical fastening to facility |24
centrator Installer structure
Mounts
Tension Cable In- TT facility (1.2.3 Mechanical fastening to facility | 30
stallers structure
Power Distribution | TT facility (1.2.4 Mechanical fastening to facility |4
Harness Installars structure
Auxiliary Facility | TT facility (1.2.5 Mechanical fastening to facility |~20
Equipment structure
SECS  Support TT facility (3.1) | T80 Centroidal fittings «2416 total
Trusses 14 1n one bay at one
operation at § day
intervals,
Facility Beams and | C/C facility (1.1.4] Any Centroidal joint with probe and C/C: 30 - beam ends | Only work base may be beas pre-
Tensfon Rods 433 drogue fittd Requires external 24 - rod ends viously installed but met yet
TT facility (1.1.4) torque mechanism for hard mate. m :‘3: - : structurally stable.
Main/Prime Cable C/C faciiity (3.0) | TBO Ree! base plate mechanically at- 104 reels
eel Assemb]ies tached to facility structure.
Peripheral Cable C/C facility (3.0) | TR Reel base plate mechanically at- 4 reeln
ee]l Assembl’es tached to facility structure.
Secondary Tape Reel | C/C (4.1.2.4) ™o Reel base plate mechanically at- | BAO reels
Assamb] 1es tached to column structure. .
|secondary Tape Ends Kevlar Attach tape ands 1o paripharal | 840 places
cables
Solar Call Pachages | C/C (4.1.3.1) Attach packages to C/C column. 10 per array channel-
repeated 60 times at
each of 2 facilitfes.
Interconnect 10 x 10 m panals 9 connections at each
of 1200 rows of pan-
els (max case) -
repeated 60 times at
each of 2 facilities.
Concentrator Pack- | C/C (4.1.3 1) Attach concentrator rolls to C/C 2 per array channe! -
ages column, repeated 120 times at
sach of 2 facilities.
Attach concentrator material (Automated system des-
(conductor system) to solar cell frable - rolled solar
ealectrical conductor. cells could be at-
tached easier but roll
mass would be great).
Solar Cells Panels c/C (4.1.3.2) Prafnstalled | Rings hooked over tapes 5400 rings at each of | Difficult to automste.
and Concentrators rings hooked 2 facilities. Max of | environmen' constraints on VA
(SECS) over tapes 360 at a 200 meter Crowmen .
increment
Prime Cables C/C Option A Cable ends attached to SECS rings | 264 total connectioas. | DIfficult to sutomste. GED emvir-
Max of 10 connections | onment censtraints on [VA crewmen.
at one oparstion.
Secondary Tape Reely C/C Option A Ree) base plate mechanically join-| B4l tota] reels
od to column structure
Power Distribution | C/C Optioa A Concentrator | SECS connector joined to pharal 60 connections sach
Connectors to Per- conductive cabla pig-tal] comnector < quadrant
ipheral Cables matarial
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Table 5.4.3-4 (Continued)

5PS ELEMENT

SOURCE

FUNCTIONAL CHARAGTERISTICS

MATERIALS JOINT PROCESS CYCLES COHSTRAINTS
Turbagenerator Sets | BT (2,1,1.3) TeD Mechanical fastening to shell - 16 sets instaTled Mare connections if greater break-
panels. Connect heliun Yines. {each madule). Esti- | down 1n units.
mated & machanical .
Joints and 2 heliun
1ine Joints,
Bus Bar Hamness BT {2.1.1) Awsinos Fastened to shell. 24 electricel | Two harnesses per mod-

Radiator Frames
Radiator Segments
Solar Concentrator
{SC) Support Dase
Structure

SC Construction
Madules

SC Support Struts
and Cross Trusses

SC Yension Cables
SC Reflector Frame-
wark

Secondary Structure

Reflactar Facets

Reflectar Control
Clreuitry

Secandary. Tapes
Joined to Peripheral
Cables

Resupply Beam Build-
&8 :
Replace/Recharge
Battery Systems

Service Equipment

 Propuision Tanks:

Rasupply Fastaning .

Davice

Replacs 5PS Comapd-
ity Medules

Lubrication

| SolarCelt and Cone

centrator Matarial
Attachment

Power Distribution
System

Transition Styucture
(SECS to MPTS) .

BT (2.1,1.4)
BT {2.1.1.4}

5T {2.1.2.1)

BT {2.1.2,2)
BT (2.1.2.3)
BT fz.:.z.})
BT (2.1.2.5)
BT (2,1,2,5)

BT (2,1.2.6)
BT (2.1.2.7)
C/C option A

Planned Unscheduled
Service :

Planned unscheduled
service ‘

Planned unschedyled
service .

Planred unscheduled
servica

Planned unscheduled
service ’

Planned/scheduled
maintanance

T (3.1.6 & 2.1.7)

7 (3.1.8)
T (3.1.10)

T {3.1.11}

Auxitiary Equipment
Hounts ¥ Fquipeen

TBD

1 f1exidle thin
1plastic,

cabla bundles

TaD
Tap

18D

T8)
78D

T80

TeD

TeD

Electrical
connsctors

TED
b1-{ I
Liquid propel-
lant )

Weld material
glue, etc.

Medule dttach
fttings

_Lubricﬁnt
dispenser

Solar cells on
flexible sub~
strate. Con=
centrator is

Bath
attached at
the edyes to
the truss
structure and
both “zippar-
ed* tagethas
to provide
elestrical
contact.

Conductor
cables 4t 1.3
kpfeater

TED

T80

| cables to maintain tensfon on
ECS

 Standard attachuant machaniza’
-denigned for use with rowots con-

Junctions each bundle.

Frame ends butted and weldad.

Join to. frames and betwesn seg-
ments,

Structurs Jofned to cavity shell.

Fasten interpal besn baing manu=-
factured to support base structure

Butt beam ends

Prebe fusertion and rotary force
-for tightening joint -

TED

TB[J.. Zach strucfure attachid lﬁ
three places.

Facet probe Snserted into steering
machanism receptacle.

Electrical plug copnections at:
17,009 facats,~ 1400 secondary
structurs joints, and~30 primary
structure Joints,

Join secondary tapes to peripheral

Latch 1011 in-veceptacle and feed
materfal strip into machire slot,

Rattery-lead Junction opening and
ciosing o L '

Connect propellant 111 and drain
Tines. - . :
Insert canister into device and
cytle operaticn i

trolled squipsent
Attach dispinsar to fitting .

T80

Ferd out conductor from congentra-
tors Joined to conductor cables

Centroidal fittings

liard mounted to structure  mach-

ule, 15 mechanical
Joints each, 24
electrical joints each

24 beam connections

|12 stgments

12 pieces {each mod-
u'leg .

& plices
~7 Jojnts each con-
struction module

24 to 36 cablas
1368 beams {pstalled
{each 5P5 maduTe)

762 structures (each
SPS module) o

17,000 (each SPS wod=
ule

»~18,400 conngcﬂon:
{each-medula} -

211 sach quadrant-

AR
MR

MR
: A[ R
AR

T8D

24 places

8 electrical connectors

at eich and of SECS

At end of SECS con= .
struction, =<6 beamt
fnstalled.

455

anical weld, ete.

Allgmment prior to fastening iz -
S ACRESATY,

Beam Tength sdjustment nesded,

Steering mechanism mist be {nstal-
1ed {n secondary structurs prior
to {nstallation, )

A1l control and power distribution
wiring installed on structure at
manufacture., Potential Interfers
ence with secondary structure.

Difficult to automate,
opment, Ho support structure,
tharefore free-flyer {s applicable

Remote control of flow inftiatfon
and stop, Servicing done in
explosion-safe sres.

Small devicas reloaded in IVA
epviranment, EVA required-to
service larga equipment,

Could be elim{nated by incorpore
ating in an automatic syst-m

Make 1nftial connections by manuai
neans,  Automited tharexftar ey
cept Tor malntenance or to start
new 1olls of matarials,

Cable installntion to structure
1s automsted i IS

Part of facility strugiure used to
mudntain positive contact befwesn
SECS and MPTS structures.

GEO envir-{.

LTII-94
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N

Toble 3.4.1-¢ (Combinued)

FUNCTIONAL CHARACTERISTICS

Maunts

Switch Gears

Elsctrica) Conduc-
tors (between joint
bus. and switeh
gears)

Elactrical Conduc-
tors (between
sWltch gears and
distribition pts)

Electrical Conduc-
tors (@ distribe-
“ton points batween
subarrays)

Support Beams -
Counterweight Cona

Counterweight. {in-
cluding CMis)

Computer.

Wiring {between -
computer, referznce
subarrays and drive
systes)

Drive System and
Power Transfer Mechd
anisa {rotary joint

Electrical Conduc-
tors {rotary Joint
buses

1 Rotary Trans forsar

Assembly

Powsr Conversion
Equipment and F11-
tar

Structure Bewms ~
Rotary Joint -

C/C WPTS 4.2.6.1
TT MPTS 3.2.6.1
BT MPTS 2.7.4.1
C/C WS 4, 2.6,2
7

MPTS 3,2.6.2
BT MPTS 2.2.4.2

C/C MPTS 4.2.6.3
TT MPTS 3.2,6.3
BT MPTS 2,2.4.3

C/C MPTS 4.2.6.4
1T MPTS 3,2.6.4
BY WPTS 2.2.4.4

C/C MPTS 4.2.7.1
C/C WPTS 4.2,7.2

€/C HPTS 4.2.8.1
T W15 3.2.0.1

C/C MPTS 4.2.8.2
7 ¥PT5 3.2,8,2

T #Ts 3.2.2.2,
3.2.2.3

TU MPTS 3.2.2.4,
3.2.2,5, 3.2.2.¢6

BT TS 2281
8T WPTS 2.2.8.2

TT #7S 3.2.2.1

rolls to column structure,

Contact jatchas

Quick disconnect concept {ncorpor-
ating automatic Jatching, or may
require external force/torque -
wechanise ' ,

Same as above,
Sire as abave

Centroidal Joint with probes and

 drogue fitting, requires external

torque mechanism for hard mate,:

Weld counterweight pleces; (NG
asserbly latched to counterweight

Latched to structure n base of
MPTS substructure

Quick disconnect concept incoprs
porating automatic Tatching, or. -
may require axternal force/torque
mechanisa

180

Quick disconnect concept facorpor-
ating automatic latehing, or may
require external force/torque
mechanism,

Hultiple centrofdal with probes
and drogue. fitting. Requires ex-
te:nﬂ torque machanisa for hard
male.

" Latched to axtensfon structurs -

miltiple poiptx

Centroidal .iniﬁt witr, probe and
drogue Titting. Requires exter-

- nal torque ‘mechanism: for hard mate

quadrant :

16 switeh gears, 2 to

4 Tatchas sech

16

~1000
~ 7000

120 basns

1 countarwaight assy =

several pleces (mas=-
sive)

1

8 Tims

Savaral {10}

Savera] {¢10)

~100 baans

-can be aff

s eee SouRCe " MATERIALS JOTHT PROCESS CYCLES CORSTRAINTS
Halium and Mak Planned/scheduled | Connectors Connect service 1ines to SPS Ted Kapual system justified because
Systes Racharye maintenance T80 system ] of feW occurrences
Troublezhooti Contingencies- Test {nstru- | Copnect fnstrumentation to SPS AR Requires ctution.lnd dexterity
" mentation test points : becayse of potential hazapds In
_ . _ S pover clpcutts, -
On-site Rapairs Contingencies Parts and re-| Remave and replace'flexible matar-{ A/R Requires stable base. Requires
paipr kit {al on-site Judgment and dexterous
Iiiuk Repair | Repair leak task activities,
t
c;bh Splice | Spiica cable break
Kit .
Condyctor Repaly conductor break
repair kit n
Hiscellaneous parts replacemant . .
Module® At Replace S5PS 1ine-replaceable-unit. Reﬂuiru stable base/attachment,
tach Fittings| (LRU) _ LRY exchange could be automated.
Solar Cell Ro11 | C/C Optlon B Instal] mounts for solar call 60 pairs {n esch:

Built {fnte bottom of Secondary
structures (where applicable, 16
piaces}

Successive fastening tasks up to

100 mcters_,lﬁarh {or conductors
ached to switch geaps . |

prior to placement of switch

gears Within antenna substructure;

then connectlons only required at

Joint bus) o .

Fastening required at 1000 differ-
ent Jocations, over whole surface
(back surflces of MPTS, :

Fastening Bquind # 10 matar in- |

crements over whole surface (back
surface) of ¥PTS.

ﬁxgm camfm:tigl'tllull ¢
stances up to AC -
Tished separataly, ' s

uired Ovar.
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Table 3.4.1-4 (Coneluded)

SPS: ELEMENT

FUNGTIONAL CIARAGTERISTICS

SOURCE

RATERIALS

Ty

PROCESS CYCLES

CONSTRAINTS

Primary Power Bus
Trusses

Spinal Truss
Bus Bar Conpections

AuxilHary Equipment
Mounts

HPTS

Orbit Transfer
System

SPS Modules
Spinal Trusses be-

tween PCSs
Solar Cell Packages

Concentrator Rolls

Extension Structure
Beams

Electrical Conduc-
tor = between Joint
and SECS

Ball Joint

Support Arm Beams
Frames

Secondsry Struc=
tures

Radial Cables {ba-
tween MPTS rings-
frimes}

Subarrays

Elcctronle Packages
Interconnects

| rF Lines

‘ Faclitty M;;ii.
Faciifty Ranfpula~
tors

PCS Stanchiens

Cayjty Absorber
Shell :

g (2.1.3_.1)

BT (2.1.3.2),
BT {2.1,2.3)

BT (2.1.4.1)

8T {2,1.4,2 % 4,2,1)

BT {2.1.4.3)

a1, (4.1.2)
8T (4.1.3)

C/C Qption A -

€/C Option A

c/C KaTs £.2.1,1,

T HPTS 3.2.1.1,
L2.1.2
BT HATS 2.2,7

C/C ¥PTS 4.2,1.3,
4.2,2.3

TT MPT5 3.2.1.3
BT HPTS

C/C KPTS 4.2.2.1

c/C HPTS 4.2.2,2
TT HFT

st ine

| &7 Mp1S 2.2.8
1 e/c vers 4.2.3,1

TT HeT5 3.2.3.1

BT HPTS 2.2.1.1

C/C HPTS 4.2.3.2
TT MPTS -3,2.3,2

BT MPTS 2.2.1.2

G/ HPTS 4.2.3.1
TT MPTS 3.2,3,1
BT HPTS 2.2.1.1

C/C HPTS 4.2.4,2
TT BPTS 3.2.4.2
BT METS 2.2.2.2

/e HPTS 4.2.5,1
TTHPTS 2.2.3,

BT BPTS 2,2.3.1

C/C MPTS 4.2.5.2

TT MPTS Ju2.5.2
BT MPTS 2.2.2.%

BT factiity (1.1.4)

M factlity (1.1.4}

0T {2,1,0.1}

{2r skin.

78D

Tep
Electrical
conductors
connacted tr
powar truss

TeD

Too

Tab

S0 structurns
TaD

Solar cells
on flesible
substrate =
111 {n panal
form

Auminized

flexibla
naterial

Ay

Any

A wive-
quides or co-
-ax cehlas .

TED
80

A

Titanivm Qut~

Insulation «
25 ¢a of al-
vminud-gi11ca,
Innar wellt -

' Permanent mechanica] attachuent

 Attached to coluan adaptar frave
"4t bottom of trough,

. Held

‘I Mechanical attachment to preinstald

{2 ]

Autt weld to SC support structure
base.

Weld to primary powar Dus trusses.

Mechianical connections

flard mounted to structurs

Temporary mechanfcal attachment at
six places between KOTS face and
bt]mom of 5C structurg on one made
ule.

of rotary transformer assembly to
edge of SC structure

Kechanjcal and electrical connec-
ff:ions to preinstalied 5P5 inter-
ace

Hechanfcal connections of SPS
rodule gdges

Beams butted and hard fastened

flings at
each panel are hooked on secendary
tapes,

Rol1 attached to column fittings.
Haterial automatically attached to
solar cell mterial. Perfodic
edge rings attached to secondary

Centroidal Joint with probe and
drogue fitting. Requires extermal
torque mechanism for hard mate.

Quick disconnect concept. Hay
vequire exterral force/torque
mechanism,

Centroidal iaint with probe and
drogue fitting. Requires externa)
torque mechanism for hard mate,

Sare as abové. plus factor that
aggle hetwzen frame ends 15 not
69" (d1 fferent fittings) '

Threa=-paint attachment at base to
top of frame structures

Cable attached to frame at one
end, through adfustable reel at
other end. Tension mechanism
vequired at real end.

Theee-fiodnt attachment to top of
-secandary structures.

Quick disconnect congept incor-
porating autematic latching.,

‘Lines attached at center of anten-
na, other ands 9o to 700 separste
points = quick disconnect concept

Hard fasten beam ends; w.g., weld

led pads.

Hechandeal attachment £0 prafnstil-
1ad pads

Panel id?“ welded togather, .
nex connected by welding.

. |ne20 )
1 65 frames {attached @

2 (each 5PS madule)

1 {each 5P5 moduie)
6 {each SPS module}

TED

Once {n LEO

Once in GEO
3 each module

3 places
3 spans nstalled

300 packages Installed
each quadrant, 1800
ring attachments each
guadrant. . :

60 rolls {nstalled
#ach gquadrant,

ring attachments each
quadrant.

~70 {C/C)
~ 60 (TT
~10 (87

1 Joint {10 weld
 points)

~50 (oY
~E0 (T
BT}

carners

96 secondary stric=
tures (3 attactment
tasks each)

- 180 cables

7854 subarrays

A 000

e

6 beams teich ﬁc'dl_.ﬂl:’
8

.

#1956 heldum Tinz con=
nections (assume 2 con-
nections for each of
92 panels).

~10,000 vaters of pan~

.!Ihquiru J.Hgn-tnt‘prlor to fastand
na .

Diff{cult to automate, GEQ ep-
vironment constraints on EVA crew-
mith,

Oififouit to xutomate, GED envir-
orwefit constnifnts on EYA Growmn,

Buy vequire 119,

Interference with secondary
structure, 1f fastening mechanisa
poves wong Al subarrays.

Lines »ay require attachsent to
;grgct_uu_.s_‘long Tength for sup-
T'te . . R

Assume heldumt Tines brought put-
si{de civity far aise of Joinfng

‘|2t adges walded.

- LIT-96
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Table 3.4.1-5 Generir Process Sumary - Align,

SPS ELEMENT

SOURCE

FUNCTIONAL CHARACTERISTICS

DESCRIPTION

PROCESS CYCLES

CONSTRAINTS

Facllity Tenslon
Rods _

Facility Bess End
Fittings (AdJust-
able)

Facil{ties

Mafn/prime Cables

Pariphera) Cables

Final Al fgrment

SECS Support Truszes

SECS Tenslon Rods
SC Tensfon Cables

Spinel Trﬁun ba-
tween PCSs

Frames

fe/C faciiity {l.l.‘
L3

T factifty (1,1,4)

c/C facility (1.1.4
TT factlity {1.1.4)
c/c (3.3)

£/C (4.1.1.5)

¢/C (4.1.2.5)

c/e (5.2)

T {3.1)

T (2.1.5)
AT (2,1.2.4)

8T (3.1.3)

¢/C WPY5 4,2,3.1
T W5 3.2.3.1
AT WY 2,2.101

)

—

Adjust tension rods to bring facility|C/C - 12 tension rods,

Tongitudina) besms {ntod aligrment.

AdJutt besm end Tittings to align
dlagonal beams

Adjust beam end fittings to make §
facilities mutually perpendicular

Kaintaln cables at 3000 Newton ten-
tfon

Maintain cables at 3000 Newton ten~
sfon |

Adjust m;lfn‘ prime, and periphery]

calles as required to establish pep-

pendicularity of columns and meke
SECS flat,

Adfust beam end flttings to align-
diagenal beam plape

Adjust tensfon rods to bring SECS .
longitudinal beams {nto alfgnment.

Adjust tension cables to stiffen
structure,

Adjust spinal truss length to make
the axis of each of the solar con-
centrators paraliel. ’

Top surface of frames adjusted via
tension in radial cables.
Process; means
1f rings (made up of frames) are at
same Juval,

Tterstive
required to determine

TT « 144 ten-
sion rods. Repeatid |d.;u:tnntl 1a
palrs unti] longitudinal beams are
allgned,

C/C ~ 12 places; TT - 38 'phcn.
Repeated adjus.wents as required to
a¥fgn facmt.y frwsework,

18 adfustments,

Release and retension cables sach
100 m of column construction. 144
times, up to $6 cables involved
towards end of. construction.

Release 4and retension cable each 100
m of construction. 144 times,

As required

504 adjustment points. FRapsated a3
reguired. :

1260 adjustment points,
required. -

24 to 36 adjustments.

Rapeated a3

At required aver the 3 Spans.

54 outer framas adjustad to 12 frum-]
of first concentric ring.. . -

Torce must ba reicted off o of
beams Tn system balng sdjusted to pre
vent distarting syrtam alipment,
Requires thermal stab{lity fer Jig
accuraty, .

Cable resls must hava Individual

ukwg controls., Requires thermal
stability for accurats alignemnt.

a

Al{gnment monitoring difficult
because of great distance involved,

Adfusting mechanism may require
transport among radial cables be
tween rings, Procost may have to
be _repeated saveral times over

a1l rings prior to placement of
13

wcondary structures., D

111-97

|
|
]




Table 3.4.1~6 Genevie Process Sumiary - Monitor

FUNGTIONAL CHARACTERISTICS |

\ TI !
SPS ELEHENT SOUACE PARSHETER FREQUENCY SUPPORT REQUIREMENTS CONSTRAINTS FUNCTION
@ Structure Alfgns | C/C MPTS 4.2.1.1, |Deams parallel or # As each section {s as- f Lighting, direct or remote i
.t 4.2.1.2, 4.2,1.3 | right angles, ungle serbled, up to 20 vigm‘l gsntact ) o !
« Extension Struc-| TT MPIS 3.2.1.1, | messurenant pracesses :
ture 3.2,1.2, 3.2.1.3 :
= Supporg Arms. BT HPTS 2,2,6, . !
=~ Counterveight 2.2.7 .
Support Struge C/C KPTS 4,2.7.1 :
ture ?
. |
& Frome Adjustsent, } C/C HPTS 4.2.3,1 | Frame<to-frame attach- | Comtinuous durfng ring § Same as above :
Instaliation T3 BPTS 3.2,3.) ment) distance between | construction g rine *o
BT MPTS 2.2.1.) . |concentrie ring franes . s
. {~150 )5 top bean of e : . S o~
frames parallel and fn i :
sare*plana (ponitoring
o requirad by task)
v Secondary Strug« | £/C HPTS 4.2.3.2 | Attaschoent of secondary] Cantinuous durfng Sams as above ¢ ;
ture TT KPT5 3.2.3.2 stryctures to frame placement of 96 secon= b
BT HPTS 2.2.1.2 surfgces {ronitor pro- fdary structurse
. cess
» Subarrays « Insta-| C/C WPTS 4.2.4.2 |Attacteent of subarrsys| Contipuous durin Same ag above .
Tlation S| TE KPIS 3.2.4.2 to secondary structures) placement of 7352 $ube s ko ;
BT MPYS 2.2.2.2 | {monftor process) arrays .
v Ball Joint = In= | C/C HPTS 4,2,2,1  [Attachcent of tal) Once, continucus dur= 3Same A above L]
stailation- Joint to extansfon ing Jaint installation ' :
structure : -
s Electrical Condupe
toI?st Joint & | C/C BPYS 4.2
= Between Join S 4.2.1.3  |Conductor cable attach-]4 Sare 2% above
SECS . TT MPYS 3.2, 1.3 ment gmnltnring Tes : . Ko
BT HPTS j quired by task) i
= Between doint C/C HPTS 4,2,6.2 16
flus & Switch TT HPTS 3.2,6.2 ;
Gears Jormwiszaez | . 5
- Botween Corputer| C/C WPTS 4,2,8.2 8 ' :
Reference Subar<] TT HPTS 3.2.0.2
rays and Drive ,
System - S, : : . . i
- Rotary Jofnt | TT MPTS 3.2.2.4, 2 :
.- .Buses 3:2:2,5, 3.2.2.6 _ ;
» Electronies Pack~ { C/C HPTS 4.2.5.1 | Fastening process. {mon4{~7000 - continucus Same as sbove : ]
ages Intercennet~ 1 TT HPTS 3.2.5.1 {toring required by during task -
tlons . BY BPTS 2.2.3.1 task or manitor auto-
) . o mtic process) . .
s RF Lines €/C HPTS 4.2.5.2 | Attachuent task (moni~ [~700 continucus during | Same as above Ko

TT ¥PTS 3.2.5.2 toring required by task
BT HRTS Z,2.3.2 task} N

» Switch Gears t/C MPTS 4.2.6,1 | Switeh gear attachment | Continuous doring task,| Lighting, direct or remote 5]
- | T HPTS 3.2.6.1 to structure (monitor- | 16 times visual contact
BT HPTS 2.2.4.1 ing reguired by task) - -

A Electricat Conduc-] Conductor attackment Same 2z abdve Ho
tors {ranitoring oither B
- Detween Switch | €/C HPTS 4.2.6.3 | required by task, or - { 1000.times, continwous
Gears and Dis~ | 7T MPTS 3.2.6.3 mapdtor automatic
tribution Points] BT HPYS 2.2,4.3 | prosess)

- Detween Subsr- | C/C HPTS 4.2.6 7000 times, contdnuous

roy B Distribu-| TT HPTS 3.2.5.4
t{on Paints BY MPTS 2.2.4.4
» Counterwofght = | C/C MPYS 4,2.7.2 | Bonbtorfng required by ) Once Same 25 abave | T #e
Asseobly/Instal- task
latfon : _
» Computer = Insta-| C/C MPTS 4,2.8.1 | Same as sbove - Crice Sama as above
T1atien T7 HPTS 3,2.8.1
o Drive Systemamd | YT MPTS 3.2.2.2, | Same 25 above © o Oneac Same a5 above
Power Transfer J.2.2.3 )
Hechanism = Insta-
atfan. . o . - N } o
» RTA Installation § BT MPTS 2.2.8.1 Same as above Once Same ag above ke
& Powee Gonversfen | OF HPT5 2,2.8.2 - | Sama'as above - | Unce . Same as abave . R - - ¥

Equipment & Fll=
ter Installation

» Tadiol) Cable fne | c/c mPIS 42,31 | Samm a5 above Continubus durfng in- | Same a5 above : : ] w
stallation 17 KPTS 3.2.3.1 | stallation of 181 . 1 .
) (BT KBTS 2,2.1.1 _ cables o ]
lialfun and HaX Planred/scheduled | Hechanical sndfor AR . Lesk syrveillance : o Ho :
Recharge maintenance atectrica) - :
Troublashoating Contingencies Phiysteal chstevation § AR Optical system contralled Environment M

- remotely or EVA crewman

. ] tisfons based o dhserve

Oa-site Repafrs Contingencies - Physteal observation: | AR ) Assescment of damage, eval- | Requires Judgment and de- | Ho

II1-98 =
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Table 8.4.1-6  (Concluded)

’

FUNCTIONAL CHARACTERISTICS

Leak Check

Recharge Battery
Systems

Troubleshooting
On=site Repalrs

EJectrical Contine-
1ty {between Joint.
and-Distribution
Points})

Electrical Contlnu-
1ty (between Sub-
AFRays) - -

T (2,1.1,5)

Planned unschedaled’
service

"Yerlfy no Jeaks in helium and Hak

plolng at four PLS:

Yer[fy system charge and's'tr\.rinn- AJR
abiTity

madules

2 systems 1n each of 4

[
SPS ELERENT SouRce PARAMETER FREQUENCY SURPORT REQUIREMEATS CONSTRATHTS FUNETIO!
g~ f 1.1,4] Physical a1 tof [ C/C: 30 angles align-| EVA crewmen to fnstall and fo
;::p“y Bean Align ‘?’{cfa:ﬂu;ry{{.l.i) b:.gmsm fnnen ed ’ ’ operate a'llinment Jigs or
TT% ~s 350 2ngles gptical devlers. Lighting
aligned aids,
. ' .3} Physicat alignment and| 15 beam ends V¥ideo yiawing or EVA crew= | GED envirommental cone Ho
: E:ci!:l!‘:ty Docklng /e fachisties (3.3 ez';ag:::en: n?nrrn:cﬂi- - men straints on EVA crewmen
ties to hub )
{ (3.3} & 61 tles Opee for inftfal. < | Aldgnwent deyice to add fn | GIO. environmenta) con- Ko
Factilty Aligmment | C/C facilittes { a::u:;tual;;iurp:n- alignment. Continu= 1 aligning Facititiss at strafnts on EVA crewmen :
dicular ous for column aligas | start and to maintain col- .
. . . pents, unps. In perpendlcuhrtty._
653 . hys1 . yrement § AS required sighting afds, Takeup pro- Ho
SECS Flutness /e (5-2) f:rygEEE] fmaf’l:tness " visions in prime cable |
: . . reels,. . _ o
' hys ting ar He EVA crewmen oF video capu~ | GEO environment Vimitations |CEW for
éﬁi’éﬁﬁ.m'"’ A Eﬁie«?‘éﬁﬁnﬁztus M bil1ties for wide anglc and | for EYA. +|217 auts
’ o Beams room,  Display area in IMF, | ) mated
' » Cables Lighting at site, systems
* Reels
s Solar Cell Packages
& Concentrator Rolls
# Tenslon Rods
o Power Distribution
Connegtors. & Con~
ductors
o Aux{lfary Equipment
H 1 - | 8T {41.3 Assure al} four SPS Dnce Adjust spinal truss Jengthe Ho
mZitﬁadu ¢ Mign T ) modules are paralleled Dptical measurement of SPS
madule alignments.
- ryanned ede | Electrical MR Automatic shitdown capabil- Yes
g;sdrl.:mrge Battary u'fggn::r‘\iri‘::h rere ity. Crewman In ¥icinity. )
te E dq had- Meckanical and/or AR Redundant safety features. Isolated explosion safe | Yes
ls’nsowp“:iggu'}m:t 5}:3'1;“3?2 ﬂ:c:rr‘-lf:ﬂ o Leak surveiliance. ared fFequired
Table 3.4.1-7 - Generie Procaess - Checkout
FURCTIONAL CRARACTERISTICS
SPS ELEMERT SDURCE - - -
. : PARAMETER A'PRDCESS CYCLES SUPPORT REQUIREMENTS COMSTRAIKTS
Contro] and Bsplay | c/C (5.0) Activate subsystems and verify op-|Per system '
Station TT {4.0 erations - . :
BT (5.0 ® ACS  » Pawer Generatfon
o 1A » Couputers
u {MGs .

man- or computer

Instrumentation and veri«
fication function (erew-

Contingencles
to {solate malfunction
Contingenicies Instrumentation testx on o ‘tem to

yer[fy repair

C/C MPTS 4.2.2.3,
4.2,6,2y 4.2.6.3
TT MATS 3.2.2.3, -
3.2.6,2, 3.2.6.)
BT MPTS 2.2.4.2,
2,243 .- -

C/C HPTS 4,2.5.1
T ®T5 3.2.5,1
87 WIS 2,531

Ex{stence of current

Existence of current

Insfrumentation tests on system AI?.%I

A/R
~1000
705 {every ?rol.lp of

10 subarrayz

|1nvolyement.

Automated checkout funce
tions minimizes manned

Automated checkout func-
tlons minimizes minsed
involyament,

Conductor peth checked {x
1 kn Tong -

Chacked paths are 100 m Yong
cver Whole I lm dia anteans

Pointfng Control | C/C MPTS 4.2.8.2 | Nonlafinite resistanc 81 Checked 7 -
P Ry I A SRS afinite resistance fnes 12;; p-th;.m.:m maters
{between Drive " : . .
System and Refersnce
Subarrays)
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Table 3.4.1-8 Other Construction Opemtiohs_:

PROCESS INVOLVED

SPS APPLICABILITY

T{HIA|F{A|M]C
o Iriaivialofo(ul | -
TASKS THREHHALE AR
S{LINHIEISIT K
PIE ¥iri{ojo
0 RiU
R T
T
PLANKED UNSCHEDULED SERVICE : :
Resupply Beam Builders X% X X X X
' Replace/Recharge Battery Systems X X XX TBD
Service Equipment Propulsion Tanks X X X TBD
fé?ﬁlé;:pje{cr)’astening Device (Weld, xlx X TED |
!;:ﬂ:c):e 5pS Commod{ty Modules (J.\CS wlx | X X X X
PLANRED/SCHEDULED MAINTENANCE
Lubrication s 1XEXE X B 1 x
" Remove Reflector Facet Layer X X
Recharge NaK System x{xl [x] {x X
Recharge Helfum System Xix X1 |X X
CONTINGENCIES
Troubleshooting -
e Yisual Inspection £lX . X AR
o Instrument Checks (on-site) XX £t | % A/R
Personnel Rescue
¢ Single Personal ECLSS XX TBD
" @ Multiple Personnel ECLSS | Xix TED
Repairs
- o On-site
- SPS Damages -
‘o Material Rip BEA R X 1 1 x X X
o System Leak XIXp pxy Ix o X
e Cable Break xixl x| 1x X X X
o Conductor Break 121 1% lxp ¢ -1 % X
- Component Replacement (LRU) XX X BRI X X
- Ehratbase bonsimetion e [ELKLF K| LXK 2 | R x
¢ Return to Shop: ' '
- Hobile/Portable Equipment X} X TBD
"~ Modules {with SRU Components) [X|X TBD
IIT-100
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3.4.2 Combined Generic Requivements

_The separate generic process requirements tables were summarized and
combined into one tahle (Table 3.4,2-1) which facilitated analysils of the
SPS element functional requirements across processes. In this way, require-

ments commonality and quantitative trends could be more éasily recognized,

end potential areas where -common equipment might be adaptable to more than

one element or process could be identified

The combined table wasg utllmzed as an analytic tool to establish the
general types of OCSE (in qualitatlve Lerms) which would be required. The
more detailed data contained in the separate generic process tables were
utilized as required to quantify requirements. TFigures 3.4.2-1, 3.4.2-2
and 3.4.2-3 depict some representative SPS data in quantitative terms
(unit'mass,'transport distance and handling distance respectively, as a
function of frequéncy of.occurrence). Although there is a high degree of
scatter evident in the data (due to the diversity of clements involved in
SPS construction), some limited assessments can be made. TFigures 3.4.2-1
and 3;4.2—3, for example, tend to suggest which group of high frequency
elements might be accommodated by automated systems, and that the group of
less frequently'occurrlng items be more directly controlled Figure 3.4.2-2
shows that element transport distances are dependert :to some degree on

the particular SPS concept, and the corresponding proposed locations of
construction and logistics faeilities.

IIT-10L
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Automated

Automated
or
Remote Manned

Remote or
Direct Manned

Figure 3.4.2-1 Element Frequency Ve Unit Mass

KEY FOR NUMBERED EXAMPLES:

Reflector Facets (Boemg Therma1)
Subarrays, MPTS |

CoTumn Beams (Column/CabTe)

SECS Support Trusses (Truss Type)

Rotary Joint Structure Beams (Truss Type)
Cable Reels (Co1hmn/Cab1e)

Concentrator Mater1a1 (CoTumn/Cab]e)

Extension Structure Beams (Co]umn/Cab]e, Truss Type)

T- R - B U S R A S L

Solar Concentrator Support Structure (Boeing Thermal]

'Busbar Harness (Boe1ng :herma])

=
o

" NOTE: Several SPS elements exist with masses »10° kg and frequencies of

occurrence <10,

Ti1-102




Boeing
Ther_rn‘al

TE

Pigure 3.4.2-2 FElement Frequency Vs Transport Dictanee

KEY FOR NUMBERED EXAMPLES:.

-1 Reflector Facets (Boeing Therwmal)
2 ‘Subarrays, MPTS (Boeing Thermai)
3 Subarrays; MPTS (Truss Type)
Subarrays, MPTS (Column/Cable)
Cavity Absorber Shell Panéls (Boeing Thermal)
Solar Cell Rolls (Co]umn/Cab1é) '
Co1ﬁmn Bééms (Column/Cable)
Facility Beams (CoTumn/Cable)

9 Switch Gears, MPTS (Truss Type)
. 10 SWitch Gears; MPTS (Column/Cab1e)

-3 | o




Fe

Automated

3 o
KL TME {TANCILATION) DISTAKCE (M)

Pigure 3.4.2-3 Element Frequeney Vo Handling Dietance

KEY FOR NUMBERED EXAMPLES:

Electrical Condu_ctors, MPTS Subarrays =
SEGS Support Trusses .(Truss Type) -
Secondary Tape Ends (Column/Cable)
Tension Rods (Truss Type)
‘Turbogenerator Sets (Boeing Thermal) .
“MPTS Frames - o .
Main/Prime Cable Reels (Column/Cable)
Secondary Structure, MPTS

e e - T T R LN . B

Radiator Segments (Boeing Thermal)

L
= ]

Radjator Frame Structure (Boeing Thermal).

T1T-104
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Table 3.4.2-1 Combined Gensric Requiwvoments
) ELEMERT CHARACTER[STICS uA?E“.
5#5 JRANSPIRY, GLE
MASS FRICESS ATTAL CON.
PR Joitpomy)|  CORFIGURATION criies |OISTAME| eopornations  [ISTAYCE  cupsom
] Beans 36 k9 each [2.45 m trfangle x 110 of 36 (C/C £0-100 m Access thru facility =70 m  Nods) drog
Fciljty * (c[cg Yong I ! {C/€)  Kframework, spread ~ lfE/C) fAcct{ng
837 &g rach|10 w triangle x 550w [118 (7T} [s0-1300 {Toeds- Fie il
{m) Tong {77} n (TT) 125'n
215 kg each|R m sg beamz 125 m 6 (BT)
(e7)
Coluws Hob Beans. 110 to 40 kgl2.45 m triongie v 6 to |31 L2000 heeess theo f2edity LIG0 m  Hoda) drog
eech 112 m Tong framework, spread htcuracy? |
loads, eral, 5 .1
[Secondary Tape Keels| 10 kg each T80 1 ex 2400 |LF to €F Jackaggd on 2400 kg PO m P2 h'_eutcnq'
2400 kg max kg package |13 miles pe )E00 kg reels yrom fac-putomatice
pkil mass to 2 flcql- iF 1ty fed
IH::E 1 ea|IB nfles
attached
package to
F fu?lil‘.ie
Peripheral CabTes  1682,000 kg |Resl 4 each to 2LF to CF Packeges 183 miea P5m [ables are
each facitittes |13 miles Huctors -
FF hideration
13 miles
attached
Tar Cell Packages {Max pkg masfdaw packagn 10 % 10 x |120 pkge  |LF to Cf Packaged 4o groups; JlOOm  [lO per &r
[c/C) 40,0007 kg |8 maters 13 mi1es backages grugreas- .\D packnn
FF Evely smeller 2 faetl
18 =ites ;
attached 1
[Conzentrator Miters JMax pkg 100 meter long rolls | 240 rolls |LF to CF|Packaging fn groups |100m |2 per arre
11 {C/C) mass 5000 13 miles repeated I
kg fF F eath of
18 miles 1ties
attached
I5otar cell Blanket |7otad - Rolits 650 m long, 13 |4 rolls LF to  [Mount TGO 1 n |(Positi.. .!
|Tnsta)lers (77) 74105 kg [{t diameter for a)1 |8 mounts  |install- ptace roli
plus mount |material atlon mouts
pofad
300 |m
nx
Constru:tlun Equip- 1D T8D
ment {C/C 3. TT |
Faﬁllty 3 ETI |
Cancentrator Instal-{Hount TED JRellz 650 m long 2 rolls iF to Wn  [Postiion »
lers {TT) Tatal pate 16 mounts | fnstall- place rotl
erfal 7 x tfon pounts
105 kg point
2900 W
& max
[fension Cable Inst- JTRD TBD a0 F to 25 n fHold for m
hllers (1T) {nstall attachment
atien ity struct
paint
2600 m
max
Fower Distribution 153.000 kg |Includes 4 12 emdfa |4 {28 ca JI.F to E installed at be- (2600 g *told for m
farness Instailers {eath cables per installar  Jend wall) [install- Inning of construe- Jittachment
(1T} . . tion  itlon; 2 at end of Tty struct
point  Yopstruction
2500 m
pax
’Auxﬂ'llry Facil!ty TED Propulsfon, ACS, GNEC | 20 LF to |Heed pravigion for |26 m lold For =
tqu gunt Hodules Install=latigning sodules attachment
ation 1ty struct
point
330,
wax
Auxiliary 585 Equip- B
- Acs Hadules 355,000 kg B0 Instalw [Propeliant hazard, |Kear  fProbe & dr
tatal;. 1ed 1 MY damaged facility
000 kg ey fanﬂlty stryce
- nc Hodules P?g;m FBD ggwn ture Probe & dr
o 1 ’
- Mauiting Provi« 4 . Hard mount
slons structurs,
alignment




FOLDOUT, ERAME

3
GENERIC PROCESSES _
7 FANGLE il FASTER __ADJUST HORTIOR ]~ CHECEDLT REFARKS
s prstauce|  ( SOBSTRAIWIS, | qask pescaiprion TASK DESCRIPTION TASK GESCRIPTION | PARARETER |  PARAETER
; i dal di BT: Align be rior |Centroldal folnk with probd AdJust beam jength |AVignment - 30 {6efp B bath ends, or
m&g?s;:ﬂyw (c?c? hgc::-ac;gsuf I.L‘?IL‘? Yo welding; Faci}jty. fand drogues external for- | 0 12 places; repeat(sngless d1gs over large area.” Daly
50-300 x fjeral, 5% angular provides Jig for cavity ?ue required for hard mate | as requirved to al- |or optical da= work base may be prece-
(1T) . constructiun 8 places C/C}: 15 beams = both {gn faellity vices reguired eiding beap, not struzs
125 m per facility, ends, 136 beam ends (TT}, | €/C = 12-places {EVA insta)- turally stable.
12 bedm ends {BT) - welded | TT = 38 places ed) B :
TI1 35 angles
thr facility 00 m  Nodal drogue Fitttng A Grlp @ both ends, or
ork, $pread \ccurm;'. lcem hr.g . :Zﬁ; ;}.:ﬁgm:;gj: p?';'."
’_"1' 50 angular ceeding beam, not
- structurally stable.
L el anons ke
edon 2400 ky FOOm P2 liewtons tensfon  NA cally stlached to strye- |
0 kg resls 9 from faceputomatically app- tury, 840, places
1ty fed
L ) J':*"h;“:tp‘ﬁtﬁ {e:hin- Reg;aulreﬁe?&i,on
es 13 pdma PSa ables are power condid cally atiached to struz- | cables each 100 m,
5 Huctors = sgofety con ture 144 times
piderations
LA Attach pkas to coTumn putomated fastenin
::g %?og:gggfi \!00 n ég ;:&:;:?fﬂ:gﬂﬂ Inte{c_ongect 10 :tcilu ;19 nyﬁm des‘!ra.llnleéegut
panels; 3 connections roil mass wou
smatfer pr 2 tacilities each o 1200 rous of panels [ reat.
% 120
3ing in greups |[100m |2 per array'channﬂ NA Attach ralls to column, )
. repeated 120 times attach concentratar maters
@ each of 2 facil- 121 to soiar cell canduc~ .
fties ors - - :
Rings hooked over tapes; BITTIcUIE ta 2 otomatas ]
9000 rings/facility = max GEQ EVA constraints
600 rings/200 m -
T80 W0 m  Pesifl. .untst  JHA Hechanteally fasten mounts J
place rolis in : to structure E:gﬁlfnﬁ ?‘sﬂlhfz: Hires
mounts 2000 kg
300m  [Position mauntss  |RA echanlcally fasten maunts
niace rolls in to structure
pounts
5k plold for mechanical {HA Mochanically fasteh mounts
jattachment to facll- ko structure B
Ity structure : ’ ’
alled at be- 2600 m ®old for mechenfeal |HA Hechanfcally fasten mounts
g of construce httachmene to facil- ke structure
2 at ¢nd of ity structure
uetfon :
rovision for [25m Hold for mechanical { Align by adfusting Mechanically fasten to
ng madules attachment to facil mounting provisions; facility structure
: ity structure measures SECS/structurs o
E positions -
Rard mounted to structure
~30 (C/C)
lant hazard, {[Hear Prgbe & drogus Altgn by adjusting ~55 {TT)
aged - facility : maunting. provisionss C
B strig= medsyre SECS/structure.
turs Prabe & drogun pasitions
Hard maunted to
structurs, requires
atignment Pa—

I}

‘jz:-‘
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Table 3,4.2-1 (Continued) b
. ELEHENT CIARACTERISTICS - GENERIC PHOX
euEenT Figs PROCESS a1, T
ATEAGHME ANG
- unIT/ToraLYf  CONFIGURATION Coeles. . [DISTANCEL eoveroemavzans . |PPSTANCE | cuprgar ecee
Tens{on Rods 5 kg Smatl-dfameter Pilament| 12/facil- tin Aceuracy: 1 ;
{c/c) with prabe end fitting [1ty; plus sral, 50 angule
and adjustment (e.q., |54 0 4 Fa. Insert1in nodsl
turn-buekle) eilftingg drogue fitting -
and 431 8 .
2 faci]i- 5
tiss for
SPS. ) o
Colum Beams {€/C) |36 ky each [2.45 m triengulsr x 867 B 4 <70 m A::urug: 1
100 m Tong facilities eraly 59 angul;
4358 2 Insert in nodaj
_ _ _ facilfties Krogue f1iting
Facitlties (Dock 13200 kg + [100 m triangular x 5 Docking Facility ACS
to Hub) base facil~|200 m Yong once for place= Nides gross ping
é;.ges !ﬂtiul : hent r;lent:ta;mulun‘i'i
. alignmen : nser ro
100,000 kg continuous, 1 om tategll‘.’.%
for column i
allgnmant
Hain/Prime Cable 40 49 104 preels 200 m
Resls (C/C) # CP-1 &
Haln Cables Depioyn.d Trom faci1i~ {32 cables 25 m
ties by reelsg final nitial
Tength up to 12,7 - KGnNES=-
miles ftion
Prive Cpbles Deployed from facili- |72 reels @ B5 m
t{es by reels; final |CF-1 & CF-3 Ainitial
- Jlengths up to 10 miles 1288 cable konnec=
ends kion;
ROO n
from fa~
Ei Ly
Juring k
f:onstruc ;
L1ion f
Sacondary Tape Ends 840 5w Attach tape on
_ . from periphéral cab!
facility !
Power Distribution |5mall. Electrical connector to]2 per array <25 m . [Connectar p1u¢:|
System on SECS peripheral cable channel gagesent; may
ulre Tine dext
‘ EVA crewnan) ;
{rower Distributlcn |83 kgfmeter|Cables « 17 en dis 4 ¢ables to Installed nlomg,
{5yitem Conductors | TED length ezch ¥PTS umn &nd KPTS o
sfon structurs
Tenston Rods {TT) |20 kg Srall Facility - 500m |Insert 4n \
80 SPS drogue fi, 2ingy
truss = Accuracy - 1 cm
1260 erat; 59 angulil
' 3
- |Béam But)ders {m 40‘.@ kg. |13 mater diz, eylin~ |32 {17} Capture place §
faciiity) este drical posét{nnrfmi-]“
. jment to fac
{c/C facliity) E.DOD kg |5mdiax15m ngcr c/e 50 m structure
(|SECS Suppert Trusses|83t kg 10 m trlangular x G50 1 12738 total 25m Engags end prol
Tang 2a 1 ong ta centroldal £
operxtian; ting
7 in éhe }
. . i S bay | s ;
Transitlon Structure}Smanl Shart 10 m beanms Oace B end l5  Jengage end prowe
{SECS to MITS) of SECS to centroidal 1
construe~ ting 3
tlon {6 g
beang in-
stailed)
-{S0lur Cell and Con- 24 places
centratar Naterfal
Attichment (T7)




GENERTC PROGESSES

FOLDOUT FRAME

#

ey

P

rachem ) Mugbﬁsmmm ALLGY FASTEN ADIUST, FOHTT0R. CHECKOUT HERARES '
soprartons PISPAYCE | g oppy pequys, | TASK DESCRIPTION TASK DESCRIPTION TASE DESCRIPTIOY PARAKETER |  PARAMETER
Wlnm  JAccuracy: 1 em lat- 1Probe and drogue; requires | Adjust ta bring fa- Only work base during
eral, $9 angular eaternal torque for hard | cidity Yongitudinal facility construction
Iriertain nodal mate . beams into align= may be preceeding beam,
d.ogue fitting | ment; repeated in not Structurally stable
pairs as required AdJustment force must
be reacted off boam te
|nrevent distartton--ro-
quires therma) stabili-
ty.
~70 0 A:nurncg: 1 em lat- Grip beam # both ends
leral, 59 angular or over large area;
Insert in nodsl y require 2 handiers.
drogue f1tting rﬂ
Seeking Eanmty ACS |‘:ru- Adfust beam end Physieal align May require EVA assist-
place~- fdes gross place- * {ittings to make 6 |ment & enga?e- ’Ancc: need ta geip 211
pent ments simeltanecusly facilities putually ment of facil- 1 points of facility to
: insert 3 prodes ., perpendiculary 18 [itiesy video o nrevent bending leads,
L cm Yateral, L min wdfustments EVA [GED con- -
straints) 15
beam ends
koa m Reel base plate mechaniczl
1y atkached to facility
structure
5m Maintain cables B 3000 8 mafn cables rele-
Enftial Hewtons tension ased & retension es
Fannec= 100m of ¢olumn con=
kien stiic.y 144 times
5 Cable ends attached to Kafntain'gables 8 HEficult to automats;
initial SEC5 rings, 264 connectiond 3000 Hewtens tensior [EO enyircnment con-
Eonnet- - imbx 20 B one operatien - - |'Releasefretension es ktraints on EYA.
kient 100m of construction
OO m 144 times, up to 96
¥rom fa- cahles
Eifty
Hurding 3
onstryse}
kton -.
25 m Attach tape ends to JAttach BAD places
{rom peripheral gable . B :
|facitity
425 m _ [Connector piug ep- tencentrator conductive Efectrica] potential
T |qagement; may'res 1 -, |material connacted to per~ scross alternate cone
’ ulre fine dexterity, -|ipheral cable.conductorss centrator peaks when
Llmn'.l. crewsng 240 total comnections {deployed.
“Hnstalied along eal- [Connéctor plugs; attach
wnn’ and BPTS extan- cable to. structure period-
s1on structurs leaily
60u m  |Insert 4n nodal - 1 1260 adjusiment
drogue flttings palints, repeated ag
Accuracg + 1 em Tat- reaulred--adjust
eraly 9 angular, rads ta bring S£CS5
- Tongitudinal beans
{nto alfgnment
Capture place In £/C: Gross aligmment [Hachantcaily fasten to fa-
positfon far attach-|prior to fastening; eility structure
50 mant to facllity 2,5 cm B 100 m span, 32 cycles
strusture - requires optical meas-
urement and thermal
stability
25 Engage end probe fn-f - [centrofdal fitkings, Z416 ) Adjust beam end {1t
to centroidal Tt tatals 14 in cne bay P one [ tings fo align dia-
ting aperation @ 5 day inter- gonal beam plane 504 -
vals adjust pts, repeat
as reguired
25 m tngagh end probe {n- Kentroidal Fittingst part
to centroldal fit- of facility structureyuse
ting : &0 maintain pesitive con-
tact between SECS and MPYS
Solar ¢elis on flexible Initfal connectlong
substrate. Concentrator manual; automate there-
15 tlexible thin plastic, after sxcept for main-
Both attiched @ edges to tenance oF to start new
truss structure und zipperd rolls.
ed togather (electrical
contact) _ NJ
-~ - - -
.
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Table 3.4.8-1 (Continued)

ELERENT CRARACTERISTICS

N
GENERIG PROCESY

el

L] JEAREFOR WENMTE
ﬂ.m: MASS PROCESS ATTACHRENT cnusmms?_
T JunTiomy|  CoFIcRATION YcLes  (DISTAMCE| conepnmations  {PISTANCE) - cuppont megw
Powep nlstrlbution 1,3 kgfm {Condustor cables 8 connects
System (TT) ors at ea
end of SELY
Final AHgnment
Hatn/Prime/Periph~
eral Cables
. Bums, Clb'les. Disﬁ]ay area {n IMF; Hany
Reels Hg ting at sites
® Salar Cell Pack-
kges
¢ Cancentrator Kolls
o Tension Rods
|* Power Bistributien
Cannectors & Con-
ductors
® Auxil{ary Equip-
ment (C/C, TT, BY)
Contral and G{splay
St;tion {c/c, &7,
‘ PCS Stanchiony 25 kg Rod with base strutcture|4 per fac- |Up to 10m Spot pasition--hai
{11ty g m nauntad to stru:ui
{Cavity Absarber 53,000 kg |20 x 29 m pane) sec- |98 per mod-|Up to  Kouwld ba transported|100m  Fold in spot posi»:
Shell . each tions . fule 300 m  [{In larger packages tion for Tastent Y
Turbogenerafor Sets | 235,400 kg Hmy machinary and 16 per mad-|Up to  [Could be transported|2s m Hold in pasitfon
. each tanks In 20 x 29 x S mjule 00 m  |in smaller units | | fastening
package ’
1SC Framewark Second-|#5000 kg |Fopout Structure de- | 762 ?er ¢F to Small,. |Hold for 3 point
ary Structures each ploys to 225 m equilat-{ madule installa near copgattachment
eral triangle x 10 tion structfo
meter thick site Imodule
. ~S600 m '
max. at= |
tached
2700 m
o FF é
Reflector Facets +E5 kg each|Flat hexagon stretched |17,000 pcr tf to Hear con ?rcbe {nsertion 4
' between tensfon struc= {module installa st_runtlursteerlng mechani
ture on 3 sides | tion - madule
T site
~SE00 m
attached
2700 m
o fF ¥
.<|
TS 21 x 105 &g Com ete antennz {1 km |2 {1 in LEO|TED mﬂeustatinnkeep. rapture ..apture by 5P5 sys:3
- . - 5 with rotary trans- in GEO) by manipulator from uipment and
rom:r assembly ' [SC structure huld or attachun
:Sﬁfnal russes Be- JTBD 10 meter triangular 3 spans 4000 m 4000 0 fiold for fastent ]
tween PCSs . beams per span : P ends’
Facllity Manipulator 100 reters long Effacility p 0 Mard mounted to
. 100 meters ]ung 2/facillty asu ; ttrunture 2 prein3
O o tatled beam pads
fusbar Harness 5300 k§ per Mire haraess top & bot-|2 per mod- PS m = Epat fastening to 3
. bundle tom of turbogmeratnr ule - al -phell - R
" Jpand Emund ’
hell
Radlatar Frames 120 to 930 o m trlanguhr beidris, ) 19 beams §00n  [Hold In pot postd
ki up to 950 m ‘Iung from CF ton far fastening)
Radlatar Segments 500?.1000 i Pane‘l 180 » ?Jo'mters 12 segments SED m |Hold fn spob posi
eac . CF

tiar for' fast:nhg,
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GENERIC PROCESSES
i T HMI%J‘ESTHMNTSI AL TGY FASTEN ALITST ARII0R CRECFOUT —‘_—gmm“_—l
dions _ PISTKCE|  ospomr mequrs, | TASK CESCRIPTION TSk DESCRIPTION TASK DESCRIPTION PARAHETER |  PARAMETER
: : Feed out conductor from : ’ Cable fnstallation to
concentraters: jained to : “[structure Is automated
conductor cable
hdjust main, grlme A|Physical feas= Cable reels requirg in-|.
peripheral cables asfurement of dividual tikeup con-
required to estab- |SECS alignment trolss therma} stabil-
1ish perpendicular- [sighting &ids ity required,
ity of colums & |required
flatness of SECS :
Assembly gen- WY for a1l automated
eral survel]- systemsi GEO environ=
lance; EVA ent 1imitations for
Crewman 0r EVA.
video with
wide angla b -
1000 :
Ackivate sys~ |s ACS
ters & verify jo 1AC
operations- W CMGs
Fower
. . F Computers
10 lspot position==hard !Allgn prlor te hard Mechanical attachment to  HA WA NA '
r‘ounted to structure|mounting {optica] meas- |prefnstalled pads
. uranent?a stanchiens - : f 1 - . . .
are Jig polnts for cav- - : .
fty absorbes A ) :
-ansperted 00m  Hold in spot pasi- JHA THtanium skin, insulation A . M X pA pssume helium Yines-
Jckages tion for fastening 25 ¢n AL-51: inner walls -J : : brought outside cavity
Jeolumbium; Weld pane] edge . For ease of Jolning.
{m.ooa n) and helium 1ned
196) . 1
ransported(25m  [Hold fn pasition for{Hs KBechanical fastening to i ‘ : Leaksge potential In-
units fastening shell panels, connect hele creatat {f packags is
. ) L : fum 1ines (8 connectians} transported in pieces.
tnall, [thld for 3 point  |HA ' 3 point attachment ' '
sear conqatkachment
tructio
_ jmodule
Hear con{Prebe insertion {nto Probe Inserted into steer= o Large flak surfate with
- (structiodfsteartng mechanisn o - jing mechanism receptacie . lattach mechanism clase
radule ori cne side = visibii-
{ty problem,
' cap'ture . Capture by SPS sys- M‘I Temporary attachment {LEQ}
gtor from tagl muip{ent anﬁ bt 6 pts between MFTS(race
re 1d for attachment b bottom of 5G4 permancnt
) A : ) pttachment (GED) of RTA to
edge of 5C - . .
F4000 8 Hold for fastentng w o Beams butted and hard Adfust truss Vemgth| . . . hdjustnent. mondtoring
pieam ends ’ Yastened - - to make '5C axes : S Hifffeult because of,
parailel irest distances Involve
bp to . Mard mounted to - WA Hechanlcal attachment to :
E50 m3  Ftructure @ prains : brefnstalled pads
K0 m [italied beam pads i .
bS x - - Epat fastening to - WA~ ~PL cables, 24 electrical
pH hheil © 7 functions per bundie, 16
pround pechinickl Joints each
kel .
900 n__ [Hold in. spot pasf~ [HA Frames ends butted and Nistribute Joad over
from OF ftfon for fastening | . : weldad = 24 connestions A R . Khin mecbarsy bean may
: : : be handled at one epd.
550 m  jHold 1n spat pasi- {RA A - |dodn to Trames and batwean| .
F  {tion for'fastening . segments - ) Db
1 . — l
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TabZe 3.4.2-1 (Continued).

-

ELEMENT CHARACTERISTICS

GERERIC PRO
HALILE

BLERENT HASS PROCESS UL —
ATTACHHENT CUNSTRAINTSA
- UktT/ioraLY| - CONFIGURATION CYCLES  {DISTANCE|  pousincpatrons  {0ISTAKCE su@
Leak Check and Ser- |TED (Mak. | Self-contained, pro= <300 m
Ivice Unit 4.8 x 105 . | yides Jeak check gas {en CF
kg for each| and HaX servicing frames)
PCs) _ )
|$alar Cancentrator 800 kg each| Preassembled structure|6 places faoow |ard in spot post
(5C) Suppart Pase |fn 12'pes, | attached to cavity . tianing for fasie
Btrieture - . | absorber shel) iy
I5C Construction Mod=|65,000 kg | 15 m dia modute which |6 Capture and place
kiles o . manufactures 10'm in spot positied:
beams eub both ends - )
[BC suppart. Struts  JUp to 1560 .| 10 o triangular beams {5350 m of Beams 32,5 e thruout, &,
land Cross~irusses kg up to 1600 m Tong beams in 7 emplaced] part structure, . .
pes = per in vie= | measurerent atdy
madule inlty of) required
con=
struge
tion
| _ . ) madule
BC Tenston Cables  [TED Up to 2175 meters Tang 24 to 36 Agtach» Probe $nsertion
per SPS N
motlul e within
870 m
of mad-
) ule
' FL‘ Reflector Frame- |220 kg per | 30 meter trianguiar  |1368 beams Conztr- | Spot position
vk beam % 225 m long & construce uction
tion mad- rodule
ules moved -
to in="
stalla~
tion
4 site
J Prisary Power Bus  |~146 kg ea 110 mater trizngular % 12 per 505 In vic= -[Butt beam ends om
MTrusses 150 m Tong. Caps are. [ module inity ofSC support structs
! pawer conductors with CF fravelat spaeific locatt
lateral elements insu=
Tators.
Ispinat Truss 330 ko 10 meter triangular ¥ | Once per 250 m  [Hold to bus trussm
1 . M0 = Tong. Caps are: | SPS madule - {for fastening )
i conducters, Tateral .
! elements are {nsula-
f . tors. X
Orbit Transfer Sys- | Y80 Inifehemfcal propulstor 3 per Packed to SC and %
tem sy stages Frop mdpﬁle by use of crboard
equipnent
J5eS Hodules 80 % 105 kg 3 places Capture and hold
' total midules together d
fastening
Reflector Control 18,4003
Jefrcultry . probable
R reduction
: to ~ 1500
Bus. Bar Connecttons | 6 par 5P -
’ madule ,
e -
4 A
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GENERIC FROCESSES - " =
T HANDLE ) _ALIGN VASTEN ATIUST FOHITOR CHECKOUT REAARKS
SCHENT  histange | o SUNSTHAINES/ TASK DESCRIPTION p—
DERAYEONS SUPPORT RECHTS. . N TASK DESCRIPTEON TASK DESCRIPTICN PARAMETER PARAMETER
4300 m . ) . : . Verify no 1eaks
{en CF sk 4 PLSs (2
frames} ; systems 1n ea)
. EYA 1nspection
30 m | Held in spot posi- {Structure jolned to cavity
;.Ianlng for fasten- shell {12 pes for module)
ng - -4
Capture and place | Align beam attachment |Fasten internal bewm baing | Nore accurate to Module mani{pulators
in spot position sithin rodule to assure[manufactured to support * ) adJust s$truts after ) achieve acfua) contact
o raduies are squidistant|base structure gonstructien s ) and placement.
2 see {n Z planes, ’ started, to +2,5¢en
require measurement
alds and aVigoment
statiens on $C strue- ‘
ture
Baays | 32,5 on thrvout sup HA Butt beam ends ~7 Joints | Beam length adfust-
explaced] port structure, per vodule went required
in yice |measurement aids
{nity off required !
cone
strue
ton
mdule o -
Attach- | Probe insertion HA Probe tnsertion and rotdry| Adjust cables to ) ) b
ment force for tightening Joint| stiffes structure :
Nithin -

0 m . . : s .- : : |
of moda } - C B : ¥
ule .

Constr- |Spot position - WA . TeD, 1368 baams per SPS

uetion ’ madule k&
radule !
moyed

to in- ) : - . . R
Halfa i
tion . N
it i | -

~1 .
In vlc= |But® baam ends onta |Align required, trysses|Butt weld to SC support :
inity of {SC-support structurejrelative ta PC5 aper- [Structure base o : 5
CF fromejat specific Tocation ture centerline, -
weasurenent alds anid ‘
aligneent stations on N
5C structure required 4
w250 m |Hold o bus trusses |HA 4214 £ promary power bus
for fastening . |Erusses .
Cocked to SC. and PCS; - Hechanlcal and electrical
by use of onboard connections to prefnstal-
equipnent 1ed SPS interface
Capture and hold Assure 211 4 modules - [Hechanical connection of . Modile atign-
»aryles tegether farjare paralleied; adfust gadule edges nent
fastening spinal truss length,
. optfcal measurement
Klectrica] plug ¢onnsttions, A1l contro] & ?uwer
a2 17,000 facets, 1400 distributfon wiring
Isecondary structure Joints . R . fnstalled B manufact,;
30 primary structure [;otenth‘l interference
Haints n secondary structure
Elecirical conductors .
konnected (mechanicaliy) -
to power truss
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'Tabze 3.4,9-1 (Gam‘:mued)

ELEMENT CHAMCTERISTIGS

CENERIC PR

TAnE .

ahr Wss PROCESS T CGiSTAT
Ef AN i
: untT/ToraLy]  CONFIGURATION CYELES  (DISTANCE|  povsyrrravions  [PESTANCE|  euppnir
Electrical Conduce |8 kafm 6 cm dia {C/C & TT); | 32 par MPTH Same a5 |Transportable on Up to  |Hay reqﬂlre
tors (between Joint | 8 @ 4000 kolB 8 500 m -{abave  |reels 600 m; [pork between
Bus and Switch B9 3200 k9B 6 400 m ) CF to  [pofnts and tesd
Gears) B8 2400 kol BB 0 m 15 ‘
B @ 4800 kol B ¥ 50D o 1001500
BT {11 cm dia) m
ETectrical Conduc= { 15.75 kg/m | 0.5 em diag ~1000 per |Same &s |Transpartable on 100 ta  {Hay require ¢ry
tors (baetween Switch 4 @ 7875 kgl 4 B 500 m HPTS abaye  |reels 500 m  {port betwesn ol
Gears and Distrfbu- |4 96300 kyl 4 2 400w ’ CF to  |peints and uﬂ
tion Polnts) 48 4725 kgfd P 300 m MPTS: o
49 3150 kgl4 @ 200 m 100-1500
1000 @ 1000 ¥ 100 m L}
1575 Ky - 3 : : 3
Electrice) Copduc- |Small Smald diameter, 10m  |~7000 per |Sama as 10 m Ilundler Yy T4
tors @ Distribution lengths KPTS above CF to  Jtrensport batus
Folnts between Sub- HPTS atfach tasks i
arrays 1001500
! bt
| Support Beame = | 54/6480 kg |5.5 m triangular, 150 |120 per CF to 150 m  [Hendler requis
Counterwelght Cone (119!14256 m long each MPTS KPTS befween mobitity to
bs) . H750 m attach  [structure
points
Counterweight {{n= 108 kg 5D E0x S0m 1 LF to.  |Fransported in 100 m  Assembled at 5
eludTng CHGS) . 5 pleces ;
13wl FF e
18 ml “
. - attach-
Folnting Computer |TB0, small |Rectilineap 1 CrC: LF 0m,
to WPTS trans-
13 m§ FF parter tq
18 m{ attach
attached point
TT: CF
te. MPTS,
T
Polinting System Wir{ TED Small diamater, 8 1nes Same as | Transportable ¢n Belween |Kandier my
ing [between compu~ 13@75m per HPYS | above | resls attach transga
ter, 7 reference 2R200m pls, 75 |attach poines
subarrays and drive 29 300m tn 625 2 between sub.
system {both C/C and TT) plus belwezn
: 1@ 625 m for C/GC, tudar- E;
1@ 100 m for rays, Up
. 40 500 m
Prive Systos and TED TBD 1 per KPTS | CF to Between Handlcr ntt.éu
| Power Transfer Hech- (smm Joint « azfauth |extension stp
andse {in mtary pleces} ] and nia-|Soint or MPTEH
Jaint . fat{on i
Jaints
+#100 m
Electrical Condue~ | 63 kq/a B 817 em dia, 24 per MPTH CF to | Transportablé on Betwern {Handler at
turs ;mtary Joint |4 B 1575 ke[ 15 @ B.5 ¢em dia Joint « [reels attach lextension steml
ses 4 B 5100 kgl 1engths of 1kn pts, 25 {oint or MPT!
16 ¥ 157625 m (16 010 m
kg/m = 1100 m (4
399 kg ea [25m (4)
Rut.n-y Transfnmer TED WOmieng x 20 mdla |1 CF tg Eetwaen [Handler at
Assenbly (RW Joint, attach [HPTS, or FF ¥
2100 m pts, 20 g
: n
i’mr Conversian T80 78D 1 {several {CF to dithin  [Handler atta
Equipment and Filten pleces) . |Joint, exten= HPTS. or FF
: 4100 m sion
structur
from
trans-
porter
~25m
Extens{on Structure CIE' 1600 Ench 4 3 m triangle, 70 per KA [see JHA CF bean |Handler may ™
Beams 9 (35 kgl |Lengths: MPTS {C/C) |HandTe) fabrica- {transport as l
. 1 CIC- 65 E E5m 48 60 per tar to  jture 1 bulu
& R HPTS (T7) structurduse several hes
(23 "-9[100 T 30 S 100m, 4 8 10 for assy pL:
r)- 40m, 258 130 m- {BT MFTS CfCr 35
BT: 72 kg IBY: 4 0 30m, 4 @ 2Bm to 160 m
{1 hmu 1T: 40
r} to 1060
f&f: I
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GENERIC PROCESSES
L1 - ] "Mghﬁ RIS 14 [ FASTEN ADOIST PORTTOR CHECKOOT RERAHES
e lﬂlmﬁﬁﬁ SUBFOAT REga. | TASK DESCRIPTION TASK DESCRIPTION TASK OESCRIPTION PARAHETER |  PARAMETER
tahte on Upto  {Hay require trans- |HA Quick discannect with HA Condugtor Electrica) Passible fnterference
&00m; |part between attach automatic 1atzhing, may attachment continuity with secondary strug=
CFto  |points and tasks. require external torque {from Joint |ture {transport/handi=-
HpTS for hard pate, fine dex- bus thry ing.fﬂsteninm?l unless
1001500 ! terlty {(EVA) sritch gears |one end Attached prior |!
m to distribu-_|to transport :
tion pts
‘table on 105 ts  [Hay raquire trans- |RA Same 15 zhove. Pastening | HA Conductor Electrfcal Same as abgve,
500 m  (pert between attach required at 2000 dffferent attachment centintlty
CF to  |points and tasks Tacations 10.t0 500 m {from Joint
MPTS: apart - bus to distrie
100+1500 butian pis)
n ) 1 I path
10w Hzndler magerequlre HA Attech 9 10 m increments | XA Conductor Elec, 4785 |Possible interference
CF to  ltransport between over whole back surface of attachmenk contin.] checks{with secondary struc=
Hprss  Jattach tasks TS5 (1 km dia) {between sub- |ture (transport/handl-
100-1500 array groups) |ing)
4l . .
150 m Lii:ndler requires Alfgn beams of struc- | Centrofdal Joint with HA Beam handling |RA Interference with
belneen obility to build  |ture as each $ection is | probe and drogue; requires attachment stryctura as it 1s
attach [structure assembled {20-50 a1{gn- | externs] torqie for hard and alignment builts meltiple hand~
patnts ments) reguires angle | mate (120 beans) Ters may be pequived
_ measursment .
rted {n #100 m  Pssembied at sike KA Held counterweight plecessf HA Counteraight pHA
CHG assembly Tatched to assenblyf
coenterweight installation
Hm KA Lutched to WATS substrues | KA Installation |HA Interference wWith sec-
trans= tura or secondary struc- ’ (if done at ondary Structure,
porber td : ture HPTS site) counterveight suppart
aktach structure, Joint fun-
nofint ) less attached to sec,
: structure prior to .
support} :
irtable on Betweenn |Handler may require | A Quick disconnect concept [HA Conducter Eléctrical 16 connections required
attach |transport between with automatic latehing: attachment centinufty over distance of ug EL]
pty, 75 |attach points, and may require external tor= ; {between dedvel 1 kn; 11 accomplisked
to 525 s batween subarrays que for hard mate; may re- system b pef- [separately
batween quire attachment period= erence sub-
subare feally along structure for arrays) 8
rays, up . suppart : chacks
to 500 m
Between |Handlay attached fo | HA Mechanically fasten pleces [NA Installation |HA
azfmuth Jextension structure, : to Joint strycture (~10
and sle=[Joint or MPYS steps)
vatlon
Joints
100 m
rtable on Between |Handler attached to | HA Quick disconnect concept  NA Installation/ |Electrica)
-|attazh  |extensfon streucture, ‘With auteratie latehing, connection coptinuity
pts, 75 Hioint ar HPTS way raquire external tore {loint to dis.
to 100 m que for hard mate, may ra- tributicn pts)
quire fine dexterity (EVA)
Batwapn |Handler attached to [HA Hultiple centrolda) Joint pA Enstallation DA
aftach [HPTS, or FF |ith probe & drogue, re- :
pts, 0 quires exterpal torgue fop
n hard mate
Within [Handler attached to |HA atched to extension struc-lis Tnstaliation/ [Elecirical Interference of handler
exten- [MPIS, or fF ture,. multiple polnts (<10) ptiachment cantinuity rith extension strue-
sion (Joint to dlis~ fure
strugtur fefbution pts)
fron . . : i
trans« |
portar !
LY .
CF bean [Handier may require |Algn beams of strue- entrofdal Joint with probefii - M Agnment , hA Longer beans iay ree
fabrica- [transport as struce |ture as each section 1s| & drogue, requires external Fastening quire 2-pt handling
tor to  {ture §5 bullt, or |asserbled - 20 times arqua for hard oate beams parall=
strutturduse several handlers)C/C ar TY7- 3 times BT- o . Moor® right
assy pty measuresent technique ' ' © o hngles) -
C/CL 35 required; alfgn sach
L0150 n section against exist~
s 40 ©Hog sectlens + 2 em
to 10C0n
BT: 3
- LIT-109




TabZe 3.4.5-1 { Gom:wued)
ELEHENT cmmcrmsms GEX
,_ H T HASS FROCESS TFMI??RE WY I o
ELEHE TTALH ,
o EHIT/TOTAL) CONFIGURATION CYCLES  jDISTAHCE CONSTDERATIONS DISTANCE Sup
B -
| Etectrical Conduce | 63 kgfm, [C/C: 17 em dia C/C: 4 t/C: LF | Transportable on Joint to[Transm
tors (between Joint| CGr 47,250 50w leng each 1ines per to reelsy cabln avodd- 1SECS - |atsach
and SECS) ka/condue= | 711 12 cm dia HPTS HPIS -fance {C/C) * /C=750n] not. hay
or : 1t Tong esch Ti: 8 13 ml « Accurin
Tr: 31,500 | BT: 3 Yines, 8 m Tines par] FF ‘
kefeandug= 'lnn? each (AC - HPTS 18 =i
tor small dfa) BF: 3 atta-
BT TED, : Tines ched
small did T'I': CF
Julnt-
lﬂ'. CF
julnt-
<50 nm
‘| Balt Joint T30 tylinder, 11 m diameted 1 LF to [Cable avofdance Trans= |Handtm
- - s HETS = parter |tac
1wl FF to.end |ter
18 mi of ex= |strweqy
attached tensfon lhecy
or to CF struc-
ture: 20m
to 750m
Frames 140]91'45 4,3m triangular | 65 per HPTS{LF to . Trans= {Fr
) &5 m ¥ 130 m With PTS = porter  [miy g
(30&/20 328] diagoma] cables C/C2750m ta HPTS-(port 4
1b) TT 21000 130-500m | po{nts;
BT+€100m LF to 3
WPT5 = b
100-1000
n
Rad{a] Cables Smell 36 8 150 m long; 144 B | 180 per C/CILF  |Transportsble on $30m CF|Cables,
175 m Tong MPTS to MPTS=1reels; structure  [to HPTS [may rex
13 m} FFlayoldance 100 to  Jport |
18'm} &t 1000 m  |points;
tached po:
TTILF Lo
HFTS=1kn :
BT:100m
Secondery” Struttupey 1200/115qu Triangula.r = 130m on | 56 per HPTY CIC.LF Transparted folded -] Trans~ JHay ref
kg szsw/ ezch sidet 7 m hiph 1 WPTS-| TBD; cable avoldanuq parter part,g
253440 lb) {deployed) 13 m} FR (€76} to top pointy
18 =i : af fran- ¥
attaghed ts = 500 €
: CF ELTS e
to MT5- LF to k"
N koS 100 g
BT <300, to 10000 g
Subarrays 20071570800 10 m x 10 m x D, 25 n | 7854 per | Same as |Transportable in Trans- {May
e ) kg (4497 |each HPTS. aove  jpackages - TED parter {part;
3455760 1b) to sec- |pain
. ondary
struc- b
tures %
00 % .
max .
Elettrenies Packiges]small Smll dlameter 10w |~7000 per | Sane 2s it To bob= |May rey
Interconnects (Cone Tong zach WS abaye tom of {port i
ductors) < subar-  [pof
rays 10- Y
500 my
CF to
HPTS
100-1000
_ »
RF Lines T80 Small dlameter, ~T00 per | Same as Transporub‘!e an To bot-
) lengths 10 m to 500 x| MPTS abaye  |reels; cable lvnld— ten of
: ance_ {c/C} pubar=
rays
Switeh Bears. 2000732000 {Restitinear 16 per . (C/C: LF
ky L4400/ HPTS to NS,
70400 1b) 13 ni FF
A 1B mi
attached
T CF
to HPTS,
fak
BT: 100 |
” | ~
N A



FOLDOTE KRAME -

GENERIC FROLESSES - i .
Al A§ ;ammmr I HMC%?%W‘ISI ~ALIEY FASTEN ANIST HONLTOR THECKGUT REMARES
conssosnaTiols _ |PSTANCE L susenar mious. FASK DESCRIPTION TASK DESCRIPTION TASE DESCRIPTION PARFMETER |  PARAMETER

Transpartabla on Joint tol Transported between | HA Quick disconnect cancept; {HA Conductor ¢a- | Electrical

reelsy cable avoid- JSECS - |attachepaints, {f may require external force ble attachment] continuity

ance {C/C) C/C=-750m| not handied torque mechanism and fine direct or re- | {between Joind

TT=1 km |Accuracy: = 2 tm desterity (EVAY mote visual | & distribution
i : contact poinis) = up
. ta 1 km Jong
Cable ayoldance  [Trans= tHandier can be at=. tHA Weld; may require jig WA Attachment to | KA '
‘ porter |tached to trapspar- | . structure-once
to end {ter or extension direct of re-
of ex- [structure mate y¥isual
tension Accuricy: *2 ¢n . ) . contact
struc- : S .
ture: 20m
to 750m
Trans= |Frames or hindler |MA Cented centroldal Joint  |Top of frame must bef Frame aty -he [HA Framg-to-frame attach
porter Imay require trans- with probe & drogue; re= |in same planc-adjust|ments frams angle 15 different in
to HPTS=|port to attach quires external torque fordvyla radial cables; ]adjustment; each succeedfng HPTS : .
130-500m | podnts hard. mate 54 outer frames ad- | {terative pro- ringt alignment ajds -
CF to . Justed to 12 frames |cessi top beam required
HPTS - of 1st ying of {rames must] -
1003600 be parallel &
L] . . n same plane

Transportable on 130m CF|Cables op handlar |XA * | Bechanically attached to fUsed to adfust framel Installation JHA
-lreelsi structure - Jta WPTS may vequire trans- . . frime at cfe end, adjust- | pasiticns end adiustmenty
“lavaidance - l1oo to jport to attach . able reel at other end . ]180 cables ) R i
t 1000 m [points i
]

4 ,

Transported folded ~] Trans- |May requive trans~ |RA ) J-pmint attachment of KA Attachment of JHA® |
-| 1803 ¢able avoldance| porter |port to attach bate to top of frame secondary : ’ ,
Fl {C/T)} to. top (polnts . . structure; 96 tines structure to : ]

of fram- . i T KATS frame \
31 es = 500 : . rlogs oo
nmx A ] -i
- CF to | !
HPTS5 - 180
" to 1000m
Transportable in  |Trans= |May require trans-- |RA 3-point attachment to tep | KA Attachment of [NA
packages « 6D parter |port o aktach of secondary structure; [subarrays - : .
to sec- jpoints 7854 times , continvous
ondary
struc~
tures.
500 m
X
To bot- [Maw require trans- [HA Hechanically Tasten between RA pfutomstic or  |Electric con-
tom of fport to attich | subarrays, automatic Tatche manual attach- |tinuity *
subar=  ipatnks - ing hent
rays 10-] ..
500 g ' |
CF to i
HP1S
108-1000
L] ) ) .

Transpartable on - . |To bot- [May require trans= (KA Ines attached at center of|HA Lttachment of NA

recls; cable avold- jtom of Iport to attach [antennz = other ends go to RF 1ines (100)

ance (c 4 ’ subar=  |points 00 separate points; attach) :

Tays long strugture for support
10-500 my
to ’
S ]
100-1000 !
o . .
Trans=- oy require tring= {HA Co - Contact Jatclies Lo bottom (NA Switch gear JRA . Could be attached to -
1 porter  part to zttach of secondary structyre placemdnt secondary structure
F to ak~ [points o . . ] ) prior to transpart
tach pts . : o - Lo -
d 70 to ' :
500 m
]

IIT-110 &
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Table 3.4.3-1 (Continued)
TLEWERT CIARACTERISTICS . GEHERE
i WSS PROCESS "*"‘”EF”:E MERT wlgl ST
TTACIHEN N

. ELOERT  YuwiT/tomy]  CONFIGURATION Cieles [DISTRCE] eobsimemarions |ISTAMCED cusonar sy
Support Arn Bedws c/c: 1500 | 5.5 m triangular, 60 per HA {see | HA Trins= | Handler atted

Lengths: HPFIS {CrFC  {Handla) parter | transgorter,

m 940 kg cll:: 2 E 165y 500 |and 7T} - 0 158y~ Ser extension

N BY: 240 kg Sm, 4 B 150 | 20 for BT 1t « 25 fture; beams
: T Sme s CIE. KPTS o 200 ] Jer pay r-mﬂ
BT 4 ptsm 4@ transport

25m, 10 8 30 m,

4.3 m trianguler

Structure Beams = |23 kg each | 4.3.m telangular, 50 [2100 HA (see 100 m
Rotary doint 2300 kg to 130 = Jong Hand1a}
total ) L .
vernler Latitude WA (sen Part of RTA/poner 1 HA See Reparks A
[etuaters (RTA} Remarks) conversion equipment
Facility Beams (for |54 kg/ea 4Linm rtanguhr x 15 per [SECS Access thru facil- pli0m
1S5 CFs) 150 m MPTS CF Crgrgn ity framework
LF site
150 m .
Lean guflders {1n  [I0,000 kg 7 mdla, cyl= 3 per HPIS LF & =150 m Pla:e beam g
MPTS CFt) jeach Bmlong_ (cm 13’ 8 proper 1
: 9 u ela; eyl 1 per HATS hi fn CF. handle
27 % leng [ { attach tachad to CP:
3 per KPS d ture
(C/C) :%So CF £
300 m d
.F to CF
BI): TED "
%
4
:
:
3
;
:
k
§
k-
:
é
e ‘A



CEHERIC PROCESSES

BADAUY prayy

55&5“9.3 — - “M:.f;igsmmw AN EE) FASTEN ADIOST WORJI0R__ [ CHECKGUT REFARKS
wsincraytoys  |PISTANGE | euppoar prowts, | TASK DESCRIPTICH TASK DESCRIPTION TASK DESCRIFTION PARMMETER | PARANETER |, .
frans- | Handler attazhad to|t2-cm; align beams of [ Centri a1 jofnt with HA Handiing, at~ |KA Longer beams m{ re-
‘porter | transporter, Joint |structure as each sece |probe and drogue. requires tachnent, al= quire 2-pt handling
to assy- | er extension strug=1tion It asserbled external torque for hard 1grenent of
ht = 25 | turs; beams or hand| ~20 Lires (C/C L TT) |rate beans
o 200 nf | e may require #~5 times {BY):
trantport nignment measyrement
tzchnique required;
latign. 2ach section
agalnst existing seg~
tions,
100 m | Beams or handler A Centroldal Jofnt wiprobe | HA Hand thet HA
‘may Tequire trans- and drogue, requires ex- Assembly
- port to site tarnal torque for hard mat
Remarks BA See Resarks. RA ‘tHechanically mate actuatord KA HA In GEO, after |Actuators are handledf
betwien extepsfon strue- HPTS attach- ltransporbed as pirt of
ture b RTA {might require ment to 56 RTA and power convers
EYA) Hadules slon equipment stéps
ss thru facil= F150 m  [Hodal drogua fitks %A Centralda) Joint w/probe ] Adlust beans to Mi?ment-lo HA Only work base may be -
framework 1ng; accuracy: 1 and dregue; extarnal tor= J align facil{ty angles; 410 preceedin? beam, not
cm lateraly 5%angu- que required for hard {30 angles) or optlea] de- structurslly stable
e mate vice required
(EYA natal~
Ted)
L150 m | PYace beam bullders HA Mechanically fasten to HA KA HA Stockpliing of beams
prapar locztion CF structure - 3 to 6 pay be necessary
in CFi.handler at- beam bufldars to be at-
tached to CF struc tached .
tura :
Ii_ - '
. -
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Table 3.4.3-1 (Continued)
ELEHENT CHARACTERISTICS GERERIC PROC
ELE:,‘ENT HASS FROCESS e ' A TRATHT
CHHENT OHSTRATN
URIT/TOTAL) COKF IGURATIEN GrELES  [DISTANCE| gonsinerations  (ISTRRCE|  suppoar Rece
Construckion Equix- TED - HandTing for installing As r:quire«{ 600 m_ |Transport inside Up to  |Assume trans?or‘
nent (C/C Option A) SECS equipment froce CF | 100 m column dasir= 1600 0 faystemuinstalle
to can» Jable because of columng are bui
ter of |cables cutside truss
SECS
supparts
solar Cel) Packages | 4000 to 10 % 10 m % thickness | As required Up to 14100 m |10 packages per
{C/C Cption A) 50,000 kg [of 0.1 to 8 meters £000 & troughs 300 pac
per pnckaze ages/quadrant
28,7 x 10
ky per SECS
side
éoncentrntnr Rolls {4000 to 100 meters long x up 120 rolls JUp to <100
{C/C Uption A) 50,000 kg [to 1,0 m dlameter per SECS | 6000 m
per y2l] side
f Secondary Tipa Reels] 10 kg each |Sma%1 reels 844 reels {Up to  [Could be packaged |<100m [Installed ajong
(C/C Option A) total 12,000 m|with several raels sides of ¢0lumn!
5 hold for spot a
"JAutosated Construc- | T5D T80 ~36 places 1Up to <100 & [THD
tion Equipment 2500 m
{17 opion A} from LF
|Long=boom SC Con~ [ BOOO ky Long truss structure | Instatled ) TED T80
‘Istruction Equipment With attached mobile jonce
1] (BT Optian A) manipulators
Prine Cables Smal] Ends of smal) cables |33 cable 450 n  {Hold for attachs
{csc option A) maved in preparation | ends/quads- carry coded cabd
for attachment to rant 1long s work
selar cells ceeds aleng cold
1| Secondary Tape At- | 22 Hewton | Pull on tapes deplo Up te | Denloyment deps
‘{tachments to Periphd pull ferce§ solar ce)l and cgnc{ﬂ« 1‘4’.300 L itiﬂsyg:gmrin
i|eral Cables {C/C W at each tratar packayes Tocated
Optlon A) tape ‘
|
A Power Distribution foncentrator condug- | 60 connec- ‘
Copnetters to Per- tive materfal foined | tors each
iphera) Cables (C/C in connector for quadrant
pption A) - Jofning w/peripheral
cable
“I5olar Cell Ratl 200 kg 2a |Mounts to hold SC eoll | 30 patrs {LF to &F #25 1
:{Mounts (C/C Dptian | 24,000 kg per guad-
18 total rant 0 km ]
! attached i
CF to .
! elee
Thn |
: Salar £a1% Rolls 48,000 kg | CyMndrical rolls ~180 per ] Same as 5 |
JJ§C/C Option E) Kax quadrgﬁt abave i :
ASecondary Structures| 1200 ¥a Triangular 139 m on 86 per MPTS; C/C:  LF|Transported foldad -|Trans- |Mand1ing task i'
(TS Dption A) each each side x 7'm high ‘Lo HPTS-|TED pnr,ger over 1 im dia {
{deployed) 21 bn ta site fne !
FF, 30 4500 n i
. n ate
tached; !
Tr: CF
to HPTS,
Tox i
BT¢< 100 |
» |
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GENERIG PAOCESSES

EORY | WATEE ALTE EASTER ADIUET BORTIOR |~ CHECKOUT BEFRRKS
erbrannys | [ISTANE | o SURSTRALNSL | vask pescteyiod TASK GESERIPTICN TASK DESCRIPTION | PAVAKETER |  PARAMETER
port inside  IUp to  JAssume transpert
ceolumn desie= |600 m [systemainstalied as
because of columng are bujlt
< autside truss
<100 m {30 packsges per SECS Solar cells.on f1exible DIfflgult to autorate
trotigh; 300 pack- substrate, in panel form; fastening; GEO environ-
ages/quadrant wttached to column adapter ment constraints on EVA
frame. At trough battom, Crewnan
Rings at each panel are
hooked on secondary tapes
(1800 rings/quadrant)
€100 m Flexible AL materfalj roll Difficult to automate
attached to célumn fit- fasteningy GEQ environ-
tings autpmatically ag« ] ment consirafints on EVA
tached to solar ¢ell mater Crewnan
i H rrlodic edge rings
attached to secondary taps
{900 ring/fquadrant)
d be pagkaged  [<100m |Instalied along bath Ree] base plate pechanice
severd) reels sides of coluns, - 211y Joined to. column
hold for spot attach structure
Kiodm  [T8D
T80 [_
450 m  [Hold for Ritachment, Cable ends attached to
carry coded cables {5SECS rings, 264 tatal con-
along as work gro- nections; max of 10 cons
teeds along columns nections ¢ one operation
Up ta | Ocployment dependent] dain secopdary tapes t
14,000 m] Ttems premarked and peripheral cal leipgo m:tn- ?Hgﬁﬂt.tﬁgaugmi::n_
Tacated taln SELS tension (211 ments b SUpRATE virue:
esch-quadrant} ture, FF appiicable.
SECS connector Jofned to
peripheral cabie pig-tafl
cennector L
25 m Fasten maunts to column
structure
le2h m Insert 1n mountss splice ip
) . te z1ppared connection
nsparted folded -]Trans= {Handling task occurs|HA [Fcparariiy fasten second- | Remove temparary’
gorteiz over 1 dla anten~ n:{-stﬁctureshta fach a:ﬁach'nents after
o site |na pther {3 attach points per | radial cables 2
500 m kide, 432 total Attach- installed g8 are
perits ) .
L
L )‘—

—
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Table 3.4.2-1 (Continued) :
ELEMENT CHARACTERISTICS GENLﬂ

5P e - prryTS mmsPuRT HANDLE 3

L3 5 - . TACHMERT CON|
LT UKIT/TOTAL) COKFIGURATION cveies  |DISTAMCE| equstoemations [ISTANCE|  cunpoRr

PLAKNED i

UHSCHEDULED :

SERVICE - . {
’ RH"PPD‘ Bean T80 Stock material on A$ required CIC‘ LF L2 m Ralls inst
JBirilde rolls o CF materin) f
. !3 mi FF afds in

18 m ceptacle )
attached man requi
75 LF '
to siti
2600
BT: LF
to sits
2700 m
FFy 5600
n atiach

: . ed
SPS Commadity Mad+ | 78D Compact package f‘l nd |As vequired|C/Cs 13 |veed to be hard at- [rep Insert infl
ules ie.g.. ACS . In volune © {mf P ltacked to structure module 1ng
tanks 18 w1 at{to make modute ex~ [
tached |change |
Ty ) 1
to 17 km
BT: 2700
B FFy
5600 m
. R . -~ |aktached p-
Fastening Device 18D Katerfal used {n fast- |As requiredfc/c: LF K2 n Nparation:
Resupply ening device [e.g., to CF | Jrematety o
weld auterial. glue} 13 mf FF. krewman
18 mi at] -
tached ‘
CF to 1
site !
200 M |
TT: 24 kn
8T: 2,7 3
¥m_FF, :
5.6 km 5
tttached :

Replace/Recharge T80 T80 As required X Dack :q.alp
‘Y Battery Systems . Tacility u
| area i

Service Equl t | TBD TRR & fred <2 Hold fo j

rvice Equipmen 5 require n r

Prnpu]s!oﬁ Tanks : e ¢antrolled

or by I¥A'

[FLARRED E

SCHEDULED j
| BAIRTEHANCE :

tubrication Smalt Lubricate construction | As sched- | &/C3 200)Envirenmental 1= [At pofnt|Spot posik

equipment uled m pactsfinduzed ef=  |of app- {or automed

TT: 4 I} fects Teatfen

BT: 5.6 . - . '
Remaye Reflectar ~30 kg E'M erooman ar rempte | 67000 fa= | BT enly |100 per day 1f a1l [18D Remove top
Faceb I.ay:r = contralted E0TS cets for ]2.7 km - |replaced 1n 2-year | fazet rate
a0 year perod fgflb Slll

Hie 4b)

i

He/NaK System service Cart with Targe supply | As sched~ |87 only, }£25 m Envlmr-cg

Racharge carf = THD jtank . - rled - lupto hoakup - |
: 9 ¥m FF dist, |

. . 1100 m 3

from LF 3

fo OF |

frame _‘:

JCONTINEEREIES _ ;
Traublashoating 135-225 kg |EVA crewman with dn-  |As required|C/Ct up 5 m Instrument,
EYA): struments; remote con- to 16 &n requires d

other TaD trolled viewing device T2 up viewing de

L0 28 km Tor rmtné

BTt up ,

ta 10 kn 1

Personnel Rescue ~200 kg ~ jSingle or mu'ltipersnn As required| im vicin Hear or j
single per- \reh? Te 1ty o L«ithin 3

SOT facility faci)ity o

;

1




FOTLQUY FRAME .

GENERIG PROCESSES

LRASEOHE T TANDLE ALIGH X HONTTOR (5 EHARKS
aticme Intstance |, CORSTRANAIST TASK DESCRIPTICH ALl — L] L
CONSIDERRTIONS SUPPORT REQHTS. TASK DESCRIPTION | TAS% DESCRIPTION - PARAHETER PARAMETER
<2 [Rolls Installed und | A Latch roll in receptacls | M B T S
material fed outy and feed materla) strip {n
-|aids 1n builder re- wichine siot
ceptacle, IYA Grews
i win requlred
}
\
Reed to be hard at- |T8D Insert in guides for|NA Standard attachment mech= | HA KA KA
tached {o structure module insertian anfsm designed for use
1to make module ax- | . with remote controlled
change- equipment-module attach
, fittings
)
|
k2m . Dparatfon conirolled|NA Insert candster inte de= | MA Mo [ *|smatt devices retoaded |
) remotety or by IVA vice and cycle operation . IYA3 EVA vequired to
| e ewrian ’ . service large equip-
- - ment N
¢
:

L2 m Dack equipment ta [ HA Battery lead=Junction A Automatic Yerify Servicel Operation eontrolied
faci{1{ty mainténancy cpenfelose shatdown capa-|abiiity & remotely or by IVA
area biiitys CaW= [charge {crew= |crewman

cresman Tn man_or compu=
) vicinity ter) !

¢2m - |Hold for dockings | MA lconnect propeltant i1 | WA Kechanical Remote control of flow
controlled reootely and drain Tnes andfor elect- (start/stop); in ex~
ot by IVA crewman ' riealy redun- plosion-safe arsa

dancy required
1eak surveil-
, lance
C|Etvirgnmenta] fm- |At poing|Spot posfticn = EVA |NA At-t;:h- d[s;enser to -th-" "H;. ------- T il:“---."- NI--- T is-sl:ne- ﬁ'& npc_rah!on ot
pacts/induced ef= [of afp=~ |or automated ting - Asliminate by automatie
x| fects Yeation lubrication
] .

109 per day 1§ a¥l |TBD Remove top layer af |HA A A NA Lﬂ Dispasal stowage, pa=
‘Irsplaced in 2-year facet materfal gkentially hot enviren-
sariod [grab small rip kant, EOTS must stand

. . tab) . . . pff . ’

y 225 M |Environment NA Connectors TBD, service HA Pechanical or ssime requires EVA
hookup i1nes. to SPS systen klectrical - rewnan to operate

- dist. : eak survell- Equipment = few occur=
€300 m ante rences

from LF

to CF

frame ;

- . mon | o o s i st [ i B DT e e LRl TR
y 45 m Instrimentation ~  FHA ‘Fonnect instrumentabian to |HA hysical abser-Rutomated cfo. |Reguires caution and
m requires dexterity; |- " | BPS test polnts ation ta minimize  |dexterity - potentiz]
viewing device ~ EYA hannad involve~|kazards fn pover cirs
or remote hent cults
il .
nd . MNear or KA N HA HA HA:
mithin :
Y faciiity

- IIT-113

-
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FOILDGUT FRAME

Table 3.4.8-1 (Coneluded)

ELEHENT CHARACTERLSTICS

GENERIC PROCESSES

5P JRANSEGRT __PARULE ALIEY -
ELEMENT HASS PROCESS ATTATIEHENT " CUISTRATIIS/ ;
; tost/orac}| COKFIGURATION CYCLES DISTANCE CONSIDERATIONS [STANCE SUPSDRT REQNTS. TASK DESCRIPTION _—1
Return Failed Parts|20-500 kg~ | Mobilefportable con= [As reduiredilp to 6 . Haap . KA 1
ta Shop _|_struction equipment | _ N — R e ], . ————]
'To0-2500 %9 | SPS operational mod= MPTE={T | ProvisTons "for dockd TED Hard docking ,
ules (2.9., subarrays) €/Ct 16 | Ing while removing !
. km FP, | modules Interference !
22 ¥m at~ In dense structure
tached | areas
T 14
n may
87 16
km max
FF :
Repair Falled Parts
on Site )
| = Mater{al Separa- [<100 kg Material separation . |As required|Up to 16| EYA crewman with Hands onf Environment ror
tfon - |pius oo - C/C & T7 concentra~ km} repalr kit . -
tor Up to 10
= BT refiector . ;
- System lesk on  |TED Service cart As. required(Up to 7 | Crewman operated. |25 m | Envirooment Led
BT PCS : detector : E.
.] - Cuble break [C/C [TBD (<100 [ Within primary struc~ [As required|C/C: 14 | EVA with repafr kIt | Hands on Environment Cob
SELS support, TT [kg + CM) ture krt and free~{lyer
| tension rods, TI: 5 k| [structure/cable ‘
: )I’E r;dh] i!:tS: 5 | interference)
| cables
't = Electrical con= - |TBO (€100 [ Free-flyer {C/C and |As required|C/G: 10. | EVA with repair kit | Hands o Environment Fc..
-ducénr break kg plus. CH) 75}, Tail transpor- | . 2] and FF or rail o
{C/C peripheral ter [1T) : Ti¢ 3 fn | transportar
cable, TT power W15 1 |
cnl:}ci WIS power - . | . ]
" crble . ) . ) _
= Component repla- |TBD (€100 | EVA with support As required|C/C2 14 Hands onf Eny{rorment lili
cesent {C/C tape Jky plus CH)| equipment n 1
reel, TT ACS sen~ T3 15 |, ]
sor, BT trans- . L . ]
former BT: 5 km ,
= Construction TBD {€200 | EYA with repair tool |As requiredilp to & Hands onf Envftonment Align constructfon Rep
equipment repalr |kg plus CH){ kit kn . equipment when applica- |

ble after repafr




RURUT Bipms

GENERIC PROCESSES

{FATSPORT ] mwnh " . ALTGH FASTEN ADJUST. WORITOR CHECKOUT REFARTS
. ATTALHHENT . COSTRAINTS,
| emsiorrations  [OYSTANCE]  cuepnay peonis. TASK DESCRIPTION TASX DESCRIPTION TASK, DESCRIPTION PARAMETER PARAHETER.
5 Hear HA . .
G| FrovisTons far dockd 180~ | fard dodkfmg =™ ~ 1= " T T T T T T
5 | tng while remaving
madule; nterferencd
it In deste strugturs
AFECS
16| EVA crewsan with Hands onf Eny{ronment Parts/repair kit, remove ¢
hysical ob-
repair kit replace flexible'mterill sel":’f'ai“llon?
o uamage as5es5=
b sment
’ S:mgrupﬂlts-’ va5m | Enviroment Leak repalr kit Requires dam- | Repair ver!= |Requfres stable base,
4 | EYA with repair kit | Hands er{ Environment  Cable sphice kit L aERgss= flcation :gzi:ﬁ 3:;::::"'5""9'
and free-flyer requirmnts activities
Im | [structure/cable evaliaton
5 | Interference) repair veri-
0 JEVA with repair kit | Hands on Enviranment i Conductor repair kit fcation
and FF or refl
::n transporter
4 Hands onl Enyiroment Replace 5P LRU LRU rep‘lncum.‘nt corld
be automated
L] : - o
N Hands er Enyfranment [A11gn construction Replace SPS LRY

rquipient uh:nilpplin- .

hle afur Tepair

RN S
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3.5 8PS Construction Equipment Support Requirements

3. 5.1 Cateyories of SPS Blements

The analyses of SPS eleﬁenﬁs by generic process showed that the majorify
of elements could be vategorized into one of gix major groups (I-VI) due to
commonality in the tasks required by the particular elements. The remainder
of thé elements were classified éeparataly (VA, VIA, VIB and VII), because
they are highly concept dependent, or require distinct or unique assembly/
construction tasks., Table 3.5.1-1 gives the definitions of the categories

and Table 3.5.1-2 lists the major categories of elements for each of the

SPS concepts. As Table 3.5.1~2 shows, each of the SPS concepts include

-elements in the six major categories. ~ Although the'specific elements in

each category differ based upon"the SPS cbncept, the general characteristics

of the elements in each category are similar across the concepts,

Table 3,5.1~1 BPS Element Category Definitione

MAJOR GROUPS
I. Triangular Beams ~ 2.45 to 20 meters on a side, lengths 50 meters
o to 4km, from 10 to 100 beams per element.

I1. Fac111t1es/Large ModuTes - large, self-contianed units, 1nfrequent
operat1ons, not part of SPS jtself.

IIi. Cables - structural on1y, Tong spans, small d1ameter, 10 to
200 cables per element. -

IV. E]ectrncal Conductors - diameters 1 to 20 centimeters, Tengths
10 meters to 16 km, 6 to 1000 per element.

V. Preassembied Structures - large; varying shapes, 5 to 5000 per
e1ement, mechanical interface only.

VI. Preassembled Packages -~ varying shapes/masses, 1 to 8000 per
element, multiple interfaces.

CONFIGURATION/CONSTRUCTION UNIQUE ITEMS

VA.  Cavity Absorber Shell - ref Boeing Thermal SPS scenario,
E paragraph 2.1.1.1.

VIA. Joint/Power Transfer Mechanism - ref Co1umn/Cab1e SPS scenar1o,
paragraph 4.2.2 and Truss Type SPS scenario, paragraph 2.2;

. Turbogenerator Sets - ref Boeing ThermaT SPS scenar1o,
paragraph 2.1.1.3. _

'VIB; ReflegtgrzF%cets - ref Boe1ng Thermal SPS scenar1o, paragraph

VII. WMPTS Subarrays - ref Co?umn/CabIe SPS scenario, garagraph 4.2.4

(or applicable paragraph in other scenarios).
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fable 3.5.1-2 Categowies of SPS Flements by Concept

COLUMN/CABLE

* TRUSS TYPE

BOEING THERMAL

I.
I1.

" 111,
o iv,

V.
VI.
VIA.
VII.

Triangular Beams
Facilities/Large
Modules

Cables

Eiectrical Conduc~
tors

Preassembled
Structures
Preassembled
Packages _
Ball Joint/Power
Transfur Mechan® m
MPTS Subal*rays

Triangular Beams
Facilities/Large
Moduies

Cables

Electrical Conductors
Preassembled

- Structures

Preassembled Packages
Rotary Joint Drive
System/Power Transfer
Mechanism

MPTS Subarrays

VIA
VIB.

VII.

Triangular Beams
Facilities/Large
Modules

Cables

Electrical Conductors
Preassembled
Structures

Cavity Absorber Shell
Preassembled Packages
Turbogenerator Sets
Reflector Facets
MPTS Subarrays

The commonality conslderations made evident by such categorization are

both qcantitative (based on element size, mass, frequency of occurrence, ate)

and functional (involve the same generic pfoceéses).

3.5.2 Identification of Congtruction Ebuipment:and-Support Requirements

The generic processes matrix (sece Table 3.4.2-1) and the SPS element groups

group for each SPS concept.

(where avallable) of that equlpment were established.

were utilized to identify the construction functions to be performed upon each
From. these generic functions potential construc-

~tion equipment was defined and the anticipated performance capabilities

Tt should be noted

“that'aithocgﬁlnver a dozen major pieces of construction equipmént have been

identified, performance characteristies or detailed conecepts exigt only for

a few of thosge items.

- ment identifiled.

: detaill does ex1st.

Table 3.3. 2—1 lists the construction equipment required
and Figures 3.5.2-1, 3.5. 2-2 and 3. 5 2—3 show three items for which some

Support requiréments'wcre developed for each type of tonstruction equip-

Tables 3.5.2-2, 3.5.2-3 and 3.5.2-4 present for each 8PS -

a list of the element groups; their corresponding construction function, thc

_ potential equipment which would accomplish the functions, and the support

'requlrements of that construction equipment.

- maintained ag inputs to Part II of the study.

W W 4
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Teble 3.5.2-1 Construciion Equipment List

MAJOR SYSTEM EQUIPMENT

Construction Facilities

Beam Fabricator

Beam Handler

Beam Fastener

Cable Reel Dispenser

Cable Routing Mechanism -
Electrical Conductor Instalier

LOGISTICS

s Specia1ized Tranéporters (frée-nyihg and structure attached)
s Orbital Transfer Vehicles

SPECIALIZED INSTALLERS

SPS Package Installer (solar cell material, reflector material)
Sdbarray Installer

Generator Set Installer

Thermal Collector Installer Boeing Thermal SPS only
Facet Installer

Switch Gear/Pointing Computer Installer

Power Bus Installer

Ball Joint Installer
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CHARACTERISTICS:

CAPROLL FORMING
MACH (6]

(For 20-meter beams)

25-meter diameter x 40-meters long
Fabricates triangular beams @ 15

57 for truss type SPS construction

Initial placement/attachment/a1ignment
Material resupply via docking port

 VACUUM SEALE .
POCAMATORT PR OSECTION WELDER ' ' &
" COIL STORAGE y LIFE SUPPORT SYSTEM :
ASSEMBLY JIQ '
. STRIFCONE / TV CAREAAS : &
= VA % = : meters/hour
-: S A = : ® Typical number required -
:. | 5 D /
= ) NER) facility
B A b e Beam material -~ .
R o N - -metal or composite
= T NE ' _
A SUPPORT_REQUIREMENTS :
E\MMR LOCK Fi !NERTUDL L ]
\ TRUSE AIRLOCK h0.0T :
TONTROL ROOM TAUSS EXECTION c:w.mu!n ' 2
UBE NOLL, POSIMING MACHINE (1) - ; . .
e Checkout/monitoring
well Concept e Operational maintenance

F@gure 3.5. 2-1 Iypzcal Construction E@uzpment - Beam Fabricator

T T P v s
o e e

T, T




. ) . . U
ST
T R R T T T T T
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DEFLOYED/ATTACHED
REFLECTOR ROLLS
GANTRY A
REFLECTOR
DEPFLOYMENT

GANTRY

REFLECTOR -
ROLL/STRETCHER
DEFLOYMENY
GANTRY |

STAETCHER DEPLOYMENT MACHINE
ROLL DEPLOYMENT MACHINE
- BEPLOYED/ATTACHED STRETCHERE

Boeing Concept

Figure 3.5.2-2 Typical Construction Equipment: — Reflector Tnstaller - Truss Type SPS

o, TR

CHARACTERISTICS:

s Gantry B places reflector packages (20-
- meters wide x 650-meters of material)
on structure. '

¢ Gantry A stretches material and seals
edges.

¢ 90 minutes allowed to deploy each.
20-meter % 650-meter strip (33 strips
per side).

@ 2 hours allowed to seal edges.

& 16 gantries required (4 troughs,
2 gantries each on both sides of
trough).

s Gantry structure - 20-meters wide x
650-meters long.

SUPPORT REQUIREMENTS:

o Initial gantry placement.
s Reflector package resupply.
¢ Checkout/monitoring. )
¢ Operational maintenance.

R T T
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SWITCH GEAR {STORAGE]
(‘I’Q BE INSTALLED LATEH.I

et 7 L U ey e 7w A

INSULATOR/CONNECTOR
INSTALLER {7TYP2PLCE}

s i m e —

P ucnuu BUSS MATERIAL ROLL
i MGDULE BUSS FORMING MACHIHE
" MAIN BUST e _~INEULATOR/CONNECTOR
. MATERIAL
. ROLL
MAIN 2USS
. FORMING
. -MACHINE
DEPLOYED
. MAIH BUSE
H.
b
n ~
= “ELOYTED TO ADRXT
157 . 0 LARQEST AN

s L &= 2114 ]

ELEVAYOR et

-Boeing_Concept5=

Figure 3.5.2-8

" CHARACTERISTICS:

e Fabricates module bus and main bus on
both sides of troughs (6.2 meters/hour
aliowed).

8 gnsta1ls switch gear at end of each
ay.

o Makes electrical connections.

& Manned operation, manipulator contvol.
& 8 installers required.

SUPPORT REQUIREMENTS:

Initial placement
MatériaT resupply
.Chepkout/mnnitoring
Operational maintenance

e ® & S

- Tupical Congtruction Equipment - Bus/Suitch Gear Installer




Table 8.5.2-2 Column/Cable SPS Elements and Support Requirements

SPS
ELEMENTS:

CONSTRUCTION
FUNCTION

POTERTIAL CONSTRUCTION
EQUIFHENT

SUPPORY REQUIREMENTS

1. TRIAHGULAR
BEAMS

~ Facility Beamq

= Column Hub
Beams:

=~ Column Beams

=~ HPTS Extension
Structure apd
Counterwaight
Cone

# TRANSPORT beams to construction
Taci]ities and sites )
¢ HANDLE beams to assemble cofumns
uisd Structure
o ALIGN beanms as settions ave
assembled
. FASTEN beams together - probe
and drogue fitting requiring ex-
tarnal torque
& ADJUST beam Tengths {only when
ullding CFs
e MOMITOR adfustment or atignment

a2

of beams -

Beam and_Beam Assembly Transporter

s Recaive beams
» Beam holddowns
¢ Beim release

Beam Handler

s Beam translation

& Position for alignment
» Adjust after fastened

Beam Fastensr
» Faston beams
s Adjust beams .

Habile Beam Transporter (on
Structupe

¢ Assemble on arbit er launch
from ground

o Transport to structure

e Placement on rajls or gables
» Comunicatfons 1ink

¢ Electrical pawer recharge

¢ Operational checkout

o Haintenance and repaip

Fixed Base Hanipulators

o Assemble on orbit or launch
from ground

» Transpert to construction site
o Alignment for mounting

e Fasten to construction facil-

ity

Service and repafr

gma1l Highly Daxterous Manipula-
or ..

p Launched from ground

» Transport to construgkion site
p Interface with fixed base
manipulatop

» Storage port on CF

p Maintenance and repaiy

I, FACILITIES]
DULES

= Preassembled
£F;

5
~ Beam Builders

o TRANSPORT modules to facliiities
sz not transported with facili~-

ties)

o HAMDLE facilities for docking,
madules for positioning

& ALIGN as required

o PASTEN equipment to existing
ADIUST bean end Fittings (Fact)

. Bam en ngs. (facili-
ties only)

& HONITOR docking

Beam Builders Y
» Fabricate (10 meter) triangular
beams

p Haterial forming

p Materlal curing

» Fastening cross-members

b Beari aligament

p Hanned or unmapned

Preassembled CF Sections

p Section joining Interfaces
R Self-aligning afds

» Erectable structure

ount Beam Builders onto Con-

truction Jig :

» Transport to construction site

» Docking or EE grip interface

3 gosition atignment . for mount-
ng

Fasten to constructfon facility

Checkout operations

Raw material handling

N
]
»
p Resupply consumables

.# Haintepance

Fonnect Sections Together
b Transfep sectfon to connection
L point
End effector {nterface
p Connection alionment

111, CABLES

1 - MPTS Radfal
{180)

- Peripherai {8)
- Main (32}
~ Prime {144)

¢ TRANSPORT cable reels to con-
struction facility/sfte
¢ HANDLE cables ~ deploy from fac-

» FASTEN rcels and cable ends to
existing structure

» ADJUST cables - re]easelretensfan

Cable Reel Transporters
» UOCK to reel Stosage facility

» Receive reels from stowage

111ty or string between structurch Ree] holddowns

¥ Transport between stowage and
use points

w Dock to 5PS work siie

y Rolease reels

[able Ree] Dispanser Mechanism

b Receive fuil FeelS/remove spent
veels

p Cable feed

b Cable conncct to other cable

» Provide cable tension require-
ments

¥ Cable cutter .

p Cable fasten to structure

[able RnutfngAHéchanfsm'
» Grip and hold cable end .
a. Labla translate capabiiity

‘» Cable aiignment

» Cable fasten to strusture

Lompatible Docking Parts
s Pick up point
m Disposition point

Load Transporter

Transfer reels from Transporter
to Cable Dispenser o

Enstallation of Cable Dispenser

nt Use Point

p Belease holddawn fasteper

» Transfer to new use location

» Position far fastening

p Check alignment

p Fasten to structure

» System checkout -

b Maintemance - faflure 1sotation
contingency mode -
failure repair

Bame as above, plus

- Collisign avoldance with exfst-
ing cables : :
W Viewing and 1ighting to find
and grip cable end

» Transfer along cable rovting

p Coordinate tension requirements
at fasten points ]
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Tab’le 3. 8. 8-2 {Continued)

SP5 ) CORSTRECTION : POTENTIAL CONSTRUCTION
ELEHENTS FUNCTI0N : EQUIFKENT SUPPORT REQUIREHENTS
1EV. ELECTRIEAL ¢ THANSPORT conductors (passibly | Electrical Conductor * feel Trans- | Transport Conductor Reels to . .

CUNUUGTURS on reals} to attach locations porter - Point of Use : =

- Botween SECS | ® HANDLE conductors between and O | 9 Dock to recl stowage faciiity % Compatible docking ports
and FPTS attich locations (over, on or # Becedve reels from stowage & Load reols onto transporter
Joint (4) thru structura) ¢ Aeel holddowns ¢ Transfar reels to conductor

- From HPTS # FASTEN conductors O ends {conpecd » Transport between stowage and installer
Joint to tor requiring external torque) use points ¢ Coliision aveidance capabil- .
Switch Gears and along structure » Bock to SPS work site ) ity . : o P

"o} @ GHECKOUT etestrical continuity | # Release reels

= Qver Joint Electriecal Conductor Installer Routing Conductors on Structure
Duses # Recelve Tulil reels/remove spent | & Reel handling mechaniem ]

~ From Switch ' reels _ ¢ Hobility capability on struc-
Gears to Dis- ¢ Conductor feed control ture surface (or {nternat)
tribution o Conductor routing - . ¢ Electrical recharge ) : :
Paints on HPTS ¢ Fasten conduttor to structure ¢ Stowage Eort far non-use times
{~1000) ¢ Conductor cutter 8 Consumable parts resupply

- Between Sub- @ Conductor. connector s Maintenance and repafr

{ areays (~7000) : ) . ¢ Connector torques

= Per{pheral
Cables (~240)

Y. PREASSEMALED | » TRANSPORT to MPTS asscmbly site | Assembled Structures Transporter 1 Vransport MPTS Structure to -
STRUCTURES {aver existing substructure) ¥ - Assembly Site ) ; i
-_HPi‘rs*s_e-cundar o HANDLE structire for assembly - | W Grip structure {on CG) » Compatible handling interface d 4
Structure ¥ » FASTEN to substructure {3 point ] e Mancuver strugture s Docking port ;
- MPTS Frames attach) or to vach other {cen~ | Transport structure to SPS assem-{ s Services, power, propeliants,
troidal Joint with probe and bly site etc : .
- drogue requiring external torque)] » Release structure to handl ing ¢ Colliston avoidange SPS .
o. AMUST (frames only) using cable| eguipment structure . ;
tension and frame positioning - a Maintenance and repair . : -‘
Structure Attached Transporter Transport SPS Elements on SPS 1
] o Movo on rails or cables Structure :
) - ¢ Handling structures - & Transport platform =
: . v Aligning structures {gross) ¢ Existing structurs with ralls
) . o cables -
# Cormunications 1ink
s Power source [cutlets) l
» Fabricate unit
& Transport unit to SPS site 1
» Position on rails or other
& Operatfcnal checkout 1

# 5PS elements resupply .
¢ Mefntenance and repair ‘

_ ® Relocate on structure 1
V1. PREASSEWBLED j TRANSPORT packayes to attach- - |SPS Package Transporter Transport packages to work site |
PACKAGES [ 5Tte {over existing structure, orje Pock to package stewage facility e Cnmpmb?e docking port ,‘
« Solar Concen| Ehru structure) . ]o Recelve packages from stowagn ¢ Package loading dovice v
" trators . |v HANDLE packages G attach Joca- . | Secure package holddawns ¢ Transfer packages to rafTed 4
« Solar Cells tions (discrete positions) # Transport botween stowage or fab-]  transporter or fnstaller |
- Switch Gears |® FASTEN packages to existing £ rication faciTity and CC site - . B )
- Pointiny - " structure . : » Release packages .
Computer o ALIEN packages to Mructur S¢S Package Installer (SP1)  |Assumes packages are deployed
IR : (1) Solar Cells and S613F Concen= - {fram main beam as undt 15 built

| trators » Fotential internal Tocation
{2) switch Gears and Pointing Com- | of structure
puter . - ¢ Mount many SPL unifs on mila

: o beam
. ﬁ?gg:"’%oﬂagﬁgsg elenents s Conmunications 1ink

‘s Fasten ond to poripheral cable [} Q;Z?Qt?gga%ﬂ253:2&1?““

: Eﬁé‘g,ftag’?“ﬁigﬁg s Resupply packnges to SPI

" Fagten togsJEEutture ' - |* Mainterance and-repatr..

. Pf”ﬁ”" subclement perfamiance  |® Retosate on new 388 structure
the
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Table 3.5.2-8 (Concluded)

5Ps
ELEMENTS

CONSTRUCTION
FURCTICH

POTENTIAL CONSTRUCTION
“EQUIRMENT

SUPPORT REQUIREHENTS

VIA. ROTARY JOINT

TRANSFER
ECHANISH

ORIVE SYSTEH
PRI

» TRANSPORT equipment to rotary
Joint location {over or thru
existing extension structure)

» HANDLE cquipment into position

n Structure

o FASTEN pleces to and within

structure

Transport to Assembly S5ite

» iransporter (FF or'attachedz

» Speciat manipulator for equip-
ment handling/fastening (may
reqiire manned assistance

Transport from Launch Yehicle

to Construction Site

. TransEort vehicie (FF or
attached)

o Hanipulater setup majntenance

o Hanned vehicle with manipulators
{if required) )

WEL. SUBARRAYS -
HFTS)

o TRANSPORT subarrzys to MPTS
surface (over structupe)

» HANBLE subarrays at attach loca-
tions (7854)

o FASTEN subarrays to secondary
structures {3 point, mechanical)

| MPTS Subarrays Installar
s Transporter (FF end attached-to-

structure)

» Hettiple mobite manipulators for
handling/fastening (maaned assis-
tance may be required)

Transport from Fabrication Facii-

ity to MPTS Surface

¢ Transport vehicles - FF and
attached

» Rail/track system setup, maine
tenance and repair

¢ Docking facilities

s Manned vehicle with manipulators
{17 requirad)
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Table 3.6.2-3 Truse Type SPS Elements and Support Requivemente

SPS
ELEMENTS

CONSTRUCTION
HUNCTEON

POTENTIAL CONSTRUCTION
EQUIPMEST -

SUPPORT REGUIREMENTS

1. JRIANGULAR
BEARS

~ SECS Support
Trusses
{1200)

~ MPTS Exten-
sion Struc-
ture

¢ HANDLE beams to assemble struc-
ture

» ALIGN teams as sections are ass-
embled.

» FASTEN beams tagother « probe awrd
drague requiring external torgue
{multiple joints G one operation)

& ADJUST beam end fittings to align
diagonal beam plane :

Beam_and Bram Assembly Transporter
® Hecelve beams
8 Beam holddowns .
s Bean release

Beam Handler

v Beam translatien -

o Position for alignment
e Adjust after fastened

Beam Fastener
% Fasten beams
# Adjust beams

Hobile Beam Transporter (on

Structure)

& Assemble on orbit or launch
{from ground

o Transport to strusture

¢ Placement on rafls or cables

# Communications 1ink

¢ Electrical power recharge

¢ Operatignal checkout

& Maintenance and vepair

Fixed Base Manipulators

# Assexble op-orbit or Taunch
fram ground

¢ Transport to construction stte

& Alignment for mounting

¢ Fasten to construction facil-

ity
o Service and repair
gmall Highly Dexterous Manipula-
or

® Launched from ground

@ Transport to constructicn site

o Interface with fixed hase
maniprlator

¢ Storage port on CF

# Haintenance and repair

II, FACILITIES

» TRANSPORT to facilities (if not

LARGE MODULES

- Beam Bullders
- Preassemnled
GFs

transported with facilities)

o HAKDLE to orient ip proper posi-
tions )

» ALIGN builders in CFs (if rd«
quired)

o FASTEN to structure

Beam Builders

# Fabricate (10 meter) triangular
beams

o Material Torming

o Material curing

¢ Fastening cross-members

@ Deam atignment

» Hanned or unmanned

Preassembled CF Sectiong

s Section jolning Interfaces
o Self-aligning aids

e Erectable structure

Nount Beam Builders anto Con-

struction Jig

a Transport to construction site

# Docking or EE grip interface

) gositfon alignment for mount-
ng

# Fasten to construction facility

o Checlout operations

o Raw material handling

¢ Resupply consumables

o Maintepance

Connect Sectfons Tedethep

o Transfer section to connection
point

o £nd effector interfacs

¢ Connection alignment

111, CADLES

~ MPTS Radial
Cables

o TRANSPORT cables {probably on
reels) to MPTS substructure con-
struction site (over exfsting
structure)

# HANDLE cables between and @
attach points -

o FASTEN cables @ ends

a ADJUST cables to pasition frames
{substructure)

Cable Reel Yransporters

¢ Dock to roel Stowage facility

& Recefve reels from stowage

¢ Reel holddouns

» Transport batveen stowage and use
peints

® Dock to SPS work site

s Release reels i

Cahle Regt Dispenser Mochanism

@ Kecafve full recls/remove spant
reels - i

» Cable fepd

s Cable connection to other cables

¥ Proyide cable tension

s Cable cutter

» Cable fastened to structure

e Transfer to new-use loctation

Transport Cable Reels to HPTS

Use Points

¢ Compatible docking ports

s Load rcels onto transporter

® Transfer reels to cable dis-
perser

Tnstallatfon of Cabie Dispenser:
at Use Point :
» Release holddpwn fastener

® Position for fastening -
¢ Check alignment

o Fasten to structure -

8 System checkout: i

s Haintenance

Cable Instailation
# Cable stringer
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Table 3.5.8-3 (Coneluded)

5p5
ELEMEKTS

" CONSTRUCTION
FUNCTION

POTENTIAL CONSTRUCTION
EQUIPHERT

SUPPORY REGUIREMENTS

IV, ELECTRICAL
CORDUCTORS

- Between SECS
%Hd TS joint

- From MPTS
Joint to
switch gears
(16

- Over Joint
buses

- From switch
gears to dis-
tribution
points on MPTY
(~1000)

- Between sub-
arrays (~7000

o TRANSPORT conductors {possibly
on reels) to attach locations

& BANDLE conductors between and @
attach locations {over, on ar
thra structure)

o FASTEM conductors @ ends {con-
nector requiring external tor-
que} and along structura

¢ CHECKOUT electrical continuity

Electrical Conductor Reel Trans-

arter

» bock to reel stowage facility

v Recefve reels from stawage

s Reel holddowns

» Transport between stowage and
use points

s Dock to SPS work site

» Release reels

Electrical Conductor Installer

® Recelve ful) reels/remove spent
reels : .

» Conductor fTeed control

» Condvctor routing

» Fasten conductor to structure

» Conductor cutter

# Conductor connector

Transport Conductor Reels to

Point of Use .

s Compatible doeking parts

» Load reels onto fransporter

¢ Transfer reels to conductor
fnstailler :

Reuting Conductars on Structure

a Reel handling mechanism

» Mobility capability on Structure
surface {or Internal)

¢ Electrical recharge

o Stowage port for non-use times

s Consumable parts resupply

» Haintenance and repair

. PREASSEMBLED
STRUCTURES

- HPTS Sehondarj
Structure
= MPTS Frames

» TRANSPORT to HMPTS assembly site
Tover exist'ag substructura)

» HANDLE structure for assembly

o FASTEH to substructure (3 point
attach), or to each ather (cen-
trojdal jaint with probe and
drogue requiring external torgue}

Assembled SEructures Transporter

. Erip structure {(on CG)

o Maneuver structure

& Transport structure to SPS assem-
bly site

o Release structure to handling
. equipment i

Structure Attached Transporter
» Move on ralls or cables

» Handling structures-

o Aligning structures (gross)

Transport MPTS Structure to
Assembly Site - - .

» Compatible hardiing interface
s Bocking port

» Sepvices, power, propellants,

ete

s Collision avoidance SPS
structire- -

» Haintenance and repair

|¥ransport SPS Elements on SPS

Structure .

¢ Transport piatform

s Existing structure with rails
or cables

¢ Commun!rations 1ink

s Power source (outlets)

v Fabrjeafe unit :

s Transport unlt to 5P5 site

s Position on rails or other

» Operational checkout

e 5PS elements resupply

s Haintenance and repafr

¢ Relacate on stiucture

VI. PREASSEMBLED
PACKAGES.

~ Solar Concen-
trators

= Solar Cells

- Switch Csars

- Pointing Com-
puter

o TRANSPORT packages to attack site
{over existing structure, oy thr
structure)

» HANDLE packages @ attach loca~
tions (discrete posjtions)

# FASTEN packages to existing
structure

o ALIGHN packages to structure

SPS Packages Installers {SPI)
{solar cells, solar concentrators,
switch gears, pointing computer)

s Receive packaged elements

¢ Align for layout

o Prepare surface for mounting

¢ Layout packages

¢ Check alignment

s Fasten -to structure

‘|- Hake connection to next unit

¢ Perform subelement performance
check

Agsumes a Mobfle Truss Configura-
tion

» Fabricate on-orbit or launch
from ground

s Transport from fabrication
f?ci1ity to 5P5 contraction
site

o Existing structure with rails
or cables- -

» Communications 1ink

s Alfan and place on ralls

» Operatioral checkout

s Resupely packages

» Maintenance and repair

* Relocate en structure

V1A, ROTARY SOINT

DRIVE SYSTEH

DHE "
TRAISFER

VECHANTSH

& TRAKSPORT equipment to rotary
oint Jocation {ser or thru
- existing extensit . structure) .
s HANDLE equipment into position
Jn structure
o FASTEN pieces to and within
structure

Transport to Assembly Site

v Transporter (FF or attached)

¢ Special manipulator for equip-
ment handiing/fastening (may
require manned assistance)}

Transport from Launch Yehigle
te Construction Site

|'s Transport vehicle {FF or

attached)

» Manipulator setup maintenance

v Manned vehicle with nanipulators
(1f required)

Tl1, SUBARRAYS .
TSy

1o TRANSPORT subarrays to MPTS

" Surface {over structure)

e HAMOLE subarrays at attach loca-
tions (7854} - ’

o FASTEN subarpdys to secondary
structures (3 point, mechanical)

“| WPTS Subarrays Instailer .

s Transporter (FF and attached=-to-
structure)
o Multiple mobile manipulators for

_tance may be required)

handlinglfastenin? {marned a551s4

Transport from Fabrication Facil-

ity to MPTS Surface '

s Transport vehicles - FF and
attached

» Rail/track system setup, main-
tenance and repair

s Docking facilities

{1 required)

& Manned vehicle with manipulators ]

<
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Table 3.5.2~4 Boeing Thermal SPS Elemente and Support Requivements

5P
ELEMENTS

COMSTRRCTION -
FUNCTION

POTENTIAL CONSTRUCTION
EQUIPMENT

SUPPORT REQUIREMENTS

L. TRIAHGULAR
HEAMS

« Spinal Trus-
ses :

- Radiator
Framas

~ SC.Reflector
Framework

- SC Support
Strut and
Cross Trus=-
585

~ Extension
Strocture
(MPTS)

-

HANDLE beams to assemble struc-
tore (or TRANSPORT for long -
4km trussoes

ALIGR trusses (PCS powar bus
only) relative to PCS

FASTEN beams together (butt
vieTd all cxcept MPTS extensien
structure = probe apd drogue
with external torgue)

ADJUST truss lengths or hean
end fittings as required

Gean and Beam Assembly Transporter
& ficcaive beams

s Bean holddowns
# leam release

Beam Handler

s Ueam translation

¢ Position for alfgnment
o Adjust after fastened

Bean - Fastener

& Fasten beams
o Adjust beams

-Fixed Base Manipulators -

Mobile Beam Transporter (on

Structure

e Assemble on orbit or launch
from ground :

s Transport to structure = -

# Placement on rails or cables

s Comunications 1ink

¢ £lectrical power vechurge

& Operational checkout

s Maintenance and repair

¢ Assemble on orbit or launch
from ground

o Transport to construction site

o Alignment for mounting

a Fasten to copstruction facil-.

ty .
o Service and repair

Small Highly Rexterous Manipula-

tor which Travels on Long Beam

s Launched from ground

s Transport to construction site

o Interface with fixed base
manipulator

¢ Storage port on CF

¢ Maintenance and repafr

TRANSPORT beam builders to CFs

~ Deam uilders
~ SPS Modules

{1t not transported with CFs)
PANDLE modules/facilities for

ALIGH modules/CFs 4n 2 plapes;
beam buflders fn CFs {ff re-

ASTER modules/internal beams
to existing structure
ADJUST struts as requived

11, FACILIVIES/ |
! LARGE MOD-
LLES [
- factlity capture/dacking
gﬂﬂépulators ]
~ Orbit Trans-
fer System . uired)
{LEC. to GEO)
- Canstruction .
Factl{ties .

HONITOR engagement/alignment of -

TF5, modules

Orbital Transfer Yehicle

# Vehicle dacking

¢ StabiliZation and maneuvering
o On orbit propeilant resupply

Beam Builders

@ rabricate (10 meter) triangular
baams

o Haterdal forming

s Material curing

s Fastening cross-members

¢ Beam alignment

s Manned or unmanned

Preassembled CF Sections

o Section Joining nterfaces
2 Self-aligning aids

# Erectable structure

o Checkout operations

Free Flying LEO to GEQ Transport

@ Compatible docking ports

8 Humber and Jocation of ports

¢ Communications 1ink with both
LEO and ground

Maunt Beam Builders anto Con-

struction-Jdig . .

» Transport to construction site

s Docking or EE grip interface

¢ Position alignment for mount-
n

g
» Fasten to construction facilfty

8 Raw material handling
o Resupply consumables
» Maintenance

Connect Sections to Structure

Start Points

a Transfer section to connection

. point L L

e End effector {nterface

o Connection alignment

% -Ald in deployment of erectable
structures

{TIx, chotes

= 5C Tensdon
Cables (~203)
~ MBYS Radial
Cables (~180)

TRANSPORT. {radial cables only)
{probably on ree:s) to HPYS con-
struction site )

HANDLE ‘cables-between and @
attach points

FASTEN cable ends - probe and
drogue with exterral torgue
ADJUST cables to position SC
structure or MPTS frames

Cahle Reel Transporters )
* Dock to reel stowage facility
¢ Neceive reels from stowage

1# Reel holddowns
» Transport betweed stowage and use

points
@ Dock to SPS work site .
& Release reels

Cable Reel Dispenser Mechanism
» Recelve full vecls/remove spent
reels
s Lable feed
s Lable. connection to other cables
¢ Provide cable tenstan”
» Cable cutter
s Cable fastenod to structure
il .

"'_ ¢ Calile stringer

Transport Cable Resls to MPTS

Use Points ’

s Compatible docking ports

¢ Load reels ento transporter

e Transfer roels to cable dis-
penser

Insyallation of Cable Dispenser
at dse Point .
¢ Relrase holddown fastener

¢ Transfer to new-use location
s Position for fastening . -
s Chock alfgnment ‘

s Fasten to Structure

# Syatenm chockout

o Majntenance

Cable Installation

I1I-126

=)




Table 3.5.8-4 (Continued)

SPS
ELEMENTS

CONSTRUCTIOR
FUNCTICH

POTENTIAL COHSTRUCTION
EQUIPHENY

*UPPORT REQUIREMENTS

I¥. ELECTRICAL
TORDUCTORS,

" - Between SCs
and MPTS
dofnts (4)
From Power .
Conversion
Equipment to
i Switch Gears
| {16}

‘ Ovar Joint

i Buses
|

From Switch
Gears to Dis-

o TRANSPORT conductors (possibiy
on reels) to attach locations
(over, on or thru existing
strueture}

o HANDLE conductors between and @
attach points

& FASTEN @ ends - connector or QD
requiring external torque or
sjmu] taneous automatic Jatching
B both ends (7000)

# CHECKOUT electrical continuity

Electrical Conductor Reel Traps-

porter

» Dock to reel stawage facility

s Recefve reels from stowage

o Ree) hoiddowns

# Transport between stowage and
use pajnts

o Dock to SPS work site

» Release reels

Electrical Conductor Installer

e Receive Tul) recis/remove spent
reals

s Conductor feed control

¢ Conductor routing

Transport Conductor ReeIs to
Point of Use

e Compatible docking ports

» Load reels onto transporter
¢ Transfer reels to conductor
- InstalTer.

Routing Conductors on Structure

» Reel handling mechanism

» MabiTity capability on structure
surface {or internal)

+ Elactrical racharge

Base Structure]
- MPTS Secondary]
: Structures
. = MPTS Framas

.y & For gross allgnment, use as

handiing equipment

Structure Attached Transposter
® Hove on rails or cables

- Handling structures -

s Aligaing structures {gross)

tributian » Fasten conductar to structure s Stowage port for non-use times
| Points on o Conductor cutter - » Consumable parts resupply
| gP{S (lugﬂg e Conductor connector o Maintenance and repair
{ = Batween Sub~ .
{ ° aprays
i| = Reflector Cond
i trol Circuit-
| ry (1500)
{ = Bus Bar Con-
4 - nections
il = Bus Bar Har-
ness o
V. PREASSEMBLED o TRAHSPORT stEuctures to 1n§§a1- Assenbled Structures Transparter Eran:po;t As;?mh§$d Structures to
1 STRUCTURES gtion s1te [over or aroun ]:é! emote Assen tes
- 5C Framework - | * HANDLE]structures/segments for Hrip structuret(on €£a) [ gumg:tible handl{ng interfhce
assemly ‘¢ Haneuver structure + Docking poris
g:ﬁﬂggﬂ;{ o FASTEN tog?th$;ia?d to eiisging . Eransggrt structire to SPS asscn- o Services, power, propellants,
: structure {multiple point at- 1y site
- R“d1:t°r Se9- 1 tach - lateh or Heldg ¢ Release structure to handling . CG11{sinn avoidance SPS struc-
- Eﬁnsupport equipment ture

¢ Maintenance and repair

Transport 5PS Elements an SPS

Structire

» Transport platform

o Existing structure with rafls
or cables

‘o Communications Tink

¢ Power source {outlets)

s Fabricate upit

e Transport unit to SPS site

» Postion on rails or other

» Operational checkout

| e SP5 elements resupply

s Maintenance and repair
® Relocate on structure

Ta .
TESORBER SHELL

» TRAHSPORY panel sections
s HANDLE sections for nssembly

- 400 20 » 2% m
Sections

attachment
s FASTEH panel edges and helfum
Tines~ -

Thermal Collector Installers

s Large transparter {FF)

o Mainpulators for hapdling

s Fastening automatic and manned
assisted

Transport and Install Sections onto |

Cavity Shell

- » Long reach manipu1atnrs

o Docking facilities

e Manned vehicle (FF) to assist
fastening

s Fluid servicing capab{lity
(1iquid metal)

- |» Maintenance and repair .

VI. PREASSEVSLE
FACRAZES

- PES Stan:hions
= Sufteh ficars

{16) -
= Pointing Com-
puter

o TRANSPORT packages to Installa-
Etion location

» HANDLE packages for attachment
to structure

o FASTEN packagps to structyre
{rothanical latches on creinstal-
led pads) -

PSP Installers

s Transporter capable of FFor
transfer on or thru existing: -
structure

» Mobile manipulators capable of

-handling packages .in confingd
volumng

¢ Fastening automatic

» Alignment and checkout

ssumed Yehicle Capable of Travel
OnfThru Existing Structure and
also Free Flying
» Fabrication on orbit nr 1aunch
from ground

‘e Transport from fabrication facil-

ity to SPS consfruction site
Existing stricture with rails |
or cables and also docking ports
Communications 1ink

Align and place on rails
Operational cheskout -

Resupply packages

Maintenance and repair

Relocate on strutiure
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Table 3 5.2-4 (Coneluded)

il
H
f

jcal) and connect heifum Tines

Gengrator Sot Installer

& Transiate gencrator sets te
assembly stte

® Aligmnent to structure

o Hake mechanical, electrieal,
and fluid cennections

o Charge systems

# Checkout operation

SPS CONSTRUCTION POTENTIAL CONSTRUCTION
ELEHENTS FUNCTION EQUIPHENT SUPPORT REQUIREHENTS
VI.A. TURBD~ & TRANSPORT packages to cavity abe! Generator Sct Transporter Transport to Cavity Material
GENERATOR sorber shell # Recelve generator sats Supply Depot
SETS » MANDLE packages for attachment » Holddown mechanisms ¢ Compatible decking port
- 20 % 29 x 5m to shell ¢ Release capabiTity » Receive from primary transport
g4 ¢ FASTEN to shell panels {mechan- | & Collision avoidance vehiclie

¢ Transfer to on-site manipulators

Long, Hobile Base Manipulator

# Constryct on orbit

o Mount an track

o Alignment technique for auto-
matic control

& Checkout

o Resupply consumables

s Haintenance (Jeak check)

¥1.B. REFLECTOR
TACELS
- 68,000 Facety
~30 x 30

meters

o TRANSPORT facets to SC structure

invey or around existing struc~
ure)

o HANDLE facets 0 attach sites

» FASTEN facets to SC structure ~
probe inserted 1nte steering
mechanfsm receptacle (accessibil-
tty/visibility problems)

Facet Transportor

¢ Recelve vacets from on orbit
faciiity or from a primarvy
transport vehicle

N T;anspnrt facets to 5PS work
site

o Interface with structure for
purpose of supply depot

Facet Installer

® lleceive packaged elements

# Align for layout

» Prepare surface for mounting

& Layout packages

o Check a)ignment

# Fasten pointing device

$ Pﬁrfgnn subelement performance
chec

Transport Faccts to the Solar

Concentrator Frame

@ Compatibie docking ports.

¢ Load reels onto transporter

e Transfer recls to facet {nstal-
ler or stowage

Number of Facets Indfcates an
Autemated Operation such as a
Traveling Truss

o Fabricate on orbit or Yaunch
from ground .

o Transport from fabrication
'fggility to SPS construction
site

o Existing structure with rafls
or cabhles

@ Comunications Tink

» Align and place o¢n rafls

o Operational checkout

& Resupply packages

¢ Maintenance and repair

o Relogate on structure

¥1.C. ROTARY
TIANS T

& TRANSPORT to attach location

Sama as VI.A.

& HANDLE subarrays at attach loca-
tions (7854)

& FASTEN subarrays to Secondary
structures (3-point mechanical)

s Transporter (FF and attached

» Mobile manipulators working on
exfsting structure

o Fastening automatfc; may require
manned assist

RMER{ & HANDLE equipmont at attach
LY Tocation o
JPOUER| 8 FASTEN {mechanfcally) equipment
CONVERSION | to and within axisting structurse
EQUIFMENT )
VII. SUBARRAYS |e TRANSPORT subarrays to MPYS sup- |MPTS Subarrays Installer Transport and Install at HPTS Work
- HPTS i | Face (over structura) {1n general same for all cunfi?s.) Site

s Transpart vehicle (FF & attached)

s Rall/track system setup, mainten-
ance :

& Manipulator setup, maintenance

& Hannod vehicle {FF or attached) to
assist fastening :

III-128

. .
e

e .



4.0 OCSE CONCEPT DEFINITION

4.1 Part IT Objectives

Having identified in Part I the support requirements for each SPS con~
figuration, the objective of Part II was to generate OCSE concepts which
are technically feasible and programmatically viable. This was accomplished
by defining potential OCSE to Fulfill the specific requirements for each SPS,
considering commonality aspects within and across cunfigurationé, and per—
forming a high level screening of the OCSE candidates to identify the more
éignificant items. Figure 4,1-1 shows the approach utilized in Part II,

and the following paragraphs describe the individual tasks in more detail.

Ml pw e et ——

ISPS CONSTRUCTION! C | IDENTIFY OCSE ; | :
| 'SUPPORT | _PART T INPUT,| CONCEPTS BY ' » C?E%SOEEEESEgSE
| REQUIREMENTS | " |SPS_GONFIGURATION T -
. Requirements
Definition }APP :
Summary Sheets A
PERFORM PRELIMINARY| [ cowsmErR |
© CONCEPTS - __ | COMMONALITY OF = |g
EVALUATION AND _ OCSE ACROSS
_ SCREENING | - SPS CONFIGURATIONS |

' CONCEPTS RECOMMENDED
FOR FURTHER STUDY
PART 111

Figure 4.1-1 Pavt II Functional Flow

4.2 OCSE Concept Development

4.8.1 General | '

The purpose of this task was to idenéify and develop OCSE concepts with
present or future application to comstruction of large earth orbiting systems.
The approach used depended on a three step sequence: (1) prepare aun inventory
of potential OCSE candidatés; (2) assess the use of these OCSE requirements;
and (3) conceive new or improved OCSE to £ill voids indicated by OCSE require-

. mentsa, -
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An OCSE category tree was generated to ensure that an orderly approach |
was used in evaluating the applicability of different candidate concepts.
This structured grouping, as shown in Figure 4.2.1-1, provided a quick visual !
reference of candiate similarities by system characteristics such as operational
utility, functional capability, and hardware utilization. The primary advant-
ages of this approach are that it provides the capability to represent similar ' ; ‘
types of hardware by one or more units, provides a single thread traceability f
from their original source through to final disposition, along with supporting ‘
rationale, and provides a road map by which new concepts identified in later

study efforts could be grouped, analyzed, and evaluated on a comparable basis. ?

The initial data collected reéulted from a gearch for typical support o
equipment items in 1) the listings of flight-qualified hardware from pre- :

vioug space programs; 2) system definitions developed for STS supporting i ]
research and technology programs related to Shuttle/Orbiter, Space Station, :
Solar Power Satéllites, ete; and 3) commercial équipment used on ground

" based construction projects with potential applications to space construc-

tion operations.

Since many of the OCSE requirements were not satisfied by either modified
or existing equipment, new OCSE was defined. Conceptual definitions were
developed for new and modified equipment which included configurations, inter-

elements.

i
1
|
!
faces, performance, operations requirements, and impacts on interfacing ' ' i
Appendix A contains details of the OCSE concepts generated in the form 3

. of summary sheets. An OCSE requirements definition is alse provided for 1
each of the subcategorles listed in Figure 4.2,1-1, Each concept summary |
sheet in the Appendix is correlated with the groups and categories shown in |

the table.

4. 2.8 Identification of CGCSE by SPS Confiquration - 1

The primary task in Part II was the identification and elassification
of OCSE (in functiomal terms) which satisfy the support requirements defined
in Part I. Tables 4.2.2-1, 4...2..2—2 and 4,2.2-3 present that data for each
of the SPS configurations. The support requirements are listed for each

j
1
|
1
k
1

SPS element group {(defined in paragraph 3.5.1), and the corresponding potential
OCSE is ldentified. The major design drivers for each piece of OCSE are also

V=2




1

- | FREE-FLYING
TRANSPORTERS

[ STRUCTURE

;—Personhe1
and Materials

. Hiaterials
Transporter

-Personnel -
“Transporter

6

ATTACHED
TRANSPORTERS

-Personnel

}Materials

Transporter

LPersonnel
Transporter.

7

Cg-AT

ADJUSTMENT |
DEVICES |

I CHECKOUT ’

-Beam .
Positioners

-Inherent with
Structure

LCable
- Tensioners

-Categories:

Input
Simulators

Data Feedback

Sensors

HANDLERS

and Materials -

Manipulators :
> 5 DOF (arm-Tike)

GéneraT Purpose
<_4 DOF Mechanisms

g

MONITOR
DEVICES

Indirect Viewing
Direct Viewing

Instruments

A - Flight Existing C - Commerciai'(One G )

B - F1ight Proposed

D - New Concept

~ See Appendix A :

Flanve 1,8, 1=1 OOSE Tavent.pn Tpse

- ALIGNERS

4

Align for Joining

Flatness

Depth-and Range

9

OCSE SUPPORT
EQUIPMENT

FDocking Devices

fCommodity Servicer

 ModuTarized
Systems

?Storagé Panels

5
MATERIAL
FASTENERS

LManipulator
Controlled

-EVYA Controlled

~-Inherent with
Strurture

10

£

MOBULES

~CHAD Moduie

-Maintenance
and Repair

-Commodities
Storage
Module

'—Assemb1y Jigs

~EVA Module




SURFORT REQUEREMENTS

POTENTIAL QCSE

MAJCR DESIGH ORIVFAS

OCSE COMMON USAGE
CLASSIFICATION

TRIANGULAR BEANS

“Mobile Beam Transporter {on

| Structure)

ls Assemble on orbit ar launch
from ground

v Transport to structure

L] ?!acement on ratls gr cab-

- les

¥ {ermunigations link

¢ Ejectrical power rocharge

¢ Oporational checkout
& Maintenance and repair

Fixed Dase Manipulators
Assemble or orbit or Yaunch
fran ground
» Transpart to construction
site
s Aligoment for mounting

s Fasten to construetion face
i1ty
r Service and repair

Sma]] Highly Dexterpus Hanip~
ilator :
Launch from ground
Transport to constructicn
site
Interface with fixed base
manfipulator
Storage port on CF

Launch fram Ground

Requirgs FF Transporter
Faciltty Manipulator

Cgmmunications Strap-on Mod-

ule

Eiec Pickup Points on Struge
turg

Checkeut Module

Dedicated Mainterance Vehicle

Or EVA/ECHS

Launch tn Sections Assemale
Cn-prhit
Reguires FF Transpurter

Jocking Davice/Manipulative
and Alignmant Todknigue
Fastengr Doivce

Dedicated Maintenance Yehicle
lor EVASECHS

Size Pormits Ground Launch
FF or Mobile Transporter

fittach to End of Larger Manip-
ulators

Storage Port or-Panel Device
Dedicated Maintenance Vehicle
r EVA/ECHS

Stze comaptible with HLLY

Transport distance 40 km max
Availabitity of fecility man-
ipulators

Communications distance

Ba:teFies vs recharge points

Gperation functions
Crew productivity major face
tor

Manipulator length of 1000 m
Transport dfstance 40 km max
Place far joining vehicles
Compatible with man and mache
%ng productivity major fac-

5ize compatible with Shuttle
vailability and point of
transfer

Coemmon EE replacement tech-
hique

Retension and service reguired
Lrew productivity major fage
korfreturn to ground for re-
pair

FF Trasptr, Large

FF Tersptr, Hedium

Manipuintur Fixed Base,
Mediym

Constructian site or
from grou

Elec. Pwr Resunply Sys

Trasptr Cat. F. Manip~
ulator Lat. VI

FF Trnsptr, Small

FF Trnsptr, Medium

Std Manip, Mount. Inter
£VA ﬁandhcld Fastener

Trnsptr, Cat. F, Manip-
ulator Cat. VI

FF Tensptr, Small

Std Manip. Mount. Inter
face

Universal Tool Stow Pan
Manped Module, Cat. A &
B or Return to Maint.
Faciiity

I

-y
*

FACILITIES {LARGE HGDULESJ

.|| Docking or EE grip inter-

Maintenance and repair
i

Mount Deam Builders onto Con-
{struction Jig

¢ Transport to construction
site

| face
i# Position alignment for mound
ting . )
3 Fa?ten to construction fac~
ty

v Checkout aperations
- Raw material handling

Free flyinmg vehicie to trans-
port beam butiders from LF to
site (LT manipulator handles
builders onte vehicle)

Transport distance 1003 meters
{36 times). Cargn 5ize 25m
dia x 50 m long.

Manipulator system with EVA

site

Geam builder to structure at-
tachment devige«=incorppreatos
alignment and .beam angulation
Free flying resupply vehicle
or attached rosupply vehicle

assist to attach builder at gccuracy. end effoctdr at-
t
h

Manipulator 25 m long, 2.5 om

aches. to beam builder
ttachment device must allow
ear consteuction wlthnut
interference

Histance up to 21 km FF, 29
km aktached

FF Tenspir, Small
Interchangeable EE Set
EVA Alignment or TV &

Lighting System

EVA Handheld Fastener

Transporter Cat. 6 & M

[

"y
]

CRALES

. - Lompatible Docking Parts

Pickup point
Disposition paint

oad Transporter

ransfer reals from TranSpnr-
or to Cable Dispaase

natallation of Cable Sispen-
er at Use Point -
Release holdduwn fasteoner
Transfer to new use laca--
tion -
Positfon for fastenina
+ Check alignment
Fasten to structure’
System checkout
Maintemangn « failure 4502+
tian, contingoncy mode,
fatlure repair

ame as above, plus-
Callision avoldance with
existing cables
Viewing and lighting to
find and qrip cable ond
Transfor along cabla route
ing L

i Conrdinate tension rogyires
ments &t fasten points

Docking Receptacles

Lbgistics Facility on (€ -

Small Faeility Manipulator

Attached Transporter Rung
along Madn Beams

Manipulator on Attached Trans-
norter

ATt remaining functions pro-
vided by built~3n. featires

on the Cable Dispensor and
Frantpulater gn the attachod
transpurter

Dedigated Maintemance VYehicle
br EVAZECHS

Gutdance and Navigation

Arttficial Lighting asd RerotdiVlumination
{Hewing Systenm
Cable Supported Type Transpor-Catle availability and span
ter . .

Ew. 057, tug compatihle
equires a min. of cight

ManipuTator 10 m lony, gross
Hee.

Transport éistance 8 to 15 km

Manipulator 16G-20 @ ldng,
cm accuracy
pecess to relcase mechanism

Lrow productivity and replace-
hont module availabidity

Jeeuracy , distance

2 v natural,
peonss, ot

distance of 710 m radius on
BECS surface

Universal Dock Dev, Lrg

Fixed Base Manip, Short

Mobile Base Manip,Short

Mobtle Base Manip,Short

Manual Release Override
Mechanism

EVA EMU/ECHS

Gircct Vicwing

EVA wandhold Fastcner
Cable Tension Chegker
Struct. Att. Trnspir,
fat. A {Spider)

Modular GNAT Systom

EF TV B Lighting Sys

Struct Att Tenoptre Cat.
A iCabireiSptder) .
Rorote Control System

with Cable Jnstallees

V=4 |
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Table 4.2,8-1 C_’mztéﬂmmd)

ELECTRICAL CONGUCTORS

Point of Use
e Compatible docking ports
¥ Load reels onto transportor

o Transfor reels to conductor
installer

¢ Coliision avoldance ecapabil
1oty

Routing Conductors on Struc-

ture

v Reel handling mechanism

» liobility capability on
structure surface {or in-
ternal)

@ Electrical recharge

s Stowage port for nonuse
times .
Cansumabile parts resupply
Maintenance and eepair

9 Connegtor terquos

portor .
Untversal Dacking Mechanism
Logistics Facility Maniputa-

tor
OR Hanipulator on Transporter
Guidance System

Automated CE Functisn
Cabte Transporter {r.:nned)

Selected Necharge Points
Stow on Tension Cables

Hobile Trans, on Main Beams
lanned System EVA/ELHS
Spoedal EVA Hand Tael

588 . -

ELE — ; OCSE COMMON USAGE
ggp SUPFORT REQUIREMENTS POTERTIAL OCSE MAJOR DESIGH BRIVERS CLASSIFICATION
IV, {Transport Cenductor Reels to {Use Comon Package Trans- FF Trospir, Small

Logistics and distance 14 kn

Transporter size
20 m mobile manipulator

hccess to conductor veel
receiver

.|Light system or rail pattern

Stze and distance roel trans,
Spider concept ([J5C)

Dattery weight vs distance
1ax. cable span of 2030 m

ifransfoer from beam to EVC
Spider concept (JSC)
Torque requirements -

Univ Dock Covice, Small
Fixed Base Manip, Small

Fixed Base Manip, Ssall
TV & tighting Syatem

Cablc Att Trasptr, Cat.
A o

Elect. Fur Supply Sys
General QCSE Stowage

Struct Att Trﬁsptr CotlL
Cablc Att Cat. A
£¥A Hard Tool Group

"PREASSEMBLED STRUCTURES {MPTS)

Transport HPTS Structure to
ssombly Site
Compatinle handling intors
face
Becking port
Services, power, propotl-
ants, ctc
Lollision avoidance SPS
structure
Haintenance and repair

Transport SPS Elenents on 5PS
structure
s Transport platfom

Existing strecture with
rails or cables -
Comunicatyons link -
Paver source (qutiots}

1 Transport unit to SA5 siip
Position on raflis or other.
Oporatianal checkout

3 3PS elcients resupply

Haintenance and repair

o Retocate on structure

5trap-on Mancuvering unit

lniversal Docking Mechanism
FF Services Medulc

Remate. Centrol by Crow

Dedicated Maintenance Vehitle
pr EVA/ECHS :

Attached Transporter
Rails or Cables on Main Beams
Strap-on Communication Sys

FF Transport Yehicle
Hanipulator at Facility
Use Existing Operating Hode
Transporter Loading Manip.
Maintenance by EVA/ECHS
Nequires Large Manipulater

Mounting lacations and tech-
higues

Transporter Sfze

rluids and power

Vig{un system or preprogram-
b

&
E:ew capability and availabiid
¥ -

Cover up to 29 km
Interference by CE
Distance of 30 kn

Selected Power Recharge PointgPower supply tradeoffs

Distince 30 km -
106 m fixed base manipulator
Dperational functions

{20 m mobile manipulator

Crew availabilfty
Function of where and why

ftai1/Cablo Instalipr

Modul-or GNAC Systom

Universal Dock Device |
FF Servicing Madule

TV and Lighting System
FF Manned Vehicle

Hobile transportor
{medium

Moduiar Coxm System
Elect. Pur Supply Mod.
FF Trasptr, Mediun -
Fixed Base Marnip, Med.
TV and Lighting System

FE #anncd Vehicle

vi.

PREASSEMALED PACKAGES

Transpert Packages to Hark
Bite

b Compatible docking port
- Packige Tpading device

W Transfor packages tu railed
transporter or insialler

Nesumes packages arc deploynd
Froct main beam as unit s
butlt

b Potential) internal Tozation
of structure

b Hount many SPI upits on mai
beam S

b Communications 1ink

» Align and place on cables

» Oporational checkout - .

» ResuppYy packages to SPY

p Maintenance and repair

 nolacate on new SPS Struce

ture

Trangporter (FF or attached)
to carry packages from LF to
bork site

|Bexterous manipulator to

handle packages--remove from
transportor, reach thru struce
ture and. place package at
lorking location

Bystem to move manipulator to
other diserete locations -

Straﬁ-on Communications Sys
Fixed Dase Fac. Manip.

Dsﬁicated Haint. Facility and
F el
FF Transport Yehicles

ug to 21 km FF, 29 kn attach-
X

Hanipulator length 75 m,-
reaching thru cxtsting stric-
ture--attachment system incoes
porates aligning, fastening
hnd subslement checkout

Distance and interfercnce
Package size and translate
Histance

[rew productivity and avail.

kn to new site

Fixed Dase Manip, Med.

Univ Dok Dovicey Med.
Fixcd Base Manip, Med,
Fixed Dase Manip, Small

Modular Corn Systom
Structure Attoghed Trasq
ptrs Manned Cat. Hoon
Fixed Base Manip Dat.!l1
Attaehed Traspte, Crow

Fixed Lase Manip, Hod.

Joner (prsysecsy B

Transport from Launch Yehielo

te Construction Site

& Transpoet vohicle {FF gr

©attached) . )

o Manipulator setup miingen-
ance ) o

& Hanned vehicle with manipu-
fators {If required)

Launch Assemtted from Ground
Single or Multiple Transpor-
tors

Existing or Mobiie Hanip.

Haniputator Attached Chnrry“
Mekor

Hay be dedigated launch
Crev control for positiantny
High crow £VA involivemant

Reach requirestonts/task dox=
terity

FF Trasptr, 5mail

HoduTar Thregster Packagd-

Fixed Base Manip, Med,

Manned Module, tat., H
Attached to Fixed Base |
Pogs _
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SUBARRAYS (MPTS)

.| o Manned vehicle with manip-

Fagi1ity to MPTS Surface

o Transport vehicles - FF and
attached

» Rait/track system setup,
mafntenance and ropair

s Docking facilities

vlators (if required)

¢ Maintenance and repair

Subarray Transporter (LF to
site)

Maniputator to remove Subare
rays from Transporter and
place in Automatic Installer
Docking Facility (tap of

'MPTS central hub) for Transe

porter
Rail/track Systom or Mobile
Manfpuiator te bring Subar-

rays onto MPTS Surface

Automatic Installer may re-
quire Manned fAssistance

{Distance 21 kn FF, 29 kn as-

tached; 40 subarrays make

10 x 10 x 10 m package = ro-
quires 200 trips

Manipulator reach 10 to 2%
meters

lolddown far surfaca mover
autematic

Installer maintenance compas-
ible with EVA/ELHS

$P5 S : : :

: o DCSE COMMON USAGE
ELE | SUPPORT REQUIREMZNTS POTENTIAL OCSE HAJOR BESIGH CRIVERS CLASSTFICATIGH
no. : : —
VIL. | Transport from Fabrication

FF.Trnsptr. Large
at, M
Rail/Cable Installer

[x]

Univ Docking Bevice
Cherrey Picker

Att Transporter Cat. D

BAS




Table 4. 8. 28 OCSL’ For Truce Type SPS

FALILITIES (LARGE MODULES)

o Transfer scction to connection

tinn Jig
s Transport to canstructicn site
# Docking or EE grip interface

o Position alignment for mpunging
s Fasten to construction facility
® Chegkout aperations

o Raw materfal hasdling

¢ Resupply consumables

« Maintenance

Cannect Sections Togother

point
s End effector interface
o Connection alignnont

Free flying vehicle
EE grip interface (part nf
beam fabricator)

Incnrporated into occam bidr
Onboard instruments
Facility manfpulator
Hardwire umbilical
n?dularize design, EVA mod-
ule

Onp or more transport ve-
hicles :

Comman connect device
AMignment aids or EVA

505
0CSE -
Elenent SUPPORT REQUIRENENTS POTENTIAL CGCSE MAJOR DESIGN DRIVERS COMAON USAGE
o P ' CLASSIFICATION
1. t'ohile Tean Transporter {on
structure) : . S : o
9 fAssembln ag-nrhit or Jaunch Launch from ground Designed to Fit within HLLV[Universal docking device
¥ron groun
¢ Transport to stvucture Transporter, froc-flying Han-in-the-Yoep eantrol FF Trosptr (700 1b, Cat, G]
# Plagcment on ralls or cables ;gc;1{ty manipulator/ TV and | Han-remdte control
ghts
e 9 Communications 1ink Antenna module floplaceable module, func- Antenna mody s 10 ¥m range
& : : tion of distanze - ! 1
;2 & Electrical power recharge tmall 3 DOF manipulator Dattery storage or recharge|Battery Recharge Statfon
: . stops
-gé « Qperzt1omal chockout TV and FHahts or inatruments Hntfun. currznt, force TV & Lighting System
2 o Maintenance and repaire Raficd EVA vork platfom | Replaceable moddles Common Replacement Hodules
b |Fixed Base Manipulators "
= » Assomble oneorbit or launch Lotinch from ground - Erectable structure Free-flying Transporter
frem ground {700 1b, Cat. @)
*le Transport to constructien site | Transporter, free-flyer $ize .
¢ alignmant for mounting ggcitity manipulator/TV and | Prepared surface on jig
qhts
e Fasten to construction facility{ €miiY manipulatar/EVA EDTS size, cherry picker  |One man cherry picker
e Service and repair §matl manipulator/EVA E0TS size, cherry picker  fine man cherry picker
Small Highly Dextercus Manipulator
o Launched frem ground Receive from jeunch vehicle
o Transport to construction site § Transporter, froe-flyoe Small free-flycr, EOTS size| FF Trasptr (700 1, Cat. GJ
s Interface with fixed base
maniprlator C
& Storage port on CF Manipulator end effector Interchangeable E.E. E.E. Storage Rack
stowage
s Maintenance and repaje Small unmanned FE or EVA Replaceable modules Stazd module interchangn
. a8
1. Mount Beam Builders onto ConstrucH

€6 ¥m range
Docking receptacle, dia..
force

Universal docking meghanism
Latch and contact lights
Hobile base, 3Mm long
Fluid and elcct. powar
€lose to manned module

Connector size, force
Manned or urmanned

Gne man cherry picker

FF Trasptr {7,000 1b,Cat FY
Universal Docking Device

Univarsal Docking Device

Std, Fluid & Power Conn.

free-Flying Transporter

One man charry picker

CABLES {MPTS RADIAL CRBLER) X

|s Maintenance

Transport Cablie Reels to MPTS
Use Points

e Compatible docking ports

¢ Load reels anto tramsporter

¢ Transfor recls to cable dis-
penser

Installation of Cable Dis;ensnr
at Use Point -

s folease holddown fastener
Transfor Lo new-usc lagation
Position for fastening

Check alignpent

Faston to structure

System checkout

Cable Installation
s Cable stringer

‘Remote contral

" Tension rcadgu;

Socking. mechanism

Stowage facility manipulas
tor

GNEC system |

Hork. site mantpulator or
EV¥A ‘

Transporter .
Facility manipulator:
TVI!ighting system

EVA module
Tethered EVA ar EQTS

“Access, viewing aids

Size dia,, ace., force
feel sizes

5tze, access, 11ghting.
data fendback

Data feedback

Aceess

Availabiifty, size

Adjustable setting-
Neplaceable modules

Collision avoidance prob-
lem with other cahles

 Undv. Dock. Device

TV and Yghting system

Small fixed base manip.
GHAC radule package

Hanipulator

Cherry plcker
Free=flying transpnrtur
gmall manipulator

Strain gage
Cherry picker

Onboard computer package
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Table 4.8.85-2 (Continuad)

ELL
GRP
g,

: 5a8

SUPPCRT REQUINEMENTS

POTENTIAL OCSE

WAJOR DESIGH DRIVERS

OCSE COMMON USAGE
CLASSIFICATION

iv.

FLECTRICAL COXIUETURS

Transport fonductor Noels to
Paint of Usp

o Compatible docking ports

@ Ltoad yools onto transporter

& Transfer reels to conductor,
jnstalier

feuting Conductars on Struc-
ture
¢ Reel handling mechanism

e Mobitity capability on

- strycture surface {or in-
toermal)

@ Electrical recharge

@ Stowage port for non-use
tine.

o Consunsble parts resupply

o Hzintenanes and ropalr

Uniyersal ODocking.Machanicm
Manipulator on Transportor

Manipulator on Transporter

Fotential EVA Task
Facility Manipulator

Fabile Conductor Connector
by EYA or Conductar Installer

Peoviop necharge Stations
Universal Stowage Rack

Hobile Manpulator/EVA

Dedicated Maint VehiciefFac
and EVAJECWS ’

Vehicle size (HLLV, OTV, otc)
Size o function of transpor-
tor cenfiguration

fliunber of cyéles and access
Simple 3 DOF, tension, feed,
rip

Requires access opt <ide of
photovoitsic blankets

Major sys tradeoff area
Hanipulator EEs ta small sta-
tion :

Function of total Togistics
flow

Crev productivity and avafl-
labi11ty -

Universal Oocking Dov.
Manip. Fixed Dage,
Smatl

3truct Att Trosper Catf.
Hanip Mobiie Dase, Long
::-"truct Att Trnsptr Cat,
Elect, Pwr Supply Maod.
Universal Equip, Stow-
age ftack .

Manned Hanip. Cat. I11

Frop Fiy Trasptr Cat.F
wihtt. Manip, Cat. VI

PREASSE'BLED STRUCTURES (MFIS}

Transport MPTS Structuss ta

Aesombly Site )

o Compatible kandling intop-

- foee S

o Doeking port -

o Scrvices, power, propell-
ants. ete

o Cotifsion avoidance SRS

structurn

0 Maintenange and repair

Transport 5P5 Elements on 5PS

Structure

s Transport plotform

a Eristing structure with
rails or cables

o Communications Tink

o Power source (outiets)

3 Trarsport unit to SRS site

s Position gn rails or other
3 Operational checkout

Haintenonce and repaie
Relpcate on structurs

. E SPS cloments resupply

Interchangeable Mantpulator

Universal Docking Mechanism
Frcp Fiyor Services Module

Remote Contral by Crew
Eedicated Haintenance Facili-
y .

Hobile Transporter
Rail and/or Cable fnstalice

'Sirap-un Cormunications Sys
Selected bat. recharge points
FF Transport Vehicle

fobile Facility Manipulator
Use Existing Oper Sequence
{anipulators E

Ocd Haint Yehiclie or EVA/ZELHS
lobite Facilfty Manipulator

Handle as is or prepared
[interface | -
Medium sized transporter
Fluids and elect power

Visual system ar preprogram-

fn
Could be part of logistics
Facility

Haterfal and people
Cxisting structure base

[20 km and interference
Cormon to most OCSE

tics -

Travel distance of 5.2 km
Hajor oporating functions
|ogistits process flow

Crew prod, and avaflability
P00 m reach

JManip Cat, Vl

Mstance is function of Jogisd

FF Trospte Cat. G,

FF Services Module

Indirect Vigwing &
Lighting Sys.
FF Trasptr Cat. F w/Att

FF Trnspte Cat. F
Atign., TV & Light Sys
Rail & Cable Instal.

Modularized Comm, Mpdulg
Elec Pur Suppiy Module

Align., TV & Light Bys
std Qperating Sequence
Manipulotors, Comman

FF Trasetr Cat. F
Manip Mobile Base, Long

Vi,

PAEASSEMALEY |
PACKAGTS

A

uratton

s Fabricate on-orbit or
jaunch from ground

jo Transport from fabrication

- Fagilityrto 3PS construc-
tion ‘

a Existing structure with

. rails or cables :

It Cormunications link
w Align and place on rails
 Oporational checkout

o Mosupply packages
W Maintenance and ropaic
Relgrate gn structure

sumes a Mobite Truss Configq

Launeh in Sections and Assom-
bic On-orbit ’
fF Transporter

Buflt into Construction Facil
ity {can also run on truss

Ispans) B

strap-on Comm System
pcbi1e-rransperter .
Eixsting Gperational Seguence
Mobile Transportor/Manipulato
Dedicated Yehicle or EVAZECHS
PMobile Transporter/Manipulate

Ground to LEG on HLLY -

Jiuide technique, future use

Distance up to 28 kn

fravel distance of 5.2 km
Hajor aperating funstions
Hrravel distance of 5.2 km
Location and failure type

Unit cg and docking inferfacesFF.Transparter, Large

5.2 ki travel with 800 m reacHanip. Mabile Base, Long

EVA Assembly Yools

Lnﬁer Guidance Tech.

Hodularized Comm. Moduld
Atign. . TV & Light Sys
std Operating Scquence
Manip Mpbile Base, Leng
Trnsptr Eat. F & Man.Cats

Large
Universal Bock Dev, Lrg

Py
=

CH *

v

_ROTARY J0NT &
[

¥

o

R TRANE M

to Construction Site -
o Transport yehicle {FF or
attached)

erface

a lManipulator setup mainten-
ance - o

a Manned vehicle with mandpu-
Tatars (4F rveguired}

2 Attachnont or docking int-

Transport. from Launch Vehiclie|Launch. Assembled from Ground

ters o
Universa) Docking Meghanism

anism - - "
fanigulator Attached Lhorry
Pigker

Singio or Mu1t1plc Trangpar-

Crew control for positioning

Size. £, otc.

Crew Controlled Fastener Hechqlnterface, access, handling

rids
Reach requiremonts/task dox-~
terity

FE Transporter, Large
Cat.

liniversal Docking Device
tyA Handhold Fastener

Istruct Att Module Cat, J
and

V-8
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Table 4.2,2-2 (Concluded)

SURPOAT REQUIREMENTS

FOTENTIAL OCSE

HA 0% DESIGN DRIVERS

0CSE cOMMON USAGE
CLASSIFICATION

SUBARTAYS {MPTS)

Transgort from Fabrication
Faci1ity to MPTS Surface

@ Transport vehicles - FF and

attached

@ Rall/track system setup,
maintenance and repafre
@ Docking facilitics

vlators (if rcguired)
» Haintenance and repair

MPTS 5{te)

Rail/Track Installer with
Mainpulator

with Attached Hanfpulators
or EVA/ECHS

Subarray Transporter (LF to

Uiniyersal Docking Meshanism
1o Hanned vchigle with manip- \MHanned Mobile Transportor

Distance up to 29 km (typ
size: 10 x 10 x 10 o pack-
age)
Transport and handle subar-
rays an MPTS

abilfity

Dedjcated Maintenance Yehiclejlogistics fow, replacemont

module sizes

Lacations and F* vehicle size
Crew productivity and avatl-

EF Trasptr, Large, Cat.

Rait/Cable Installer

Unfversal Decking Dev.
Struct Att Module, Cat.
J and V

FF Trasptr & Manipula-
tors, Cat. D or Cat. ¥

-9
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Table 4.8.8~8 OCSE for Dooiny Thevmal SPS

SPS
ELE
GAp
N0,

SUPPORT REQUIREMENAS

POTENTEAL QCSE

FAJOR DESIGN DRIVERS

OLSE COMHMON USAGE
CLASSTFICATION

I

TRIANGHLAN DEAHS

‘[ Comunications Yink

Hobile Bean Transporter {on
Structure}

® Assemble on-orbit or launch
from ground

» Transpart to structure

s Platement on rails or cah-
oS

¢ Electrical. power recharge
e {r2rational checkgut
# Haintenance and reppir

Fized Base Manipulators

o Asscoble on-orbit or launch

from ground

¢ Transport to construction

site

# Allgrment for mounting

¢ Fasten to construction fac-
t

t Servica and repair

ulater which Travels on Long
Beam

» Launched from grosnd

o Transport te constructic:
site

o Interface with fixed base
manipulator

s Storage port on CF

t Maintenance and repair

$mall Highly Bexterour Hanip~

Mobile Rzam Transportee:
Launzh from Ground
free Flying Transporter

Facitity Manipulator
Strap-on Comunications Sys
Spare Battery Supply Module

Aenpte schsors/TV
Possible EYA Hork Statinn

hsscmh?e on orbit
Transporter, free flying
Facility Manipulatur
Autonatic Latches/Small Man=

ipulator
Small Manipulator/EVA

Qeceive from Launch Vehicle
Free flyer

Replaceable £E wr Hanip.

Oocking Port/ienporary Attach
EVA or feturn to Base

Within HLLY

Remgte or dircct manned con-
trol, docking interface
Ran?te or d¢irect manned con-
tro ’

Hattory recharge capability
Ho. of parameters monitored
fleptaceable modules

Hanipulatnk total Tength

Manipsintor segment length,
dacking Interface
Remote/dirert control
EOTS/ECHS :

Replaceable modules, ECHS

Docking interface
Remote/direct controt, dock-
ing interface

Ho. of different EEs required

bocking interface
feplaceable modules, ECHS

1FF Trasptr, Hodium

Universal Docking Bev.

Hodular Comn. System
Hodular Pwr Supply Sys.

ECHS or EOTS

Fixed Based Manip, Hed.
FF Trasptr, Hedium

Modular TV & Light, Sys
EVA Handkeld Fastener

FF Trosptr Cat. D-F
w/Att Manip Cat. V

Manip Mobiie Base,

Short, Cat. V

Unfy Docking Device, Sm
FF Trnsptr, Small

Device by EVA or Manip
Storage Port for QCSE
Att Trosptr Cat. | w/
Mobile Manip Lat. ¥

Maneuverable TV Vehicle}

Quick Connect/Bisconnect

It

FACILITIES (LARGE MIDULES)

|» Connectian aligament

Frcg Flying LEQ to GED Trans-

por
o Compatible docking ports

3 Number and location of portd
s Communications 1ink with

" both LEO and ground

Hount Beam Builders onto Con-
struction Jig -

2 Transpurt to canstruction
site

i Docking or EE grip inter-
fage

o Position alignment for
mounting -

11it{

o Checkout operations
b Raw Material Handling
W Resupply consumables
¥ Maintenance

Connect Sections to Structure

Start Points

4 Transfer secticn to con-
nection point

& End effector interface

¢ Aid in deployment of erece
table structures

Docking Port
Part of FF Transporter

Free flying Transporter
Uoeking Port or Attach Point

Incorporated iato Bocking De-

vico .
W Fasteq to construction fac- fAutomatic Latches or Attach

oint

Rempte/Visual _
Facility Hanipulator

EVA or Dedicated Yehicle

Froe flying Transparter

Cormon Connect Dovice
Oocking Port .
Manigutators

tocking interface

Peam builder size

Attachment interface

iumber of interfaces

Supply reel size
fteplacesbie modules, ECHS

Section sizes

Dacking interface, attach
point
Structural dimensions

Univ Docking Device, Lr

Modular Comn S&étem

FF T.nsptr, Small

Univ Docking Devica, Sm
Medular TV & Light, Sys
ECHS or EOTS

[Hcdular TV & Light. Sys

FF Trnsptr Cat. D-F (5
men)

FF Trpsptr, Sm?

Preblt Struct Can Bev
Hodular TV & Light, Sys
Struct. Deploy Device
Cat. AGHor VI

IIE,

CASLES

.ia Cable strirger

Transport Cable Reels to HPTS

Use Points

@ Compatible docking ports

o Load reels onto transporter

& Transfer rcels to cable
dispenser

tostallation of Cable Disper-

ser at Use Point

s Release holddown fastcner

s Transfer to new-use Toca-
tian

# Position far fascening

¢ (heck-alignment :

# Fasten to structure

4 System checkout

s Haintenance

Cable Installation

Transporter:

Docking Hechantsm
Fagitity Manipulator
Facility Manipulator/EVA

Manipulator/EVA:

Remote Achivation
Transporier.

Manipulator/Dexterous
Nemate, Visuat/Autematic
Automatic Latches

Remote

Hanipulator or EVA

ECHS/EQTS

.|51ze, mass, forces
‘|Reel size

Reel size

wata
Access to site

Access/interfercnce
Data

Data *

Data

Replaceable modules

Collision avoldance

Univ Docking Dovice, Sm
Fixed Das= Manip, Short

Attached fase Long Baom

EVA Manual Qvervida
Att Base Long Boom

Manip Short, Lat. ¥
Modular TV & Light. Sys
EVA Handtield Fastener

Att Transporter, Cat.
K/L

ECHS/EQTS

Fixed Dase Hanip, Short

- 1Y=-10




Table 4.2.8-3 (Continued)

$PS
EE 1 SuPPaRT REQUIREMERTS POTERTIAL OCSE MAJOR DESIGH DRIVERS T SN ysase
3,
Iy Transport Conductor Reels ko | Transporter: .
Paint of tse FF Trosptr, Small
# Compatible docking ports  |Docking MechanismiAttach Pes {Transporter/payload size Univ Docking Oovice, Swl
] %gad recls anto transpor- |Facility Manipulator Rteel size
iy
(4]
= |# Transfer reels to conductor|Manipulator or EVA Access, frequency Att Manipulator, Smat)
I installer
=]
£2 1Routing Condugtors on Strug- |Automatic Dovice OR Facitity
S lture or Small Manipulator
— | # Ree) handTing mechanism Reel size, access Att Manipulator, Smatl
& (e Mobility capability on Transporter, Rail or Surface [Deam size and span Att Trasptr, Cat, X/i
E strum}tl;re surface {or in~ | influenced
) torna 3
% 1o Electrical recharge Battery Recharge Station Froquerey, location Elect Pwr Supply Mod.
Y :g Stowage port for nonuse Lofristics Docking Port/ OCSE Stowage Pangl
timas Attach Point
e Consumable parts rosupply | Transporter, FF or Attached |Schedule reel size Att Trnsptr, Cat. H
% Maintenance and repair Srall Manipulator or EVA Access, transport Att Trasptr, Cat. K/L
¥, Transport Assembled Struce Free-flying Transporter: FF Trasptr, Medium
gt;res to Rempte Assenbly
tes
 Compatible handling inter- } Structures EE Interface Structure attach point Std EE Grip Intor.
face
» Docking ports Docking Mechanism/Attach Pt [Facility design Univ Docking Bavice
® Services, power, propll- Part of Transporter Systems jDistances, cargs mass ¥F Servicing Vehicle
ants, gtc
# Collision avoidanze SPS Inherent in Transporter Sys- |Geametric configuration of  [Radar Coll Avoid Sys
et} structyre tens route
= |0 Maintenance and repair Service Vehicle (ECHS) or Distanco FE Trnsptr, Cat. F
Ko Return-to-Oase
= Transport 5PS Elements on
E SPS Structure
o |® Transport platform gttached transport platform/ |Platform size Att Base Long Boom
o oom ) .
B je Existing structure with Rall or Cable Installer Temp. or permanent Use HBoom for Rafls Base
7] rails or cables
g o Comuwnications Tirk Qntenna Module, Part of Plat-{Distance of 5 km Modular Comm Sys
orm
£ [® Pmvor source {outlets) Battery Rtecharge or Pawer Frequency Jocation Elect Pwr Supply Mod.
Qutiet Station
o Fabricate unit M:jmipulatnrs in tF-1 or Gn- (Platform design FF Trnsptr, Sml, Cat. F
site
8 Transport unit to SPS site Frug glying Transporter, If lSection sizes FF Trnsptr, Hedium
necde
# Position on rails or other {Manipulater Platform sectfon sfzes Fixed Base Manip, Long
8 Operational chockout Rrote/Visuval pata
e 5PS plements rosupply Attached Material Transporter|Schedule, element size Att Transporter Cat. M
@ Maintepance and repair Manipulater pr EYA Repilaceable modules, ECHS Att Trnsptr, Cat. K/L
s ficlocate on structure Manipulator/Transporter Platform size Att Dase Long Boom
VA, |[Transport and Install Sec- Transgorter (Large): FF Trosptr Cat. &
., |tions onto Cavity Shell
o |@ tona reach manipulators Long Mamipuiator/Boon $hell section sizos Fixed Base Long Coom
& {v Docking facilities Dscking Mec ianism/Attach Pt )Section interface lin{v Docking Beviece, Sm
o |® Manned vehicle (FF) to ECHS - dextority Access Chorry Picker
o assist fastening
ke |o Fluid servicing capabjlity j ECHS Safety, dexterity Cherry Picker
S8 | (Mquid metal)
<< e Maintenance and repair ECHS Replaceable maduies Cherry Picker
¥l. {Assumed Yehic e Capable of
Travel On/Thry Existing
?tructure and also Free fly-
ng
@ Fabrication on orbit or Launch from ground In HLLY Fixed Dasc Manip, Small
pri f2unch from ground
g 8 Transport from fabrication jFF and Attached Tramsporter |Strtcture interference, tF Trosptr, Small
o facitity tu SPS construc- avaidance
= tion site
o |e Existing steucture with Attached or Surface-influcn- |Beam size, path JAtt Trnsptr, Cat. M
] rafls oF cables and also  Jced Vehicle
e docking ports
i e Communicatipns link Part of Transporter Modylar Comm Sys
2 o Align and place on rails Manipulater/Visual Seif-aligrment device TV & Lighting Sys
& o Operational checkout Remote/Visual Operational functions ITV & Lighting Sys
& 1o Resupbly packages WA
& Majntemance and repair Mantpulator or EVA Crew productivity IWtt Transporter, Cat K/L
o Relocate on strugture Transporter/Manipulator VEhic‘leisize, frequency o Fixed Base Manip, Large
relocation .
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Table 4.2.2~3 (Coneluded)

TURBOGELERATOR SETS

Supply Lepot
o Compatible docking port

@ Recelve from primary trans-
port vchicle

o Transfer to en-site manipu~
lators

Long, Mabile fase Manipuiator
» fonstruct on orbit

« Hount on track

o Aligament technique for
autematic control

» Chockout

# Resupply coasumables

o Maintenance (lcak check)

Transporter Free-flyer:

" jDoeking Mechanism, Attach Pt

Manipulator

Hanipulatbr

Manipulators plus EVA

Large Manfpulatar

Remote/Visual .
Transporter/Manipulator
EVA or Remote Sensors

No. of ports/points, sched=
ules

Turbp-generator set size,
mass

Turbo-generator set size,
mass

Generator set installer de-

sign .
Plece size - v
Data

Package size schedule
ECHS/Data

$Ps

ELE ; QCSE COMMON HSAGE
ng SUPPORT REQUIREMENTS POTENTIAL OCSE MAJOR DESIGN DRIVERS CLASSIFICATION
i,

VIA. {Transport to Cavity Material

FF Trosptr, Medium
Univ Docking Device
Att Manipulator, Short

FF Trnsptr, Cat. O-F
Fixed Base Manfpy'ﬂéd;

TV & Lighting System
Cberry Picker

Att Manipulator, Short .

vin.

REFLECTER FACETS

Transport Facents to the

Solar Concentrator Frame
2 Coempatibile docking ports

» Load gnte trensporter
2 Transfer to facet installer
or stodage :

{unber of Facets Indicates an
\utomated Opsration such as a
raveling Truss -

Fabricate on orbit or launch
from ground

» Transport from fabrication
facility to SPS canstrugtion
site

P Existing structure with |
ratls or cables

b Communications Vink

b Align and place on rajls

b Operational checkout

b Resupply packages

b Haintenance and repair
b Relgcate on structure

Backing Mechanism or Attach
Point. - :
Hanipulator

ffransport Pieces

Fabricate On-arbit, Manipula-
ters plus EVA

Assemble On Site {gption 2)

Part of Truss System

Manipulator, Autematic Latch-
lag/Atign - -
Remote/Visual

fransperter, attached
Manipulator, EVA i
Transporter/Manipuiator

Ho. of ports/points required

Facet package size, number

Truss sfze, no. of pieces

" feam size, Temp or Perm.

Nlignmend accuracy
Data

Resupply packages, s{ize
ECHS

Iruss size

1FF Trnsptr, Medium

Univ Docking Bevice

Att Manipulator, Short

Att Manipulator, Shqrt

Fixed Base Mantp, Med.

RaiT/Cable Installer

ModuTar Comm Sys. -
FY & Lighting Sys-

IV & Lighting Sys
Att Trnsptr, Cat. D

FF Transporter, Cat_D~F

-
—
—
-

SUBARRAYS (HETS)

Trarsport and Install at MPTS
Kork Site Coe

lv Transpoart vehicle (FF and
attached .

m Rail/track system setup,
raintenance

» Manipulator setup

w Manned vehicle (FF or
attached} to assist fasten-
ing B

p Maintenadce and Repair

Free flying Transporter
Manipulator
Manipulator

ELHS

Dedicated Haintenance Vehicle

. pr EVA/ECHS

Subarrays instalier size

Installer design

Logtstics flow, replacement
4pqu1e Sizes .

Fixed Base Manip, Med,

FF Trasptr, Cat. M

“Hniv- Backing Device

ail/Cable Installer
ftt Baze Rot. foom

Cherry Picker

FF Trasptr, Cat. D &
Hanipulator Cat, ¥
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listed. Tinally, an attempt was made to classify the OCSE by using brief,
common labels for similar pieces of OCSE. Due to the various combinations
possible for transporters and handlers, a separate matrix was developed for
these processes. Each area was divided into categories with specific charac—
teristics, which are defined in.Table 4.2.2-4, |

4,2, 3 OCSE Summary List

The OCSE lists generated fdr each §PS configuration contain, as inspec-
tion of those lists indicate, items which are common to all the configurations,
or to two of the three configurations. Table 4.2.3-1 summarizes the types of
0CSE required in the §PSs, and Figure 4.2.3-1 shows some of the major concept
alternatives as théj apply to the OCSE Inventory Tree established earlier.

It should be noted that the OCSE complement will, for the operational system,
be a subset of the concept list presented in Figure 4.2.3-1. Depending upon
the actual SPS configuration, and upon trade studies of the concept alterna-
tives, the overlapping OCSE concepts will be combined into a complete, efficient

system.

Table 4.2.3-1 OCSE Swwmary List

Transporter, Free Flying
Transporter, Structure Attached
Maniputlator, Mobile Base
Manipulator, Fixed Base

Long Boom, Attached Base
Universal Docking Device
Aligner (EVA, TV, Laser)
Fastener (EVA, Manipulator,
Latch)

Cherry Picker

Universal Storage Panel

Modular Systems (G,N&C/Comm/ACS)
EVA Hand Tools

Monitor, Direct Viewing
Servicing Module )
Checkout System

® ® e & 8 O &
? & & e © & €
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Table 4.2.2-4 OCSE C’ai:agameu for Teansporters and Handlers

TRANSPORTERS

Translation.
ade

Transport
Function

Configuratiun r
Optione

Sunport Neq/Eauipment -

Cate-

Free Flying
Vehicle
o ¥ropellant
o GN&C .
o Comenu: f-
cations
o Cps

Personnel
Hover

Open Platform

Lresr Suit System EMU/MMU, wan rated

c¢loged ECS, Unbilical or Tether
Dacliing Deviee & Receptacle, Comp,
uith nsn

Semi Qpen Plat-
form

Preosuruzed Compartment, man rated

‘upper half of EMU suit on Can Docke-

ing Deviee & receptaele, comp, with
wan |

Closed Platform

rated
comp.

Presourized compartment, wman
docking device & receptacle,
with man

Materials &
Personnel
Mover

Open Platform

Sama oo Category A & provide ma-

| teriel pelleto & holddowns

Scmi Open Plat-
form

Same ap Category D & provide me-

terial palietn & holddowae

Cloged platform

{ docking device & receptacle,

Pressurized cempartment, man rsl:ed
comp.
with wan

Provide material holddowns

Materials
Hover

Open platform

Docking device & receptacle,
manned ]

Material pallets & holddosms
Remote control station

un-

Structure
Attzched

Perénnnel
Hover

Open Platform

Crcw suit syotem EMUJZCHS closed ECS,
umbilical or tether structure to
vchicle pgttachment ipnterface

Crew tronsfor airlock, comp. with
puitcd pan

Semi Open Plat-
form

Prescurised compartment, man ratcd
Croy trancfer airlock

Structure to vehicle sttachment
intorface

Closed platform

Pressurized compartmént, man rated
Crow tranofer ajirlock at maintained
press. ptructure to vehicle attache
meat iaterface )

Hoterials &

‘i Perdonnel

Mover

Open Platform

Same na Category H pluc provide ma~-
terinl pallets gnd holddowns
Vechicle pickup and reloeation interfacd

Closed Platform

Sume as Cotegory 1 plus provide pa-
terial pallets . ad holddowns
Haterial load and removal capability

Materials
Hover

Opcn Platform

Structure to vehicle attachment inters
foee  Aren stowage locations loading
and unloading partoi Vehicle pick up
and rclocation interfoca Material

locd apd removal cepablility

V=14
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Table 4.2.9-4 (Coneluded)
» .
Handle Handle Configuration Cate~
ode Function Options Support Req./Fquipment gory
General Translate Fixed end, long | Manned module to boom interface I
Purpose Personnel rotating boom (sce attached personnel movers)
Hechanism Crew transfer airlock, pressurized
{(Limited requires man ruting of long boom.
- .
DOF £ 4 DOE) Tranglate Fixed end, long | Material trnsptr module to boom inter=| II
materials rotating boom face (see attuched material movers) -
' Requires manned Témote confrol
Requires material loading & unloading
Translate |Fix .’ end, long |Multiple support capability same as ILE
Matarials & |rotrsing boom Cat, I and II above
g Personnel Collision avoidance capability
Fixed end, long | Limited use = translation rpad more v
telescoping and | complex than Cat, I, II, IIX
rotating boom Limited reach capability
Manipulators | Dexterious |Arm similar to ;hanned Remote Control v
(Arm like) Manipulative|PFMA to Shuttle | Interchangeable end effectors
Task Manned rated when supek, mannéd module
o Variable control sccuracy
Adaptable to mounting on manned/un-
manned space vehicles
Manipulative|Same as above Host Likely requires two arme working VL
Task Req. together
High Forces Requires 6 DOF controllers
& Torques

Iv-15
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FREE. FLYIKG
TRANSPORTERS

= Personnel and Haterials

Sufted, open
structurz

Suited, closed
strugture

Shirtsieeved,
closed structure
|+~ HMHaterials Tronsporter
Open structure
Closed strutture

.fersonnel Transporter

~Suited, apan
stroctire

Suited, closed
strycture

Shirtslceved,
closed structure

CHECKOUT

t—1Input Siculators
Heat Souvce

[-Sun Source
~Electrical Supply
—~Force and Torque

L_fata Feedback Sensors
[=X-ray Welds
—Ultrasonic

-Electrical Con-
tinuity

STRUCTURE
ATTACHED
TRANSPORTERS

L=Parscnnel and Materials -

ulted, open
structure

uited, closed
structure

hirtslieaved,
closed structure
.Materials Transporter
~Open structure
Closed structure

L.Personnel Transporter

-Suited, opan
structurs

j=Sulted, clossd
structure

L Shirtsleayed,
closed structure

HAKDLERS

== Manipulateors > 5 OOF
(Arm-1ike}

=Fined Dase Manipula-
tor Long

L-Mobile Base Manipu-
later

Deaterous Hanipulator
—Dual Hantpulators

b—Genefal Purpose < 4 DOF
chanisms

Fixed Base Leng Boonm
LFixed Base Telascaping
Boom

=

LT {xed Base Module Ree
move/Replace Mechanism

HONITOR
DEVICES

OCSE SUFPORT
EQUIPHENT

~=Indirect Viewing
[=Videt - stereo,

t—Docking Devices

Vehicle Joining Only

£co, etc. rew and Material
hotography Transfer between
tofrared Yehicles
|__pirect Wewing r..(:c:mm:dir._v Servicer
L indows in ECNs Tuid Transfer
L Telescopes odule Replacement
lectrical Power Re-
b——Instruments supply

-Tad. Fluid Leak
[=Contanination ¥onitor
-Tewp, Indicators
—Strain Gages

—Storage Parels

Hanipulator EE
1zcailaneous OLSE
EVA Tools

Pigure 4.2.3-1 OCSE Candidate Comeepts

ALIGKERS

==Align for Joining
Azis on Line

¢ Laser
e Video
¢ Mechanical

Lfixis Perpendicular
¢ Video

f~—Flatness
~laser
—Video
-Transit

L__ Jepth and Range

[-Steren Video
-Graphic Prasentations
LTV Reticle

THTEGRATED
SYSTEHS

l-—Structure Attached Mobile
Manned Yehicle with Attached
Hanipuylators

L -Free Flying Manned Yehicle
with Attached Manfpulators

—-Remote Magned Teleoperator
Vehicle Structure Abtached

l-—Remote Hanned Teleoperator
L Yehicle Free Flying

—Subsystem Thermal Insulztor

L Modularized Systems

fomunications
OC3E Tracking

EHEC

Maunting Flates
Lighting and Yideo

KATERIAL
FASTENERS

b—tianigulator Controlled

- Mdhesives
=Helding
L-Hechanical

—+EYA Controlled

pAdhesives--

o Hot Helt

o Ultrasoaie

21ding
hanicale=

o Punched Hateria)
s Rivets .
@ Sa1f-Tap Scram
o Clamps

—Inhorent with Structurs

Lizchantcat f1xpict,
ete) .

BASE
HODULES

b—~— CHAD Kodule

Hodule

|-—Cormodities Storage
Hodule

Assembly Jigz

EVA Hodule-

ADJUSTHERT
REVICES

=Sexm Positionars
nipulators
exote Manned Vahicle
(e0T5)
YA with Speelal
Taols
i—Inberent with Strusture
cred Jack
ineor Motion Kadge

- Haintensnce and Repair

t-Cable Tensioners
Jurn Buckle
able Bonder



4,3 Preliminary CCSE Concepts Screening

4.5.1  OUSE Sercening Criteria Selection

A relatively larpe number of OCSE candidates were identified during
~Part II of the study. Many of the potential candidates were obviously sig-
nificant to the study and required further detailed evaluation, while others
were less significant in both Functional and design terms, Therefore, it
was necesgary to reduce the number of candidates in .as few steps as feasible
to "filter out" less attractive solutions. The objective was to develop and

wdrk”approaches to identify:

1) TFuture suﬁbofting research and technology items:

.2)' Tachnical feasibility of propozed equipment;

3) Items having a high usage probability; '

4) Proposed OCSE development incompatibility with SPS program

milestones.

Many.different tradeoff parameters were evaluated which could have an
impact on the decision to eliminate or retain specific OCSE eoncepts. Soﬁe
of -these were eliminated early due to having only minor effects on equipment
concepts. It was important at this point to determine which factors were
relevant: to the screening process, and thr specific type and form of data
that couid be used. Care was taken to identify only'those meaningful
parameters or ones having high relative importance. For example, during th's
phase no concepts were eliminated*froﬁ a cost standpoint. The parameters

finally selected were as follows:

1) [Task Cycles - Is the support task performed by the OCSE done few
' or.many times, andron a scheduled or unscheduled basis? If done
many timeé, the supportAequiﬁmént'required taltes on greater relative
importance,
2) Performance Flexibility ~ Can a number of different functional tasks

be accdmpiiahéd by this unit? If so, it is a reasonable candidate
for more detailed analysis. '

3) Performance Redundancy - Does. this equipment perform a similar

funetional tagk as that of other squipment? If only one concept
seems applicable to a particular task, that concept should be

investigated further becamse it may be eritical to SPS construction.

Tv-17




4)

5)

6)

D)

8)

9)

10)

11)

Size -~ Is the OCSE concept small, medium, or large? Size gives a
measure of OCSE aystem complexity and affects launch transportation
capabilities which pives some measure of transportation impacts. A

large system may require on-orbit asgembly and that task deserves
additional analysia.

Development Impacts - Can any special materials, processes, and
facilities involved in the developnert, testing, and production of
such OCSE be identified? New development items may require early
trade studies or design analyses.

Concept Desipgn Anomalies - Based on past experience can design/

performance factors most likely to cause trouble be identified?

Such factors should receive attenticn early in SPS programmatic
development.

Interfaces — Are there many interfaces involved with setup, opera-
tions, and maintenance? If so, they should be ddentified and
analyzed as goon as possible.

State of the Art - Does this concept use existing technology or

require new technology development? A high probability of future
supporting research and technology based on past and projected SRT
would result in a high priority for further study.

SRT Time—Phaging ~ If the OCSE requires an SRT effort, does this

effort have a direct impact on schedule milestones associated with
SPS program development? Such lmpacts must be minimized by study-
ing the concept early in SPS program development.

Potential Obsolescence - Project and evaluate to see if significant

increases in the state of the art of related technology might render
specific OCSE obsolete. A high probability of obsolescence gives
any OCSE concept a low priority for further study.

Adaptability to Verification on Ground - Can the OCSE concept opera~

tlons verification be completed in a one-g environment by ground
simulations? Does the OCSE require prototype development? If the
concept can be verified by ground testing, its development should
begin early enough to allow completion of such tests before STS

demonstration flights.

IVv-18
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12) Representative of SPS Baseline - Ig the concept applicable in support

of one, two, oxr all three of the SPS baseline configurations? Poten-
tial applicability to many (or all) SPS concepts gives the OCSE a
high priority.

4,5, 8 GOncépt Sareening'Procéss'

‘The OCSE preliminary screening methodology used here was based on a
simplified matrix approach developed. as shown in Figure 4.3.2-1. The emphasis
during this task was to generate an OCSE concept list organized in a descend;
ing order from the highest development priority preference. Accomplishment

Study - . OCSE
Guidelines Listed
Classes
> _
Y | Development
Ongaing Develop ~ Criteria | Comparison ’ Priority
Related D Screening—™ Quantifi-f—* Matrix Rank and
Studies Criteria cation : Score
12 Categories Concepts
Parameters o High S Remaining
A s Medium
o Low

Figuve 4.3.2-1 Secveening Methodology Process Flow

-of this list required a simple quantification process which would aid in
separating the preferred concepts from the total list of proposed OCSE.

Concept grading against each parameter was performed using a scale of--low
(scoxe = 0), medium (score = 1), and high (score = 2)-—where high was
relevant to a high priority preférence for near term future development.
Finer separation of categories was determined not to be justified due to the
'Euality'bf the data available and the subjectivity used in assigning the
parameter categories to each of the ﬁany OCSE concepts. Table 4.3.2~1 presents

a summary defining the assignment of categories to the criteria parameters.

Tlgure 4.3.2-2 presents the complete list of OCSE items consildered in
the. evaluation, categorized into groups. Table 4.3,2~2 shows the score

received by each piece of OCSE against each of the 12 pafameters. The last

iv-19
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Table 4.3.2-1 Priority Assignment by Categories

Categories '
High Medium Low
Parameters
Task Cycles Many cycles Average cycles Few cycles
Performance Muttifunctional/ Limited number of Dedicated task
Flexibility task capabilities | task capabilities effort
Performance Only unit caFab1e Limited options Many optional means
Redundancy of doing task capable of doing of doing task
' task

Size Large; greater Medium; assembled Smalls Tike EVA

than HLLV payload | and launched from pand tools

envelope ground
Development New materials, Modified processes { No new materials,
Tmpacts processes, or fa- | ar facilities re- processes, or fa-

cilities required

quired

cilities identi-
fied

Concept Design

Operational and

Few potential de-

No identifiable

Anomalies performance prob- | sign problem areas | design anomalies
Tems identified
Interfaces Complex and Simple multiple Simple mounting
varied interfaces | interfaces | interface
State of the Art Supporting re- SRT from related Existing techno-
- search and tech~ technology logy

nology required

SRT Time Phasing

Impacts specific
SPS milestones

Minimum impact on
SPS schedule

Dedicated to OCSE;
no impact on SPS
schedule

Potential
Obsolescence

Unlikely to be-
come obsolete

Moderate probabil-
ity of becoming
obsolete

Good probability
of becoming ob-
solete

Adaptability to
Ground Verification

Consider system
and subsystem
ground simulations

Consider for sub-
system ground simu-
lations

Should not consider
for ground verifi-
cation

Represents SPS
Baselines

Three
configurations

Two
Configurations

One
Configuration

column of the table shows how each Item ranked against all other items in the

list, and gives the total score (addition of U's, 1's, and 2's based on a low,

medium, or high rating for each parameter) received by the OCSE item.
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FREE-FLYINS
TRASPORTERS

—~Personnel and Materials

sufted, opan
structure

Suited, closed
structure

hirtsleavad, - '
closed structure
j—~Itaterials Transporter
Cpen structure
Clgsed structurg

_Persnnﬁel Transporter
Suitet, open
strucgure
Suited, closed
stricture

Shirtsiesved,
closed structurg

12-A1

CHECKOUT

—Input Sicuiators
=Hzat Source

[=-Sun Suurce
~Electrical Supply
—-Force and. Torque

—Data Fecdback Sensors
—X-ray Halds
=l trasonie

-Elestrical Con~
tinquity

o

42"'!2 4- 3. "‘2

!
e
£y
s

¢
t

Tk R » L

. STAUETURE
ATTACHED
TRANSPORTERS

—Forsonnel and Haterials

-Suited, open
strycture

~Suited, ¢losed
structure

Lshirtsieaved,
clogsed structurp
_paterials Transporter
-Cren structure
LLlosed structure

L_Personnel Transporter
- pEuited, open
structure

FSuited, ¢losed
structure

. LShirtsteeved,
closed structure

HAKILERS

—Manipuiators > 5 DOF
{Arz-11ke) :

~Fixed Base Hanipula-
tor Leng

=Habile Base Manfpu-
iator

_Dexteraus Hanfpulator
~Dual Manipulators

L__General Purpose < 4 BOF
Hochandsss

[.F1xed Base Leng Boon

-Fixed Base Telescoping
Boem

L.Fixed Bage Module Re-
rove/Replace Hechanism

MIRITCR
CEVICES

{CSE SUPPORT
EQUIFMENT

—=Indirezt Viewing

~{iden ~ stereo,
CCo, etc.

[-Photography
—Infrared

lmDirect Viewing

—Dacking Bevites
YehicTe Joining Only

-Crew and Material
L-Transfer Letwazan
Yehicles”

L —Cormadity Servicer

ALIGNERS

leuAAl 1gn for Joining
[=-Ax1s on Line

s Laser
s Vides
¢ Hechanical

Loix{s Perpendicular
e Video

—Flatness
|-Laser
=ideo
Transit

- Depth and Ranga

-Sterep Video

—Craphic Presentatfons -
LTV Reticle '

INTEGRATED
. SYSTEMS

—Structure Attached Mgbile
Manned Vehicle with Attached
Manipulators .

_—Free Flylng Manned Vehicle
with Attached Manipulators

—Renote Marned Telegperstor
Vehicle Structure Attached

HATERIAL
FASTENERS

L—Hanipulator Contrpiied
=Adhasives

-Halding
—Mechanical

= EVA Controlled
t-Adhasives-=

- » Hot Melt
& Ultrasonic
HHelding
-Mechanicat-=
¢ Puncked Material
¢ Rivets

# Self-Tap Screw
» Clamps

-Interent with Structure

LHechani cal {impact,
ote)

BASE
HODULES

— AR Module

Hodute

—=Commadities Storage
Hadule

l—Assembly Jigs

 irdows i ECHS L Fluid Transfer |__qecote Fanned Teleoperator  —— VA Hodule
k vaduTe Repl t Yehicle Free Flying
L Telescopes *odule Replacenen Thernal 1
LElectrical Power Re- —Subsystea Thermal Insulator
—-lnistruments supply :
-Rad., Fluid Leak | stcrage Panels L Hoularized Systems
-Contanination Honftor Manipulstor EE Comunications
=Temp, Indicators {sces 1aneous OCSE 0CSE Tracking
—Strain Gages EVA Tools ENAG
Haunting Plates
Lighting and Video
OCSE Development Preference Romking within Groups
— “ =
o . I | P i

ADJUSTHENT
DEVICES

. b—=Hean Positioners

-Hanipulators

-Remote Hanned Yehic:
{EOT5)

LEVA with Special
Tools

~——=nherent with Struciure
-Sorew Jack

LLinsar Motion ¥edge

— Mairitenance and Repaie

——{able Tensicners
LTurn Buckle
~Lable Bender




raoie 4,8.8-P UUSE (lasses Sereening Analysie Matriz

Wil ‘
§ |
& |
& ’i_
ConteTs 5
a [Hase Hodules
~ CHAD Hodule i H H [ H K H H H H H I} 2/20
- EVA Hodule H H H n t " H H ] H H 5/17
- Commogdities Storage Hodule H L H H N i il f H H b} ] 4/18
- Maintcﬂénce and Repair Hodule H ¥ H] H H H H M M M H H 418 f -
- Assembly Jigs Ll eb | a] w] nd uin|l uln|] ul. 8/14
¢ Transporters /
= Personnel Trnsptr Free Flying
- Suited, Open Structure L H H H H L H L H H H H 9/13
- Suited, Closed Structure L [t} H H H L H L H H H H 9/13
- Shirtsieeved, Closed Struc L H H ] n L H L M H M H 111
- Materinls Trasptr Free Flying ' -
= Open Structure H L M H H] L H H H H L] H B/14
« Closed Structure L L H " H L|'H H N H H |{ 1/11
bt
- Sujted, Open Structure |l w]wpnl ol w] vl wlw]2aywl wms ' 1
- Suited, Closed Structure i} (] ] H M L H L ] H L | 9/13

- Shirtsieeved, Closed Struc K M M H H L H L H M L H 12/10 _ 1
~ Personnel Trasptr Struc Att o |

~ Sufted, Open Structure L H H [} " I [ L H H M H 7115 ;
- Suited, Closed Structure L ] H ] u # H L H H H H /15 ‘
- Shirtslecved, Closed Struc L M " " H N i L H H H H o/14 '
~ Haterfals Trosptr Struc Att J
- Open Structure H L H H H M H H H H H | 5717 |
~ Clgsed Structure L L H M H H H H H H H H 8/14 1
rersannel and Materizls Trasptn ;
~ Suited, Open Structure H H - H K H H H L H M H H 4/18 l
« Suited, Closed Structure H H H H ] H H L H H M H 6/16 :I
= Shirtsieaved, Closed Struc | H M H H H K’ L H H L H 8/13 !
» Handlers

- Generp) Purpose < 4 DOF Hach
~ Fixed Base Long foom i L H H H " H H H H L M /19
= Fixed Base Telescoping Boon H L N H n H H H H H 3 M 4/18

- Fixed Base Module Remove/ i
Reptace Mechantsm nfwpmgalnlng el )l sl 5/17

- Hanlpulators > 5 DOF {Amlike)

e i el

= Fixed Dase Manipulator H H H ] H H H M H H H H] 1722
- Hobile Base Manipulater H H H H H H i H H i H u 1721
- Dexterous Mantpulator H n # H H i H " H 14 H H kfa 2
- Dual Manipulators 2] i H H H H [§} H 1] I H H 418

{

j
.:)

!

1v-22




Toble 4.3,8-2 (Continued)
SCREENING : F:J . [
PARRMETERS - slg of
g [4a /8 & s/ &) 885,82 s
§ (5558 8 [3a) £« [ [35/58/55) &3 |
515565 w 1851851 £ o ] § /89185168 &€
s (EF[85] & [§5/88/ &1 & [ FI85/85/8& glc"-'
Citeors g [egleg] 7 [§8[53 5[ § [ 5 [R5/§8/¥8] ¥§§
» Aligners
- Surfage Flagness Aligner ‘
= Video Hi ] vt L)t v vt v ongowu 13/9 j ‘
- Laser : Wt b o]l vg g vpnlal v ulaloa 9713 S 1
= Transit M H L L M L 2] L L ] " H 14/8 : i
- Allgn for Jotning ' o
~ Axis on Line |
~ Laser H H L L H L M M L H i H 8/14
= Video ) H L L L L L L L H ] H 12/10
- Hechanical wl wf vl o]l el v} ol oal o] e o
- Axis Perpendicular ' ' )
« Video gl o] el el vl e e ey o] o] e '
- Depth and Range : -
= Sterco Video H H H L L L L L L H H n 11711 : 1
- TV Reticle | L H L L L L H L H ] H 14/8
~ Graphie Prosentations | L M L L L L M L H H H 13/9
# Fasteners
- EVA Controlied Fastener
- Mechanicss
= Punched Material H L L L L L L L H ! 15/7
- Rivets H L L L L L L L M H 15/7
~ Self-Tapping Screw H L L L L L L L H i 1577
- Clamps or Latches H L L L L 1 L L H H 13/9
- Adhesives
« Hot Melt H L H H H H 10/12
- Ultrasenic H- L L H " H 1/
= Helding H L M M M H 10/12
= Manipulator Control Fastener
- Hechanical H L L L L H 1517
- Adhesives H L L H H H 10/12
» Welding H L 2} 1 M H 10/12
- Inherent with Structure
- Impact Latch " L L L L H 12/5
- Remote Latch/Release M L L L L H 17/5
# Adjusters
- Cable Tensioners
- Turn BuckTe ml e n t L L 17/5
- Cabie Bender M L " L L H 16/6
- Inhgrent with Structure
- Screw Jack H L i} L L H 16/6
= Linpar Motiaa Hedge L L L} L L H 12/%
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CONCEPTS S AR FY
¢ Adjusters {Continued)
- Beam Pos{tioners
- Hanfpulators Hl o} Mt M L) | vy M| k] H| Mm] H /15 :
~ EVA/Tools I N S U S A O A A I VO T R TI 15/9 : i
- Remote F¥ Veleoperatar By k| M| &l vl b L mfpe w] N o 10712
s Checkout Systems 1 ’ : } -
- Input Sizulators for Checkout : §
- Sun Spurce L L L L B M L M L L H H 14/8 ﬁ
- Heat Source L3 H R L M M M H L H H H 8/14 :
- Electrical Supply H L H L L L L L L it L H 15/7 : ’ ;
- Force and Torque H L H L L L L L L M H L 16/6 F
- Data Fredback ! : {
= Sensars for Checkout ’
= X=ray Welds H L H L L L L L L H H i 15/9
- Ultrasonic [ L H-| L L L L L L M H i 15/9 )
- Electrical Continuity. | H L I L L it 1 L L ] H K 15/9 i
o Monitor Systems i!
- Direct Yiewing :
- Windows H H L L L M L L L M H H 13/9 7 :
- Telescapes S I 0 O (T (R T AN ST A (TR N VR VR IR PP ‘
~ Bipdculars - _ L H L L L L L L L L H H 1775 {'
- Indlrect Yiewing i
- Video-Steres, CCD, etc HpM s [ oo wfopmwlwleln|wl o '§
= Photography : M H M L L L L L L H H H 12/10 %1
- Infrared 9 H L L L L L L M H H 14/8 ;
= Enstruments i
- Strain Gages L L L L. 1 L L L L # H H 17/5 3
- Temp, ind. L L M L L L L L L M H H 16/6
~ Rad. Fluid Leak M L M L L b M M H " H H 10/12
~ Auto, Sensaors N M M L L L L L L] .M H H 14/8
- Contamination Monitor I A S T O O T O O O I A 10712
s QCSE Support Systems ! ,
« Docking Devices
- Crew and Material Transiate | N H H H K H n {4 H M H H 4/18
- Yeiricle Jofning Only | # (2 A O O L T O T O A H 2/20
- Coomodity Servicer
- Module Replacement H M M ¥ b H L | a H H H 7715
~ Fluid Transfer H L H M H H H M H H H H 6116
- Electrical Power Resupply H L M M L L M L H [ H H 10/12 )
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Table 4.3.2-2

(Coneiuded)

SCREENING
PARAMETERS

0csE
CONCEPTS
e OCSE Support Systems {Continued)

- Storage Panels H M M H M M M M M H H H 6/16
- EYA Tools H M M L K ! M H M M H H 8/14
~ Manipulator EE H H H L H H ] M H M H H 5/17
- Miscellaneous OCSE M M M L M N L] M M L H H 10/12

- Modularized Systems
- OCSE Tracking H H N L M H M H M H H H 517
- Communications H H # L H M H L} . M H H H 3/19
- GNAC H H L L H M M M M H H H 5/17
« Maunting Plates H M L} L H M M M M H H H 7715
- Lighting H M M L L L L M M H H H 10/12
- Video H M M L L M L M M H H H 8/13

@ Integrated System Concepts

- Subsystem Insulator
- Sheet Insulation H H M M M M M M M H i /16
- Fpam Insulation L M L H M M t L M H 10712
- Paint Applier L M M L H M M L M H u/m

~ Manned Cherr Picker
- Free Flying with Manip Arm H H H M M H K H M M M H 4718
- Att to tong Boomwith Manip=d |y [ w | w | M b [ v | wbw e ] n|w]|
- Structure Atte hed H H M M H H H H M " H 3/19

~ Remote Manned Maintenance Yehc H H M M M H L} H H L} M H 4/18
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entry of 8/1l4 means that the item ranks eighth in importance within the list,
having received a total score of 14. OCSE items roceiving the same score

were given Lhe same rank.

Table 4.3.2-3 1lists the comparative ranking of the 64 OL3E items eval-

— uated. Ttems curvently under study or already defined in other NASA con-
tracts are identified and were removed Erom further siudy in the OCSE con—

tract, The higher ranking items remaining, ineluding those similar in

function to each other, are Listed in Table 4.73.2-4. These iltems were , [

' selected for Ffurther evaluation; additional secreening was performed in y
Part TII to ddentify two or three critical CCSE items. %
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Table 4.83.2-3

OCSE Preference Order List

FS UV . - oo pramms W B R ER Az - Foy G .‘:in:mlh.-r; = .

RANK OCSE CANDIDATE REMARKS
1 Manipulator, mobile base, » 5 DOF Selected for further study
| Manipulator, fixed base, > 5 DOF Selected for further study, same as previous {tem
2 Docking Device for Joining Vehfcles (e.g., large systems) Selected for further study
2 :anm):d Cherry Picker Attached to Long Boom (with Manipulator Selected for further study
ms
2 Base CHADModule Selected for further study
3 Fixed Base Long Boom, < 4 OOF Selected for further study
k| Manfpulator, Dexterous, » 5 DOF Work effort covered in P-FMA Contract NASH-31487
3 7:ggﬁdﬁ££:;ry Picker Attached to Structure {with Manipu- Selected for further stufy, similar to sarlier {tem
3 Hodizlarized Communications 57stem Ref J5C=12702, CRT assestment, assfgned to communication/
control center
4 fommod{ties Storags Module Selected for further study
.4 HNaintenance and flepafr Module Selected for further study
[} Dual Maniputatgis Selected for further study, similar to earlier itam
4 Flxed Base Extendable Room Selected for further study, simi{lar to earlier item
4 Personnel and Materfal Transporter Structure Attached Selected for further study
{suited crew; open structureg
bocking Device with Personne} Transfer Skylab and Shuttle crew transfer data applicable
Free Flying Manned Cherry Picker, Docking Capability No further detall planned, reference ECWS study, MASY-
(with Manipuiator Arms) 15290
4 Remate Manned Malntenance Vehicle Sim{lar type activities {n progress at JSC and MSFC
5 Materials Transporter Structure Attached Open Selected for further study, sim{Tar to earlier {tem
5 EVA Medule Selected for further study
5 Manipulator End Effector, Self-Replaceable No further detajl planned, ref NAS8-30266
5 Fixed Base Module Remove/Replace Mechanfsm No further detall planned, I05S study NASE-30820
5 Modularized GNAC System No further detall planned, Space Docking Study, NASS-31542
5 Central Tracking Station for QCSE No further detail planned, assign to comm/control center
1 Subsystem Sheet Insulation Remove/Replace Installer No further detail planned, critical thermal interactions
6 OCSE Storage Panels Selected for further study
6 Personnel and Material Transporter Structure Attached ko further detail planned, similar to other item
(sufted crew, with cargo bay doors) i
‘6 Fluid Transfer Commodity Servicer No further detail planned, assign te 0TV storage module
7 Module Replacement Hounting Plates Covered by ongoing effort, 10SS Study Contract NASB-30820
7 Personnel and Material Trapsporter Free Flying Selected for further study, also reference ECWS study,
{suited crew} NAS9-15290
7 Personnel Transporter Structure Attached (suited crew, No further detail planned, ref ECWS Study, NAS$-15290
open and closed) .
7 Commodity Servicer by Module Replacement No further detail planned, ref (055 Study, NAS8-30820
7 Special EVA Tools for Inftial Setup ﬁo {urther detai] planned, ref Skylab and Shuttle EVA
00ls
8 Laser Alfgrment System No further detail pianned
8 Portable Heat Source No further detail planned
] Assembly Jigs No further deta!? planned, dedicated to specific 5PS
configuration )
8 H:terlals)Transporter Free Flylng (sufted crew. open Similar type task activities {n progress at JSC and MSFG
structure
8 Personnel znd Materfals Transporter {structure attached, Covered by ongolng effort, ECWS study, Contract NAS9-152%0
shirtsleeved crew)
9 Personnel Transporter Free Flying No further detall p]annea T
9 Video 5Systems: Lighting, Stereo, CCD, etc No further detail plapned
10 Adhes{ve Fasteners No further detai} planned
10 Welding Fasteners No further detall planned
10 Contamination Monftor No further detail planned
10 Radiator Flufd Leak Monitor No. further detal] planned
10

Electrical Power Resupply Vehicle

No further detail planned
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Table 4.2 7-3 (Coneluded)

RANK . . __DCSE CANDIDATE _ .. ... _ .| _ REMARKS
11 Adhesive Fastener (U1trasenic) No further detall planned
11 1heiv_u_1 Insulatop {Foam, Paint, Shutters, atc) No further detz{l planned
12 Photngraphy Systems Mo further detail planned
" 12 Methanical Alignuent of Joints No further detail planned
it 13 Graphic Presentatlons Aligner No further detail planned
13 Crew Yiewing Windows No further detai] planned
14 Sun Sourcs for Solar Cell Checkout Mo further detail planned
4 Infrared Yiewing System Mo further detail planned
> 14 TV Keticle for Range No further detafl plinned
14 Transit Alfgnment System No further detaf] plamned
14 Telescope Yiewing System Ho further detall planned
15 EVA Joint Adjustment Tools No further detafl planned
15 X-Ray Weld Checker Ne further detai] planned
* 15 Ultrasonic Weld Checker No further detail piannsd . ;
15 Electrical Continuity Checker No further detail planned X
15 Mechanical Fasteners (Rivets, Screws, etc) Mo further detail planned '
16 Cable Tansion Adjusters No further detail planned
3 Temperature Indicators No further detail planned
16 Force and Torque Indicators No further detai) planned 1
17 Inharent Structure Fastener Mo further detai] planned i
17 Strain Gages Mo further detall planned 1
i
}
I
1

Table 4.3.0-1 Lict of Sereened OCSE Candidates

Manipulator, fixed or mobile base, or dual, > 5 DOF
Docking Device for joining Targe systems

Manned Cherry Picker, attached to boom or structure
Central Hub Assembly/Deployment (CHAD) Module
Fixed-base Boom, Tong/extendable, < 4 DOF
Maintenance Repair Module

Commodities Storage Module

Personnel/Material Transporter, structure attached
QCSE Storage Panels

Parsonnel/Material Transporter, free-flying

EVA module

T RN |
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5.0 CONCEPTS EVALUATION/SELECTION

5.1 Part III Objectives

In Part 1II of the study, the OCSE selected as an output of Part TI was

identified to a level sufficient te identify the major operational features

and programmatic aspects of proposed concepts.

Major trade studies required

were identified, including factors related .o both cost and technology,

and the peotential application of the OCSE to a SPS Pilot Plant was defined.

Finally, the OCSE recommended for further development was identified.

5.1-1 summarizes the approach utilized in Part III and the following para—

graphs describe the individual tasks in mgre detail.

| OCSE l

! SELECTED IN :
! PART II ,

. — o = o -

Figure 56.1-1

CONCEPTS

»- DEFINE OCSE

DESCRIBE
INTEGRATED
0CSE SYSTEM

FINAL

Tigure

IDENTTFY OCSE
PILOT PLANT
APBLICATIONS

STUDY <&
REPORT

Part III Functional Flow

5.2 OCSE Definition

The 11 items of OCSE selected in Part
more detail in the paragraphs that follow.
in eight subsections which identify operational and programmatic requirements.

Table 5.2~1 lists the subparagraph numbers under which each plece of OCSE is

discussed.

piece of 0OCS

RECOMMEND
OCSE FOR
FURTHER
DEVELOPMENT

II of the study are defined in

Each item i1s discussed separately

Table 5.2-2 presents the eight subsections used to define each

E in greater detail.
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Table 5.2-1 OUSE Description List

PARAGRAPH NO. OCSE ITEMS FROM PART II
5.2.1 e Manipulator, fixed or mobile base, or dual, > 5 DOF
5.2.2 s Docking Device for joining large systems
5.2.3 e Manned Cherry Picker, attached to boom or structure
5.2.4 o Central Hub Assembly/Deployment (CHAD) Module
5.2.5 e Fixed-base Boom, long/extendable, < 4 DOF
5.2.6 e Maintenance Repair Module
5.2.7 o Commodities Storage Module
5.2.8 o Personnel/Material Transporter, structure attached
5.2.9 e OCSE Storage Panels
5.2.10 o Personnel/Material Transporter, free-flying
5.2.11 e EVA module

Table 5.8-2 OCSE Definition Outline

el ntroduction
® Operational Description
®Crew Participation
e Concepts
® Subsystems
e Environmental Factors
e|nterface Considerations

e Development Plan

|
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J
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5.2.1 General Purvose Handlers: Manipulators

5.2.1.1 Introduction - Orbital construction and assembly will require

the use of manipulators., The manipulator systems will range from simple
to complex, manual to automated control, single to multiple degrees of
freedom, short to long in length, and gross to fine positioning accuracy.
A summary of the wide variation in manipulative activity is presented in
Table 5,2.1-1,

Table 6,2.1-1 Manipulator Summary

@ Perform Tasks Requiring Multiple Degrees Of Freedom
@General Purpose Mechanism (25 DOF)
@Manipufator Types Inciude

oFixed Base
e Mobile Base

@®Mounted On Or Interfaces With

o Dedicated Structure
eModules

oCrew Work Platforms
elong Booms

@Masses Handled Range From S To 700, 000* kg
@ Transiation Distance: 10m To 900'm
eManipulator Lengths: 3m To 1,000%m

* Column Cable Peripheral Cable Reels
# Tension Rods On Truss Type SPS
@ MPTS Extension Structure

5.2.1.2 Operational Discussion

5.2.1,2.1 General - As indicated in Table 5.2.1-1, the general purpose
manipulator types include fixed base and mobile base. The fixed-base manipu-
lator 1s defined as an articulated arm with five or more degrees of freedom
yvhose base is fixed-mounted to a platform, structure or facility even though

the facility to which it is attached may move.

The mobile types include manipulators that walk on the joints or beams

of the structure, those that move on wheels, and fixed tracks (which are
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either part of the structure or are an addition to the structure) and
those that move on tracks of a pivoting boom., It should be noted that

free-flying devices are excluded £rom this discussion.

The advantages of the mobile manipulator over the fixed~base type is
that the former can move from one work area to the mnext, thus eliminating
the need for very long manipulator arms or the need for a multitude of
manipulators. Mobile manipulators also provide a logical means of complet-
ing work in one area and moving on te do work in the next area (e.g.,
component installation), as opposed to having the construction tasks 'brought
to the fixed manipulator. The disadvantages of the mobile manipulator are
obvious; namely, that the structure must have some type of provisions for

the mobility and the overall manipulator system will be more complex.

5.2.1.2.2 Applications - The fixed-base manipulator is used as general

purpose construction support equipment For the truss-~type SPS, the column-
cable SPS and the thermal 8PS, including the MPTS. Functions the manipula-
tor can perform include stringing and attaching cables, handling arrays,
attaching wiring, etc. It can alsoc be used to transport material and crew
from one point on the structure to another within dits reach envelope.

In addition, the fixed-base manipulator would be incorporated as part of

other OCSE systems. The spectrum of this type of application is shown in

Figure 5.2.1-1.

The mobile manipulator performs essentially the same types of construc-

tion tasks as the fixed base. TIn addition, it can be used to transport

material and crew over long distances.

Table 5.2.1-2 summarizes component installation activity as an example

of a typical manipulative task application.

5.2.1.83 Crew Participation ~ Each of the fixed-base manipulators will

be controlled by a single operator having a direct view of the work area
plus indirect viewing via TV for auxillary views. In the case of a mobile
manipulator the control station would also have mobility to enable the

control statisn to "tag along’ with the manipulator system.

§.8.1-4 Concepts - Manipulator systems For application in space are
beyond the conceptual phase. Recently, a protoflight manipulator arm (PFMA)
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Figure §5.2.1-1 Manipulator Applications

- was delivered to NASA-MSFC by Martin Marietta. The PFM4A, dillustrated in

Figure 5.2.1-2, is an eight foot arm designed for application on the Earth

Orbital Teleoperator System (EOTS) and is capable of being operated in a

space environment. Also, the Shattle Remote Manipdlator'Systém (SRMS) will

provide a technology base for medium length manipulator systems,

However, for comstruction of large space structures, longer manipulators

will be required, One such concept, 1llustrated in Figure 5.2.1-3, is a long

- manipulator used to provide installatjon of wirihg on the underside of the

microwave subarrays.
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Table §.2.1-2 Typical Manipulative Task:

Component Installation

Compone: Thermal Radiator Thermal MPTS
nt Panels Reflector Facets Subarrays
Quantity: 2, M4/Cavity 16, 500/Refisctor T, ES4MPTS
Size 10m x 20m 30m x 30m 10m x 10m
Attachment: Four Point Single Point Thres Point
1.5/5m Beams 1.5m Beams <1lm Beams
Secondary Structure 10-20m Apart 10m Apart ~10m x 10m
Paraltel Parallel Parailelograms
5120m 5m Beams 4,3m Jeams
Primary Structure 1 Sided 340 Apart ~ 0m Apart
"Reclangutar" "Paraliel’
Pointing Requirements: None Michanically ¢! DOF) Electronically
Ml lﬂﬂﬂiwlﬂ Long Traveling Moblie
Technique Manipulstor Crane Manipulstor
Dimensional . 5m
i Length: 2 250m Base: 340m f:;k"m
Installs One
Duu'lﬂlm Radiator At A Time Or = 11 Facets Subarray At
Simuttansously A Time

A ,

("').‘ Arr——— Uoper Atm Roll
A

\il

&y
[ )} e Shouslder Yaw

P-FMA Isometric

End Bffector Grip
Wriac Roll
Wrist Yaw \\
Wrist Pitch \ @
-
)

Figure 5.2,1-2 PFMA Isometrie
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Hard Points
Secondary Structure

—— Subarrays
............ 1
y 10m
, : —x
I ~
+ / Optio
- Pivot HH 5
T T
| n
' |
i T
k:_x________m" — LR =S =nooco=os: .’:.m_:f
: B
| ertat' Hub A i \\_ E
otationa Hu : Single Point
Counter Mcss \_ e e or Gross Position Long Boom
(or long boom) As Required Mamﬂ.lnllator 500 m
(10 if base is
at hard paint)

Figure 6.2.1-3 Manipulator for MPTS Underside Access

As Indicated earlier, the mobile manipulator system provides one
means to reduce manipulative length requirements. A typical concept is
shown in Figure 5.2.1-4. This bridge-crane concept might span, for example,
two concentric rings of the MPTS. Mobility is provided by two piveot/attach-
ment mechanisms. The carriage walks by releasing one attachment point and

pivoting about the other.

The manipulator systems are summarized in Table 5.2.1-3. Note that the
overgil length requirements range from approximately three meters to over

50 mecers.

V-7

PR

- AM‘W‘E&‘- s




s B B R A D TR e T S L ) - =

‘%_,
'
Material |
" Supply Mobile a
/" Carriage ,1
Manipulator |
- . Travel
ro~
_ = == fi
il : yE7 o
; ,
!
;
Pivot ] 3
(2 Places) S B
i
Figure 5,2.1-4 Mobile Manipulator Concept ?
TYable 5.2.1-3 (@eneral Purpose Manipulator Systems Summary
Smal| Medium Large

Length (m) 3-10 10 - 50 Over 50 ;
S.0.A, Extended SRT |
PEMA SRMS Required
.é
General Precise, Precise To Gross Placement ﬁ
Characteristics Dextrous Gross Positioning | Of Massive Objecis ;
Typical ECWS Fixed Base ‘
Mounting EOTS Mobile Base Fixed Base |

Locations Long Booms
|
STS None Assembted Assembled
Impacts On-Orbit On-Orhit i
|
1
-‘r |
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5.2.1.8 Envivommental Factors — The major environmental factors affect-

ing the manipulator designs are the hard vacuum and thermal impacts encountered

" aver the extensive opervational life requirements. Areas of greatest concern

are rotating bearings, bearing surfaces, grars and lubricants. These are

common problems for all mechanisms exposed .o space environments.

5.8.1.6 .Interface Covsiderations

5.2.1.6.1 hLaunch Vehicle - Methods to fabricate on-orbit or assemble

a prefabricated segmented system must be considered in cases where the

manipulator length is not compatible,

5.2.1.6.2 8PS Construction Facility ~ The stiffness of the structure

must be compatible with the loads developed by the manipulator system at
the mounting interface. Power, data and communication interfaces must be
provided. In addition, the manipulator system will interface with the OCSE

stowage panels containing the various end-effectors/tools required for the

construction task.

5.2,1.7 Trade Studies - The following are areas in which trade studies

are required:
a. Establish size and length based on both application and mobility;

b. Generate preliminary'timeline data to assist in scoping the number

of manipulatoxs and the operational rates required;
¢. -Determine loads developed orn the manipulator and the SPS structure;
d. TInvestigate the number of degrees of freedom vs the ioads/lengths;

e. Analyze dual manipulator control techniques.
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9.2.1.8 Development Plan - The future activities recommended are shown

below in Figure 5.2.1-5. The activity falls into three general areas-—supporting
research and technology, simulation/demonstration and system fabrication, inte-
gration and verificatien. The SRT activity provides the long-lead support
required to define the technologically feasible development paths. The resulting
data feeds into the simulation/demonstration testing activ%ty, which provides

the means for discriminating between technologies and selecting a preferred

. development approach. The recommended program applications and integration )
activity must be defined to assure that all manipulative tasks are considered g
in perspective. The development and implementation must be responsive to all |
requirements in a cost effective manner, not piecemeal as the problems arise. g
Maximum advantage should be taken of the SRMS development so that the lessons ) T
learned can be applied to the development of the longer arm. T

| SCHEDULE ]

MILESTONE DESCRIPTIONS 7778 |79 |80 |81 [82 |83 [34 [85 |36 37 |oe ;

s SYSTEM DEFINITION/EXPLORATORY TECHNOLOGY prashniginnskin, ' g
MANIPULATGRS IN SPS CONSTRUCTION i :
CONTROL STUDY (MANUAL TO AUTONOMOUS) —fe [ X

: MAN/MACHINE INTERFACE DEVELOPMENT ‘ ' :

| ; { COMMIT TO TECHNOLOGY ADVANCEMENT Y g

: o TECHNOLOGY ADVANCEMENT TIIECRRDI TRITITEE TURICTTTCLLL TEETTLY | 4

- GROUND BASED DEVELOPMENT
GROUND SIMULATIONS AND TEST
- SPACE EXPERIMENTS
TASK BOARD OPERATIONS
| 1
- SPACE SUBSCALE SYSTEM EVALUATION . l
| PILOT PLANT 0, SPS o |

‘! PILOT PLANT I, SPS I ]

\! ‘ t V ‘;

| D COMMIT TO SYSTEM DEVELOPMENT : . 3

| o SYSTEM DEVELOPMENT Lo | g o

| — T |

! R j

[' IR |

{

E Figure §.2.1-5 Manipulator Development Schedule
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5.2.8 Docking Device for Joining Large Sysgtems

5.2.2.1 Introduction - One of the key operational technology areas

identified in the early construction scenarios was the activity and hard-
ware associated with rendezvous and docking of free flying space systems.
Activities identified included requirements calling for a fleet of manned
through automated spacecraft which would provide space transportation for
construction personnel and materials. Some of the basic transportation

routes that were considered are typified by the following:

e Cargo from the HLLV in LEO (28.50 inclination) to fabrica-
: tion facilities or construction site in LEO.
e Cargo from the HLLV in LEQ (28.5° inclination) to construc-
tion sites in GEO.
“ e Botation of personnel to different construction facilities.
‘ . Materiai/components from storage facility to assembly faci-
. lities (column cable}. "
; ¢ EVA personnel out to a work site,
¢ Rendezvous and docking of large assembled structure sections.
® Transport and placement of construction equipment onto the
construction facilities or SPS.
e Construction personnel rescue vehicle (EVA, etc.).
® Subsystem replacement modules out to failed construction
equipment.
e Supply of SPS elements/construction materials out to the con-

struction equipment.

All of these functional activities require rendezvous and docking, The
diverse conditions and vast number of different havdware configurations in-
volved makes this problem very complex with numerous operational options
available. These operations may be under direct manned control as in the case

’ of Shuttle or a manned orbital transfer vehicle, Another prime mode would be
| the remote manned control such as an unmanned free flying teleoperator or
< cargo transport vehicle. The last and most complex operational mode would he

the autonomous rendezvous and docking.

? y-11
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The rendezvous and docking activities for this study were considered
to be synonymous with the positioning and joining of SPS subassemblies.
For example during construction and assembly of the SPS, several large (mass
> 10° kg, linear dimensions > 500 meters) elements, separately constructed,
must be joined together to form a structural unit, Some examﬁles of this
type of activity include attaching the MPTS to the main body of the SPS,
joining the central hub elements of the column/cable SPS, and joining the
separate solar concentrator modules of the thermal engine SPS. The techno-
logy required to effect docking of such large systems must be demonstrated

50 that construction activities can be more firmly established.

5.2.2.2 TFunctional Discussion ~ Based on past space programs direct

manned rendezvous and docking has been operational since Gemini, but remote
manned and autonomous rendezvous and docking was considered a new technology
area. This area can be separated even further into small systems and large
systems. Small systems are those systems which can be docked or joined by
a single mechanism similar in design and size to ones used on past programs,
while large systems in general would include those systems having docking
characteristics considerably different and more complex than present state-
of-the-art,

The study emphasis was to investigate docking requirements for future
systems to determine the feasibility of developing a universal docking concept,
The envisioned hardware to do this could be a single unit design in a family
of sizes with the capability to accommodate various sized vehicles onto var-
ious configured surfaces. In addition to hardware configuration the question
of remote operation —-- either with remote manual control, autonomous control,
or some best-mix hybrid approach must be addressed. For the device design,
the requirements arrived at, dictated a new design which was different from
the existing Apollo, Apollo/Soyuz and Shuttle in that they were required to
accommodate a pressurized crew transfer tunnel. This requirement did not
exist for this preoposed OCSE which resulted in a reduced weight and
complexity penalty. However, past manned rendezvous technology was
relevant in the area of sensors used for docking. A review of
docking mechanisms applicable to structurally joining two systems in arbit

was conducted, A sample of related souree material reviewed follows:

v-12
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Study Title/Company ' Year
Space Tug Automatic Docking Control Study, 1974
Lockheed Missiles & Space Company
IUS/Tug Payload Requirements Compatibility, 1974
; McDonnell Douglas Astronautics i ;
; Space Tug Avionics Definition Study, 1975 ‘
General Dynamlcs/Convalr Division :JL
Integrated Orbital Servicing Study, 1975 .
Martin Marietta Corporation
Multiuse Mission Support Equipment (MMSE), 1975 ‘
Martin Marietta Corporation ;
Earth-Orbital Teleoperator System Concepts & 1976 ;
Analysis, Martin Marietta Corporation l
Space Tug Docking Study, Martin Marietta 1976 i
: Corporation
; 5.2.2.2,1 General - In general the objective of this effort was to
: match the general docking requirements identified in part I of this study

with concepts and results developed in past docking studies. In summary, ;3
the development of the preferred docking concept mqst remain flexible 1in %
performance gapability while still making maximum utilization of the docking } é
experience generated by the NASA in the decade since Gemini first docked with ‘
the Agena target wvehicle,

A quick summary of past docking hardware is presented in Figure 5.2.2-1.
The first operational docking mechanism used on the Gemini employed a large
gcale probe/drogue approach., This demonstration system was not driven by the
more complex operational objectives that were to beset the Apollo system —-
and as a consequence was heavier and more unwieldy than the next generation

of docking mechanism design,

' proaches, as illustrated across the top row in Figure 5.2,2-1 , The Apollo

|
'i
i
!
The Apollo development process evaluated a variety of candidate ap- J
i
3
requirements led to the selection of the small scale probe/drogue, where the 1

!

probe mechanism was mounted in the crew transfer tunnel, The probe/drogue

concept 1s carried on in this study as one of the prime mechanism candidates. %
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The most recent £light proven docking mechanism is the androgynous
Apollo/Soyuz test project deviece (ASIP). In this case, the mechanismsg
mounted on both spaceeraft are identical. This approach has considerable
merit in the docking of two manned vehicles where crew transfer is re-

quired.

- Recent NASA studies have provided Ffurther docking mechanism back~

ground data, McDonnell Douglas has been advancing the state of development

-

sl s ik i T

-

for a square frame docking mechanism for some time and have presented sev-

. eral concepts similar to one shown on the bottom row of TFigure 5.2.2-1,

7 Much of the information and data presented for this effort has been

f,, addressed in previous studies conducted for different NASA centers, parti-
%ﬁ cularly in the areas of rendezvous techniques and approprilate sensors. The &

intent was to build on past experience and previous studies and concentrate

g

on design anomalies resulting from impacts due to size, mass, cooperative-

i
i
§
;

ness, final alignment, interfaces, and forces,

5.2.2.2.2 Guidelines and Assumptions - A review of previous rendezvous

and docking programs ldentified areas of consideration which must be factored
into any activity to conceptualize new, operational strategles and resulting
hardware for meeting functional requirements, Relevant areas ddentified were

established as guidelines and desirable features for the docking of large

N ke o

systems. Those having a major design impact were selected and grouped as

follows:

g

i a) ILstablish realistic design criteria so that simplicity of design

;. can be achieved:; remain flexible on arbitrarily established require-

% ments.,

; b) Design a "Forgiving' system by minimizing critical dimensions and
sensitive components,

e¢) Comprised of mechanically mated, remotely operated parts which
"self-align" upon actuation.

d) Simple, reliable, and flexible performance.

e) Capable of release on command while minimizing release~induced rota-

tions and translations to the satellite, payload or structure,
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Ff) Configured and implemented to provide a clear field of view to
optical/video, r.£., or laser sensors for docking maneuvers,

g} Design with three points of contact when latched; less than three
is not structurally stable or efficient.

h) Design for structure to absorb impact loads without shock absor-
bers or load attenuators, if possible,

4) Design such that all flight loads ara transmitted through the cen-
tral docking mechanism or, if required, transmitted through peri-
pheral latches and outer structure rather than through the docking

mechanism.

5.2.2,2,3 Applications - The applications for maneuvering and docking

of systems for the SP5 program are many. The more common ones include the
maneuvering and docking of manned or unmanned spacecraft to a stabilized
space structure, manned or unmanned spacecraft to another manned or unmanned
spacecraft and a large space structure to another large space structure, i.e.
MPTS to the SECS. The less apparent applications include tasks such as man-
euvering and joining of beam assemblies, placement of construction equipment
at the construction site, attachment to selected sites on the structure for

inspection and maintenance sorties, ete,

5.2.2.2,4 Trade Studies - Areas requiring additional detail analysis

includes such items as docking studies, docking dynamics, flight mechanics
trajectory analysis, crew productivity and man/machine interactions, Basic
maneuvering and docking studies should be performed to identify the design(s)

to be pursued., These studies should also address the establishment of re-

quirements typical of those shown in Table 5.2,2-1, Present projections in-

dicate no real major problem arecas. Other trade studies include terminal
docking analyses to aid in determining the docking mechanism requirements for
stiffness, damping, braking, forces and torqués and contreol requirements,
Analysis is also required to establish crew productivity., Undey the haseline
that man is available in-orbit to perform in the EVA mode, his potential
capabilities and vesulting productivity should be determined. For examplé,
man's visual acuity makes him very valuable for visual tasks such as

sightings for gross alippment during maneuvering of objects prior to joining.
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Table 5.8.8-1 Requirement Sources for Docking of Large Systems

¢ System Imposed Sources

- Determine which is to be active element.
Accommodate dynamic loads,
Compatible with SGLS or TDRS/STDN
Provide and assure safety provisions,
Compatible with existing environmerts,

¢ Interface Sources

- Free flyer/passive system,
Free flyer/active system,
Docking mechanism.

Mating elements,

Single element with prepared surfacae.

Single element with unprepared surface.
Paylead support {power, thermal handles, etc,),
Indexing options,

¥

e Operational Sources

- Control modes,
Remote manual,
Autonomous,
Hybrdid,

— Functional docking modes,
Active to passive.

Active to active,
Passive to passive.

- Functional task operations,
Cargo transportation,
Maintenance and servicing.
Material transfer.

~ Functional docking techniques.
Impact or non-impact,
Central or peripheral.

5.2.8.8 Crew Participation - Based on present projections it was as-

sumed that man's participation fell within two main categories; as a remote
operator at a control station and in an EVA capacity, In the first category,
a remote manned system was investigated, The options included looking at
manual through autonomous contrel technique requirements. The sophistication
and romplexity of Remote Manned Systems to provide this capability varies
over a considerable range. In general the man-machine interfaces required to

interact with this complexity is the control and display center. Matehing of
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control center hardware to bhest satisfy human engineering requirements can

result in determining man's productivity.

The role of VA construction persounel was assumed as a maximum to be
that of assisting in deployment and positioning of the structural elements
prior to joining and the repair or replacement of failed companents on the
docking mechanisms. 1In the area of productivity the assignment of such tasks
to man or machine would be highly dependent on many different factors. Some
of the more obvious include such items as repetitiveness, complexity, speed
required to complete a task, multiple functions associated with task, sched-
uled versus contingency, activity, etc. Analyses made in these other
studies established that the rendezvous and docking system should be
designed for remote manual control with the actual docking hardware being

compatible for EVA assist in positioning and servicing.

5.2.8.4 {oncevts - The primary ohjective of all docking concept is the
eventual structural joining of two vehicles in orbit. To accomplish this,
it was recognized that the mechanism used to join vehicles should be designed
such that alignment requirements between the two vehicles are not unduly 7
restrictive. These conditions can be different in either displacements
(lateral and angular) between the two mating halves of the mechanism at

contact or variations in the relative velocity between the two masses, “

In spite of these unknown docking characteristics, docking techniques
were generated which emphasized only the docking hardware since it was also
assumed that any of the sensors used could be adapted to any of the docking

concepts.

The concepts generated here were bound by the intent to utilize to a large

extent experience gained from past programs,

The following paragraphs describe tive distinet concepts for accomplish-
ing docking of large systems, The first technique considered has been pro-

posed by Boeing.

Tt makes use of a dockinpg module with the characteristics shown in Fig-
ure 3.2.2-2. This docking module docks with one of the two structures to be
joinud, then sends out a docking probe (small free flving vehicle attached

to docking module by a cable) to doek with the other structure. Meanwhile

T S S T
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Docking Probe
(Free Flyer)

Docking Interface

Probe/Module
Docking Interface

Docking Interface

Three Piece

Reaction Control
Unit

BOEING DOCKING MODULE (CONFIGURATION)

e e L amiz e TR TR AL S TIANERR

Telescoping Section

STEP #1:
STEP #2:
STEP #3:
STEP #4:

STEP #5:
STEP #6:

o o0_n

Figure 5.0,2-0

Module Flown into vicinity of structures to be attached.
Module docks with interface on one of the structures.
Docking probe separates from mcdule, dragging cable.

Docking probe docks with interface on second structure.
Telescoping section expands and modute reels-in cable.

Docking probe redocks with moduie. Structures are aligned.

Telescoping section contracts to bring structures together.
Module holds structures until they are attached.

Free Flying Doslking Moadule With Cable

v-19

- R L

e e o b B bt ek n e £ABdie 4t e am N

R S



W | e & SR L e g LTty T aiiems e e inc oy R ARMREL TET S L omie . e = R - o 'l;‘ T

Step 1 Step 2 ‘

- SR

Step 3 Step 4

Step 5 Step 6
Figure §.2.5-2 (Continued)
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the docking module makes use of its telescoping shell to increase its
length, After the docking probe has affected docking. the twe structures
are brought within close proximity to each other by reeling in the cable
connecting the docking probe to the docking module. Both structures are
kept from rotating by reaction control systems attached to them. After

the docking probe has redocked with the docking module the situation looks
like that of Step 6, with one structure on elther end of the docking module.
The docking module and reaction control systems align the structures and
then the structures are brought into contact by the docking module (by
shortening ité length with its telescopic shell), The two structures ecan

then be attached to form one structure,

A second method of docking two large structures which also makes use
of cables to bring the structures together is shown in Figure 5.2,2-3,
Cables are strung from one structure to the other (using a free flyer). Omn
the cables are self-aligning guides (cones) which, when in contact with one
another, form a structural beam of designed length. Step 3 shows how, as
the cables are reeled in, the self-aligning guides form beams which hold the

structures a predetermined length apart for attachment,

If the large structures are placed in the neighborhood of 50 meters
from each other, they can be docked using long booms as shown in Figure
5.2.2~4, The booms, attached to one structure through pivoting joints, are
manipulated so that machines on the othér structure can grasp the ends of
the booms and use them as shown in Step 2 to bring the structures clase
enough so that they be hard attached. One problem with this methéd ié that
the booms {(after docking is complete) are ne longer used at the site and
must be moved if needed for another docking. One way this could be solved
ig to use the boom as part of the structural attachment, Figure 5.2,2-5
shows how this could be done. Each boom consists of three equal length
beams held together with joinéé and kept straight by break-away joint re-
strainers. This system uses cable handling cars as shown to buiid and con-

nect the structural attachmenis as the two structures are brought together,

Still another method of docking is the use of free flyers equipped with
manipulators. A method of this tvpe {(proposed by Westinghouse) is shown in
Figure 5,2,2-6.
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Figure 5.2.2-3 Docking With Afrac
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STEP #1

Cables are strung between the
two structures to be attached. A
praedetermined number of self-align-
ing guides (A), determined by the
spacing desired, is placed on each
cable. Cables run to motorized
cable reels (B).

STEP #2

As cable reels take in cable,
the self-aligning puides start
forming segments of the final spac-
ing beams, '

STEP ¥

When cables are sufficiently
shortened the self-aligning guides
form spacing beams which hold the
structures the desired distance
apart until they are attached,

hed Cable System
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STEP #1

Large struc-
tures to be docked
are within close
proximity of each
other. Booms are
manipulated to span
from one structure
to the second.

1’
STEP #2 ;
Machines ride
along booms to b
bring structures !
closer, : 1
"
%
%
é
K
STEP #3
Booms hold

structures a pre-
determined distance
apart until they
are attached,

-t

Pigure 5.2.2-4 Long Boom Docking Concept
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RIS Step 1: Booms Spans Step 2. Cables Pull *
Structure Structure Together

1

s‘; |

; 3
g
‘1

o Step 4: Joint Restrainers Step 5: Cables Pull Other

P Broken . Joints Into Position

Figure 5.2.2-5 [Long Booms as Part of Structure Concept
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RNS Module

Conceptual TOS

TOS Performing RNS Module Docking

Westinghouse Large Structures Docking Concept

Figure 5.2.8-6 Manewvering and Docking Using Free Fiy-z‘.ng
Teleoperator Concept '
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5.2.2,5 Candidate Subsystems - This section shows a number of available

or potentially available sensor and mechanism candidates which were compiled

from related studies, Data were also collected which related to performance

capabilities, physical properties, and costs,

Using these candidates as the

subsystem basis, system configuration projections were generated which re-

presented combinations of manual through autonomous control for some of the

concepts presented in paragraph 5,1.4. The sensors group which seem to have

the most future application are listed in Table 5,2,2-2,

Table 5.2.82-2 Sensor Hardware Candidates

Subsystem Candidate

Remarks

Laser Radars ¢ Ga As

. 002 Cooperative

. 002 Non-Cooperative

TV e Silicon Vidicon

RF Radars e Modified Apollo
Rendezvous ~ Non-
Cooperative

e Modified Apollo Ren-
dezvous — Cooperative

e Dual Mode - Non-
Cooperative (Rendez-
vous Radar Above Plus
Short Range Pulse
Systam)

o Dual Mode - Coopera-—
tive

Is in development stage, maxi-
mum range of 46 km (25 n mi),
and requires corner cube re-

- troreflectors.

Provides Long Range Capability,
Requires SRT

Provides capability for skin
track ranging at long ranges,
requires SRT.

Being developed for Shuttle.
Flight Proven, Minimum S/C

Impact

Lower Weight and Power

Single Unit, Full Range Capa-
bility, Minimized $/C Impact

Lower Power and Weight Than
Above

A broad overview of the docking mechanism types and the impacts due to
operational criteria are shown in Table 5.2,2-3.

The approach used in combining subsystems into a conceptual system was

very simple in that it made maximum usc of past experience and studies.
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The specific docking mechanism which locked to have good potential

was a central soft dock concept which has the advantage of reducing or

eliminating contact shock loads and lightening the structure required at

the docking or attach points.

require a

thorough analysis,

This is a relatively new concept and would

Table 5.,2.2-3 Docking Mechanism Hardware Candidates

Servicing [Spinning

Mechanism| System Complexity Spacecraft Impact Compatib., [Compatib.]Weight

Square Requires relatively | Peripheral dock~ Somewhat {Can be 253 kg

Frame complex structural ing mechanism limits designed | (556 1b)
support mechanisms has potential spacecraft linto
integral with dock~ | for docking/struc~ {accessible jconcept.
ing mechanism, tural support ¢om- { region.

patibility.

Probe Uses developed Central probe & Provides equires }441 kg

Drogue docking mechanism, | peripheral struc- |good ac- |[some de- | (970 1b)
requires new de- tural support for |cass to velopment| (Standard)
sign only for delivery/retriev- | spacecraft jof Apollof323 kg
static structure, al must be separ- | for serv- |Probe/ (710 1)

ate, icing, Drogue. (Tailored)

Soft Simple structural Eliminates dock- Can use Can be 241 kg

Dock aupport mechanism, ing shock loads servicing ldesigned | (531 1b)
but complex soft- without interfer-~ |mechanism finto
dock mechanism, ring with deliver/ ]| as soft~ |[concept.

retrieval struc- dock steer-
tural support, able probe;

Hybrid Complexity of con- [ Combination of N/A Can be 300 kg
trolling multiple above, designed | (1984 1b)
units, : into

concept,

The primary subsystem concepts considered in more detail included

the extendablé.booms, capture/latch devices and steering mechanisms,
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a, Candidate Extendable Boowm Concepts - A variety of extendable

boom concepts is illustrated in Figure 5.2,2-7, Extendable tubular booms
are elements made of thin metal strips which are wound flat on a spool
when stowed and form a circular tube with overlapped or interlocked edges
when extended. Two of the most prominent manufacturers of this type ex-
tendable boom are Astro Research Corporation of Santa Barbara, California,
and Fairchiid Industries of Germantown, Maryland. These units have been

widely used in space for such applications as antennae and deployment of

experiment packages, sensors and cameras,

Description Ilustration Advaniages Disadvantages
Daendible | (CIP=====—==" |4 fully Developed And Tested o Weak In Torsion And Buckling
Tubular 0 0O o Flight Experience e Tip Deflection Limited

Booms Overlap Dual Tubes |® Light Weight # Single Deployment Speed

e < o Stowed Length Acceptabls ® Axial Load Capability Not Prediclable
Locked Edge Vvelded Edge

Exdendible | [ —==——===ar * Good Binding & Torsional Strength |e Buckles In Transition Reglon

Contoured # Reliable For Light Column Loads e Hegvier Than Tyubuiar 8ooms
Booms > <= D | Positive Control Of Deployment o Deployment Cycles Limited
Welded Locked Twin | Flight Experience o Stowed Length Exceeds 1 .

Edge Sdge Lobe

Telescoping [:j::l:ﬂ e Simple Parts, Struclural Shipes s Susceplible To Buckfing

Cylinder « Reliable Deployment e Binding Possible When Loaded
Booms e Large Column Load Capabillly o Consideratle Owerlap Required
%) « Conventional Proven Design # Stowage Lenglh Unacceplabie

Expandable m « High Expansion Rates o Large Number Of_.Parts

Linkage e Can Carry Service Lines o Compressible Axial Load Limited

Booms - je Good Stiffness and Banding SirengiN e Stowage Length Exceeds 1 Fi,
JAN &8 o Light Weight o Requires Extension For Probe

Frestressed e Strong In Bendng, Shear, Torsion |e More Development Work Needed

Element o Very Simple, Reliable Design » No Flight Experience

Booms o Light Weight o Relatively Large No. Of Parts
MR O ]o Not Degraded By Use o Guides Req'd For Torsional Strength

Figure 5,2,2-7 Extendable Boom Concepts
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Extendable contoured booms are also made of metal strips which are
spool-stowed, generally have larger package envelopes and offer greater
' structural strength. They have lenticular (quasi-biconvex) or twin lobe

shapes with welded, interlocked or overlapped edges. The Viking Surface

Sampler boom, made by Celesco, 1s a welded lenticular shaped boom. Astro
Research Corporation and Boeing Company have also made this type boom ;:j
while the interlocked edge type is made by Sanders Associates, Inc, of

Nashua, New Hampshire and the twin lobe type by Fairchild,, These booms ﬁ
have been used where heavier tip loads are anticipated, The twin-lobe boom, %
for example, was used on Skylab to transfer f£ilm cassettes between the ATM |
and the airlock, '

Telescoping cylindrical booms have not been used extensively in space
but were considered for this application due to their simplicity. Commer-
cial units are built by Sanders and Tri-Ex Tower Corporation of Visalia,
California. They consist of a series of close~fitting concentric metal ,
cylinders which telescope for stowage and are extehded by sérew jack or

cable with sufficient overlap remaining between sections to maintain struc-

I ey |

tural strength. Package size for the tubes and deployment mechanisms is

a major problem for the soft docking extendable boom application,

Expandable linkage booms consist of lazy tong linkapes connected to

frames at the linkage pivot points. Extension and retraction are accomp-

T

lished by moving the first frame relative to the base while workiﬁg against
a tensioned centrally~located cable. A version of this boom, developed by
the Martin Marietta Corporation, was successfully flown on Skylab to deploy
the optical head of the T-027 experiment.

Prestressed element booms consilst of cylindrical segments with cen—
trally located axial holes through which a tensioned cable is run, Cable
i tension is maintained by springs which permit the segments to be stowed on
E a spool. As the segments are extended, they form a rigid tubular structure
by being compressed by the tensioned cable. A working model of this boom
i has been bullt at Martin Mariletta Corporation, The General Electric¢ Company

4 and the Illinois Institute of Technology have also prepared working models
i § . v-29
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using this concept,
attractive for soft docking application.

pears to be warranted,

b. Capture Lateh Concepts -~ The three types of capture latch mechan-

isms shown in Figure 5,2,2-8 have distinet operational characteristics
which influence their use,
between the the two spacecraft to take place without restraint since the
probe is permitted to pivot within the lateh fingers.
ates end moments on the extendable boom but may increase axial loading if
axial play cannot be removed.

than the clamping type, however, and could more easily incorporate a free

This capture latch concept is much simpler

Tts simplicity and superior load capability make it
Additional development work ap-

The pivoting probe lateh allows angular motion

rotating probe for capture of spin-stabilized spacecraft,

This feature elimin-

Description lilustration Advantages Disadvantages
Pivoting » Simple Design o Release Ditficud
{’;‘:h" o Admtable For Sein Stabifized S/C o Impact Dus To Probe
o No End Moment On Boom Movement
o Canlared By Laich Fingers
Clamped » Controls Aftitude Of SIC o Larger Boom Bore Torques
&“;' . o Eiminates Longltudnal Impact | Stitker Boom Required
—% o Sensor Activated Snutbed # Release DIfficu
Probs Clamp
Latch « Reloasabie From Tug o Larger Dfamater Drogus
" | s contering Roqulred
o Simpifies S/C Deign o Adds Tip Moment To Boom
o Edonds Stovmge Envelope

Figure 5.2,2-8 Capture Lateh Concepts

The clamped probe type capture latch offers maximum contrel of the
spacecraft and eliminates end play between probe and latch,
what more complex mechanism than the plvoting type latch, operational fea-

tures are superior. When a sensor has determined that the probe on the end
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of the steered boom has been captured by the drogue, a spring-actuated
clamp is released which engages the conical end of the probe and forces

it againsgt the inner surface of the drogue, continuing the probe and hing-
ing the longitudinal axis of the boom perpendicular to the X-Y plane of

the spacecraft, Engagement speed of the clamp is controlled by an integral
damping device, Release of the clamp is accomplished by activating a sole-
noid which retracts and latches the clamp,

The probe may be a passive, rotating or fixed cone or may have an
active latching capability. The concept for a latch typs probe éhown in
Figure 5,2,2-8 employs spring-loaded pivoted fingers which will swing in=
ward under light load to permit the probe to enter a hole in the drogue and
expand when the probe is inside the hole to effect capture, This type latch-

ing preobe places control of latching and.release on one side of the in-

terface which minimizes spacecraft impact,

- -While three separate concepts have been shown, features of each may be
combined, We have recommended a clamping type latech with the latch in the

probe as the most versatile system.

¢. Steering Mechanism Concepts -~ Steering mechanism concepts considered

for extendable boom pointing were of two general types (Figure 5,2,2-%) —-
those having bearing-supported pivot p0ints with integral motor/tachometer
assemblies in the pivots, and those having flexure pivot points with separate

motor drives.

The ATM star tracker gimbal system is the integral type. This developed

hardware has very high performance characteristics such as pointing accuracy

of 1 arc sec,, weight capability of 500 kg, and a gimbal range of + 90 de-

 grees in one direction and + 50 degrees in the other direction. This capa-

bility is greater than that required for extendable hoom pointing for a non-
Impact docking system. Even if simplified to the greatest extent possible,

this system would be more costly than a flexure gimbal system due to the use
of many more special parts; and more complex elect r~* =ontrols,  Also, this
system would require redesign to meet envelope requirements and to interface

properly with the extendable boom housing and spacecraft structure.
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Description FHiustration Agvantages Disadvantages
Gimbal o Flight Experience o More Complex And Costly
:‘:::t:msm o Torquers in Plwls o Larger Envelope And Weight
o Integral Position Encoders o Reg'd Size Not Awsilable

Flexure ‘o Simple Conventlonat Design o More Development Required
Freciic IR o Umits Magimum Boom Momont - |e Limited Articulation Angle

' * Minimum Waeight, Size, Compleyty | More Pawer Req'd For Drive

Pigure 65,2,8-9 Steering Mechanism Concepts

A system using flexural pivots to provide gimbal capability which uses

' a minimum number of simple parts has been designed by the Martin Marietta

Corporation., Type 800 flexural pivots developed by Bendix provides the re-

_quired deflection angle and radial load capability along with selectable

torsional spring rates. Gear motor/encoder units in the size and capability
required for boom pointing have been developed and qualified for other space
programs and should therefore, be available at reasonable cost. The use of
tandem-mounted sets of pivots at each pivot location allows the boom to be

steerable while permitting controlled boom movement due to side loads on the

boom tip. This ig a unique feature of the flexural pivot type of boom
steering system.

5,2,2.6 Envirvommental Factors - The major envirommental factors affect-

ing the docking mechanism designs are the hard vacuum and thermal impacts en-
countered over the extensive operational life requirements. The areas im-

posing the greatest concern are the rotating bearings and bearing surfaces,
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gears, lubricants, material outgassing, vacuum welding, etc, Considerable
future effort is required in material compatibility for application in long
life components, This is a common problem for all mechanisms exposed to
space environments and must be resolved for Shuttle and SPS programs at the
program level,

5.2.2.7 Interface Considerations - In general, the interfaces identi-

fied with this unit would be similar to those required on past programs,
Tyﬁical samples of such interfaces are the support structures required to

mount the mating halves onto the respective space systems,

5.2.2.8 Development Plan ~ The future activities recommended are based

on the results reached in this study and are summarized in the flow schematic
shown below, Activities identified fall into three general areas —- supporting
research and technology (SRT), simulation/demonstration testing and flight

system development,

SRT Activities

e SLR System Studies

¢ RF Systems'

¢ Soft Dock Mechanism
e Autonomous Algorithm

Simulation & Testing

# Large System Docking
Manual & Hybrid & Auto,
o Space Experiments

Flight System Development

e SPS Space Tool
e HLLV & QTV Support Ops

The SRT area was considered the most important for planning purposes at this
time. This was separated into two cai<gories; maneuvering and docking strategies
and associated subsystems. The thrust of the SRT was placed upon the components
and performance capability associated with the subsystems. The subsystems of
interest were further separated into two lower categories; sensors and mechanisms.
Included with the sensors were the electronics for signal conditioning and pro-
cessing to present a standard interface between other desired contreol centers.

This approach allows evaluation on a common basis with different docking mechanisms

and the flexibility for using these sensor systems for other alignment applications.
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In the sensor area, only the TV camera has been used in space. How-
ever, a new version of the silicon vidicon camera selected for the Shuttle
program is recommended for the rendezvous and docking system from the com-
monality and shared development cost aspects, The scanning laser radar and

RF units are new technology or new applications of existing technology.

For the autonomous candidate the SLR and/or RF radar components present
new technology that should be pursued before entering a simulation/demon-
stration program, Although RF radar is an existing and well-known techno-—
logy, this application represents a new range of aperations mnot fully proven.
In conjunction with these new developments the target-mounted reflectors or
aids represent areas in which research should be performed. Since user ac-
ceptanc? of the system is enhanced by minimizing the impact on system design,

this is a fertile area,.

In the mechanisms area, the requirements of the study dictated new de-
signs. The mechanisms applicable to the manual, auteonomous, and hybrid
systems were much the same, The requirement not to accommodate a shirt-
sleeved crew transfer through the docking interface reduced the weight and
complexity of such a mechanism, Two basic designs ‘should result —— one for
the small vehicle docking (single point) and one for the large system re-
quiring more than one point of attachment.,  Both designs represent new tech-
nology and require additional development before proceceding into ground

simulations,

The schedule of activities as shown in Figure 5.2,2-10 provides the long
lead support required to define the technology feasible development planning,
The SRT information developed feeds inte the simulation demonstration test-
ing activity, which provides the means for discriminating between technologies
and selecting a preferred development approach, The recommended SRT activity
has been planned as a function to SPS development needs, llowever, a projec-
tion of Shuttle needs may reduce, by similarity, the development required for-

Sensors.
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If past trends continue, rendezvous and docking activities will be-

come more frequent in coming years, They will be performed by launch

vehicles, orbital transport vehicles, and a wide variety of other opera-

tional spacecraft. The most feasible long range plan is one that will

emphasize a universal concept bullt of common flight hardware based on a

single integrated technology development plan rather than several inde-

pendent approaches, Economic efficiency and operational reliability can

be achieved if adequate requirements are established and a thorough deve- -

lopment process is implemented,.

MILESTONE DESCRIPTIONS

SCHEDULE
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Manual & Autonomous Docking Simulations

- SPACE EXPERIMENTS
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SPS Applications
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5.2.3 Manned Cherry Picker

§5.2.3.1 Introduction - A manned cherry picker is a vehicle which, through
the use of articulated booms attached to structure, positions its bucket
(which carries the operator and his equipment) as directed by the operator’s
controls. It can be used as a platform for many tasks. Figure 5.2.3-1

shows the evolution of cherry pickers as ranging from an open platform to

a canned unit with manlipulator arms.

5.8.3.2 Operational Descripiion - All previous experience with manned

cherry pickers has been from ground based units. These, however, have been
greatly hindered from reaching their potential dexterity by gravity (due to
tipping moments). Figure 5.2.3-2 shows the operational limitations of a
ground based, 10-meter, articulating boom type cherry picker. A cherry
picker used in space would not be constrained by gravity and therefore
would have a larger reach envelope. Figure 5.2.3~3 compares the spheroidal
reach envelope of a ground based cherry picker to the cardioidal reach

envelope of a cherry picker of the same size but operated in space.

Applications of cherry pickers in SPS construction could include the
installation of turbogenerators and ducts in the Boeing Thermal SPS (sece
Figure 5.2.3-4), monitoring transportation and directing installations of
large items (e.g., switch gears on MPTS, see Figure 5.2.3-5), and perform-

ing tasks to support automatic construction equipment.

5.2.3.3 Crew Participation - As a design guideline, cherry pickers should

accommodate one crewman during cperation, but should include the capability to
transport two crewmen for rescue procedures. In order to conform to the study
guideline concerning EVA (paragraph l.5e), it is assumed that cherry pickers

will cperate in pairs where required, in close proximity to each other.

The cherry picker operator will control the movements of the bucket
by the use of one or two "joy sticks'. There are six basic movements that
the bucket would perform: 1) revolution about the base-turntable; 2) trans-
lation perpendicular to the base-turntable; 3) translation parallel to the

base-turntable; 4) rotation about three axes through the bucket.

5.2.3.4 Coneepis - If the distance from the base-turntable to the work-
site is great, it might prove feasible to use several small cherry pickers

attached to one gross positioning boom as shown in Figure 5.2.3-5.
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Addition of manipulator amms.

Figure 5.2.3-1 Evolution of Manned Cherry Pickers
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3-AXIS BUCKET BUCKET TRANSLATION TO EITHER

ROTATION = 3 DOF SIDE = 1 DOF
' : 'ROTATION ABOUT TURNTABLE = 1 DOF

Figure §5.2.3-2 Operational Limitations of 10-meter Avticulated Boom
Type Cherry Picker
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. 6E-A

TYPICAL 1-G
REACH ENVELOPE

Figure 5.2.3-3 1-g and 0-g Reach Envelopes of an Articulated Boom Type Cherry Picker
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The bucket of ‘the cherry picker could evolve into a free flyer with
the additions of a strap-on propulsion unit and a docking interface between _ ;

bucket and boom.

Shown in Figure 5.2.3-7 is a concept in which the cherry picker is

attached to a beam-riding vehicle. Forces and torques from the cherry

picker booms are transferred directly to the beam under the vehlcle through
the triangular beam integrated in the vehicle's structure. The bucket is

also shown having an integrated triangular beam to transfer loads.

é 5.8.3.5 Subsystems - The interface between the bucket and boom should

E be designed to permit rotation of the bucket about three axes. If the bucket ‘
f is to be removed periodically, a docking device might be employed in the : ?
| _ interface. "

" A power pick-off at the bucket, as shown in Figure 5.2.3-8, could ‘ ]

_support electrical tools used by the operator.

Controls and displays will be chosen to compliment the task to be done

and should include bucket positioning controls, attitude hold controls,

! - eontrels for manipulator arms, TV monitors, and displays for subsystems.

;
To simplify the task of controlling the cherry picker and to prevent .
possibla damage: to surrounding structure, the cherry picker booms and their

. connections should have collision avoidance equipment. R g

Communication links will be needed between the bucket and the dispatch- \
i - ing station and from bucket to bucket as needed. A network must be construc~ = - . w
‘ ted to supply the cherry picker with electrical powef or, if 1t is self~ _ %
supporting, the cherfy picker must.carry its own power. Table 5.2.3-1 is B |
a performance summary of a manned cherry picker showing system characteris- : ¢

i tics and control characteristics. : . : . i

5.2.3.6 Envirvommental Factors - Envirommental factors affecting design

of manned cherry pickers are included in Table 5.2.3-2,

i fé ' 5.2.3.7 Interface Considerations - If the cherry picker is launched

| %1 o as a package, it may be necessary to package it in sections that can be

easily assembled on orbit. The bucket of the cherry pleker and the motorized

joints and turntable are compact units and should present no large stowing

problems. The booms, however, with their small package density, cannot be
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Figure 5.8.3-8 Cherry Picker Bucket
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Table 5.2.3-1 Manned Cherry Picker Performance

e System Characteristics
o Support 8-hour Work Task

- Power for Locomotion, Tools, and Instruments
- Life Support for 12 Hours

o Noncontaminating
¢ Interface with Dispatching Station
o MWeight ~800 Pounds (Bucket}
e length
- 135 meters (typ for Boeing Thermal Cavity)
75 meters (typ for MPTS)
e Control

e Rotational, Revolutional, and Translational Hand Controllers in
Bucket to Input Maneuvering Commands

® Six Degree of Freedom Control Authority Provided

e Translation

- 2-axis Acceleration Command
- ft/sec maximum AV
- ft/sec minimum AV

e Rotation
- 3-axis Acceleration Command
g8°/sec? Angular Acceleration
- 0.5°/sec Minimum & Rate
® Revolution
- 1l-axis Acceleration Command
8°/sec? Angular Acceleration
- 0.5°/sec Minimum A Rate
o Automatic/Manual Attitude Hold

- Automatic Drive Motor Locks
- Manual Grapplings on Bucket
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Table 5.2.3-~2 Factors Affecting Dssign of Manned Cherry Pilcker

Number of crewmen supported
Work duration

Metabolic work load

Thermal loads

Environmental factors

¢ Radiation
o Micrometeoroid
¢ Thermal
e Occular
¢ Equipment

b

e

¢ Stowage/Interfaces

o Tools/Aids Required
Communications

Controls and Displays
Required MobiTlity/Dexterity
Required Visibility

e Lighting

e Rear Viewing Devices

R T P S U PU S

o Mirrors
o View Ports
¢ Interfaces
o Cherry Picker to Worksite
® Cherry Picker to Dispatching Station
¢ Food, Water, Waste Management

T, P

efficiently launched. Becuase of this, it may be necessary to fabricate
the booms in orbit using one of the proposed beam builders and assemble the

cherry picker using the manipulators of the beam builder,

5.2.3.8 Developmgnt Plan - The future activities recommended in this area

of technology are shown in Figure 5.2.3-9. The supporting research and tech-~
nology areas identified are man/machine interactions with small dexterious

manipulators; definition of the crew housing or cab portion of the cherry picker

R
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which best meets tasks feasibility and SPS program compatibility; and radiation

impacts on cab shielding and crew safety. The cab should be developed as a

common hardware item since it has many applications with the same general re-

quirements as other OCSE items which are required later in the development

schedule. The task applications and radiation impacts are presently being

worked under ECWS contract which is scheduled for completion in mid-1978.

Some

of the specifie subsystems which require simulations/demonstrations includes crew

transfer, cab/manipulator interface and operator/controls and displays compati-

bility. System development has been moved up to mid-1984 to be available for SPS

Pilot Plant demonstrations based on thy rationale that the 1985 configuration is

projected to be the same for the 1935 era.

SCHEDULE

MILESTONE DESCRIPTIQNS

78179 {80 {81

82

83 184

85

86

87

88

e SYSTEM DEFINITION/EXPLORATORY TECHNOLOGY pres

L)
1131 lll-lll 3

TASK APPLICATIONS STUDY (ECWS)

SYSTEM PRELIMINARY DESIGN STUDY

RADIATION IMPACT STUDY

© COMMIT TO TECHNOLOGY ADYANCEMENT

\

o TECHNOLOGY ADVANCEMENT

Flll

- GROUND BASED DEVELOPMENT

HUMAN FACTORS & CREW SAFETY DEVELOPMENT

- SPACE EXPERIMENTS

MANIPULATOR TO CHERRY PICKER INTERFACE

AND UNMANNED OPERATION

- SPACE SUBSCALE SYSTEM EVALUATION

MANNED PERFORMANCE CAPABILITIES

DEMONSTRATION AND VERIFICATION (PPO&I)

OCOMMIT TO SYSTEM DEVELOPMENT

e SYSTEM DEVELOPMENT

DESIGN, BUILD AND TEST FLIGHT OPERATIONAL

UNIT

Figure 5.2.3-9 Cherry Picker Development Schedule
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5.2.4 Central Hub Assembly/Deployment (CHAD) Module

5.2.4.1 Introduction ~ CHAD modules are facilities which contain the equip- ‘
ment (CE or OC3E) to fabriczte and/or assemble the first section of SPS structure
or SPS support structure in orbit. This initilal construction can be part of the
base facility (e.g., truss type SPS construction base), or part of the SPS itself
(e.g., column/cable control hub; MPIS first concentric ring). It should be noted

— z<

that the term CHAD module as used in this report implies more than a central dock-
ing facility to which other modules attach, As applied here, the term CHAD module
implies an inherent fabrication/assembly capability. In its most basic form, it is
similar in concept to the fabrication/assembly module as advanced by MDAC in an

earlier study; however, more complex concepts of the CHAD module are also presented

here,

5.2.4.2 Operational Discussion - For the purposes of this discussion, it is

assumed that the CHAD module itself requires no assembly on orbit (although it may

deploy equipment during the course of its activity) and can be launched as a single

unit. Once in orbit the CHAD module fabricates beams and assembles them to achieve

the required geometry. The CHAD module can be configured to fabricate beams and *
hold them until they are used by a manipulator system to build the desired shape

(seé Figure 5.2.4-1) or the manipulator system can work with the beam fabricators

to build a deployable structure (see Section 5.2.4.4).

Examples of the potential applicability of CHAD modules are the construction
of a cube (100 meters on a side) for the central hub of the column/cable SPS, the
construction of a triangular wedge (~650 meters on a side) as part of the comstruc-
tion base of the truss type SPS, the construction of the extension structure for

the MPTS, and the construction of the support arms and main substructure of the MPTS.

5.2.4.3 Crew Participation - Because the CHAD module is considered to be a

compact unit which builds the very first section of the SFS structure, crew par-
ticipation would be minimal.

5.2.4.4 Conecepts ~ The CHAD module concept whose functions are most basic is
represented in Figure 5.2.4~1. This core module (proposed by McDonnell Douglas)
fabricates the beams and holds them until they are used by a manipulator system

to form the desired shape.
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- sented in Fipure 5.2.4-6, moving outward as it does. Three of its six beam fabri-

& CHAD module concept which builds and deploys three dimensional structures
is the limeaxr assembler/deployeﬁ (LAD) module (represented in Figure 5.2.4-2).
This module is designed to fabricate and deploy a basic structure of designated

geometry and dimensions (e.g., cube, triangular wedge). Each such module would

be capable of constructing only one structure of a given type, and would have to . z
be reconfigured to duplicate the structure at another location. Figure 5.2.4-3 ; %
shows the sequence of steps required to construct a cube structure., Figure 5.2.4-4 :
shows this sequence, giving more detail to the actual mechanics of such an operation.
As the figures indicate, the CHAD module in this concept is actually composed of

two identical halves which draw apart from each other as the beam members are fabri-
cated. Actual deployment of the structure is accomplished by the reeling in of
(active) cables by each module. Passive cables attached to the structure unreel as

the deployment continues but, because of their finite length, stop the deployment

when the desired shape is reached.

Another CHAD module concept which might be a unique OCSE system is the sequen- :
tial traveling, assembler/deployer (STAD) module (shown in Figure 5.2.4~5). This o
module is designed to construct various structural elements of the SES (i.e., ' -

extension structure, support arms and main substructure of the MPTS).

The STAD begins by constructing the extension structure in the method repre-

cators build the main extension structure beams, and the other three fabricate the
cross members. Manipulators within the STAD assist in”orienting the cross members '

and in fastening the beam ends at the joint. Support cables are also strung as.

PRy T . - A (T

part of the automatic assembly procedure. Once the extension structure is com-
pleted, the STAD module is moved from the end of the structure to a position on

the surface of the structure, where it can procéed with construction of the first

e A | ot s et Tt

concentric ring and support arms. Figure 5.2.4~7 depicts the saquence of steps by
which assrmbly of the concentric ring radial members is accomplished. Further con-
struction steps are required to assemble the support arm structure underneath the
first concentric ring, and to attach the entire assembly to the joint. Once these
steps have been completed, the STAD module continues to fabricate MPTS frames for

assembly into the second, third, and fourth concentric rings.

5.2.4.5 BSubsystems - Subsystems on the CHAD module of Figure 5.2.4-1 in-

clude a single-beam fabricator, triangular beam construction equipment,; two beam

manipulators,; and triangular beam holding equipment.
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STEP #1 Two CHAD modules face
to face. Coincides with Step

#1 of Figure 5.2.4-4. Cables

not shown for clarity.

STEP 72 (HAD wodules move

apart as each fabricates 3 j
beams.

e aa e

STEP #5 CHAD modules continue to move away from each other as
each fabricates three more beams. CHAD modules shown here
having completed these beams (100m). Coincides with Steps #6 &

7 of Figure 5.2.4~4.

e e e erm e

———STEP #7 CHAD mod
cables to form ct
with Step #9 of ¥

et |
] e ‘] STEP #8 CHAD mod
having completed
L—
L L2 [ free for other ja

‘cube self-support
with Sterp #10 of

Figure 5.2.4-3 LAD Module Construction Cube
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we STEP #3 (HAD modules having
P 3 completed first six 100 meter

beams. Coincides with Step #2
of Figure 5,2,4~4.

.STEP #4 S8Six beams are attached

as shown, Coincides with Steps
#3, 4 & 5 of Figure 5.2,4-4.

STEP #6 New beams are joined as shown.
Figure 5- 2- 4"'4-

— STEP #7 CHAD modules reel in activd
cables te form cube., Coincides
with Step #9 of Figure 5,2.4-4.
——

STEP #8 CHAD modules shown here
having completed cube, Modules are
free for other jobs after making
cube self~supporting. Coincides
with Step #10 of Figure 5.2.4-4,

Coincides with Step #8 of

’
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lNOTE: For
' e - clarity, only
- l——12 of 3 beams
. ¥ & 2 of 3
- P _ Jcables are
R &3 |
Lalﬂ "y shown ag $ach
T — CHAD module.
~ ; 1S
HER B 1
r_—"{" L. : __j;.r
r i
i_j . — :ng

STEP #1. Two CHAD modules face to face.
Each CHAD module is attached to the
three beams being fabricated by the

other CHAD module.

Each CHAD module

is attached to three cables reeled out

from the other CHAD module.

T — T

STEP #5. Each joint made in Step

#3

is fastened to one of the three new
beams being fabricated by the CHAD

module.

=

_ "

—
|

e

forms.

?l‘\?

Figure 5.2.4-4 Cube Construction Details

Each CHAD
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forms identi-
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cal step;
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only one side

shown
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STEP #2, As CHAD modules
each moves away from the
is one CHAD module after

three beams the length of one edge of
the cube that is being made.
ends have been fastened to these beams.

fabricate beams
other. Showm
fabricating

The joint
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STEP #6. Each CHAD module continues to
fabricate three beams and continues to
move away from each other.
module continues to reel-out three

cables.

STEP #9. Each CHAD module reels in its
[three active cables less the length of
one diagonal of the cube being made.

As the cables are reeled in, the cube
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pams STEP #3. The three beams fabricated by STEP #4. The joints made in Step #3 are ;
am the CHAD module in the drawing are released from the CHAD modules and are '
being attached to the three beams connected to each other with 3 reels of :

3 fabricated by the other CHAD module by passive cable. The CHAD module attaches '
Lnt the manipulators as shown. each of the 3 cables from the other CHAD 5
S module to.one of these 3 joints. i
me—— - e ey ) 1l

)
)

K'.

|

Q STEP #7. Each CHAD module fabricates STEP #8. Each CHAD module fastens its
o its three new beams the length of one three beams to a three member joint |
) edge of the cube being made. Joint with its manipulators. |

ends are fastened to each beam.

STEP #10., After having made the cube
each CHAD module fastens its three
cables to the three-member joints
making the cube self-supporting. The
CHAD modules now are free to help with
cother construction.
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STAD Module Building Lxtension Struzture
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Sequencial Traveling Assembler/Deplover Module in Concentric Ring Mode

STEP #1  First six 130-meter beams constructured (& shown). 140 meter
cables (dotted lines) attached from beam ends to 50 meter extensions,

STEP #2 As 60-meter beams are fabricated, cables direct 130-meter beams
as shown. 140 meter cables attached to 60-meter beams,

STEFR #3 As 130-meter beams are fabricated, cables direct 60-meter and
first six 130-meter beams as shown., 140 meter cables attached as shown.

STEP #4 One beam-builder moves to center position to construct central

hub. 140 meter cables attached as shown.

STEP_#5  TFirst six 130-meter beyims are reeled-in with cables. Cables
from opposite corners are connecled to sach other.

STEP #6  All cables are tightened to form concentric ring as shown.

Figure 5.8.4-7 STAD Module Consiructing Ist Concentrie Ring
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Subsystems on the LAD module are more complex. The triangular beams
are fabricated as complete units by beam fabricators. Fifteen meter long
manipulators mounted on a turret make all the beam and cable connections.
Cable deployment and drive mechanisms horde the cable support and deployment
procedures. The joints connecting the triangular beams must be capable of
rotation about several axes during the deployment phase and then must lock
in the final position once the desired structure shape is achieved.

Figure 5.2.4-8 shows the required rotations for the applicable joint loca-

tions in the Ffinal structure.

The subsystems on the STAD module are the most complex of the subsystems
of the three concepts. Besides having triangular beam builders and l5-meter
dual manipulateors as in the LAD module, it also have six small cable handling
cars, riding on tracks around the circumference of the module which string
support cables between beams {(for extension structure cross struts). These
cars alsoc ride tracks on the six 50-meter extension arms radiating from the
module. These extensions are utilized during assembly of the MPTS concentric
ring radial members. A support structure extends longitudinally (the long
axis of the STAD) from each main beam fabricator outside the medule to sup-
port the STAD and drive it back along the completed structure.  Similar
supports are used along each cross bracé beam fabricator axis; a drive system
mounted at the end of each support allows the cross trusses to be rotated
through 90° for attachment between the main beams of the extension structure.
Finally, during construction of the radial members of the first concentric
ring, one of the main beam builders moves to the center position in the med-

ule to fabricate the central hub beam.

5.82.4.6 Envirowment Factors - Because the CHAD module will be a self-

supporting unit, it will have to be designed so as to protect its construction

equipment against damage by space exposure.

5.2.4.7 Interface Considerations ~ It is assumed that the CHAD module

requires no assembly on orbit. It is further assumed that the CHAD module

is of a size (20-meter diameter x 30-meter length, maximum) and mass that

can be launched as a unit by a heavy lift launch vehicle (HLLV). The CHAD
module can be conceptualized either to remain in place as an inherent part

of the structure once its fabrication/assembly task is complete, or it can be

removed to a new construction site to repeat the procedure.
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5.2.4.8 Development Plan ~ The development of the control hub assembly de-

ployment module is closely related to the SPS development plan; Present planning
indicates that the CHAD will be developed in steps, starting with the assembly of
structural elements, assembly and integration of subscale systems, and assembly
and integration of an interim sized SPS. The primary drivers in the development
plan are the launch vehicles such as Shuttle, OTV, and HLLV, and the early plans <
for large space structures such as the Pilot Plants for SPS demonstrations, con-
struction base demonstrations, Teleoperator Space‘Spider demonstration, etc.

The development -and implementation of the CHAD must be responsive to all planned
large space structures programs in a cost effective manner, not piecemeal by
individual program contractors. The planning approach used here assumed a CHAD
evolution of three basic generations prior to commitment to the 1995 CHAD con-
figuration. The Future activities recommended to start this effort are shown in
Figure 5.2.4-9,

SCHEDULE

MILESTONE DESCRIPTIONS 77 {78179 [80 |81 |82 |83 {84 85 {86 Ia7 |se
e SYSTEM DEFINITION/EXPLORATORY TECHNOLOGY | TR TR O T

&
- CHAD PRELIMINARY DESIGN STUDY
- MANUAL VS AUTONOMOUS COST. SCENARIO —r

0 COMMIT TO TECHNOLOGY ADVANCEMENT N
o TECHNOLOGY ADVANCEMENT s e s s s st Lk
- GROUND BASED DEVELOPHENT
DESIGN/BUILD & TEST PROTOFLIGHT UNIT
- SPACE EXPERIMENTS
SHUTTLE FLIGHT PERFORMANCE DEMONSTRATIO

e e Sy ot —

I Sy

- SPACE SUBSCALE SYSTEM EVALUATION
SPS, PILOT PLANT 0 T |

SPS, PILOT PLANT I 11
0 COMMIT TO SYSTEM DEVELOPMENT
o SYSTEM DEVELOPHENT - i

Figure 5.2.4-9 Control Hub Ascembly/DPeployment Module Development Schedule
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cations in support of SPS construction.

5.2.5 Fixed Base Long Boom

K1

5.2,6.1 .introduction - A fixed-base long boom is defined as a general |

purpose handler having up to four degrees of freedom.

5.2.5.2 Operational Deseription

It provides a means

for transport of material and/or crew from one point to another.

5.2.5.2,1 General - The fixed-base boom has more limited flexibility !

Long~boom types include: 1) fixed in place which provides stréight

excessively long booms.

5§.2.5.2.2 Applications - The long boom transporter has numerous appli-

Table 5.2.5-1 Long Boom Length Requirements

APPLICATION
- Column Cable Facility Support
Jig Construction
MPTS Construction
Truss Comstruction Facility Support
Boeing Thermal Facet Supply

The application requiring one of the longest booms is providing trans-
fer and installation support for the secondary structure and thermal facets
of the Boeing thermal SPS as illustrated in Figure 5.2.5-1. However, it
should be noted that the transfer might occur across several shorter booms

in series, or by providing additional supply points an the primary structure. f
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boom parameter is the length as shown in Table 5.2.5-1.

considerably longer and covers a far greater working envelope.

rapid material transfer with a minimum of control complexity.

line (or curvilinear) tramsfer; 2) pivoted at one end which provides planar/
surface coverage; and 3) pivoted at both ends and incorporating a release

mechanism which provides mobility and enables broad coverage without requiring

One primary application~dependent

LENGTH

100 -
150 -
500 m
650 m
Up to

200 m
200 m

2 km

!
|
and dexterity than the general-purpose manipulator systems, but is generally }

It provides
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Figure 5.2,5-1 Thermal SPS Long Boom Applications

With respect to the MPTS construction scenario, many potential applica-

I PR L S T

tions for the fixed boom were identified. This concept is shown in Figure

5.2,5-2 with the typical construction functions supported by the long boom.

s A . o e

5.2.5-3 C(rew Participation - A long boom system requires, in general,

two distinct types of crew invelvement. The first type is one in which the
crew 1s located at or near the worksite. In this case, direct vision is

s e possible while the crew performs manipulative type operations.

A The second type of crew involvement is where the crew is located at
a4

the central hub providing material resupply to the long boom. Some direct
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Material -~ - Mote: 1. Booms can be built up in

Supply modular fashion as con-

Module struction radius progresses.

2. Each application may require
a dedicated mechanism trave!-
ling along the boom.,

Optional "Prepared”
¥/  Hard Points

One or More

tong Booms

{Up to =~ 500 m)

~ Frame Handling Fixture
- Holds basic 65x130 m frames prior to attaching one to ancther.
Cable Installed Mechanism
- installs cables between hub and MPTS concentric rings.
Secondary Structure Installer
- Use two booms to "pull-apart" the secondary strycture (=130 m triangles).
Subarray Transporter '
- Feed/supply MPTS subarrays to the automated subarr_ay‘ installer.

Figure 5.2,5-2 Fiwxed Base Boom Applications to MPTS

vision of task activity would be available in the vicinity of the central
hub but; for material transfer along the boom, some type of supervisory

control would be implemented.

5.2.5.4 Conecepts - Several concepts for the long boom were identified.
The first, shown in Figure 5.2.5=3, provides supplies and support_to auvto~
mated constructlon equipment. As depilcted, one or more crew stations, pro—“
viding manipulative and handling capabilities, would be used to resupply the
-automated solar concentrator rolls to the concentrator installer. The key
feature in this concept is the crew station, the manipulator system, and

the material travel as a single unit.
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‘—/Fixed Dimensions
with Grip Capability
Only .

- Concentrator
Rolls

«Similar to Cherry Picker but with Linear Travel
sSupplies One Concentrator Roll = Every Hour

Figuve §5,2,5-3 Fixed Base Boom - Integral Crew Station/Manipulator

A second concept providing more operational flexibility is illdstrated
in Figure 5.2.5-4., This concept incorporates indepenéent transfer mech-
anisms for the crew station, the manipulative system, and the material.
This concept enables the manipulator operxator, in the crew station at the
work site, to perform construction support tasks while a second operator,

located at the supply base, would perform the functions as required for the
material resupply.

In addition to enclosed crew station transfer, the long boom would

also be used in support of crew transfer in an EVA mode, as shown in Figure
5.2.5-5,

Another concept or option for the boom is i1llustrated in Figure 5.2.5-6.
This boom has pivoting capabilities at each end which enables the boom to

move about on the structure. For example, when the boom pivots about end A,
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e Independent Crew, Material, and Manipulative Translational Control
*Passing Capability Using Up to 4 Boom Sides

Figure 6.2.5-4 Fixed Base Boom - Independent Transfer

RAIL TRANSPORTER

ASTROTECH
AND CARGO
CARRIER

FPigure §.2,5-5 EVA/Boom Transporter Concept
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t Subsequent

Coverage Coverage
Figure §.2.5-6 Mobile Boom Concept

a given circular area is covered as deonted by "initial coverage" in the
fignre. When end B is affixed to the structure at point B' and end A is re-
leased, the boom is now pivoted about point B' and the additional area de-
noted by "subsequent coverage'" can be reached. In general, the pivot points
(or boom/structure attachment mechanism) separation distance would be variable
to accommodate the structural hard point interfaces which are not necessarily
separated by identical distances. The similarity between this mobile boom

concept and the mobile manipulator system shown in Section 5.2.1 is apparent.

It should be noted that rails might be incorporated in lieu of the
hard points to provide continuous mobility. In this case, the mobile boom
essentially evolves into a traveling truss configuration which has been
proposed for application as construction equipment. One such example is
shown in Figure 5.2.5-7 which is a Boeing approach for the installation of

reflector and solar array surface on the truss type SPS.




A men

- A

Operational Configuration

Figure 5.2.5-7 Boeing Truss Type Installation Concept

5.2.5.5 Subsystems

a. Boom Structure - The length of the boom is governed by the work

area to be covered or the transport distance involved and may range up to

2 km; more typically, boom length is 100-500 m. The length theoretically

has no limit if the boom is assembled on-orbit. However, as the length increases,
additional requirements exist for support legs along its length (at interface
hard points) to react the loads induced by the manipulator on the boom.

b. Long Boom Drive - Some long toom mobility drive techniques are

illustrated in Figure 5.2.5-8. Technique (a) incorporates torque capability
at the pivot point while in technique (b), the pivot has no active drive

but uses the manipulative system on the boom to provide mobility. In the
third case, the boom is attached to rails and the drive is cortinuous. This
method is similar to the structural attached drive systems discussed in
Section 5.2.5.8: Personnel/Material Transporter, Structure Attached.




S ——

Centoidal Drive

Manipulative Drive

Continuous Drive

Similar to
Structural Attached
Transport Systems

Figure 5.2.5-8 Long Boom Drive Techniques

c. Viewing and Control - For manipulative handling/installation direct

viewing will be the primary mode of operational control with TV viewing

a secondary mode. However, independent material transport phases will be

controlled from the supply base via indirect viewing and possibly in a
supervisory type control mode.

d. Power and Communications - The power and communication systems will

be interfaced with the construction facility via hardwire at the structural
hard points.

5.2.56.6 Envirommental Factors - The major environmental factors affect-
ing the long boom design are the hard vacuum and thermal impacts encountered
over the extensive operational life requirements. The areas of greatest con-

cern are the boom mobility and transport drive mechanisms.

§.2.5.7 Interface Considerations

6.8.6.7.1 Launch Vehizle - The long boom will be compatible with the

launch vehicle as on-orbit assembly (or fabrication) is baselined.
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5.2.6.7.2 Construction Facility - The long boom requires structural
interfaces with the construction facility. The loads anticipated and the

structural stiffniss required must be defined.

5.2.5.8 Trade Studies - The long boom transport system requires trade
studies in the following areas:

a. Establish most feasible structural configuration--size and length
based on specific applications;

b. Determine operational loads, both longitudinal and radial;

c. Establish number of, or distance between, interim supports as a
function of boom loads/lengths;

d. Analyze on-orbit assembly and disassembly; self-building vs segmented

techniques;

e. Investigate transport drive and guide systems; baseline required

timelines to bound transport rates.
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5.2,5.9 Development Plan - The future activities recommended as a result ‘

of the study and the restrictions assumed at this time have been summarized
and shown in Figure 5.2.5-9, In general the long fixed base rotating boom b
has been identified as a necessary piece of OGSE in a number of the orbital
construction tasks developed. The advantages identified warrent the consid- o

eration for development as operational OCSE in the 1995 time period. However,

a review of the early large space structures demonstrations planned to date
do not show an operational application. Therefore, early development is not
as pressing, but an SRT effort should be started to take advantage of technolo-

gies being developed for Shuttle and SPS manipulators.

T SR |

SCHEDULE |
MILESTONE DESCRIPTIONS 77178 179 |80 I81 |82 |83 [84 185 |85 I87 [ag i
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LONG BOOM DEFINITION STUDY
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I

- SPACE EXPERIMENTS

SRT DEMONSTRATION

— SPACE SUBSCALE SYSTEM EVALUATION "
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Figure 5.2.5-9 FPFixzed Base Long Boom Development Schedule
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0.8.8 Maintenance Repair Module

5.2,6,1 Introduction - Solar Power Satellites planning to date has

centered around the investigation of various designs, construction techni-
ques, and operating methodologies to achieve low-cost solar power. Although
many items contribute to cost effective program planning, the maintenance
and/or repair question, with its many variables, embraces a majority of the
design, operation and cost questions that must still be resolved before the

full potential of the 8PS can be achieved,

Considerable work has already been done relative to orbital maintenance

for Shuttle experiment programs. A large number of maintenance studies have

been performed for both NASA and DOD over the past few years. Many technology

areas considered and resulting data from these studies seem relevant to the
5PS maintenance question. One area of considerable importance was the empha-
sis that the later studies  laced on grouping of alternative concepts on a
conmon basis for economic comparison., The groupings or categories most often

identified for comparison were expendable, ground-refurbighable, and on-orbit

maintainable. All of the studies reviewed indicated the on-orbit maintainable

mode to be the most cost effective when program ground rules identified such
requirements as long life, large fleeét sizes, low risk, etc. With this data

as supporting rationale on-orbit maintenance was assumed for this study. It

was also justified on the bases that it had the shortest time impact on construc—

tion scenarios in case of fallures or contingency operatilons.

The level to which maintenance should be performed on-orbit was the next

most pressing question. 1In general, it can range from a simple module remove/

R, g AP

¥
v

replace to the complete repair and checkout of the nonfunctioning module. While
determining the level of equipment maintenance was not part of this study, the
indication that maintenance would be required and that a maintenance facility
would be feasible was made clear. Based on this line of reasoning, a mainten-
ance/repair module (MRM) was assumed to be needed in support of the SPS con-
struction and operation and as such could be considered as orbital construction

support equipment (OCSE).

5.2.8.2 Funetional Discussion - The maintenance/repair module QMRM) as

B il e S PP, T PP

envisioned is a centralized facility dedicated to performing scheduled servic-

N

ing, scheduled and unscheduled maintenance, and component replacement tasks

upon all OCSE. Maintenance upon construction equipment (CE) subsystems would

\
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also be performed as required. The facility would have as its primary func-
tion the task of keeping all OCSE vehicles in operating conditien, Failed
components or subsystems would be removed and replaced so that the vehicle
could be returned to service as quickly as possible. A secondary functien
of the MBM would be the inspection, failure analysis and possible repair and
checkout of failed compoments. This would include small equipment capable of

performing task such as clamping, drilling, welding, and possibly even some

lathe operations,

5,2.6.2,1 QOeneval - In general, the MBRM will provide a centralized fac-

ility for the repair and maintenance functions such as battery recharging, sub-
systems module replacement, component repair (on "time available® basis), sched- f
uled/unscheduled servicing of vehicles, The facility would have an open hanger
(unpressurized) section, docking ports, and a pressurized work (bench) area.

Operations would be monitored/controlled from a pressurized control/display -
module within the facility. : o

5.2,6.2,.82 Guidelines and Assumpiions — Within the limitations of the

study and based on related ongoing studies, the following guidelines and assump-
tions are presented:

a. The MRM has been assumed here to house all maintenance/servicing

systems and, as a result, is the logical place at which shift changes will oc- L
‘ E
cur. :

i e, o

b. If small, independent servicing stations are required at scattered

locations, these units will be of unique (Lo the construction base philoso-
phy) design.

TN -

e. Intravehicular Activities (IVA) capabilities will be provided in a 5.‘

general shop configuration format. ; |

d. IVA for this study will be defined as those activities which take - :
place within pressurized areas of habitable facilities.

e. All life support provisions will be provided by the crew habitabil-
ity facility.

f. The MRM will have its own contingency and emergency pressurization
system.

g. It was agsumed that the MRM would be located near the EVA module

to utilize the EVA capability in the unpressurized repair bay.
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5,28.6.2.3 Applications — The specific module configuration concept

>
¥

L

presented here seems to have application to other SPS requirements, for
example, this module could be used as a general faecility to all equipment
used an SPS construction; a space station/construction base logistics faci-
lity might include this.type of module for maintenance/repair of CE, OCSE,
orbit transfer vehdcles, ete. The unit could also be used as either a
fixed base vehicle or a free flying vehicle to perform maintenance and re-

pair during SPS operation. In addition this module could be used in conjunc-~

i

" -

| tion with a fabrication facility where there might be a sharing of unique
4 :

!

'1 equipment.

)

5.2.6.2.4 Trade Studies - Many areas related to the potential design

of a maintenance/repair module for OCSE reguire more detailed investigation,
The actual complement of vehicles and equipment (both number and function)

to be utilized in construction and construction support will determine the

i overall size of the MRM. The optimum method of moving the vehieles within

the MRM must minimize delays due to traffic and provide for efficient space

utilization. The designs of the hoists, cranes or gantries must be further

e M S M VS
- B —

; defined in functional terms so that operating techniques can be established,

L

The actual level of maintenance to be performed in the MRM (assumed in this

i discussion to be only down to the component replacement level) should be }
identified so that work flows and commodity resupply schedules can be esti- ;
mated, The control and monitoring system could be based on the system utilized i ﬁ
in the beam builders but would be more sophisticated due to the use of mani- i
pulators and other general purpose handlers in the MRM, and to the probability ' E

of simultaneous operation of several unrelated maintenance subsystems.

5.8.6.3 Creyw Participgtion - The MRM ag envisioned would play a wmajor
role in the area of crew participation, Due to the required interaction be-
tween man and machine in performing maintenance tasks the human factors con- :
siderations will be very critical in the interim design of the MEM, Man/ .2 |
machine compatibility in the design and location of equipment, restraints, >
controls, displays, lighting and workspace must be optimum if the MRM crew is

to effectively accomplish the maintenance objectives,
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5.2.6.4 (oncepts -~ Different MRM configurations were proposed which
varied widely as far as structure size, functional tasks, shift size, inter-
nal pressure, etc., A review of these configurations matched with some of the
more reasonable support requirements fdentified in part I resulted in the
selection for further development of the concept shown in Figure 5.2.6-1,
Some of the major options identified were such questions as; should the MRM
be attached to the cluster or have free flight capability, should it operate in
in LEO or LEO and GEO and should it be sized to perform maintenance on small

transport vehicles or also QOTVS., Many of these types of questions cannot be

resolved at this time, however, assumptions were made which resulted in propos-

;
ing a feasible concept defined in the following paragraph, capable of identifying % .

potentially soft technology areas that may be encountered,

Three major classes of OCSE would be maintained by the proposed facility.
All surface transport vehicles, OCSE free=flyers, and EVA modules (e,g,, ECWSs)
would be accommodated by the systems provided in the maintenance/repair module,
In addition, servicing and repair of orbital transfer wehicles (0IVs) could be §
accomplished in the MRM, and component replacement of CE subsystems could be
performed.

The MRM would contain three main work areas, each of which is dedicated to

"earage' section would

a particular type of maintenance task, An unpressurized
perform day-to-day (or shift-to-shift) servicing such as refueling/recharging,

and effector changeout, and checkout of major subsystems. Parking places for ?
vehicles (surface transporters and free flyers) would be provided where servic-
ing could be accomplished using remotely controlled umbilicals, commectoxrs and g

manipulators,

A second unpressurized bay is provided for scheduled and unscheduled main-
tenance, Tailed components/subsystems would be removed using remotaly con-
trolled manipulators, and replacement parts would be installed. The vehicle
would then either return to the work site or be moved to the garage bay for nor-
mal servicing. Vehicle changeout, such as converting a personnel surface
transporter into a cargoe transporter, would also be accomplished in this repair
bay (see Figure 5.2.6-2)}, ALL MRM operations would be coordinated from the
third main work area, which would contain a pressurized contxol room. Equipment
such as cranes, gantries (for transporting vehicles within the MRM), manipula-

tors and service panels would be operated and monitored from this control raom.
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Additional pressurized sections adjacent to the control area would con~
tain work shops and benches (connected to the open bays via airlocks), for
hands-on component repair, Although it Is anticipated that most failed com=-
ponents would either be returned to a separate facility (perhaps the manu-
facturing facility in LEO) for repair or simply discarded (materials could
be reclaimed for recycling in the MF), some repair work could be accomplished
in the MRM. An inventory of failed components would be malIntained, and per-

sonnel could attempt repairs on a "time available" or schedule need basis,

Also included in the MRM would be the equivalent of a tow truck, which
would retrieve immobilized transporters or major subsystems from the construc-—
tion site and return them to the MRM for repair. This tow truck would be a
surface transport vehicle reconfigured as required, and could also be used to
transport replacement components for on-site maintenance activities, Only those
maintenance jobs which cannot be completed at the construction site in a reason-

able amount of time will be done in the MBM,
5.2.6.5 BSubsystems - TRD

5.8.6.8 Envirgmmental Factors — The major environmental factor effecting

the MRM design is radiation Impacts. While there is very little problem with
radiation in LEO, operation in GEO could present a mair: problem. An ongoing
NASA study -- ECWS, NAS9~15290, is looking into this problem area. Data from
this study and from other related studies should be avallable for future design

considerations.

5.2.6.7 Interface Considerations - In general, the interfaces identified

with this vehicle would be similar to those required for other modules which
make up the construction base cluster., Typical samples of projected interfaces

are as follows:
MRM/Habitability Facility
MRM/Logistics Facility
MRM/Transport Vehicles
MRM/Commodity Resupply Module
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5.2.6.8 Development Plan - The future activities recommended as a

result of the conclusions reached in this preliminary evaluation are sum-—
marized below and on Figure 5,2,.6-3, The first study which should be con-
ducted because of its potential impact upon the construction scenario and
the construction base iIs the actual level of maintenance to be performed

in the MRM, The type of study required would be a combined technical, crew

praductivity and econcmic effectiveness analysis.

Feasibility of this concept could impose a human factor impact upon
accass requirements for both the EVA and IVA remove and repair mode on

OCSE and CE compounents.,
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5.8.7 Commodities Storage

5.2.7.1 Introduction - The concept of reuseable orbital spacecraft

introduces many new requirements for designers of systems and supporting
equipment. The traffic routes are many and diverse for moving men, matarial,
components, equipment, large assemblies, and facilities during the construe-
tion process. Consequently, theire i1s a definite need for providing supply
depots, refueling statinns, etc. Because of the materials or fuel types, the

locations and procedures used to provide this storage and supply function

must be accomplished with minimum risk to personnel and equipment involved. Alsc,

evaluation of different options in terms of time, complexity, lighting, safety,

cost, ete, need be considered,

5.2.7.2 Functional Discussion — The commodities storage facility (CSF)
as required will provide a storage capability for commodities such as fuel,
water, propellant, coolant, gasses, nuclear materials, ete, necessary to oper-—
ate many of the different tramsport vehicles. The unit envisioned to provide
this is a centralized facility which serves as the supply depot for the OCSE,
Although the eventual SPS construction philosophy may dictate the use of a
large warehouse for all SPS commodities or the use of smaller distributed ware-
houses of specific nature, this discussion is limita2d to the storage and supply
requirements inherent to the OCSE. It is recognized that the CSF described
here may well be incorporated (functionally or physically) into a larger SPS
Jogistics facilicy.

5.2.7.2.1 General - In general, the CSF will provide a single facility
located away from or attached to the basic SPS construction base cluster,
Some of the past studies which could be helpful in this area include: Develop-
ment of Space Maintenance Concepts for the Reuseable Nuclear Shuttle, NASS-
27297, April 1972; Transfer of Fluid Between Space Vehicles; and
Resupply/Repair of Solid or Hybrid Attitude Propulsion, NAS8-29196.

This is one effort in which very little work could be done at this time
since configurations are highly dependent on SPS program groundrules, However,

same concepts were looked at as shown in the follolwing paragraphs.
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5.2.7.2.2 Guidelines and Assumptiong - Within the limitations of the

study and based on related studies the following guidelines and assumptions
are presented;

. The CST has been assumed here to house all maintenance, storage and

transfer servicing systems required in support of all potentially dangerous
resupply commodities,

b. If small, independent commodity storage and supply stations are re-
quired at scattered locations, these units will be of unique (to the construc-
tion base philosophy) design,

e¢. The CSF will also house spare parts, subsystem replacement modules and

other materials required in support of the Maintenance/Repair Module for OCSE.

d. Activities in and requirements of the CSF will be coordinated with (or
assimilated into)} equivalent SPS support facilities.

e. Accommodation limits within the CSF will be determined by the overall SPS

and OCSE construction and maintenance philesophy.
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5.2.7.2.3 Application ~ The prime objective of the commodities storage
facility is the storage and transfer of fuel and fuel tanks required by or-
bital transport vehicles. As such the associated requirements are considered
to be rather dedicated in nature. The requirement for crew safety is one
of the most limiting design parameters. This has a great impact on location
and the role of erew participation. From all initial indications the com-
modities-storage facility would be a dedicated Ffacility for fluids and
hardware which have a personnel safety implication, However, this shouldn't
limit the potential of making use of spare areas available on the CSF for such
items as batteries, spare parts, tool kits, replacement end effectors,
subsystem modules {communications, GN&C, thruster pads, ete), ete. This

facility could also serve as a storage area for idle OCSE vehicles or
equipment.

Some of the potential areas significant to the design of the CSF which
should be studied in more detail include optimization of storage arrangement,
supply retrieval techniques and inventory control. The items to be stored
in the CSF range from the very small (e.g., 0.1 m3 electronics package) to
the relatively large (e.g., transport vehicle personnel module, 5 meter
diameter x 15 meters long). All itemé must be stored in such a way that
they are accessible for retrieval. Once the overall maintenance philosophy
has been defined, reliahility analyses and fleet size will determine the
types and quantities of items which need to be stored. Efficient utiliza-

tion of space will, of course, minimize the storage volume required.

The actual technique used to retrieve items and deliver them to the
MRM must be detailed. Although an automated or remotely controlled cart
traveling over a rail system has been assumed here, other concepts are
also feasible. The mechanisms required to handle the commodities can be
as simple as a Fork 1lift or as complex as a multiple degree of freedom
manipulator. It is anticipated, however, that the entire syster will be

made as simple as possible.
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Inventory control methods used in the CSF will be dependent upon its
overall capacity (number of items stored at any time) and upon its relation-
ship to the SPS logistics facility. Subsequent definition of construction

base logistics will allow determination of such requirements for the CSF,

5.2.7.3 Crew Participation - s top level cut in this area indicates
scheduled operations associated with the GSF and man should be conducted on
a manned remote basis, Thus, the prime design consideration would be one of
man/machine compatibility in design and layout of displays, controls, lighting,

ete, to provide the remote operator an effective means to accomplish the mission
objectives.

5.2.7.4 Concepts - Two very simple concept approaches yere investigated
and partially developed for each of the major commodity storage and transfer
functions. This was done to aid in determining an overall CSF concept that
seems to satisfy the functional requirements for commodity storage and trans-

fer. The two concept approaches were!

e Cluster Attached/Manned CSF
® Cluster Detached/Unmanned CSF

The Cluster Attached/Manned CSF concept provides a wide range of storage
and supply functions applicable to other base modules.

Since the storage and supply requirements for OCSE are also based upon
the servicing/maintenance functions, 2 primary functional interface of the
CSF could be with the maintenance and repair module. The efficliency of the
complete system would be enhanced if the two modules are close together or

even physically cummected. Figure 5.2.7-1 shows one possible arrangement of
the two modules, after assembly in orbit.

The CSF is confipured in this concept to accept supply deliveries, store
items such that they are gasily accessible, retrieve items as required using

an automated or remotely controlled cart, and deliver the item to the MRM.
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Figure 5,2,7-1 Manned CSF/MRM Configuration Concept

Figure 5.2.7-2 shows a typical floor plan for the CSF. A small pressurized
enclosure serves as the control and monitoring station for the module; the

maln storage bays are unpressurized.

The second concept looked at was the cluster detached unmanned commodities
storage facility. This concept utilizes equipment that is partly autonomous
in that it is a stable unmanned platform. The assembly and operations that
¢re nonautonomous are performed by remote operators back at the Integration

Management TFacility (IMF) or in a contingency mode by EVA per-onnel.

The assembly activities that are remotely controlled by man make use
of teleoperator system (TOS) in either the free flying or fixed base types
operating on the platform. Due to the versatility of teleoperators, the
quantify of support equipment needed for the CSF is minimized over the quankity

of autonomous equipment that would be required.

A typical scenario would include the launching of specific structure

sections and assembly equipment from earth on HLLVs to a designated orbit

v-83

N A e

it

e e —————

N e




r P S S

] iﬂ
b
g
1
|
| |
.
i
.
Delivery
Vehicle Delivury
Lelivery Routes Port to
Port to - Maintenance & :
Maintenance & Rapair Bay i |
Rapaiv By "l L ecscnmcccsscceschedonaspiicasssoeessasme s N
- .
@urp Items Stengo-)> \
|
(e.g. propulsion unlt@ .
< |
| 1
(e <] 1
£ | © t
"-
—
y ¢/ Commodities
[ ’, Receiving
i Floor
k (Docking from Top)
o g s e i ki o D o i D Al e i s S A
| Small Parts Receiving L J
Small Parts
Storage ﬂ ﬂ ” ” 4

Fuel

oy A 2 i i Y/ A

¥ To
o J Docking Pump
House

for Tanker

Figure §.2.7-2 CSF/MRM Typical Floor Plan




—

location. Once the desired orbit is achieved the HLLV will either perform

a startup phase or maneuver and dock with an existing CSF. After dochung

has been confirmed, transfer of commodities from the HLLV to the CSF will

take place. The method of transfer could be done by umbilical connection

and fluid transfer, or by module removal and replacement (fluid tanks or high

pressure spheres). The HLLV would then undock and return to earth.

An option to this sequence would have the HLLV stationkeep at a safe
distance while unmanned free flying teleoperators maneuver out to the HLLV

dock with the HLLV payload and transport it back to the CSF. Figure 5.2.7-3

presents an arcist's concept by Westinghouse which gives a typical picture

of what a commodity storage tank farm might look like.
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$.2.7.5 Subsystems - TBD

5.8.7.8 EBnvirownentql Faetors - The major envirommental factors effect-—

ing the CSF design are radiation and thermal impacts. While there is very
little problem with radiation in LED, operation in GEO could present a major
problem. An ongoing NASA study--ECWS, NAS9-15290, is looking into this prob-
lem area. Data from this study and from other related studies should be

available for future design considerations.’

5.2,7.7 Interface Considerations - In general the interfaces identified

with this vehicle would be similar to those required for other modules which
make up the construction base cluster. Typical samples of projected inter-

faces are as follows:

CSF/Habitability Facility
CSF/Logistics Facility
CSF/Transport Vehicles
MBM/Commodities Storage Facility
CSF/HLLV and OTV

Material Transfer Interface Connectors
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5.2.7.8 Development Plan - The future activities recommended as a

result of the conclusions reached in this preliminary evaluation are sum-
marized below and on Figure 5.2.7-4. The initial effort projected is the
development of ground rules and economic benefits of the overall commodities
storage and resupply picture. Research and development should also be
continued on remote maneuverable teleoperators. Also, SRT should be initiated
on materials, to be used on both the CSF and the OCSE, which will be used

on hardware exposed to the combination of the normal space environment com-

bined with radiation enviromnments of materials stored.

The test planning, scheduling and facilities utilized are greatly
dependent on the development and scheduling of other base modules. For
example maneuvering and docking requirements are very similar to many of
the other base module requirements. The emphasis in this area is iIn the
gystem definition/exploratory technology because conclusions resulting from

this phase can drastically change the later planning.

SCHEDULE
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Figure 5.2.7-4 CSF Development Schedule
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5.2.8 Persommel/Material Transporier, Structure Attached

[N N S

5.2.8.1 Introduction ~ Any type of large space structure will require

a significant amount of personnel and material transportation both during
initial construction and for long-term maintenance. These transporters
should also be capable of assisting ia the construction and maintenance

tasks by carrying man-operated manipulators and other tools to and between

work sites. Some of the assembly tasks would be assisting in beam joint

attachment, installing solar concentrators and panels, cable attachments,

etec. During the maintenance phase replacement of concentrators and panels,
2 repalring broken structure or cables, inspections, ete will be a logilcal Sy
e set of activities iIn which personnel, utilizing transporters, will be engaged.

ﬁ Much of the travel required during SPS construction and maintenance can be

accomplished on existing structure (beams or cables).

5.2.8.2 Operational Discugsion -~ This section will be devoted to the

general description of a transporter, the design requirements, and applica-

tions of the wvehicle; in addition, the trade studies that need to be accomp-

lished prior to selacting a preliminary design concept will be identified.

5.2.8.2.1 Gengrgl - From previous preliminary studies of variuvus struc-~

ture attached transporters, it has been concluded that the vehicle should

e S f g
L e AT iy A e ST gy e & T ‘ia'ﬂiﬂ‘t ok

traverse the basic SP35 structure (beam or cable) without requiring specially

o
i

dedicated cables or rails. The transporter would be self-propelled on the

; structure by electric motor driven wheels powered from an internal power pack
or bus bars on the structure. This vehicle would transport personnel, mater-—

ials, and equipment, and would double as a tool to assist in the space

5.2.8.2.2 Guidelines and Assumptions - The following list of guidelines

and assumptions are in fact prelimindry design criteria for the next phase

I

[i

i

“ structure assembly and maintenance after comstruction.
'lg

1

|

{

of the transporter program and are flexible enough to permii modification,

deletion or addiltion as the design 1s formulated.

o ..h.;‘:f.,.m.m«‘ggf-Amm,-k‘__-.-g..ﬂﬂu;ﬁaas_b};’

a) Transport a maximum of 10 persomnel, if used as a crew transporter.

. b) Transport the materials necessary to assist !a the initial SPS con-

e

struction such as solar concentrators, solar panels, structure

joints, and tools, when used as a material transporter. N

N

v-88

"

\
|
|
E
1

r



RG] gy 4 S e e I _ e e s

¢) Transport all the materials and tools necessary for maintenance
of the space structure for replacement of equipment, repairs of
basic structure and cables, etec.

d) Contain teleoperator station (controls and displays) and manipula-
tors to effect construction and maintenance (vehicle shall be
directly controlled by an operatox).

e) Derive power from the SPS by bus bars or rechargeahle power packs.

£) Design of motive devices to interface directly on the basic struc-—
ture with a minimum of extra tracks, guides, etc.

g) Provide for inspection of all parts of the SPS construction base
by direct viewing or remote camera coverage.

h) Provide capability for access to all areas of the SPS for maintenance

tasks.

5.2.8.8.3 Adpplications - Figure 5.2.8-1 summarizes the functional inter—

faces which apply to structure—attached transporters. Such considerations

are signifieant to the development of OCSE. 1Iransportation of personmnel or
material, for example, on or within existing beam structure is affected not
only by the beam design, but also by the joints between beams (see Figure
5.2.8-2). Intra-beam transfer is limited by the dimensions of the beam
triangular cross~section (typically 2.5 to 20 meters). Transfer over a beam
is influenced by the beam material, load constraints and the existence of
travel restricting joints. Considerations important to the use of existing

cables for surface transportation are summarized in Table 5.2.8-L.

SPS
STRUCTURE

| -
N L
BEAMS CABLES
_ T B
1 L o —
INTERNAL EXTERNAL [ SINGLE MULTI-CABLE_

Basic -Basic
Beam Beam

 }Across
Beams

L Special
Beams

Figure 5.8.8-1 Struotural Ihterfhee Conéi&eraﬁions
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Table 5.2.8-1 Cable Transport Considerations

 OPTION

ADVANTAGES

DISADVANTAGES

Single Lable

Can use.éxisting (passive) SPS cables

Orientation about cable difficult to
maintain '

Module interchange between cables re-
quires additional support equipment .

Dua]Ifab1e

| Mbdu?e stability increased by 2-pt.
attachment

AlTows transport of more material

Travel restricted, by requirement for
two parallel cables _ '

Module interchange between cable
systems requires additional support
“equipment

May require modified or dedicated
(second) cable

Spider Concept

Provides greater transport flexibil-

ity (three-dimensional or planar)

Allows module to get close to work
area without actual contact

Requires dedicated casle traﬁsport
system

Not efficient for transporting large
amounts of material
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"Clear Path"

CENTROIDAL BUTT LAP JOINT
JOINT

Figure 5.2.8-2 Beam Transportation vs Joint Design Considerations

The column/cable SPS might present a unique requirement for cable-
attached transporters. The nonpower carrying cables on the C/C-SPS are
to be approximately five centimeter diameter Kevlar. The amount of exposed
cable ranges from 360° to 60° of the circumference of the cable. Two types
of cable joiners will most likely be used: the first will be a standard
clamp-type joiner; the second, a pulley arrangement, like that nsed at the
prime-subprime cable junction (see Figure 5.2.8-3). Both hand-h-ld and

ridable cable transporters can be envisioned.

One type of hand-held, cable-traversing vehicle would be placed on
each cable comprising each joint before the joiner is put on. An astronaut
starting at one joint would grasp a vehicle which he would use to take him
to an adjacent joint at which he would grasp another vehicle, repeating the
procedure until he arrived at the desired location (see Figure 5.2.8-4).
Some disadvantages related to this type of vehicle are: the supplies carried
are limited to what the astronaut can control with one hand; batteries need
to be carried either by the astronaut or changed periodically; stops are
required at each joint. The advantages to such a vehicle are its simpiicity
and controllability, and the ease of installatiom.
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Pulley Arrangement
(for prime-subprime joints)

Standard Clamp Joint

Figure 5.2.8-3 Cable Joints

A second type of hand-~held cable-traversing vehicle would be that type

o TR T 1 I TR TR i Lyt S

Py
% I,

I that could change cables. This vehicle would "sit" on top of the cable and

i

grip the underside of the cable with a series of paired wheels, each pair
of which acts independently from the other pairs. For a smooth transition
between joined cables, wires would be strung to bypass the joints (see

Figure 5.2.8-5). This type of vehicle could be carried as a regular part of

LR FE

the astronaut's tool kit and clamped onto any convenlent cable. This vehicle

would be faster than the non—-cable-changing vehicle and would be cheaper to

} use. If bypasses were not employed, the astronaut would have to stop at

each joint to change cables. Another disadvantage is its limited carrying

capacity.

R R YT LR e

The second type of cable-traversing vehicle is the ridable type. A
non-cable-changing, ridable vehicle would not be efficient, since it would
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Figure 5.2.8-4 Hand-held Cable Traversing Vehicle

Flexible Joint

Figure §.2.8-5 Joint Bypasses for Cable Traversing
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probably transport packages of enough mass to preclude their being switched
to & different vehicle at each joint., A ridable, cable-changing vehicle
(Figure 5.2.8-6) would necessarily employ the same types of gripper wheel
and joint bypass systems as the hand-held, cable-changing vehicle (on a
larger scale). This vehicle would be able to carry massive loads, would

be very easy to control, should be relatively fast and could be coupled with
a free-flying system. What might be considered disadvantages are that by-

passes must be installed, and the vehicle would be complex.

A second general type of vehicle which would be used on the C/C~SPS is
the "spider" vehicle. In general a spider vehicle anchors some type of
appendages on the existing cables, using these points as foot holds from

which to move.

A gpider vehicle could be constructed which would use manipulator-type
arms to walk across the surface of the C/C-3PS, using the subprume cables
as footholds in tandem. This wvehicle could lower itself to within a few
meters of the solar panel surface where it could repair the surface with
manipulator arms and/or cherry-picker-type vehicles. To cover the entire
surface of a 1-km square described by four subprime cables the spider would
need four legs, each consisting of two 700-meter booms. The motion of this
vehicle would be similar to that of a walking spider.

s ew RS oy -

Figure 5.2.8-6 Ridable Cable~Changing Vehicle
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A second type of spider vehicle would replace the legs of the first type
with cables whose ends are fastened to devices similar to hand-held, cable-
changing vehicles (Figure 5.2.8-7). This vehicle would "fly" to the prime-
subprime cable joint above the section to be repaired, attach the cable-
traveling devices to the subprime cables, and, by regulating the cable
lengths and the velocity of the cable-traveling devices, descend to the
desired area. This vehicle would also use manipulators and/or cherry-picker
type vehicles to repair the surface. This type of vehicle reduces the chance
for contamination to the solar panels by using cable drive systems starting at the
prime-subprime cable joints (high above the solar array surface) and lowering

itself to the surface. Space could be conserved by constructing the manipu-

®),

lator arms and cherry-picker booms from collapsible beams (i.e., Astromasts

Applications involving beam-attached transporters are potentially much
more extensive, because the anticipated SPS design (even the C/C-SPS) will
include structural beams both as part of the construction base and the SPS
itself.

beam concept of large space structures where a specific gsize of basic tri-

Such transporters would be most adaptable for use on the triangular

angle 1s used for all the main beams, cross beams and diagonal beams. A
spiral construction would be less adaptable, but for most maintenance and
¥ inspection tasks traveling around the spiral beams would still be required.
The column/cable construction is the least desirable for a beam attached
transporter and additional studies will be required to assess the impact

of added dedicated transporter beams against the complexities of a cable
attached vehicle.

beam-attached device will have great utilizatlon to assist construction by

In addition to transporting personnel and material this

installing solar panels, solar concentrators, bus bars, cables, wiring, etc.
Personnel in the transporter would have direct viewing of most tasks, as
opposed to remote video coverage by unmanned assembly vehicles. The same

advantages exist for the manned transporter for both SPS inspection, and

the repair and maintenance of damaged or malfunctioning components.

Since it is desirable that existing beams be utilized by the transporter,
the specific design of the beams should be such that they can accoumodate an
attached transporter. Figure 5.2.8-8 shows possible modifications to proposed

beam designs which would make them compatible with beam traversing transportation
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"Cherry pickers"
ttach cable traverseXs

Cable=traversers tow
vehicle to svrface

L "Cherry-pickery"
repair surface

Figure 5.2.8-7 Cable-Guided Spider
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Figure §.2.8-8 Pogeible Beam Designs to Accommodate Transporters

V=97




systems. The system using the unmodified beam (Figure 5.2.8-8A) has the
desirable characteristies of ncl impacting beam design; however, only one
vehicle at a time can travel a beam, The beam in Figure 5.2.8-8B uses
point connections of its cross-braces to provide over 270° of unobstructed
beam. Up to three vehicles can travel this beam at one time without influen-
cing each other. The beam in Figure 5,2.8-8C is equipped with troughs in
which the wheels of the transport vehicles may ride. This beam may also
accommodate up to three vehicles at one time without them influencing each
other. It wculd appear that a beam able to accommodate three vehicles would
be more desirable than a beam only able to accommodate one vehicle; however,
the best method must be determined by the impact each method has on the
required strength of the beam. The use of an electromagentic system at the
beam/vehicle attachment interface should be considered since such a system

might reduce beam load requirements.

5.2.8.3 Crew Participation - All structure-attached transporters will

require direct crew activities for vehicle control, personnel/material trans-

fer and subsystem monitoring. Depending upon the particular vehicle utilized,

the operator will perform his tasks in either the EVA mode, or from a pressuri-

zed cabin. The trade studies needed to address this item are complexity of
crew activities, sophistication and cost of vehicle controls, impact on basic
structure for runways, joint bypasses, etc. Crew training, automated systems,
redundancy are among the many elements requiring an in-depth study to optimize
the final design as well as to provide comparative information between the

various candidates.

5.2.8.4 C(oncepts - The previous paragraphs have presented several
applications of candidate transporters, both cable attached and beam attached.
From these preliminary studies, 1t has been concluded that the beam attached
transporter is the more practical approach, and is the design concept that
should receive additional study, design refinements and early space demon-

strations. The rationale for selecting the beam attached over cable attached

systems is based primarily on the types of space structures currently envisioned.

Both the triangular beam and “he spiral spider structure concepts have large
areas of structure for the transporter to transverse all during construction
or repair. The accessibility from cables on the triangular beam design would

be severely limited, and would be nonexistent on the spiral.
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- It must be reiterated that to provide an optimum transporter system, the
basic SPS structure design must incorporate the features required to support
the transporter. At the same time studies must be conducted for the transporter
motive power. Table 5.2.8-2 lists some advantages and disadvantages of four
possible concepts of beam attached transporters, and the following paragraphs
describe each concept in more detail. Variations of these ideas and additional
appr-aches will undoubtedly be conceived and added to the trade studies. Each
of the suggested ideas, beam traveler with manipulators for legs, the two
designs requiring joint bypasses and the free flyer, travel on the basic beam
structure, but each have unique features that will affect the design of the
beams. Each of the four transporters fulfill the imbortant criteria of
paragraph 5.2.8.2.2; travel the basic structure; gée structure electrical
power; transport astronauts, materials and tools and have access to most

areas of the structure for inspection and maintenance.

a) Beam Traveler - No matter what type of propulsion or grapnel is

used, a problem which any beam traveling device will have is chang-
ing from one beam to another. One possible way to change from one
beam to another is shown in Figure 5.2.8-9. This vehicle is attached
to its beam gripping and propulsion system through four manipulators.
To change beams this vehicle reaches out and grips the desired beam
with its front manipulators and then pulls itself over the joint.
This 1s shown in the four plates.

Another way to avoid joints when changing‘beams is to use a joint
bypass system. The bypass system would be constructed and fitted
around the joint so as ta provide a smooth transition from one beam
to another for the chosen gripping and propulsion system. The beam
to which a vehicle is directed is dependent on the side of the beam
on which the vehicle is traveling.

Static Rail Changer - To vse a bypass system as described above,
the beam traversing vehicle must be able to switch to the side of
the beam which will take it in the desired direction. Two wethods
of doing this huave been suggested., The first method is shown in

Figure 5.2.8-10. Before approaching a joint having bypasses, this

vehicle stops to change sides (if necessary). The vehicle uses a
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Table &.2.8-2 Structure Attached Transporter Considerations

OPTION

ADVANTAGES

DISADVANTAGES

Beam Traveler

Does not require special structure

at joints to bypass.

Manipulator legs could double as
work tools.

® Requires four manipulators.

e Would have to stop to change direc-
tion or continue on at joints.

Static Rail
Changer

¢ Has positive grip on bypass beams.

o Manipulators could double as work

tools.

® Requires special bypasses at joints.

¢ Must stop at joints to change direc-
tion.

e Requires two manipulators.

travel on structure.

® Eliminates bypasses at joints.

CouTd carry larger loads.

Dynamic Rail ¢ Only requires two small arms at ® Reguires special bypasses at joints.
Changer Joint bypasses. ® Needs manipulators for work tools.

e Does not need to stop at bypasses.
Combination (] E]imjnates need for docking and ® Requires special "runway" structures.
;;?? 5;%?:49 receiving stations. ¢ Some chance of contamination from

e Minimizes distance vehicle must propulsion unit.

e Needs manipulators for work tools.
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Manigpalators with Propulsion
Devices as End Effectors

Rear End Effectors Continue.Propelling

-

@\
A\)
e
\;\ \«"‘v/" Rear End Effectors Released
0‘/ Front End Effectors Grip Around Joint

Rear End Effectors
Grip Beam

Front End Effectors
Already Towing Car

Figure §.2.8-9 Beam Travele:
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i By -pass’
Direction car will go if it y~p ) 9&&5
doesn't switch sides ,‘\ a®

o

Car is

stopped
Equipped with Manipulators

Propulsion
Device

Disengage Propulsion pevices 1.om Track

» _ txztend and Secure Manipulators

Clear Vehicle from Track

"Swing' over Track desired

Rotate Vehicle
Align on Track desired by Pilot
Engage Propulsiorn Devices

Retract Manipulaters

Motion continues

Figure 5.2.8-10 Statie-Rail Changer
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manipulater and a rotating ring as shown in the four plates of
the Figure.

¢) Dynamic Rail Changer - The second method of changing sides (see
Figure 5.2.8-11) does not need to stop to accomplish the change,

. but rather does so while moving. This method uses a "switching"
4 arm equipped with a beam gripping device to accomplish this (as

shown in the four plates).

d) Coubination Free-leer[Rail Vehicle - One configuration which 1s

on the borderline between being considered as a rail system or as

-

a free flyer is a free flying transport with beam gripping "landing

-

gear" which it uses to "dock" with a cdnstruction site. Use of

such a vzhicle could do away with the need for a docking and receiv-

ing station for resupply vehicles. Before approaching a constructicon
site this vehicle would put itself on a glide path which would bring
: it to interface with a beam "runway" (a structure which would grad-
; ually truncates into a structural beam of the construction site).
After the vehicle has "docked" the landing gear would grip the beam
and propel itself along as the previously described vehicle.

5.2.8.5 GSubsystems ~ There are several key factors for each subsystem
that will require specific definition to accomplish the next phase of studies

T AT

and designs. Each subsystem are listed below with at least some of the
criteria required identified. These criteria are necessary to establish

size, power, mass properties, etc of the subsystems.,

e Beam Propulsion System

gt e T e L et e

- acceleration

- braking/deceleration

- velocity

- structure/traneporter rall interface

- structure/transporter power interface

e Transporter Size

number of astronauts required

identification of materials and tools to be transported

loads imposed on beams
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Direction Car will

GCo if no Change is
Made
\_

Right Changing Arm ¥
Starting to Come ,

Traveling Devices Down to Grip Bottom o
(2 ea. side) Rail i i

Right Changing Arm has gripped bottom

¢ f Car still moving
rail and is starting to pull car over

AT W

T T

Car is revolving
about this rail

T . Tt ey
<5 - AT

Car will upright itself
after passing joint

car still =ov

Car has completely overturned and
{s traveling on a joint Dy=pass

with its right side traveling devices
and its right switching arm Yz

Pigure 5.2.8-11 Dynamic Rail Changer
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® Structure Support Equipment

~ tasks to be performed during construction maintenance and inspec-~
tion

-~ reach of manipulator arms (size of structure)

~ end effector interfaces

-~ electrical power available

-~ inspection aids, cameras, optics, X~ray, etec

special tools

I

i - changeout of end effectors
g;’ .
* % 5.2.8.6 Environmental Faetors - The environments will have a major
% impact on che designs and influence the trade studies. These listed environ-
E ments are the minimum that must be considered.
%
E e Space vacuum
L e Maximum and minimum temperatures
g e Solar exposure
. ; e Meteorite protection
% e Operating cycles
§ e Operating life
'% 5.2.8.7 Interface Factors

5.2.8.7.1 Launch Vehicle Requirements - The transporter must be designed

to not only fit inside the launch vehicle but must be designed to maximize

the weight density for launch. Completeness of assembly at launch must be

T

weighed against the complexity and cost of space assembly of the transporter.

5.82.8.7.2 Servicing and Maintengnce - The transporter design must con-

sider servicing and maintenance in the overall trade studies. Several guide-

RTINS T e

lines and tradeoffs listed below can assist the designer in his overall eval- ?
uation criteria.

¢ Brushless versus brush type motor {long life).
Sealed versus unsealed lubricant applications for bearings, gears,
etc. Influenced by life, loads, and type of space lubricant,

e Plug~in modules for space depot overhaul versus on-transporter repair.
Human factors for ease of replacement or repair of transporter in
space enviromment.

® Space depot overhaul of entire transporter versus on-structure repair.
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Figure 5.2.8-12 Combination Free Flyer/Rail Vehicle
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5.2.8.8 Development Plan - Future activities recommended as a result

of the conelusions reached in this preliminary evaluation are summarized in
Figure 5.2.8-13. The schedule of activities as shown provides an indication
of the long lead support required to define the technology needed for feasible
development planning. The SRT item of primary interest is the attachment

interface between the transport vehicle and the structure on which it moves. :
It 1is recommended that this interface effort be conducted as an independent E
research study which would address this technology area for all vehicles
which may ride on or in some form of SPS structure. A major portion of this i
study would include the mode of enmergy or propulsion means used to translate i

the attached vehicles over structure. Other technology areas such as cab

design, life support equipment, and cargo storage and handling should be i

developed on other programs with an earlier need date. ?

SCHEDULE

MILESTONE DESCRIPTIONS 77 {78 {79 {80 |81 {82 83 [sa |ss lss a7 jas| 7oA
® SYSTEM DEFINITION/EXPLORATORY TECHNOLOGY ssponsfregingt,

&

SYSTEM DEFINITION :
STRUCTURE_INTERFACE/PRELIM PROPULSION DESIGN -4 L
TRADE STUDIES/PRELIMINARY DESIGN SPEC :
QCOMMIT TO TECHNOLOGY ADVANCEMENT ‘t’ ;
o TECHNOLOGY ADVANCEMENT fesndenashonsfuanmpuanpraedosnspenniase
- GROUND BASED DEVELOPMENT
ENERGY SUPPORT EQUIPMENT CRITERIA
- SPACE EXPERIMENTS
FINAL TRADE STUDIES AND DESJGN SPEC

PRESn

it Sk b Ay Y

- _SPACE_SUBSCALE SYSTEM EVALUATION i
0 COMMIT TO SYSTEM DEVELOPMENT Y
o SYSTEM DEVELOPMENT o

Figure 5.2.8-13 Structure-Attached Transporter Development Schedule
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$.2.8.89.1 Trade Studies - Previous paragraphs have described several

concepts of transporters and identified some inherent advantages and disadvan-
tages of each type. These studies were of sufficient depth to select the
beam attached approach as the most viable candidate for further trade studies.
The next logical step is to pursue the identified designs in much further
depth with the following items evaluated as a minimum.

Transporter size and complexity to accommodate two to ten astronauts.
Transporter size, retention requirement and handling needs for various
materials, compunents and toocls to perform construction and mainten-
ance tasks.

e Impact of various designs on the basic beam structure design for rails,
joint bypasses, sbecial docking facilities, etc.

¢ Interface requirements with the space structure power system for
plug-in rechargeable power packs versus bus bar type power system.

o Flexibility of each approach to accomplish the basic functions of
transporting, construction and maintenance, and use of multipurpose
devices such as manipulator arms doubling as legs for the motive actu-
ators, as well as tools for construction and maintenance.

® Crew involvement in traversing structure.

Crew enviromment; i.e., shirtsleeve vs space.

As the preceding discussion suggests, several significant trade studies
are required to define the design details of a structure-attached transport
system. The impact of the design requirements for the transporter upon the
design of the basic beam moy be critical; beam geometry end overall beam
strength may be more strongly influenced by the transport system than by
general SPS structural requirements.

The requirement for and design of joint bypass systems must be more firmly
established. Depending upon the eventual configuration of the construction
base, the number of bypasses needed can be minimal or relatively significant
in termg of added structural mags and complexity.

Further definition of the OCSE transportation fleet is required, so that
the number and type of each class of vehicle (surface-attached, free-flying,
hybridg) can be fitted to the particular tasks to be performed. This functional
definition can have an impact upon *he factors mentioned above: beam design,
structural requirements, bypass design, and the construction base configuration.
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5.2.8.9.2 Supponting Research mnd Technology - Some of the aspects of

the transporters need to be addressed in the near future, both because of

the progress on the beam structure design and long lead research required.

Other aspects can and should be delayed in starting either because the tech-

nology 1s now known, or interfacing structure or equipments are in too early

of a development status of their own to make it meaningful or cost effective

to design that part of the transporter. This paragraph will categorize the

various portions of the vehicle and the following paragraph will establish
the schedule for addressing the design phases.

o Items requiring near term action - 1978 thru 1980

Since there are several ongoing contracts on the design of the
structure and the beam builders, an interface between the beams
and the propulsion unit must be established. This means that pre-
liminary designs of the wheels, rails, and transporter induced
loads to the structure, need to be completely defined so that
interface can be finalized.

Overall transporter system definition needs to be generated.

This will include the specific tasks to be accomplished by the
transporter during construction, structure and equipment mainten-
ance, and space structure system inspection. Also any special
requirements for personnel/material transporting, other than

used by the transporter, should be enumerated.

Additional trade studies should be conducted in the latter por-
tion of this period to establish a preliminary transporter con-
cept and generate a preliminary design specification.

® Intermediate term actions - 1981 thru 1984

Ground and space demonstration modelz of the beams and propulsion
modules should be built and tested during this time frame.

The development of solar panels, solar concentrators and other
energy conversion equipments will be continuing over the next few
years. This development in conjunction with the structure devel-
opment will establish the interface requirements of the transporter

in the area of manipulator arm reach and motions, and the types and
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motions of the end effectors. These requirements need to be
definitized and models made and tested to verify interface compat-
ibility both on earth and in space.

- Several elements of the design such as manipulators, motors, lub-
ricants, other materials, etc will be undergoing a natural evolu-
tion of improvements. In the 1984 era these many elements need

to be researched and candidates selected for the next phase of

development.
- A final trade study and design specification should be completed
by the end of this period.
e Long term development - 1985 thru 1995
" - A design, fabrication and space demonstration of all the functional
elements of the transporter should be accomplished on a prototype
vehicle by the end of 1987. At this time a commitment to full

R AT o)

system development will be made.

)

- From 1988 thru 1994 design improvements, specification modifica-

r tions, technology advances, etc would be incorporated in a develop-

ment/qualification phase of the transporter so a production design
would be completed for fabrication in 1995.
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5. 2.8 OStorage Panels

5.2.9.1 Introduction - A storage panel is a tray which holds end

effectors and tools until they are needed by the manipulator which the
storage panel serves. Only manipulators which use a number of different

end effectors in accomplishing a task need storage panels. Storage panels
have been used in conjunction with manipulators for undersea work by the U.S.
Navy. A storage panel developed by Battelle, called a work systems package,
is a matrix of tubular aluminum bins which hold hydraulically operated tools
designed for undersea work. The work systems package contains toels such

as a chipping hammer, wrench, jack, and cable cutter. Possible candidates
for tools used in space construction include cable cutters, welding tools,

cable tieing devices, and alignment devices.

5.2.9.2 Operational Discusgion - The storage panel will most likely

be a passive unit, the manipulator performing the actual tasks of finding
the location of the desired end effector, grasping the end effector, remov-
ing the end effector from the tray, replacing the end effector in the correct

location, and releasing the end effector.

5.2.9.3 Crew Participation - The manipulator operator is the most likely

candidate for directing the changing of end effectors. The manipulator might
possibly be linked to a keyboard by which the operator could select the next
end effector by pressing a button marked with the name of that end effector.
The keyboard would call out the stored coordinates (corresponding to that
end effector) from its memory and use them to instruct the manipulator (first

storing the end effector already on the manipulator).

5.2.9.4 Concepts - The securing of an end effector in the storage panel
could be accomplished with the use of a double brush system as shown in
Figure 5.2.9-1.

1f the storage panel is stationary in relation to the manipulator it
serves, an optimal design of the storage panel would be a curved surface

to correspond to the arc described by the manipulator.

If the job performed by the manipulator requires that end effectors be

used in rotation, an optimal design of the storsge panel would be a earrousel.
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Table 5.2.9-1 Faotors Influencing Design of Storage Panal

e OPERATIONAL FACTORS

Number of end effectors

Size of end effectors

Frequency of use of each end effector
Size of manipulator

Working volume of manipulator

- Placed for least interference

-~ Placed for easiest accessibility

Fastening Techniques

e ENVIRONMENTAL FACTORS

Susceptibility of tools to damage by enviromment
- Qutgassing (change in hardness)

- Micrometeoroid

- Therma)

- Charging
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5.2,9.8 Development Plan - The future activities recommended as a result

of the study and the restrictions assumed at this time have been summarized

and shown in Figure 5.2,.9-2, The development of OCSE storage panels must be
accomplished in a cost effective, cohesive, and integrated approach. This is
difficult in this area since many of the storage panels would be dedicated to
specific pleces of hardware. However, many of the requirements for OCSE
storage will be the same and an effort 1s required that will define and analyze
desired techniques to minimize duplication of studies and potential number of

ing effort should make maximum use of results from previous and ongoing space

programs and develop a designer's manual for stowage techniques which would
help assure that new concept developments satisfy the broadest practieal scope
of SPS program guidelines relating to interfaces, common equipment usage and

crew safety.

storage panels which accomplish the same functional task., Therefore, the continu-

SCHEDULE

MILESTONE DESCRIPTIONS 177178179180 |81 {82183 |4 |ss js6 ls7 a8,
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o TECHNOLOGY ADVANCEMENT bennqaonshuonfasnapenshansdanashonsgens

- GROUND BASED DEVELOPMENT

SIMULATIONS & PARAMETRIC TEST DATA

- SPACE EXPERIMENTS

TASK BOARD OPERATIONS

- SPACE SUBSCALE SYSTEM EVALUATION

OPERATIONAL EQUIPMENT ON CARGO SPACE O -

STRUCTURE DEMONSTRATIONS
O COMMIT TO SYSTEM DEVELOPMENT

o SYSTEM DEVELOPMENT

Figure 5,2.9-2  OCSE Storage Panels Development Schedule
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5.2.10 Personnel/Material Trangporter, Free Flying

§.2.10.1 Introduction - Tasks involving personnel/material trans-

portation in the vicinity of an SPS which cannot be carried out by structure
attached vehicles would make use of free flyers. Discussed here are six

possible personnel/material transporters for SPS use.

5.2.10.2 Operational Discussion - There will be a multitude of SPS

construction tasks which could be performed with the use of free flyers;
therefore, there will be z wide range of different requirements imposed on
the free flyers (e.g., required environment, interfaces and payload capacity).
Potential tasks can be classified into five general types: 1) construction/
maintenance; 2) reconnaisance; 3) crew rotation; 4) material supply; and

5) rescue.

5.2.10.3 Crew Participation - The term "personnel/material transporter"

as used here refers to a man piloted vehicle éapable of transporting men and

materials.

5.2.10.4 (Concepte - The smallest personnel/material transporter that ;
has been proposed is the Manned Maneuvering Unit (MMU). The MMU is an i §
extravehicular propulsion unit that is worn and controlled by one astron-

4,

._ w. .Af..
L . L e . g,
it | e e e g oy B Lk BB PR L Rl gt

el

aut who may carry tool kits and other small packages. Figure 5.2.10-1

shows an astronaut wearing an MMU. ]

A transporter concept which may carry up to two astronauts and some
small packages and tools is the pressurized, free-flying ECWS. This vehicle
could be equipped with manipulator arms by which the operator could perform

tasks. Figure 5.2.10-2 shows four different configurations of pressurized, :
free~flying ECWS.

e
A free-flyer designed for suited astronauts is the open platform, free-— i
flying ECWS. This platform would transport up to three astronauts and their :
equipment. The platform uses grappling devices to hold its attitude at a
worksite. Figure 5.2.10-3 shows an open platform, free-flying ECWS proposed
by Westinghouse,
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Orbital trangfer vehicles, after having transported men and materials
from LEC to GEO, could be used for personnel/material transport in the
vicinity of the SPS. JSC has proposed three configurations of O0TVs. The
simplest, designed for satellite maintenance and also as a pilot's station
for larger 0TV configurations, is the crew module. The crew module,
shown in Figure 5.2.10-4, is 4.82 m long, 4.42 m in diameter, and can support
two to four men. If the crew module is docked with a crew rotation passenger
module the result is a personnel orbit transfer vehicle. The POTV shown
in Figure 5.2.10-5 has a 75-man capacity. Docking the crew module with a
cargo module results in a cargo orbit transfer vehicle. The COTV shown in
Figure 5.2.10-6 has a 250 ton payload capacity.

5.2.10.5 Subsystems - Table 5.2.10-1 shows the modifications or addi-

tiong that each of the six concepts requires for its efficient application
in the five general tasks.

5.2.10.8 BEwvironmental Factors - Environments to which all free-flyers
will be exposed and therefore will affect their design include the following:

‘Space vacuum

Maximum and minimm temperatures
Solar exposure

Meteoroid impact

Operating cycles

Cperating life

5.2.10.7 Interface Factora - JSC's concepts for the Crew Module, POTV,
and COTV require that they be launched in sections and assembled in orbit.
The MMU, pressurized ECWS, and unpressurized ECWS have or should have a launch
density high enough to allow them to be launched as units.

Figure 5.2.10-5 Personnel Orbital Transfer Vehicle
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2-1/2 stage LO2/LH>p Length: 48M
Life: 30 missions Diam: 8.4M ~
Payload: 250 tens Total weight: 510 tons
~310M/Fit Propellent weight- 475 tons
5.2.10-6 Cargo Orbital Transfer Vehicle R
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Table 5.2.10-1 Concept Proficiency for Five Tasks

CONSTRUCTION/
CONCEPT (# CREW) MAINTENANCE RECONNAISANCE CREW ROTATION MATERTAL SUPPLY RESCUE
Manned Maneuvering |Small tool kit with}Direct viewing. No change. Possibly|Limited to small Shuttle rescue
Unit power pack. Hand-held viewing {multiple astronaut lhand carried items.]system.

A devices. afrlock needed.
Pressurized Free~ |Storage panel of Direct viewing. Limited from pres- |Protection for Limited
flying ECWS (2) proper end TV monitoring. surized vehicle to }small packages.
effectors. Possibly hand- pressurized Large packages
held viewing vehicle. outside.
B devices.
Open Platform Proper equipment Direct viewing. No change. No protection. Shuttle rescue
Free Flying ECWS and tools. Hand-held viewing Large packages. system. Extra
(3) ‘ devices. life support
systems. Rescue
C equipment. -
Crew Module Smaltl change. Direct viewing. No change. Protection for Subsystems of A.
(4) First mission TV monitoring. medium-sized
possibly for sat- |Possibly hand- packages.
ellite mainten- held viewing
D |ance. devices.
CoTvV (4) Large capacity for jlLarge modifica- No change.
tools and parts. tions required. NZA Designed for this N/A
Subsystems of A, ’ purpose. /
E{B, C, D.
POTV Direct viewing. Designed for this |[Limited to carry- |Large rescue
N/A TV monitoring. purpose. on packages. operations.
Possibly hand- Protection. Subsystems of A.
held viewing
F devices.
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5.2.10.8 Development Plan - Future activities recommended for the timely

development of Free Flying Transporters are summarized in Figure 5.2.10-7.
A considerable amount of the technology to date is relevant to the manned
free flying transporter. for example, the MMU, Apolle LEM and CM/SM and
Shuttle POTV are expected to provide a number of flight qualified hardware
necessary for this vehicle; i.e., propulsion, life support equipment, dock~
ing and crew transfer mechanism, GN&C, communications and indirect viewing.
Commonality of hardware is also assumed here where the structural portion

which houses the man is considered a duplicate to that used on the cherry
picker.
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Figure 5.2,10-7 Free Flying Transporters Development Schedule
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5.2.11 EVA Module

5.2.11.1 Introduction - In order to provide for extravehicular activities
(EVA) an EVA module was identified which would house all of the associated
EVA equipment hardware, its checkout facility, recharge, stowage, and don-
ning and doffing station, and an airlock to gain access to the vacuum environ—
ment., Each module should be capable of supporting two to six men and their
assoclated hardware to provide EVA capability on quick notice (24 hr/day).
This quick response requirement identified one of the prime design drivers
associated with the EVA module. Another design requirement for the module
has the crew prebreathing an oxygen atmosphere prior to suited EVAs. Two
potential solutions to this problem which lie at the opposite ends of the
resolution range were proposed which include: design, build and test a
pressurized suit which would be operational at 760 mmHg (14.7 psia) or
use an interim pressurized module maintained at 196 mmHg (3.85 psia) of 0O,
from which the EVA acclimated crew can suit up and perform quick response
EVAs. Since an ongoing study, Extravehicular Creuman Work System (ECWS),
Contract NAS9-15290, is looking at the 760 mmHg pressure suit concept, this
study looked at the multicrew, interim pressurized (196 mmHg) module con-
cept.

5.2.11.2 Functional Digcugsseion - The functional requirements for an

EVA module were derived from two primary sources--documents provided at the
study start, Ref. JSC-11568 and JSC-11867, and the fallout of man's partici-
pation developed in Part I of this study. The following paragraphs present
this information as it relates to the development of an EVA module concept.

5.2,11.2.1 General ~ The objective of this effort was to conceive an
EVA module configuration and options which would satisfy the needs of the
construction crews working in an EVA mode. The approach used was to match
potential construction and assembly tasks with EVA capability, identify hard-
ware and integrate it to be compatible with other proposed facilities and
structures. The scope and complexity of the interactions and requirements
associated with the EVA module coupled with the limited depth of the present
study makeg it inappropriate to be too absolute at this time. However, the
thrust was to propose typical concepts which appear to be technically feasible
in that no design or operational problems were encountered that did not appear
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amenable to solution. The concept proposed has economic viability and
system feasibility which obviously depends somewhat on a combination of

technology advancement and cost of competitive sources.

5.2.11.2.2 Guidelines and Assumptions - Within the limitations of the
study and based on related ongoing studies, the following guidelines and
assumptions are presented:

a) The SPS will be designed in a manner to optimize participation
of man in its fabrication, assembly, and operation.

b) EVA capability will be provided for unique nonrepetitive or for
contingency operations.

¢) Extravehicular activities (EVA) in the SPS program will be defined
as all activities which require the crewmen to don space suits
and perform work activities external to the pressurized habitable
facilities.

d) Intravehicular activities (IVA) will be defined as those activities
which take place within pressurized areas of habitable facilities.

e) EVA crewmen will be required to prebreathe for approximately three
hours on an 0; atmosphere having five percent or less of Nz by volume
prior to suited EVAs.

f) Airlocks will be capable of being depressurized by either pumpdown
to 0.2 psia or by dumping to space.

g) Airlocks to space environment will be sized for a minimum of three-
man occupancy.

h) Assumptions made relating to EVA operations which impact the EVA
wmodule configuration are as follows:

1) EVA classes:

- planned EVA - activities planned and scheduled during orbital
construction ‘

- unscheduled EVA - activities not scheduled, but available
on an as-required basis

- contingency EVA « activities required to effect safe condi-
tions for both conatruction crew and EVA crew
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2)

3)

4)

Crew shifta:

~ four to six crew members per EVA module

- s8ix hours on, six hours off, six hours on and six hours off

- thirteen days, six on, one off, six on and rotate

= maximum continuous EVA of three hours (for scheduled EVA only)

Crew tasks:

- construction equipment maintenance and repair

= assembly monitor, aligmnment, fasten, adjust, checkout

= EVA crew rescue

- initial setup and assemble of construction facilities, jigs
and equipment

EVA safety:

= routine EVA crews will consist of two crewmen EVA simultaneously

- when two crewmen are EVA simultaneously in same area, no backup
suited crewman will be required in airlock

~ backup of individval crewman uging MMU, if required, will be
supplied by a second MMU

= continuous visual surveillance of EVA crewmen will be possible
from control center (either directly or by TV)

-~ continuous voice contact will be provided between EVA crewmen
and the control center

- EVA work will not be performed in an unrestrained condition
except for contingency or emergency situations where restraints

may not be available

5.8.11.2.3 Applications - The primary application of the EVA module is
as a support facility for EVA crew and equipment personnel such as cherry

pickers, MMUs, etc. A secondary,application for the EVA module could be as
small component repalr facility. Since a number of the failed components requir—
ing replacement are removed by the EVA crew, they eoculd also inspect the

failed component and determine if repair would be possible. This application
would be most critical to SPS construction. equipment since downtime is criti-
cal to the overall assembly sequence.

§.2.11,2.4 1Trade Studies - In the process of working the EVA modul-
concepts and technical feasibility two major trade studies were identified.
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The first one deals with the productivity of man in the EVA mode versus
that of a machine in either the remote manned or autonomous control mode.
The other trade study identified was that of shielding or wall thickness
versus crew radiation exposure. A number of different trade parameters
included in this type of trade study are EVA duration, tour of duty, orbit
altitude, sun's state, crew size, structure of crew rotation base, etc.

§.2.11.3 C(rew Partiicipation - The purpose of the EVA module is to
provide an effective man/machine interface in going from the shirtsleeved
crew to his performance of an EVA task. The prime requirement which bounds
the crew participation is the one that states that EVA capability will be
provided for unique nonrepetitive type tasks or for contingency operations.
The EVA module is a primary vehicle for supporting EVA operations and as
such will take advantage of man's capabilities wherever feasible for both
control and maintenance of operational functions.

5.2.11.4 Concepits - The basic EVA module configuration concept agreed
upon was an interim pressurized module outfitted to provide spacecraft
docking, life support, EVA equipment storage and servicing, airlocks, etc.
Some of the spacecraft used on past programs such as the Apollo CM, or the

Skylab MDA/AM could be modified and used as the EVA module. Basic options

considered at this time included choices between attached or free flying
and operational in LEO or LEO and GEO. For this study the facilities
cluster attached configuration was selected. Space vehicles that make up
the cluster include the following modules:

Orbital construction and support equipment facility
Logistics facility

Integration management facllity
Crew habitability facility % ™
Construction base o
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The most feasible location selection for attachment of the EVA module
within the cluster grouping was the crew habitability facility. A review
of past space programs resulted in selecting a space vehicle very similar to
the MDA/AM configuration., which best mut the EVA module requiremant identified
in 5.2.11.2.2. Looking into the needs of an EVA module in more depth resulted
in a general list of EVA module capabllities and hardware as followa:

BT | ST, R ST

S LT

SVTITT Y

¢ Crew Living Area 3
- s8leep area 4 to 6 pearsonnel ‘
- head and shower provisions -
- e@ating area
- control center, monitor EVA, learning terminal
= EVA equipment storage, service and checkout area i
e Airlock Area
- storage, service, donning and doffing provisions for EMUs (3 to 5)
] - handrails and footrails
- portable 02 gsystems
- ECLSS panel e
= hatch port (2 or 3) '

R -

R I R I L e P T T

vl
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- pressure control T

- EVA umbilicals o
e External Module

- sgtorage, service, donning and doffing station for MMUs

= docking ports

- portable lights

- tethers

il ey U

- transport platforms (personnel and materials) ,
~ EVA hand tools storage and checkout ]

Using this data a flow schematic was prepared as shown in Figure 5.2.11-1 :
which represents most of the items identified above.

Two to six EVA crew members will live continuously for a period of 13
days in a one-gas system (0,) at a pressure of 196 mmHg (3.85 psia). These
men will enter and leave on a crew rotation basis through the airlock
located batween the EVA module and the crew habitability facility. The
Crev quarters contain the sleep compartment, waste management/shower, wardroom
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Figure &.2.11-1 FVA Module Flow Schematice

and work area and provides the crew with areas from which they can conduct
their normal daily activities and special tasks under living conditions
similar to those experienced at one-g. All living provisions will be pro-
vided by the EVA module with the exception of oxygen, food/preparation,
clean clothes and contingency items. These special items will be provided

on an as-needed basis from the habitability facility through a small air-
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lock, Two modes of EVA transportation are provided--cne is the open platform

from which a suited astronaut attached to an umbilical or MMU can perform
EVA. The other is the closed platform like a cherry picker which would

be attached to a manipulator or could even be free flying.
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5.2.11.5 Subsystems - The major subsystems identified with the proposed
EVA module are presented in Table 5.2.11-1.

Table 5.2.11-1 [EVA Module Subsystems

SUBSYSTEMS SIZE WEIGHT

Structure:

Shell 10 ft dia x 28 ft 1g -
Docking Ports 3 ft dia x 2 ft 1g -
Airlocks 5 ft dia -

Crew Quarters:

Wardroom -
Sleep Area -
Waste Management -
Work Area -

Life Support:

0, Emergency Storage 2 - 3 ft dia tanks (100 1b
0, Supply from Cluster 1'x1' x 1 (20 1b
0, Pressure Control 0.5' x 0.5' x 0.5° (15 1b
MB1 Sieve Sys (CO,) 3 x 3 x 2 (150 1b)

Airlocks:

Hatches (~7)
Atmos Pump-down System (150 1b)
Equipment Recharge Station

EVA:

Umbilicals
Suits

MMU

Open Platform 3' x 6" x 2 (200 1b)
Cherry Picker 4' dia x 6' high (400 1b)

EVA MODULE TOTAL 10 ft dia x 28 ft 1g 25,000 1bs

5.2.11.8 Envirommental Factors - The major environmental factor effect-

ing the EVA module design is radiation impacts. While there is very little
problem with radiation in low earth orbit, any EVA tasks required in GEQ
would be a different prcblem. One of the most apparent solutions for man to
survive the hazards of the radiation environments in high altitude orbits

is the effective use of shields. An ongoing NASA study, ECWS, NAS9-15296,
is looking at this problem area in great detail. Data from this study and
from studies relating to SPS construction bases in GEO will be available

for future EVA module design considerations.
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5.8.11.7 Interface Considerations - All of the interfaces identified
for this item were considered to be the same or very similar to those inter-
faces developed and flight qualified during the Skylab program.

new technology items were identified in this area.

envisioned interfaces are as follows:

EVA Module/Habitability Facility
EVA Module/Airlock
EVA Module/Cherry Picker

Fluid Interfaces: Oxygen, Electrical Power, HZO’ etc,

Thus, no

A typical sample of

§.2.11.8 Development Plan - The future activities recommended as a

result of the conclusions reached in this preliminary evaluation are summar-

ized below and on Figure 5.2.11-2,
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Figure 5.2.11-2 EVA Module Development Schedule
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5.3 OCSE System Considerations and Interrelationships

In addition to identify the major design requirements of the 11 items
of OCSE, it is important to comnsider the areas of commonality among the sep-
arate OCSE elements and in SPS operations, and to ldentify arear of overlapping
technology across the OCSE spectrum. Although each item of OCSE requires a
unique design and development cycle, in programmatic terms all items of OCSE

are related to each other and to the SPS development cycle.

Several significant areas of commonality exist within anticipated SPS
construction operations, and these factors can impact development of the
specific items of OCSE. Table 5.3~1 identlfies the construction phases and
lists the major areas of commonality which are important to OCSE design and
development. The major fabrication process for SP5 construction is beam
fabrication and joining for the main structure., Several items of OCSE are
required to support beam fabricator transport, alignment and wounting at the
work site, and resupply. Although the range of SPS element configurations is
large, many of the items exhibit similar mass properties. The application of
OCSE during the initial phase of SPS setup may be quite extensive. Potential
sequences for such operations all require the same types of support. The
basic construction tasks beyond fabrication include assembly, handling of
structural elements or modular packages, docking, monitoring and checkout.
Items of OCSE are required for each of these activities, Finally, access to
the individual work sites, whether internal or external to existing structure,
is critical to all aspects of support--transport, handling, docking, mainten-
ance tasks, crew schedules, and timelines are all dependent on the methods

utilized to travel around the construction base and the SPS itself.

The technology required to accomplish the tasks defined for the 11 items
of OCSE is extensive. It is significant to note, however, that these technol-
ogy areas overlap across the spectrum of OCSE items. Table 5.3=2 shows this
overlap in 17 separate technology areas for the 11 OCSE items. Although a
specific technology might apply to most of the QCSE items, there may exist
several levels of study within the applicable group., For example, the inter-
play among such OCSE as manipulators, long boom, cherry picker, and structure-
attached transporter is 1llustrated in Table 5.3~3. These items wmight then
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Table 5.3-1 Areas of Commonality in SPS Comstruction Affecting OCSE Design

CONSTRUCTION PHASES

Set up, starting the SPS construction;
Construction;
Operational checkout;

)
R
by
L
s
4
a
W
3
2
3
21
%
v‘;‘
@

Construction items removal;
Operational;

i e T e

* & & & & @
. :-{-1*1‘!‘."..' Tk

Maintenance and Repair

COMMONALITY

e

Lo

3 e e O,

Basic fabrication of structural elements;

SPS element configurations--mass, size, ¢.g., etc;
Sequence for the first SPS setup; : §
Construction tasks work elements; : ;
Access to work site (external vs internal to existing structure) ‘

be considered in concert for particular technology areas such as control modes, :
capability to interface with multiple systems, mechanical attachment inter- }

; faces, and mobility requirements. Such potential interrelations are summarized

in Table 5.3~4. These systems considerations and interrelationships, together

B T T

with the programmatics associated with applications of OCSE to pllot plants
‘é (see Section 5.4 following), influence the development schedules to be defined
for each item of OCSE. These schedules are presented in the following section '

of this report.
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OVERLAPPING

TECHNOLOGY

OCSE
¢ Manipulator, fixed or mobile base, or dual, > 5 DOF| X | X

Docking device for joining large systems

PR —

P

Fixed-base Boom, long}extendabie. < 4 DOF

¢ Manned Cherry Picker, attached to boom or structure; X
Commodities Storage Module

| @« CHAD Module
e Personnel/Material Transporter, structure attached

e OCSE Storage Panels
e Personnel/Material Transporter, free-flying

¢ Maintenance Repair Module
e EVA Module
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Table §.3-3 Factors Influencing Technology Overlap for OCSE
b _ Structure Free
3_ 0CSE | Manipulstors. [Docking(CPOTTY| S0 lacomsimam| CSF |Atiached [P pying  |EVA
- FACTOR Transporter Transporter
\
‘ Required Or Desired In The Early SPS Phases
1 e.g. Pilot Plants X x | x | x X X
, |
? Applicable To All Present Or Fotential SPS
Configurations X  § X X X | x| Xx ¢ ¥ X X :
Covers A Number Of Technology Rqmt. Areas ’
4 That Other OCSE Also Need . XX R L B :

Adequate Technology Requirements And Definition

:‘-j Exists At This Time For Meaningful Investigation X X X X X |
G Design And Test Phases (Don't Want White Elephant) i
M 1-G "Man-In-The-Loop" Simuiations Required To X X X X X ’
: Establish Or Evaluate Design Paramenters i
, | Work In This OCSE Arena Will Complement A
, Presently Ongoing Studies (e.g. ECWS) X X | x| x| x| x|x] -X X X
— Yime Phasing Musl Be Studied Early As It Has : f
: Impact Upon Or Critical Interrelationship With X : X 5 X '
. Other SPS System Designs Such As Construction i |
: ; SPS ration; Jigs Req'd Etc, H |
| ] |
H - | _ '
| -
f Strong | marplay L -
,-' Ameng Thess OCSE Hems t
!
L
! | i
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Table 5.3-4 Examples of Interplay Among OCSE Items
MANTPULATOR, FIXED OR MOBILE BASE vs LONG BOOMS

¢ Lengths, degrees of freedom, control modes all related
e Each can interface with multiple systems (cherry picker,
ECWS, structure-attached transporter)

CHERRY PICKER vs MANIPULATOR/BOCM

® Cherry picker can be positioned by boom or manipulator
e Control interfaces similar

% STRUCTURE-ATTACHED TRANSPORTER vs CHERRY PICKER

® Cherry picker can travel on structure, interfaces similar
o Transporter can position cherry picker

STRUCTURE-ATTACHED TRANSPORTER vs LONG BOOM

TN AT v

d ¢ Transporter can travel over boom
¢ Boom can form interface between cherry picker and transporter
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5.4 OCSE Applications to Early Space Structures Development

5.4.1 Propoged Develop.lent and Verification Programs

The requirements for large space structures have generated preliminary
plans for numerous space verifications of equipments and procedures during
the 1981-1987 time frame.
in Table 5.4.1-1.

Some of these planned activities are presented

o
.
]
o K
i 7
i I
i I
o JR
4
d ..
b
i

s bbbt et e M skt B

Table §.4.1-1 Preliminary Plans for Large Space Structures (1981-1387) g
| EVENT TIME FRAME SOURCE __
Beam Fabrication Facilities (metal and com- 1981-1982 |NASA RFPs (1977) 3
posites) 1
Basic Structural Evaluations 1982-1984 |NASA RFPs (1977) ; ,;
Construction Base 1983-1984 |NASB-31993 (GAC)
Solar Power Demonstrations 1984-1990 |NASS-14958 (MDAC)| : ;
NAS8-31993 1 %
Space Manufacturing Facility 1084-1985 | NAS8-31993--——F-""""" [

putre-seroree PraEfR " | 1984 & 1990|NAS8-31993

Teleoperator Space Spider Demonstration 1985 NASA RFP (1977) ';
Deployment of Large Structures in Space 1982-1987 |SAMSO RFP (1977) f
A review of the structural assembly requirements shows a number of ;i

common equipments required to accomplish these space construction tasks. ﬁf
Functional analyses of these tasks have ldentified the manipulators, manned

cherry pickers, CHAD modules, personnel/material transporters, and commodi-

PP ST oL (IR PR L}

ties storage modules as being basic OCSE items for these operations, and :
that these equipments would be used in the same roles and configurations {g
for future (1995) construction projects. Other OCSE items such as fixed- if
base booms, maintenance repair modules, and docking devices (for large sys- 37
tems) would have major roles in very large structural assembly activities ??
in the 1995 era.
the EVA module may evolve from relatively simple equipments in the 1985

Then, a few items such as the OCSE storage panels and

time frame to more complex items in the 1995 era.




4

i

2

B

?L In reviewing various space structures studies, a correlation was

3 developed between the development of the Solar Power Satellite and the

& development of the OCSE. Many of the different tasks associated with orb- ;

ital construction demonstration can be satisfied by similar support equip-
ment types as ldentiflied for the 1995 era.

Based on an early study *
guideline the McDonnell Douglas Corporation's study on Space Station .
Systems Analysis Study, NAS9-14958, December 1976, was to represent the ! f

group of large space structure demonstrations. A result of this study

was the recommendation, in the area of SPS support requirements, to start

o1¥ pdal

an early SPS demonstration using the pilot plant technique.

The pilot plant concept identified involved the verification/demon- - :
stration of the critical subsystems of the Solar Pow~r Satellite (SPS). The ; ;
verification as presented was divided {ggg,ﬁaur“phaées: -

T T e G T R R

a) shut

e

glgrsertié”EEEB;;ént and subsystem development (1979 - 1980);

" f . eer—==""B) Pilot Plan 0 (57 Kw) will be constructed in LEO in mid-1984 to
T demonstrate assembly techniques and orbital environmental effects.

This system will be boosted to GEQ to verify orbital-to-ground

2
&
i
i

!
functlions and environmental and transport effects (see Figure ‘
5.4,1-1);

¥

c) Pilst Plan I (479 Ku) will be constructed in LEO in wmid-1985 to

demonstrate end-to-end space construction and functions of the

TP P T

SPS, inclusive of large scale energy collection (see Figure 5.4.1-1); i
Pilot Plant Il (17 Mw) will be comstructed in 1990 as a partial

? prototype of the complete SPS. This unit will then be boosted to ¥
GEO (see Figure 5.4.1-2). -
3

The major OCSE identfied for an SPS would be demonstrated primarily during

the construction of Pilot Plant 0, I, and II, Preliminary evaluations may

be performed during Shuttle sortie flights, and data from similar equipments

and technology areas would be applied to the OCSE. Therefore, the Pilot

Plant II will be considered as an operational project for some of the pre-

viously verified OCSE. The OCSE space demonstration will have the primary

objectives of demonstrating the following:

e All interface compatibilities:

¢ Vacuum environment operations;
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_ © 1000m2 ARRAY :a

® 123m x 126m :

- ® 57 KWRp i
® 5820 KG

® POWER FROM SCB ;

® 260m x 0m §

ePL ® 513 KWq
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® 15m x 9 m ANTENNA
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Figure 5.4.1-1 Pilot Plant 0 and I Configurations

e Capability to do useful work;
® Operational timelines and task complexity;
e Man/machine and controlled functions.

Because the OCSE must be capable of sustaining the Shuttle launch

environment, the equipment will be structurally capable of significant
ground testing. Therefore, operational performance task performance and
crew member familiarity (evaluation) can be accomplished prior to flight.
In the following paragraphs we present the description of the pilot plants
0 and I from Contract NAS9~14958 (McDonnell Douglas) and the OCSE demon-
stration/verification interactions. Paragraph 5.4.3 presents a develoopment
plan for the various OCSE.
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SOLAR ARRAY

ANTENNA
139 X 139 X 18M FUNCTION

DEMONSTF ATE MANNED PRCDUCTIVITY AND PROTOTYPE
CONSTHUCTION PROCESSES

DEVELOPMENT AND PERFORMANCE TESTING
{ORBIT-TO-ORBIT AND ORBIT-TO-GROUND}

QUALIFY PROTOTYPE SPS CONCEPTS AND SUBSYSTEMS

CHARACTERISTICS
LI ll ANTENNA POWER, 17 MWFIF

PROTOTYPE DESIGN AND CONSTRUCTION, PARTIAL PROTOTYPE
2:1 SILICON PHOTOVOLTAIC EXAMPLE

WEIGHT (1,000 XG!} FLIGHTS
CONSTRUCTION BASE LOGISTICS 64 8
SOLAR ARRAY 60 4
ANTENNA 186 8
1o 20

Figure §.4.1-2 Pilot Plant II Configuration

5.4.2 Pilot Plant Deseripiions

The SPS pilot plant "evolution" process will be conducted over the
1984 - 1991 time frame starting with the basic fabrication, assembly, and
checkout of a small power satellite and progressing to prototype of the
complete SPS operating in a geosynchromous orbit. Intermediate steps will
include microwave transmission, GEO-to-ground operations, LEO and GEO trans-

port and environmental effects, and large scale energy collection processes.

The Pilot Plant 0 (PPO) is a small power station (57 Kw) that will
demonstrate some of the most basic SPS technology areas of structure fab-
rication and assembly, microwave power transmission, and beam mapping. It
is proposed by McDonnell Douglas that this assembly be a cruciform config-

uration with each of the four legs belng an open truss structure with a

y-140

S SR S G PR Y

MM o mameas e e eman

LAt S IATRRE ¢ b s g P

A

e T

TR U ST ¥

T

e




TRRIGT LT T T

p
b
gk "
ﬁ'
L
5
ir
.
<

length of approximately 60 meters. The trusses would be fsbricated from
a beam builder and positioned at a power aud propulsion module by a long
manipulator arm. A wire harness/power bus assembly and the antenna panels
would be installed on the cruciform legs by EVA from a manned cherry picker

attached to a second long manipulator.

After completion of testing in low earth orbit, the PPO facility will
be boosted te GEO, using an Interim Uppe: Stage (IUS) booster. This phase
of operation will demonstrate transport loading, GEQ-to-ground operations/

controle, and environmental effects.

The Pilot Plant I (PPl) is a 479 Kw system that was sized for the maxi-
mum power density subarray based on the prototype Solar Power Satellite.
In addition to the large scale solar collection and energy conversion tech-
nology areas, PPl will be the system end-to-end functional verification of
the prototype SPS. The construction process that is suggested by McDonnell
Douglas involves construction of the 9.0 x 14.4 x 3.3 meter antenna using
the same general sequences and equipments as used on PPO., Then the solar
array is constructed using a construction facility that generates the 260 x
30 x 17 meter continuous open truss structure. The solar cell blankets
and reflcctors are continuously unrolled and attached to the structure as

it is generated.

The construction facility is basically a structural frame to which six
beam cap rell forming wachines are rigidly attached. Industrial robets are
attached for the positioning and attaching of lateral support struts. The
rolls of solar cells and reflectors are also supported by this structural
frame. The role of OCSE is essentially the same as that required for the
PPO, but the PPl construction activities will require more versatility
and mobility.

The system study for the PPII (17 Mw) was not available at the time
of this OCSE study. However, the existing McDonnell Douglas data are suf-
ficient to 1lluatrate the means to both verify and demonstrate OCSE. It
has become apparent that the flight verifications of the OCSE can be time-
phased with the demonstration of the pilot plants, where equipment complex-
ities are demonstrated during the construction/assembly project prior to
the project at which it is required. Therefore, the Shuttle sortie flights
of 1980 - 1984 would be used to verify OCSE functions that are required for

V-141

.
.- \-.‘L T S L N . |

R R - LTI . S S

T o Yo T SRR SRR oL TH A

.t



PPO; OCSE functions would be verified on PPO (after completion of the pri-
mary tasks) for the construction tasks of PPI; .... This philosophy will

ensure there is adequate time between construction phases for refinements,
corrective actions, and final crew evaluations/verifications. Furthermore,

this test phasing will provide assurance that the OCSE will be adequately

demonstrated in order to provide full capability for the prototype Solar
Power Satellite.

An evaluation of the equipment typed required to support the pilot

plants has identified that the initial pilot plant (PPO) as proposed by
McDonnell Douglas would require two long manipulators, a manned cherry
picker, a habitable core module, and a maneuverable satellite. From
this type of data, the information Table 5.4.2-2 was generated which

presents a prilority for the development of the various OCSE,

Table 5.4.2-2 Priority of OCSE Development

s e e T e bt s cashin g g i

1989 &
0CSE 1984 119851 1986 | 1987 | 1988 | BEYOND

Manipulator (fixed or mobile base) X
Docking Device (for large systems) X X

Manned Cherry Picker (boom or X
structure attached)

CHAD Module X
Fixed-base Long Boom X
Maintenance Repair Module X E
Commodities Storage Module X

Personnel/Material Transporter
(structure attached)

OCSE Storage Panels X X X

Personnel/Material Transporter (free- X
flying)

EVA Moduie X X

g
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Each of the OCSE i1:ems shown on this table have been identified with
specific roles which velate to the pilot plant evolution.

5.4.3 OCSE Development Plan

The OCSE development will be consistent with other aerospace hardware
development programs. However, early hardware development should make use
of the NASA protoflight concept of early flight testing of subsystems to
reduce the number of test hardware units, reduce the extent of ground test-

i

1
i

o

ing, and make use of the Shuttle to return hardware for post-test inspections
; and analyses. With this programmatic philosophy all subsystems will be l
| divided into manned and unmanned elements where the manned elements such as
| the nanned cherry picker, the personnel/material transporter, and the
EVA module will receive more extensive ground “esting to demonstrate
flight worthiness. Considerations must include commonality of design
for the numerous manned capsules as a method to reduce total program
costs. As an example, it is likely that the pressurized capsules, air-

locks, consumables feed-through interfaces can be one common design for
the four manned OCSE items.

g A i el b b e et e Bt i ol 9B

The unmanned elements such as the manipulators, booms, docking devices,
and repair and storage modules can be initially evaluated from the Orbiter
payload specialist station with the elements being captive within the cargo

bay. The Shuttle remote manipulator system and EVA would augment these
evaluations.

T T RE ot e

After completion of the subsystem tests, the elements can be assembled
and ground tested to verify all interfaces. The OCSE would then be func-
tionally verified as a system, as cost-sharing payloads during the Shuttle
sortie flights, using task panels and structure mockups for operational

gimulations. This verification process will ensure the operational demon-

stration, as part of the pilot plant construction, can be performed effi-
ciently.

An OCSE development and demonstration plan is presented in Figure 5,4.3-1,
This plan is typical for each of the OCSE hardware items, although there is
a strong likelihood that subsystem commonality will be identified during the
initial design study. There are five primary phases to the development/

]
]
¢
i
:
4
%
i
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demonstration: 1) design study; 2) proof of concept OCSE models; 3) proto-

flight OCSE; 4) system integration; and 5) space demonstration.

phases are discussed in detail in the subsequent paragraphs.

5.4.3.1 Dzsign Study - The OCSE design study will be conducted over

a period of nine months in order to generate the design requirements and

specifications for the various OCSE items. A significant portion of the

design specifications related to product configuration, useful life, environ-

mental requirements, quality assurance provisions, and delivery requirements

will be very similar or identical for each equipment. Based on the design

requirements, common capsules for manned cperations would be identified.
Other cutputs of this study would include a program statement of work, a
work breakdown structure (WBS), and preiiminary cost estimates for the bal-
ance of the OCSE development and dzmonstration progtram,

5.4.3.2 Proof of Concept OCSE Models - This phase is planned for a
period of 24 months in order to develep the preliminary designs for the
numerous hardware items that are categorized as OCSE.

Proof of concept
hardware will be fabricated and tested where preliminary evaluations are

required. [n the cases where scaled models will be cost effective as de-

sign/test aids, they will be considered. This phase will also make use of

the vest design experlience from the NASA manned space projects, particularly

Apollo and Skylab, as well as the STS. Off-the-shelf comporents will be

used in most cases to ensure a cost-effective design development phase.
Although macerials and processes may not be flightworthy, the space and

Shuttle compatible materials will be identified during this phase. Manu-

facturing will be conducted in close liaison with design personnel to

reduce design change turmaround. The test activities will provide basic

parametric data such as weight, power, volume, operating rates, and effi-

ciencies. Zero gravity tests may be performed using the NASA low gravity

aircraft or early Shuttle flights, if equipments are compatible. Where
applicable, some of the proof-of-concept hardware would be disassembled

from the equipment and used in the protoflight phase of the program.

In addition to program progress meetings, it is recommended that three
formal reviews be conducted:
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e Preliminary Design Review - This review will present the preliminary
OCSE designs and identify how the design requirements and specifi-
cations are being met,

@ Critical Design Review - This review will present the detalled
design of the OCSE items and supporting analyses for NASA approval

prior to the start of manufacturing.

® Post Test Review - Thisz review wil! preseﬁt the results of the proof

of concept tests, the anomalies and corrective actions. Considerations

will be presented for the test planning of the protoflight phase
of the program.

5.4.3.3 Protoflight OCSE - This phase is planned as a 54-month period
of performance, basically subdivided into 18 months for design and studies,

18 months for manufacturing, and 18 months for ground testing. The studies
in support of this phase will primarily produce the interface control docu-
ments related to the Orbiter and the construction equipment, the stowage

and deployed envelopes for the OCSE, and the definitions of the OCSE sub-
systems, The detalled design activity will produce flight-type engineering
drawings supported by structural and thermal analyses, and failure modes and
effects analysis. Subsystems to include power, controls, communications as
defined from the previous study will be designed for each of the OCSE items.
The designs must consider common usage hardware, serviceability, and main-
tainability due to the projected missions for these equipments. Because of
the flightworthy and man-rated criteria for the OCSE, formal quality assur-
ance and test plans will be developed for centrolling the hardware items.
Plans will be submitted for NASA approval, and a process for reporting
anomalies and thorough corrective actions will be mutually agreed upon. The
OCSE will be fabricated from materials and with processes that have been
certified as being flightworthy and compatible with the space and Orbiter
environments. Formal quality assurance and engineering change controls

will be imposed to ensure hardware configurations are consistent. Component

procurement will require the same flight hardware standards.

Ground testirg will be performed to verify the integrity of each OCSE
item. The testing would include electromagnetic compatibility (EMC), vibra-

tion and shock, and thermal-vacuum environments with functional operations
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during the thermal~vacuum tests and before and after each environment. Crew
member operations will also be included.

In addition to regularly scheduled program meetings, formal reviews
to include a PDR, a CDR, and Post Test Review will serve the functions as
previously described in paragraph 5.4.3.2.

5.4.3.: GSystem Integration - This phase of the program will be three
to six months duration depending on Shuttle launch schedules and availability
of cargo bay space. During this period the specific OCSE hardware items
will be integrated with all associated subsystems and a system end-to-end

verification accomplished. The flight readiness review will be conducted
to ensure all related program activities have been successfully completed

and that no open action items exist.

The OCSE item and supporting subsystems will be stowed in the Orbiter
cargo bay, verifying the integrity of all interfaces. 1In the case of the
Shuttle sortier flights for initial task board operational verification of
the OCSE, the Orbiter payload speclalist station controls will be installed
and functionally verified as well.

5.4.3.5 Space Demongipration - We have identified the first three space
demonstrations as: 1) task board operations; 2) pilot plant 0; and 3) pilot

plant I. It is our estimate that a major amount of activity will take place
in 1983 - 1984 time frame to accomplish the necessary space verifications of
each of the OCSE items. The availability of the more complex equipments
must be scheduled to permit adequate test/verification time.

A point of reference for space demonstration span times is the Apollo
Command Module/Lunar Module docking interface. In the case of the OCSE,
many of the hardware items will be of comparable complexity and therefore
adequate schedules must be provided. Our program plan also identifies a

task for modification and retest between space demonstrations.

By the time that Pilot Plant 0 is ready for construction, several
OCSE items must be operational, including the base core module, the manip-
ulator, and the cherry picker. Typical items and activities that could be
demonstrated during these demonstration phases include the following:
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Manipulator Arms ~ The manipulator arms are required to accomplish the

positioning of the structure elements including the beams, antenna panels,
etc and the maneuvering of the mammed cherry picker.

Manned Cherry Picker -~ The cherry picker provides a semi-mobile plat-

form with teleoperator subsystems for the crew member while in the immediate
vicinity of the fabrication and assembly areas. Initially, the cherry picker
may be unpressurized, but a pressurized habitable capsule should be considered
in conjunction with the personnel/material transporters.

CHAD Module - The CHAD module, to which the manipulators are attached,
is visualized as the primary operating base for orbital construction, furn-
ishiny power, communications, and a control system. This module will prob-
ably be remotely controlled, but some manned, pressurized concepts can also
be envisioned,

Docking Device (for large systems) - The docking device will permit

the }oining of large structures, such as would be required for LEO fabrica-
tion and subassembly requirements are identified for the pilot plants, such
as Joining two legs of the cruciform on PPO. Of course, other techniques
such as those presently being studied under structural assembly contracts,
are also applicable.

Personnel/Material Transporter (free-flying) - This transporter may

be a large manned maneuvering unit, which has a pressurized capsule (such
as the cherry picker) for shirt-sleeve operations. Small manipulators
and a CCTV and lighting system are part of this equipment. Specifically,
the transporter would be required to resupply rolls of solar cells from the
Orbiter cargo bay to the PPl construction facility.

Personnel/Material Transporter (structure attached) - This transporter

would be an adaptation of the free-flying transporter having a special chassis
that adapts to the fabricated structure or to the structure geometry of the
fixed-base long boom. This transporter would not require development until
very large structures are being planned (1995 era).

Fixed-base Boom ~ This boom is visualized as an extended capability of

the manipulator arms that are required for the pilot plant construction.
Therefore, the fixed-base boom development would not be required until the
1995 era.
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Maintenance Repair Module ~ This module would be used om very large

structures to accomplish repairs such as replacement of faulty components/
equipment, support structure replacement, remove/replace solar cells, etc.

The module should include compaction/scrap storage equipment to reduce %
space debris. | f
fs

Commodities Storage Module - This module would be used with the very

large structure configurations where orbital resupply of commodities is

-
S

required. Consequently, there is a need for providing supply depots, re-
fueling stations, ete. Due to the materials or fuel types, the locations
and procedures used to provide the storage and resupply functions must

be accomplished with minimum risk to personnel and equipment involved.
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5.5 Recommended OCSE

This section covers the final OCSE evaluation and preference ranking
of the 11 items remaining from the preliminary OCSE concepts screening task,
The prime objective of this effort was to present a recommendation for a
representative piece of OCSE with supporting rationale for a follow-on
effort leading to its design, fabrication, and development testing. To
accomplish this an approach was developed which generated recommendation

criteria based on future SPS program desires. Using these criteria a trade-

off evaluation was prepared among the 1l candidate OCSE items in order to
identify a trend in ranking of development preference.

5.56.1 Recommendation Criteria

The objective of this subtask was to develop the criteria necessary to
show the rationale for making a final concept recommendation. The approach
used was to take the OCSE screening criteria developed in section 4.3.1

and expand them to include some additional parameters which obviously re-
quired more detailed evaluation.

Many different tradeoff parameters were reviewed which could have an
impact on ranking positions. Some of these were eliminated due to having
insufficient comparison data or minor impacts on the fipal rauking position.
However, some were retained to show the level to which the evaluation data
was devaleped, This alse resulted in a narrowing down of areas where
future analyses with the greatest impact on new development decisions should

be directed. The parameters used in the final comparison evaluation are:

1) Pilot Plant Applications - Does the support equipment identified
for Pilot Plant fabrication and assembly satisfy the physical and functioral
requirements projected for the 1995 Solar Power Satellite construction era?

The QOCSE identified with PP activities should be started first.

2) SRT Development Status - Are the SRT efforts identified with the
logical development of the OCSE items included in NASA planning? The SRT
areas identified which are not already part of ongoing studies should have

a high preference for near term development.

V-150
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3) Costs - Cost data used in decisions on OCSE development should be

based on the lowest cost first. Cost data should include all program areas;

i.e., flight hardware, ancillary equipment, and supporting services required
to fully integrate each concept into unified operational programs. However,
cost data to this level are not always available and may not warrant the

additional time to develeop them.

4) Benefits - When making the deci:ion on whether to start a new develop-
ment, the potential cost benefits in relation to program costs is one of the

most important decision factors.

5} Rir Considerations ~ The general risk analyses investigate and
identify the uncertainties that could significantly affect performance,

cost, and schedule and define provisions to minimize technical and cost risks.

6) Crew Safety - The entire process of crew activity, shifts, rotations,
timeoff, recreation, transportation, etc involves much uncertainty. Any OCSE
which provides some form of crew safety should be considered an advantage to

future planning.

7} Crew Productivity - Since the number of orbital construction personnel
have been identified in related studies, the impact which OCSE has on crew
productivity must be considered. The OCSE which has a greater impact on

increasing crew productivity is desirable.

8) Preliminary Screening Rank ~ This includes the compiled ranking
results from the preliminary screening task which compared 12 parameters

(see Section 4.3).

5.5.2 Concept Development Preference Ranking Process

The OCSE concept preference ranking process used here was based on a
simple summary method. The emphasis during this vart of the task was to
compare each concept against each of the selected parameters. Due to the
coarseness and in some areas lack of comparison data, the results of this
specific effort are intended to show trends rather than exact conclusions.
The approach used to accomplish the final preference ranking depended on a
combination of evaluation procedures which looked at data from related

studies, study derived data, initial guidelines and on the experience and

V-151

e g

BT T N PR ST S

L T

comtcbo RIS RSN i N R




Jjudgment of the study participants. A simple prioritization process was used
which aided in separating the preferred characteristies, from the most preferred
(assigned one) to the least preferred (assigned eleven) when compared against
each other. Table 5.5,2-1 shows the 11 OCSE items compared with each of the

eight evaluation parameters. A final ranking is presented which is a numrrical

tally nf all the individual rankings with the lowest value having the highest

b S e

R
s y i - - - - it - . N I}
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preference. This was considered a very simplistic approach in that no weight-

R

ing factors were applied. Each of the eight preference ranking parameters

.é carried the same weighting factors, although different weights might be applied.
3 For example, the pilot plant application parameter could have a welighting {

factor of three times the risk considerations. The methodology and data H

AT

source used to make this comparative evaluation is presented in Table 5.2.2-2.

F Additional rationale for making the final preference ranking is presented

in the conclusions and recommendations.
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Table 5.5.2-2 Comparative Evaluation Methodology

RANKING CRITERIA

COMPARATIVE DATA SOURCE

Preliminary Screening Ranking

Used ranking data developed in section
4.3.

Pilot Plant Application

Assigned ranking based on operational
nee«d requirements derived in section
5.4.

SRT & Development Status

Rankings based on comparative review of
SRT requirements vs known SRT studies.

Crew Safety

Rankings based on experience and judg-
ment of study participants.

Crew Productivity

Rankings based on experience and
Judgment of study participants.

Costs

Cost estimates developed for project
DDT&E and production used from lowest
(1) to highest (11).

Risk Considerations

Rankings based on experience and
judgment of study participants.

Benefits

Rankings based on experience and
judgment of study participants.
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6.0 NOTES

6.1 Bibliography

6.1.1 Boeing, Seattle, Washington

a) Large Space Erectabie St ictures, NAS9-14914
Monthly Progress Report No. 6, September 1976.
b) Systems Definition Space Based Puwer Conversion Systems, NAS8-31628

Second Performance Review Briefing, Executive Summary, January 7, 1976

Fourth Performance Review Briefing, August 11, 1976
Final Performance Review Briefing, December 2, 1976. k3 y

c) Solar Power Sateliite System Definition Study, NAS9-15196 § %
Orientation Briefing, D180-20410-1, December 10, 1976
First Monthly Progress Report, January 5, 1977

Second Monthly Progress Report, February 4, 1977
Part I: Midterm Handout, D180-20554-1, March 1977
Third Monthly Progress Report, March 11, 1977.
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8.1.2 ECON, Privcelon, New Jeraey (Srwmwman/d. D. Little)
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a) Spaze-Based Solar Power Conversion and Delivery Systems Study, NAS8-31308

Second Interim Report, June 30, 1976 (3 Volumes)

Volume I, Executive Summary (ECON)

Tty e n

Volume II, Engineering Analysis of Orbital Systems (Grumman)
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Volume III, Economic Analysis of Space-Based Solar Power
i Systems (ECON),
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b) Phase Three Midterm Review Handout, December 16, 1976.

6.1.3 General Flectrie, Space Diviston, Valley Forge, Pennsylvania

a) Solar Power Satellite Brochure, December 10, 1975.

6. 1.4 Zrwman, Sctrpage, HNew York
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a) Orbital Construction Demonstration Study, NAS9-14916 .
Review Handout, September 1976 “
Review Handout, December 1976
Final Report, No. N$5-0C-RP-008, December 1, 1976.
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b) Space Station Systema Analysie Study, NAS8-31993
Part I Program Review, Report No. NSS5~SS5-RP996-1, August 1976
Mission Requirements Handbook, Report No. NSS-SS5-TRO09, September 1976
Program Review, Report No. NS5-SS-RP007, November 1976.
¢) Space Fabrication Techniques, NAS8-31876
Final Report, NSS-SF-RP004
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6.1.5 MeDonnell Douglas Astronautics Company, Huntington Beach, Califormia

a) Space Station Systems Analysis Study, NAS9-14958
Study Plan (Revised}, MDC G6372, October 1976
Part 1 Final Report, MDC G6508, September 1976 (3 Volumes) L

Volume 1: Executive Summary
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Volume 2: Technical Report :
Volume 3: Appendices, Book 1 - Objective Data |
Part 2 Engineering Review Board Briefing, MDC G6556, December 9, 1976 2 f
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6.1.6 JSC - In-houge Reporits

a) Initial Technieal, Envirommental, and Economic Evaluation of Space ;
Power Concepts, Volumes I and II, Summary and Detailed Report, August ]
31, 1976, JSC-11568.

b) Manned Manewvering Unit Program Review, NASA-8-76-3835, September 1976.

c) JSpace Shuttle EVA Opportunities, JSC-11391.

d) Space Station Systems Analysis Study, Space Comstruction Base Design
Guidelines and Criteria, JSC-11867, January 1977 (2 copies).

e) Preliminary Assessment of Technology Advancement Requirements for
Space Solar Power, JSC-12702, March 1977.

f) Solar Power Satellite: Analysie of Alternatives for Transporting
Material to Geosynchronous Orbit, NGT 44-005-114, W. J. Graff and
<+ J. Huang, 1976 NASA/ASEE Systems Design Institute, Houston, Texas,
October 15, 1976.

g) Shuttle EVA Desceription - Design Criteria, Finagl, JSC-10615, May 1976.
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h) Facilities for Orbiter/Payload Interface Engineering Developmant
Support, JsC-10874, March 5, 1976,

i) Space Shuttle Payload Accommodations on the Aft Flight Deck, Working
Paper, JSC-09342, January 20, 1975,
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6.1.7 J8C Miscellaneous Handouts

a} Space Transportation ~ H. Davis

b) Large Space Erectable Structures Study - F. Stebbins

¢) Proposed Cownstruction Experiment for Shuttle - J. Jones
d) Construction - Fabrication lechmiques Development - L. Jenkins
e) Construction Description - J. Jones

£) Phase A Space Station Systam Analysis Study - §. Nassiff

g) Candidate Joints

h) Economies, Natural Resources, Envirgmment - T. E. Redding

1) Shuttle Launched Prefabricated Building - Preliminary Report
1) Space Fabrication Techniques Development Program Presentation
k) Pultrusion System Data

6.1.8 Other NASA

a) Satellite Power System Review, March 31 - April 1, 1976 at MSFC (view-
graph handouts).

b) Applications of the Robotic Tool Systems Crmeept, Briefing Handout,
L. Friedman and C. Ivie, JPL, May 9, 1977.

c) AIAA/MSFC Symposium on Space Industrialization, Proceedings, May 1976.

d) Industry Workshop on Large Space Structures, NAS1-12436, NASA CR-144997,

May 1976, NASA/LaRC.
e) A Forecast of Space Technology, 1980 - 2000, NASA SP-137, January 1976.
f) Outlook for Space, Report to the NASA Administrator by the Space Study
Group, NASA SP-136, January 1976.

8.1.9 Nctional Academy of Sciegnces

a) Radiation Protection Guides and Constraints for Space Misaions and

Vehtole-Design Studies Involving Nuclear Systems, NAS-NRC, Washington,
D. C., 1970 (except Appendices).

g.i.10 Rockwell, Downey, Californta

a) Study to Determine Extravehicular Mobility Unit (EMU) Advanced

Technology Requirements, Volume II, Technical Analysis, Contract
NAS2~-8957, May 1976.
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b)

c)

a)

a)

b)

c)

d)

g.1.

6. 1.
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Study to Evaluate the Effecte of EVA on Payload Systems, Volume II,
Technical Analysis, Contract NAS2-8429, November 1975,

Concept Definition and Systems Analysis Study for a Solar Electric
Propulsion Stage, NAS8-30920, January 1975.

11 Raytheon
Mierowave Power Transmission System Studies, NAS3-17835

12 Martin Marietta Corporation, Denv.r, Colorado

Marmed Maneuvering Unit System Degign Specification, NAS9-14593,
April 1976.

Earth Orbital Teleoperator Systems Ccncepts and Analysis, NAS8-31290,
Volumes I, II, and III, May 1976.

Integrated Orbital Servieing Study for Low-Cost Payload Programs,
NAS8-30820, September 1975.

Orbital Aasembly and Maintenance Study, NAS9-14319, Technical Report,
August 1975.
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6.2 Abbreviations and Acronyms :j
ACS - attitude control system ;:
AM - airlock module |
ASTP - Apollo-Soyuz Test Project A
ATM - Apollo telescope mount ;_g
BT ~ Boeing Thermal Engine SPS concept ] %
c/c - Column/Cable SPS conceg: g 3
CDR - Critical Design Review ; :'i
CE - Construction equipment S '
: CF - construction facility D
: CHAD ~ Central hub assembly/deployment 5 ;
g COTV - Cargo orbital transfer vehicle é
f CRPFM - Crew rotation passenger moduie E
; CSF - Commodities storage facility 4
E DOF - Degrees of freedom L
' ECLSS - Environmental control life support system |
ECWS - Extravehicular crewman work station .
EE -~ end effector ' 1
EMC - Electromagnetic compatibility %
EMU - Extravehicular mobility unit '%
EOTS -~ Earth orbital teleoperator system E
EVA - Extravehicular activity é
g FF - Free flyer, free flying é
é FSS - Flight support system 5
: GEO -~ Geosynchronous earth orbit ;
: G,N&C -~ guidance, navigation and control
I GSE - Ground support equipment
1 HLLV - Heavy lift launch vehicle
L IMF -~ Integration Management Facility
; 10Ss - Integrated Orbital Servicing Study
IUs ~ Interim Upper Stage
IVA - Intravehicular activity
E LAD - Linear assembler/deployer
3 LEO - Low earth orbit
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LF
LRU
MDA

MPD
MPTS

MS

OCE
OCSE
otV

: PCS

f PDR

J P-FMA
' : PGA

T PLSS
P&M

: POTV
PP

; RCS

RTA
sc
5/C
SECS
SLR
SPDL
SPS
SRMS
SRT
STAD

Logistics Facility

line replaceable unit

multiple docking adapter
manufacturing facility

Manned maneuvering unit
magnetoplasmadynamic

Microwave power transmission system
Maintenance/repair module
Maneuvering system

maneuverable television system
newtons

Orbital construction equipment
Orbital constructicn support equipment
Orbital transfer vehicle

Power conversion system
Preliminary Design Review
Protoflight manipulator arm
pressurized garment assembly
Portable life support system
Personnel and material

Pergonnel orbital transfer vehicle
Pilot Plant

Reaction control system

Roetgen equivalent in man

radio frequency

rotary transformer assembly

Solar concentrator

spacecraft

Solar energy collection system
scanning laser radar

Solar power development laboratory, power plant
Solar Power Satellite

Shuttle Remote manipulator system
Supporting research and technology

Sequential traveling assembler/deployer
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APPENDIX A

OCSE REQUIREMENTS DEFINITION SHEETS
OCSE CONCEPT SUMMARY SHEETS

NOTE: The requirements definition sheets and summary sheets which follow
are cross-referenced to the OCSE inventory tree (Figure 4.2.1-1, page IV~3)
by number and category. The number refers to one of the ten classes of
OCSE as defined below, and in Section 4,0, The category refers to the

: OCSE Inventory No. Class

Free~Flying Transporters i
Structure Attached Transporters 3
Handlers T
Aligners . j
Material FAsteners [
Adjustment Devices 1
Checkout ? ‘
Monitor Devices i 3
OGSE Support Equipment ;
Base Modules

21k
it el W

[
[ e e o BN o WE R RO L

: state of development of particular OCSE concepts (on summary sheets), as
] listed below:

1

Category A - Flight Existing I
Category B - Flight Proposed :

Category C - Commercial (One "G")
Category D - New Concept I

e bate
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 1.0

QCSE_CLASS: TFree Flying Transporters
QCSE SUBCLASS: Personnel and Materials Transporters
JASK DESCRIPTION: Man-rated cargo transporter; functional equivalent of

ssparate personnel and material transporters with combined capabilities,. (See
| applicable SUBCLASS sheets;) Carry material (up to 7 x 105 kg, 300¢ m3) or

. personnel (1 to 40) up to 21 km (nominal 100 to 260 meters) to construction site
or work locations. Must have stationkeeping, docking or temporary attachment _
(to structure) capability; integral propulsion, guidance and communications 4
systems. Directly or remotely controlled. i

APPLICATIONS TO SPS CONSTRUCTION:

.Column/Cable (4.1.3.1): Solar cell pcakges, 21 km @ 48,000 kg/package, 120 packages
(10 x 10 x 8 meters each) u

Truss (1.2.4): Powar distribution harness installers (4) - 163,000 kg
each, 2.6 km
Boeing Thermal: Reflector facet repair/adjustment - personnel travel *
distance 2.7 km o
_ ;
CEXISTING/POTENTIAL CONCEPTS: 4
(1) POTV/COTV ~ JSC SPS in-house study concepts %
(2) MMU/MTV - under development o
'z
¥

MAJOR INTERFACES: pocking port or temporary attachment mechanism; structure/
cable avoidance; must interface with construction equipment or other OCSE at .
load/unload site; servicing required. ?

SRT REQUIRED: cCovered under related contracts (SPS studies). -

SPS IMPACTS: - Traffic control} crew schedules.

.
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OCSE Title: MODULAR FREE FLYING TRANSPORTER Category B No. 1.1

e ey s e

&
% Data Source:
B § JSC 11568, Initial Technical, Eaviron-
F mental, and Economic Evaluation of Space ;
g Solar Power Concepts, 08-31-76 ;
£ ICperational Description: e
% Figure (1) shows JSC's concept of a POTV/ ;% 2
2 COTV ((#) personnel module or payload g
¢ module, (B) crew module, (C) 2nd stage ] 4
g propulsion). Figure (2) shows how crew W
¢ medule, (B), car be linked with a truss, 3
; (D), and small propulsion unit (E) to 1o
% form » general purpose vehicle (shown é 3
p here carrying a personnel module (A)). i ;
%i e B
‘ S
; LoD
%' P
? . e i
l {Mass Properties: . ! g ;
aw
%‘ F
[, . - 4 ;? 'gé
: e R
Requirements: i
-
Crew: 2 in crew module, up to 20 in personnel module {A). k 4
) 7
Eovironment: Space; crew and personnel modules are pressurized ’ % k-
i
Service: Putting together modules in MRM - g.f
[
Launch Vehicle: HLLV i #

A T
- topstoig? Gl oY T bt B L R

Comments:

Truss can be lengthened/shortened for different missions. Several combinations ?

become possible, GP vehicle can be adjusted to compensate for any payload, per- 3

41 _ sonnel module, ete, . — e 4

.
5
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OCSE REQUIREMENTS DEFINITION SHEET
QCSE_INVENTORY NO. 1.0

QCSE CLASS: TFree Flying Transporters
QCSE SUBCLASS: Material Transporte.s

TASK_DESCRIPTION: Carry material between locations

gite, Largest package ~.700,000 kg mass and 3000 m3 volume; transport distance
: up to 21 km., Transporter muat contain {ntegral propulsion, guidance and com-
? munications sytems. Docking capability required; cargo restraint syster re=

quired. Can be directly {pressurized cabirn) or remotely controlled; cargo space
P 4 probably unpressurized.

at or near construction

TRUCTION: ical):

Column/Cable (4.1.3.1) - Solar cell packages, 21 km (travel distance) @
48000 kg/package, 120 packages (10 x 10 x 8 meters each)

T e T N ST PR

Truss (1.2.4) =~ Power distribution harness, installers (4 req'd) - 163,000
kg each @ 2600 meters distance max.,

Boeing Thermal (2,1.1.1) ~ Cavity absorber shell (400 pieces @ 53,000 kg
each) 20 x 29m panel sections - distance up to 300 meters

EXISTING/POTENTIAL CONCEPTS:

(1) ¢€OIV - JSC SPS in-house study concept
(2) MMS - under development for Shuttle
(3) MIV = under development for Shuttle
(4) EOTS - Phase B Concept

JMAJOR INTERFACES: Docking port @ supply depot and @ construction (delivery)
‘pite; must interface with construction equipment (solar cell installer, cavity

absorber shell assembly jig, etc.) for load/unload; structure avoidance; thruster
plume impingement or surface contamination.

ST _REQUIRED: Scale up to large cargo capability; automatic docking techniques

SPS IMPACTS: - Resupply/supply logistics; traffic control

Requirements can alsc be fulfilled by structure attached transporters:
travel distances may increase (non-straight line travel).)

(NOTE:
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i

|
% OCSE Title: Cargo Orbit Transfer Vehicle (CQT%B Category B No, 1.2 .
] - Data Source:

. JSC 11568, Imitial Teehnical, Environ-
1 mental, and Econemic Evaluation of
2 Space Solar Power Concepts, 08-31-76 ;
[=]
-d

w . S L [ B
T T SO V0L o S N Oy s W

Operational Description:

Stige 1

The COTV, is a space-based system de- L
signed for transporting from LEO to GEO f
all the material required for SPS con-
struction or assembly. Two basic COTV

R NPT

Propelient weight: 475 tons

Totzl weight: 510 tons
Cargo orbital transfer vehicle (CUTV‘) characteristics.

Length: 28 m
Diameter: 8.4 m
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S systems have been ldentified, distin-
-~ P guished by whether or not power is
e | avallable from the payload. The COTV ;
§ g1l desigr.ation applles to payloads that b
‘; cannot provide power for transfer from ;
o LEQ to GEO. i :
v - !
o
. o ;
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! ~ a=fe Mass_Properties:
.~ -8 - Length: 48m (157.5 ft)
' 79 Diameter: 8.4m (27.5 ft) ;
N - Total Mass: 510 tons ;
E o Propellant Weight: 475 tons
Characteristics:
111 Functional - Payload: 250 tons 5
3 Life: 30 missions %
: Environment: LEO to GEO and back to LEO i
: Service (Prop., Flec., Gas, etc) on Orbit (LEO or GEQ) g
% Propellants: LH,/LO :
¢ LEO to GEO Trens%t Time:
Physical - 3

Docking System Interface: Orbiter, Fabrication Facllities, and SPS Structure ;
or Assemblies ! :

Crew: Unmanned requires automated or remote control ' ;

Servicing Interface: Electrical power capability, on-orbit propellant transfer
Power Source: Solar cells

Stages: Two-stage or Two and One-Half Stage options

Comments:

Proposed concept by JSC is in support of the Solar Power Satellite program. Addi-
-~ tional reference source is future STS Analysis Study (NAS9-14323),
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0CSE Title: Cargo Orbit Transfer Vehicle (COIV,)

Category B No. 1.3

bata Source:

JSC 11568, Imitial Technical, Environ-
mental, and Economic Evaluation of
Space Solar Power Concepts, 08-31-76

Operational Description:

This COTV, designation applies to SPS
configura&ions or payloads that involve
construction at LEO, either in total

or in modules, which can provide energy
for propulsion for orbital transfer.
The more attractive thruster systems
are those with high speciflc impulse
(ion thrusters).

‘Mass Properties:

Size: TBD
Mass: TBD
{haracteristics:
Functional - Payload:
Environments: LEQ to GEQO one way transit, with return as optien
Propellants: H,, Argon, AV of 19,685 fps
LED to GEQ Transit Time: 2 to 6 months
Payload (SPS Assy) provides power for propulsion
Physical -
Thrusters: MPD arcjet configuration is best case projection
Crew: Unmanned requires automated or remote control
Interfaces: Electrical power from SPS, attachmentg to SPS
Comments:
Proposed concept by JSC is in support of the Solar Power Satellite program,
’li Since detailed MPD or ifon/argon thruster data are not available, ceomprehensive

and accurate gystem design is not possible at this time.

o e e

[ AN 7 g iy { TTTELT I NPT ETIr T PPy

B R e IRICY PPN PRI 33 17 R Y T PR PTT T el

R e e A T e

L T SR A

TR (TR o PIPRE o

o i




0CSE Title: Earth Orbital Teleoperator System Category B No. _1.4

Data Source:

Earth Orbital Teleoperator Syetems
Concepts and Analystis, MCR-76-17,
Volume II, Contract NAS8-31290, Mav 1976

Stereo Video
ant Hiumlinatian

Operational Description:

Remotely controlled self-contained
Stownge spacecraft with docking, manipulative,
and visual subsystems, Provides re-
mote inspection, module transfer, and
miscellaneous assembly operations
while under crewman (IVA) control at
the construction bhase.

Artlculation
Boom

Ceneral Purpose
Manlpulator

'
omnl Ty

Directiona)
Antenna {120 —

Pocking and
Reirievat ! Pretsurant v
Mechaniyn ! Resupply :

Propallant |
Resupply
Elmctrical Recharge

Thrustar &
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Mass Properties:

Mass: 318 Kg (wet, 272 (Dry); [700 1b (wet) r é
600 1b (dry)] Pog
Dimensions: 112x112x193 em (44x44x76 in.) ; ﬁ

Requirements:

Functional -

Missions: Monitor/inspect, deploy/retrieve, satellite service, experiment support,
assembly, hazardous material handling, and EVA support.

Docking: Lateral velocity of 0.6 cm/sec; longitudinal velocity 3.0 cm/sec. P

Range Limitations: Up to 22 km (12 nm); growth option 120 km (66 nm). Do

Total Impulse: 20,000 lb-sec, AV of 1,000 ft/sec. f

Spin/Despin: Spin rates of up to 10.5 rad/sec (100 rpm).
Physical - :

Crew: Minimum 1, IVA at EOTS control/display station. C

Environments: Space C

Service: Propellant resupply; electrical recharge

Launch Vehicle: Compatible with Orbiter, OTV, HLLV, Conatruction Base

Accept Modules: Weight of 300 kg (660 1lb), size of 1 x 1 x 1 meter (3.2 x 3,2

x 3.2 ft)

Comments:

The EOTS may be designed and built by mid-1985 for orbital operations in con=
junction with the Orbiter for satellite servicing and retrieval.
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 1.0

?)ESE CLASSV: Free Flying Transporters
QCSE SUBCLASS: Personnel Transporters

TASK DESCRIPTION: cCarry personnel (1 to 40) to construction site, repair site,
or between work locations. Maximum range - 21 km, nominal - 100 to 2600
meters. Must have stationkeeping, docking or temporary attachment-(to struc-
ture) capability; transporter controlled directly (pressurized or unpressurized)

and has integral propulsion, guidance and communications systems. Also has
rescue applications.

-

APPLICATIONS TO SPS CONSTRUCTION  (Typieal):

Boeing Thermal - Reflector facet repair/adjustment = Personnel travel distance
A 2,7 km :

e Rl e L A b b R Mo DA, ik
s

Column/Cable, truss type, MPTS - EVA maintenance/repalr, typical travel
distances 500 meters to 16 km

oy 3 e o R Lt A K T e TR

SR L T

EXISTING/POTENTIAL CONCEPTS:

(1) POTV (20 to 40 people) = JSC in-house concept 2
(2) MMU - under development '

(3) ECWS = under study, part of EVA work station concept (may evclve as
non-free flyer)

I S ot AP TR ¢ A

MAJOR INTERFACES: Docking port or temporary attachment mechanism (grapplers,
umbilical, hold-down latches); structure/cable avoidance; thruster plume im-
pingement or surface contamination; GEQ environment (radiation) constraints

SRT REQUIRED: cConcepts being developed in conjunction with, and independent of, 1
SPS studies; SRT covered under related contracts (NAS9- 3

SPS IMPACIS: “Traffic control; crew schedules




. B

g;f?v f;{e{g{m

OCSE Title: ©rersonnel Orbital Transfer Vehicle !POTV@ Category __ 3 MNo. _ 31,5

Data Source:

JSC 11568, Initial Technical, Envinon-
mental, and Economic Evaluation of
Space Sclar Power Concepts, 08-31-76

’I! j Length;

proposed first flies in the Shuttle
payload bay and then is deployed and
— docked to the POTV at the LEO opera-
tions base.

Note: POTW, stage 2 refusled at GEO far revarw 9 LEO

praplpduda gy Operational Description:
s 2 et T Yool =g 123 s A erew rotation passenger module is
: 75 passagars lsen) Propeiiont mebghty 108 g
bl e ma:nu.;;l-umc required for the Earth to LED and LEO
} peg Sl to GEO transfer. The passenger module

welght = 53 metric ton) -
¢ Mass Properties:

33.28m (109 £ft)

4.42m (14.4 f£t)
173 tons (total)
106 tona

Craw rotation POTY, configuretien Diameter:
e _.__ Tor retum from GED to L| Weight:
r.- A

g B Propellant:

Characteristics:

Functional - Payload: 75 passengers plus 20 tons (LEO to GEO); 75 passengers (GEO
to LEO, when refueled in GEO)

Life: 30 missions

Environments: LEO to GEO

Propellants: L02/LH2

Servicing: Prop., electrical, gas, etc (in GEO and LEO)

International
e SPS Construction Facilities

Physical = 1Interfaces (Docking):
e HLLV or Orbiter
e §5PS Assemblies
Servicing Interfaces
¢ Propellant - require on~orbit fueling and refueling
e Electrical
e Gas
e Life Support

Comments:

JSC concept proposed for early planning purposes. However, crew size require-

-~ ments for GEO operations have not been focused sufficiently,

T
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OCSE Title: _Crew Modyle Category __ B No. _ 1.6

Data Source:

JSC 11568, Inftial Tecknical, Environ-
mental, and Economie Evaluation of

LIS ol presture il serags Space Solar Power Concepts, 08-31-76

‘ Siomine - ;

e compirinents Operational Description: 3
Mygine The crew module concept is envisioned é

nd wiiet as the first and smallest payload to ;
fly with the POTV. A typical mission 5

S wd presows st storane may consist of a 2 to 4 man crew per- ;

Sestion B8 _ forming one week of satellite mainten-

Conm! 2008 g0 ' ance operations, visiting four satel- 3. -
omy—— "thAn™ lites with transfers up to 15° longi- ¥
#[ ‘ tude between each satellite visit. : 3
Crow yuariers s

442 g ns.n J NN 3
=431 ;

l am :
ak
»
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asan Mass Properties: (Crew Module) I
U T Size: 4.82m (15,8 ft) length; &

4,62m (34.5 ft) diameter I T
Mass: 6856 Kg (15,116 1b) to GEO;

— 5582 Kg (12,315 1b) Return to LEO| 1} §
o

Characteristics: I
Functional - Payload: & passengers plus TBD tons (LEO to GEO) % :
Miseion: Up to 4 man sortie to GEQO from LEO and return to LEO 3
Functions: Construction, contingency, service/maintenance, and test % 3
Services: (Prop. LSS, power) on orbit, LEO and GEQ ;4
Propellants: LH2/L02 ’ 3 .3

LEO to GEO Transit Times: 6 hours or less % i

g

Physical - % ;

Crew: 4 crew for 9-day mission plus 1 dzy reserves

Crew Quarters: 33.8m (1,194 ft )

Control Compt.: 12.18m (430 ftr )

Ancillary Items: Hatches, windows, airlock, docking, arms
Intarfaces: Crew module/POTVL and crew module docking device

|Comments:

Proposed concept by JSC i3 in support of SPS program. For additional data
refer to the crew module concept from the Boeing FSTSA Study. The crew module
is worked in conjunction with the POTVL propulsion unit,

A-9
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: OCSE Title: Extravehicular Mobility Unit (EMU) Category B No. 1.7

Data Source:

Extravehicular Mobility Unit, JSC RFP
—- No. 9-BC7~4-6-~1P, for Space Shuttle
Program, December 12, 1975

0perational Description:

The NASA design concept emphasis for the
EMU 18 the connection of only four major
components by tho crewmember in donning
the unit. This could reduce operation.

times and also increase safety aspects
L ]
by minimizing hoses, straps, and pres-
sure bladder penetrations., The life
o Helmet vistdility -n120° Teft and right; 105° down from horizontal: support subsystems are housed in two ;
* EW) Joint Mobilfty '“”T“?ﬁ " modules--one (DCM) integrated onto the 3
M Deoreesr”  (eie) front, the other (PLSS/SOP) ontc the 3
a, Shoulder Mobilfe back of the hard upper torso. 3
Iaauctmnﬁbduction 1507 1.0
Lateral/Medial 20071509 I.0
Flexion/cxtension 188 1.0
Rotatian {x-z Plane 90 0.5
; Ratation {Y~Z Plane 120° 0.5
; . {lateral-medial)
< : ' b. Elbow Mobilit
3 exfon/cxtension 13¢° 1.0
¢ €. Wrist Mobilit . A
i , FTexion/extension 90° 0.5 Mass Properties:
: Adduction/Abduction 1209 0.5 .
g ¢ dalst Mplliy A 4.0 Size of PLSS: 61 x 53 x 17.8 cm 4
{ Rotation 15 3.9 (24 x 21 x 7 1in.) 2
; e e honillty 70 2.0 Total EMU Welght: 82.6 Kg (182 1b) wet ;
E Abduction 12 2.0 ‘%
| Characteristics: 4
Functional - Provide Life Support: In ambilent environment from zero to 14.7 psia :
Useful Life: 15 years miaimum 4
Operational Time: 7 hours, 6 hours useful EVA time, plus 30 min. Ingress/egress 1
and 30 minutes reserve

1 AT i g

Emergency O,: 30 minutes
Cooling Capacity: Sized to handle 1000 BTU/hr metaholic load or 7000 BTU/sortle

Physical = Major Components: gloves, helmet, upper torso and lower torso
Crew: Accommodate crew members within the 5th percentile USAF woman officers
to the 95th percentile male flying cfficers i
Service: (as, liquid, electrical recharge, recycle requires one man within
one hour.
Interfaces: Communication RF link and hardwire umbilical, MMU, PRS
Mounting: Minimum effort for rapid donning/doffing of unit

B S e . LI

Comments:

This is a proposed extravehicular mobility unit concept By JSC for the 3pace
Shuttle program. Additional effort in this area would moat likely be done by
: Hamilton Standard Division of United Technologles, Inc. Proposed operational
: % status is 1980.

A-10
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OCSE Title: Manned Maneuvering Unit (MMU)

Category B No. _ 1.8

-~

Data Source:
Manned Mavewverirg Unit, MCR-75-398,
Revision C, Contract NAS9-14593, System
Design Specification, January, 1977
Operational Description:
The function of the MMU 1is to provide
an EVA crewman with the capability to
maneuver in the immediate vicinity of
an orbiting spacecraft with slx DOF
control authority. The MMU attaches
rigidly to the PLSS on the crewman's
back such that the man, EMU, and MMU
form an integral man/machine system
for EVA operations.
Mass Properties:
Mass: 102 Xg (225 1lbs) wet
FSs =23.7Xg (50 1bs)
Dimensions: 135x%1x107 cm (53x36x42 in.)
Requirements:
Functional -
Operating Range: Up to 100 m (330 ft} from Orbiter
Sortie Time: 6-1/2 hour EVA without battery recharge or replace
Typical Task: Inspection, photography, retrieval, servicing, etc.
Physical -
Crew: Accommodate personnel within the anthropometric range of 5th percentile
USAF women officers to the 95th percentile male flying officers
Service: Recharge cold gas propellant pressure vessel and battery
Interfaces: FSS attachments for stowage, transport, don/doff, servicing, etec.
Mounting: Don/doff MMNU by one EVA crewman
Comments:
This proposed unit 1s complete rthrough the design and test reguirements phase,
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 2,0

OCSE CLASS: Structure Attached Transporters

: OCSE SUBCLASS: Personnel and Material Transporters

- TASK DESCRIPTION: Functional combination of separate personnel transporters

*  and material transporters. See individual requirements sheets. Transport
material (up to 700,000 kg) or personnel (1 to 40) over existing structure at
or between construction sites. Maximum required range 29 km. Use electrical
power if possible; must be able to negotiate Joints,

APPLICATIONS TO SPS_CONSTRUCTION:

| Most transporters can be designed to carry material #.d/or people. Supply E
train with a single operator,.or work crew transporter ¢ :'rrying required tools, D
are examples. |

No specific identified requirements for dual capability transporter, although
most concepts incorporate both,

EXISTING/POTENTIAL CONCEPTS:

(1) Rail system

{2) Intrabeam transporter
(3) Crawler

(4) Travelling truss

g g AR T

.MAJOR INTERFACES: Structure attachment, rail interface; battery recharge station:
servicing required.

e AR

SRT REQUIRED: ©Power pickup; rail/beam/transporter derigns - structural integrity.

L ¥

SPS IMPACTS: May impact beam or joint deaign.

P TRTR S )
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% OCSE Title: Beam Traveler Cateccry _ D No. _2.1
% Data Source:
§
% Operational Description:
i This beam traveler pulls itself along a
% structural beam with its four manipuiators
! 4 {which have propulsion devices fe.d..
¥ wheels] as their end effectors). The
- Manipulators following four plates show this vehicle
; —es changing beams.
E
% Y :
| / ‘ -
% Propulsion
¢ Devices
{ ueviese
Mass Properties:
: Requirements: Crew: Minimum ¢
; — - - Environment: Any structural members in space
% Service: Scheduled '}
t Launch Vehicle: :
; i:s
%"
%
P {Comments: This vehicle has advantages which include: it has no Tmpact on construction;
£ no special size of beam is required; manipulators can double as work tools
. with multiple end effectors.

A-l3
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OCSE Category: D No. _ 21 Sheet 2 of 2 fé
— i

I
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i

S
Manipulators with Propulsion ]
Devices as End Effectors "

4
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Rear End Effectors
Grip Beam

,
i
4

Front Fnd Effectors
Already Towing Car
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OCSE Title: _ JOINT BY-PASS SYSTEM Category _n . HNo. _ 2,2

Data Source:

New

Operational Description:

The joint by-pass system (shown in
drawing) would be used by those structure-
attached transporters whizh traverse the
beam, The by-pass system would most
likely be & rigid structure although cable
could conceivably be used, The joint by-
pass system provides a smooth transition
from one beam to the next,

*
N o o s At
TR A TR T R B {w***uﬂfﬁm‘w%ﬁ? R S R R R TIES RRR, TUEI R

3
® - .
6 Mass Properties: :
y .o
i 4
b 1
¢ 3
%
£ .
o Requirements:
@ .
§ Crew: NA 7
}"_ .
E Enviromment: Structure Attached 3
: ‘.
; Service: Scheduled maintenance/repair .
A A
L g
i Launch Vehicle: é
| a
%
é Comments: :
g' Arrows Iin the albove plcture show the direction of the by-pass for each of the three
% sides of the four beams. '
:*: | 3
5 |
3 i
£
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passes; this vehicle stops to change sides
({f necessary). The entire sequence of
changing sides is shown in the four plates
that immediately follow this page. The
drawing to the left shows the basic parts
of such 2 vehicle.

_Devices

Manipulator
Grigping Device - - :

OCSE Title: Static Rail Changer Category _ D No. 2.3
Data Source:
New
o Rotating Ring Operational Description:
'prop.lsion’ - - ) Before approaching a joint having by-

Mass Properties:

Requirements: Crew: Miuimum 2

——- ——-a Environment: Triangular beam in space
Service: Scheduled

Launch Vehicle:

Comments: This vehicle requires a period of time in which the vehicle s not moving
so that- it may change sides.

A-16
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OCSE Category: - D No. 2.3

Sheet 2 of 2

L

Direction car will go if it 4
doesn't switch sides )

=
-

Car 1is

stopped Revolving Ring

Equipped ?%;h Manibulators

‘Propulsion
Device

Clear vehicle from Track

"Swing" over Track desired

+ fotate Vehicle

* Align on Tra~k desired by Pilot
+ Engage Propulsion Devices

» Retract Manipulators

* Motion continues
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OCSE Title: Dynamic Reil Changer Category D No. _ 2.4 1

Data Source:

New

Crew Module Operational Description:

Skown in the drawing is a modularized i/
version of a cargo carrying rail traveler. i

This device employs the joint bypass system
described elsewhere. Drawings immediately ;
following this page show how this vehicle 1 -
changes sides (rails) of a beam while mov- : |

Payload

TR T L TR LR Pt (RN D W RMPUIOTINT T TP (o 0 S TR, (R SO LA

ing. Changing arm has rail traveling device f ?

on its end. } z

-

N b

b

Rail Traveling Devices (2 ea. side) : 3
ST - ' Mass Properties: n
?

Requirements:  Crew: Minimum 2 f g
=77 " “Enyironment: T.iangular beam in space ' g
Service: Scheduled | i

Launch Vehicle: §

3

3

Comments: This vehicle is probably the fastest of the beam traveling devices consid- %
ered thus far due to its ability to change sides of a beam while moving. !

‘, Iy ‘ . A—l&
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0CSE Category: D No. 2.4

2

Direction Car Will

Go 1if no Change is

Made

R
-
- \
-
-

Right

Traveling Davices
(2 ea. side) - ' Rail

Car has completely overturned and
is traveling on a joint by-pass

with ite right slde travealing devices
and {its right ewitching arm T

Chenging Arm

Starting to Come
Down to Grip Bottom

Right Changing Arm has gripped bottom

rail and is starting to pull car over

Car is revolving
.about this rail

\ Car will upright itself
after passing joint
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OCSE Title: Combination FF/Rail Vehicle Category D No. 2.6

Data Source:

. . ot * I R age
TS R

New

g S P R AR I

Module Operational Description:

This vehicle would mainly be useful for
delivering man and materials to the con-
struction facility. It does away with
the need for a docking and receiving sta-
tion for resupply vehicles. The following
plate shows a "landing" sequence for this
vehicle. The vehicle 1ines up with the g
"runway" (a pointed beam) at a distance g

and glides in with no power.

-
K
5
.
: I
. &
i
A
g 3
& i
b 3
a2 4
g
A
3
:ja
.
"
E:

- ; ;
5 i
v "Landing" Gear i3
}g, onulsi (Beam Riders) 14
? ;ff°3n1: . Mass_Properties: i ;
] . 43
. [|Requirements: Crew: Minimum 2 ; %
] S ‘ Environment: Space and triangular beams i

s . :
; Service: Scheduled 1L

' Launch Vehicle f

Comments:  rpic vehicle would not present any contamination threat to the construction 3

facility because it glides in under no power. It also permits direct :

delivery to individual machines and locations on the construction facility. ?

l
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY H0. 2.0

OCSE CLASS: structure Attached Transporters

OCSE SUBCLASS: Material Transporters

TASK DESCRIPTION: Transport material (up to 700,000 kg) over existing structure
(up to 29 km), Use electrical power (either from continuous pickup or re-
chargeable batteries) if possible, Must be able to negotiate joints,

APPLICATIONS TO SPS CONSTRUCTION:

Boeing Thermal (2.1.2.6) - trensport reflector facets (68,000 @ 65 kg each)
5600 meters .

A-22

Truss type (1.2,2) - tranaport solar cell blanket mat'l (total 7 x 106 ke) ;
3900 meters to installers ;
r
Column/Cable - (4.,1.3.1) = transport concentrator material - 240 rolls, f P
100 m long, 5000 kg ea; 29 km to installer/facility i
MPTS: transport subarrays (8000 @ 200 kg each) - max. distance 500 m (over 1 km é E
dia, surface) .
EXISTING/POTENTIAL CONCEPTS: .
(1) Rail system o
(2} Intra-beam travel i
(3) Traveling truss 1 4
(4) Crawler i
i 4
MAJOR INTERFACES: Rail interface (beam interface); battery recharge station '§ §
E 3
SRT_REQUIRED: Power pickup; rail/beam/transporter interfaces § §
i f
MDACT": - Impacts, or impacted by, joint design % %
g 4
s o4




OCSE REQUIREMENTS DEFINITION SHEET

OCSF“§NVENTORY'NOJ c.0
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OCSE CLASS: Structure Attached Transporters
BCLASS: Personnel Transporters _é j
TASK DESCRIPTION: carry persomnel (1 to 40) between locations at construction 4
site, or between work locations, Maximum range -~ 29 km, pressurized or suited ig j
environment. If possible, utilize electrical power available at structure irter- =
face or use batteries (recharged at outlet stations) Must be able to negotiate .
jolnts, or utilize joint bypasses. ig ;
; : o
B APPLICATIONS TO SPS CONSTRUCTION: :i g
P ;! K
o Typlcally applied to EVA maintenance, distances ~- 500 m+to 16 km ' é
; No specifically 1dentified requirement to transport large groups of people : %
d except during shift changes; personnel transport usually considered in conjunc- ; 2
3 tion with other tasks - one or two persona transported, S
.
f*- B
EXISTING/POTENTIAL CONCEPTS: g
(1) Rail system - on beam surface %
i (2) Intra-beam transporter é
& (3} Crawler 4
: (4) Traveling truss i
MAJOR INTERFACES: Structure attachment (rail, wheels, etc.); battery recharge ;
station 7 %

SRT REQUIRED: Power pickup (if continuous); rail design

WEA S g

50

1 -
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SPS IMPACTS; * May impact, or be impacted by, joint and beam design

A=23
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OCSE REQUIREMENTS DEFINITION SHEET ;

OCSE_INVENTORY NO. 3.0

OCSE CLASS: Handlers

OCSE_SUBCLASS: Manipulators (> 5 DOF)

TASK_DESCRIPTION: Perform tasks requiring multiple degrees of freedom, moderate
to high accuracy; masses handled -~ 5 kg to 700,000 kg; translation distances -
10 m to 900 meters; manipulator lengths required - 10 m to 700 m.

I

Can be combined with long boom concept, mobile transporter, ECWS, etc.

APPLICATIONS TO SPS CONSTRUCTION: 3

Boeing Thermal (2.1,1,3) =~ Handle turbogenerator sets (&4 @ 236,000 kg each),
20 x 29 2 5 meters each; translation distance 25 m; hold for mechanical fasten-
ing (EVA or more dexterous manipulator)

MPTS = Handle switch pears (16 @ discrete locations, 2000 kg each) for attach-
ment to back of secondary structure - translation distance ~ 70 m (each); .
structure avoidance during handling.

N R R TR o

EXISTING/POTENTIAL CONCEPTS:

(1) Fixed base manipulators

(2) Mobile base manipulators (part of a transport system)
(3) DNexterous manipulator (short, 50m)

(4) Dual manipulators (tandem operation)

B T + s Tk
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MAJOR INTERFACES: Different end effectors required
SRT REQUIRED: Long manipulator technology
g
PSC IMPACTS: -Affects SPS construction base/deaign, activities E
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OCSE Title: Shuttle Remote Manipulator System (SRMS) Category A No. 3.1

e L e TA Data Source:

m3T AL JEIKT
WIET TAY AT -\\t
WIET T ITER )T

Requirements/Definition Document Re-
mote Manipulator System, JSC~10633,
- Rev, A, December 15, 1975

B

Operational Description:

The SRMS fs a part of the overall Space
Shuttle inflight payload handling sys-
tem. It is primerily used to deploy

<‘\.. TLeow PTER Y

iU ATIY P 4T I
MTUAT o PSR
LIWER A (EaFY

o] PRS0 POLIT ORI HA/

P i o et peniod payloads from the Orbiter payload bay
LT for release into orbit and to retrieve
woorTre Lomtanmy payloads from orbit and to stow them
) bt . - 1in the payleoad bay for servicing or
e o return to earth. The unit assembly
ey : e, is a six DOF system of joints and
L""""""'_'f'_'""'[:‘“""'" i D o rigld structural links in &n arrange-
s | sowoe [ e T 1w | st ment to give a gimbal orxder of shoulder
- The B! . ) 2
— L L L : yaw, pitch, elbow pitch, and wrist
S e | - G ] B SN | _ pitch, yaw, and roll.
| armm oo & g L4 WL .03
STEP BESMCL o TIF| 1.0 2. 1.5 L w | e - p '
T _ _ . & i1iMass Properties:
e £ na I el Bl Basic Arm: <408 Kg (900 1b)
‘ "Total System: 508 Kg (1,113 lb)
ACCGEMTI THE 1 (1.0 1.9 », . . .
M e, N S B Bl Dimensions: See Schematic
Requirements: -

. Functional - Operating Life: - Minimum of 10 years or 500 cycles
Operating Modes: Automatic, manual augmented, and manual direct drive
Handle Payloads: Maximum anvelope up to 15 £t dia. x 60 ft long and &3, 000 1b
Aid Crewman: Removal and transfer of a crewman in a pressure garment, or per-
sonnel enclosure
End Effector Speed: Unloaded shall not exceed 2.0 ft/sec; loaded shall not ex-
ceed 0.2 ft/sec and stop within 2 feet

Physical - o
Crew: One crewman per SRMS from the Orbiter MSS using two 3-DOF hand controllers

End Effector: Remote interchange of end effectors

Environment: Zero-g, space
Interfaces: Orbiter mounting, stowage, mechanical, electrical, atc
Power Budget: 660 watts for accuation, 650 watts for thermal heating

jComments: _ _
"This unit is out of JSC under contract to SPAR of Canmada. It is through PDR
(October 1976) and scheduled for CDR on 11~30-77 and on-dock XSC ~ 07-23-79,

f”ﬁ : Schedule indicated first flight on second OFT and operational For third OFT,

"
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OCSE Title: _ proto-Flight Manipulator Arm Category _ B No. 3.2
' - Data Source:
: ﬁ End EBffector Grip e
' Vriss Bull Proto-Flight Manipulator Arm (P-F),
M Contract NAS8-31487, April 1977
Wrist rlr.eh\\‘
Elbow Pitch Operational Description:

Upper Arm Roll

(C

F- -t
\..’;

Pr— Shoulder Pitch
S Shoulder Yaw

P-FMA Tsome‘tric

" P-FMA Drive Charactaristice

The P-FMA is presently envisioned as

a general purpose coperational space
tool mounted onto an Earth Orbital
Teleoperator Spacecraft (EOTS) or like
vehicle. Its pevformance capability
provides the flexibility necessary to
grip, release, align, manipulate, ctc
during the basic removal and replace-
ment of modules.

I eams —T) o ﬁ?ﬂif"w

“ | e [ LT . . -
_:
L . . L .
[ ] v.m nw 1na Y R
e T .81 w1 oW .l
i - ne m.n -
| i ol Ly (K] Y] e
e o - -

L ™) e 3 "
_g—l ; e - o [~ '“-Ao 1

Mass Properties:

Mass: 45.4 Kg (100 1b) [Stowed]
Dimensions: 44x0.9%x1.37m (1.4x3x4.5 ft)
0.15%0,15%2.9m (0.5x0.5x9.5 f*)

[Qperating]

tRequirements:

Functioral -

Remotely from Shuttle, Sortie
100 ¢m (4 ft) and 200 cm (8 ft)
25 em (1 ft) minimum

Control:
Reach:
Working Envelope:

wrist pitch axis in a hemlispherical shape over mounting interface.

Power: Requires 28 +4V DC at a consumpt
Physical -

Crew:

Environmert: Space

Service: [nterchangeable unit mounting

Interfaces:

Lab, aad/or ground
to 200 cm (8 ft) from shoulder pitch to

ion not to exceed 500 watts

Minimum cne crew, TVA at PSS Control and Display Station

and end effector

Mounting, electrical, communications

.lls

prRT Sy

B

Comment::

The category identified was B (proposed), however the unit bullt was a replica

of the flight model for the STS.

A-26
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_ OCSE REQUIREMENTS DEFINITION SHEET |
QCSE INVENTORY NO. 3.0

OCSE CLASS: Handlers y

QCSE SUBCLASS: General purpose ( £ 4 DOF) mechanisms g

TASK DESCRIPTION: Perform material handling both at short range (£ 50 m) Jl

and long range {(up to 650 meters) from a fixed base, Masses handied range from =

10 kg to 700,000 kg; tasks are relatively simple (load/unload), repetitious
and require only moderate accuracy. Work surface, from single point, up to
1 ®m~. Actual handling (translation) distances are from 10 meters to 900 meters.

APPLICATIONS TO SPS CONSTRUCTION: (TYPICAL):

MPTS -~ Svbarray handling (load/unload) between transporter (suppoly vehicle)
and installer (subarrays 200 kg ea, 8000 total, 10m x 10m x 0.25m ea.)

EXISTING/POTENTIAL CONCEPTS:

(1) Surface Sampler Boom
(2) On-orbit Servicer Mechanism
{(3) Spar Bistem

R L R R L R T I AR I e S

LN

MAJOR INTERFACES: bpifferent end effectors required; structural impact of long j
boom on existing structure; fixed base to structure,

SRT REQUIRED: Long boom construction/design; rotating core (if required)

SPS I“PACTS: -Affects construction base activii‘es

_A-27
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OCSE Title: Viking Surface Sampler Boom Unit Category __ A No. _ 3.3

Data Source:

Surface Sampler Subsyetem Flight Oper- !
ationa Handbook, Excerpt from HE - 3
3720311, dated July 1976.

Operational Description: .

The surface sampler articulated (SSA) ]
boom unit consists of the boom unit,

collector head, and shroud unit. The
extendable/retractable boom element
combined with the integrated azimuth/
elevation gimbal system, allows the
collector head to be commanded to any
location within its articulation
limits. The boom unit uses a furl=-
able tube configuration.

«
i i, w el o o

|
;

Mass Properties:

Boom Unit Weight: 10.9 Kg (~ 24 1lb)
Dimensions: 24x34x6l cm (9.5x13.5x24 in)
{Stowed)

Requirements:
Functional -

Operation: Three degrees-of-freedom, (1) 300° azimuth (yaw); (2) +#45° elevation
(pitch); and (3) extend/retract of ~ 10 feet.
Tip Forces: When fully extended it can apply 30 1b axial load and 8 teo 10 1b
in pitch bending. :
Elect. Power: 28 +4V DC with a maximum consumption of 50 watts.
Phy§¥g§?diketract Rate: 4 ft per minute

L ot o N L g P T o T RN AU RLT ST Y P

R

Collector Head: Provides a means for "backhoeing" surface trenches
Interfaces: Replaceable end effector, spacecraft mounting
Environments:

Comments:

This unit was flown successfully on two Viking/Mars missions., By redesigning
the end effector, some of the simple construction tasks could be accomplished

ﬂ for SPS . _ ‘

A-28

W R TN S St 1 A




OCSE Title:

On=0rbit Servicer Mechanism

Category B No. 3.4

-

C e e
.9

\"i z l

Data_Source:

Integrated Orbital Servicing Study
Follow-0On, Mid-Term Progress Review,
Contract NAS8-30820, SA-5, October 1976

Operational Description:

The on-orbit servicer mechanism as
shown is a relatively simple config-
uration that has both natural and easy
growth options. The mission emphasis
is on the geosynchronous maintenance
cage with the capability for axial

and radial module removal for a

gingle tier satellite.

Mass Properties:

! ~ Servicer Mechanism: 63 Kg (139 1b)
J Stowage Rack (12 Inter. Mech): 79 Kg
(175 1b)
Dimension: 4.5m dta., 1.8m long (176 in|

=i —tnr—tome)

Characteristics: ’ ’

Functional - Primery Task: Module Exchange
Life: 5 years or 100 missions

Operating Radius:
Tip Force:
Module Exchange Time:

! Physical - crew:
Docking Device:
Service:
End Effector: Dedicated
Module Size and Weight:
Interfaces!

2.3 m (7.5 ft)

89 N (20 1b) in either the radlal or axial direction
10 minutes nominal

Unit includes both autonomous and manual contrel options

Requires rigid attachment to satellite being serviced
Minimal component replacement

Elect. power, mounting points, communications

to mate with the module interface mechanism
Im? (40 in.3) and 318 Xg (700 1b) maximum

|Comments :

e i e Sl G A M i
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OCSE REQUIREMENTS DEFINITION SHEET

OCSE_INVENTORY NO. 4.0
OCSE CLASS: Aligners

QCSE SUBCLASS: Align for joining

TASK DESCRIPTION: Align beam ends (at jointa) for fastening or align construce
tion equipment at work location, Alignment required may be straighteline, right
angle, parallel beams, planar or apecified-angle. Accuracy generally €2 cm
(typical 100 meter span) for beam ends, +2 fec for planar angles; actual re-
alignment probably performed by mnnipulator in conjunction with measurement
device,

APPLICATIONS TO SPS CONSTRUCTION:

Column/Cable & Truss type {1,1) - align beam builders prior to fastening to
structure (line of sight measurement)

MPTS = align sections of extension structure as they are built (planar measure~

ment, straightness measurement) - performed ~-20 times®
Boeing Thermal (2.1.2,2) - Solar concentrator module/beams - 6 places, 2 gec
in two planes

EXISTING/POTENTIAL CONCEPTS:

(1) Laser
{2) Video
(3) Mechanical

MAJOR INTERFACES: Structure, power, lighting

SRT REQUIRED: Accuracy/precision requirements; concept trade-offs; definition
of functional requirements (crew-assist by EVA, remote via video, etc.)

LN ]

SPS IMPACTS: - Critical to structure alignment (collector and transmitter)

A-30
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0CSE Title: T,V. RETICLE ALIGNMENT DEVICE Catego-y D No. 4.l

- b o S . — . ——

L

-y

Data Seurce:

New

ECWS Beams to be Aligned Operational Descriction:

T.V, camera unit 1s maneuvered by RCS

30 as to view the end of one of two

beams to be aligned, Picture is sent

to alignment davice (e.g,, ECWS) to be

. T.V. (on same axis used as a "gunsight" aligning reference.

\\'as near beam)
k]

SE)

T.V., Monitor in l

Mass Properties:

Reguirements:

CGeew: Minimum 1, operator in ECWS
. Environment: J3pace, ECWS is free-flyer or structure-attached vehicle

Service: Recharging of RCS gas, Recharging power supply.
Launch Vehicle:

Comments:

Problems may arise in the initial line-up of the camera on the axis described by one
beam and the maintaining of this position, Cannot be used to accurately align long
beams because of perspective, The TV camera with antenna could be part of a larger
free~flying vehicle (i,e,, EOTS) or a mobile structure-attached system.
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OCSE Title: LASER ALIGNMENT SYSTEM Catecc~y __ D No. 4.2

e d—— &

i

ta Source:

Optical Receivers New

Operational Description:

Manipulators grab ;
beams and align lasers and optical re~ 1
ceivers parallel to each beam. ECWS A
operator makes a gross alignment with ;
the manipulators. Optical receivers e
coupled with computer takes over align-
ment task at a certain accuracy,

Mass Properties: o

P

P

Requirements:
Crew: Minimum 1, ECWS operator E
Environment: Space, ECWS is free-flyer or structure-attached ;

’ #
Service: Scheduled maintenance “g
Launch Vehicle: §

jComments :

This system hat’ the advantages of quick set-up time and computer help, but is most

sapily used only for end-to-end alignment. The vehicle on which the manipulators are
mountad could be a free flyazr or could be part of & mobile structure~attached system,
The and effectnr ieaign {laser/receiver) must accommodate different size beams, The

,x] actual isint design may affect align system performance/applicability.
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Category __ D No. 4.3

Data Source:

New

_QperationaT Description:

Shape of self-aligning guides makes
initial gross alignment. relatively simple T
and gradually forces fine alignment. b

Self=-aligning guides have the sdvantage f

of making the alignment task simple a&nd i i
uncomplicated, r %
?-f;
\ i
. D
' , ;
‘ IMass Properties: g
. Py
| |
| 2
Requirements: %
. ! 3 :
Crew: Remote control or, as a minimum, remote monitoring of tasks, Pl

Enviromnment: Space

Service; Set-up of guides

Launch Vehicle: NA

AL ST SR A R
i,

T iwbiibren s

1Comments:

Disadvantages of guides include the amcunt of time required to fit each beam to be
joined with the guides. This could be made part of the beam fabrication procedure,
providing that the joint deaign ia also made compatible with whatever guide system
is used, Oddeangle or multiple=beam joints may make taak complex,

. A3



OCSE Title: HOLOGRAPHIC IMAGE ALIGNMENT Category __ D ___ No. 4.4

s cus gmm

Data Source:

Wide Beam Laser e

Receiving Plate

Operational Description:

Half of the wide beam laser light is re-
flected by the beam-splitter to the re-
ceiving plate of the interferoscope.
Other half is reflected by mirror onto
work area and is reflected by work area
to the receiving plate, The two beams ad o
interfere with each other and interfero- 4
scope produces a holographic image of the ]
work area from which both operator and/or :
computer alignment instruments work. {

Hélographic
4 ~ Image

ECWS

. E
Interferoscope . @ _
* P

f
, Beams to Mass Properties:
be Aligned Lo
} Manipulators ‘ .
| \ |
- = = A it ‘;
Requirements: Lo
v:} é
| Crew: Minimum 1, operator in ECWS (Free flying or structure-attached) g :

‘ Enviromments: Placement in ECWS

Service: Service with scheduled maintenance

Launch Vehicle:

- -
AT L AR LR M bt n o

i
E

Comments:

The interferoscope requires advances in laser holography technology. This aystem has
the advantage of working from a confined reproduction of the work area (alignment
sensors are encloged). A straight "phantom'" beam can be superimposed on the holographic

image of the actual beams as an alignment guide. Interferoscope is a real time hole- ﬁ
graphic display.
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OCSE Title: TV ALIGNMENT DEVICE FOR LONG BEAMS Category _ D ho. 4,5

YData_Source:

New

{0perational_Description:

TV camera & and reticle & crosshairs loca-
ted on ECWS manipulator arms and positioned
accurately with attaching beam €. Target
located accurately on attached beam.

Camera image 1s displayed for ECWS opers~
tor who positions both manipulator arms so
{ that crosshairs of reticle align with

T cross on target and then advances attach-
ing beam until mating takes place, keeping
crosghairs lined up.

Mass Properties:

Requirements:
Functional -
Crew: Minimum 1, ECWS operator
Environment: Space, ECWS is free-flyer or structure attached

Service: Scheduled maintenance and calibration
Launch Vehicle: N/A

- Physical -

Comments: |
Requires accurate alignment of camera and reticle to end effectors, and end

ef foctora to attaching beam, also targoet to attached beam. May want to have
target moved from beam to beam, or probably each beam have owm target.

A-35
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JComments:

OCSE Title: LASER ALIGNMENT OF LARGE STRUCTURE

Category __ B ho. 4,51

e

|Data Source: Rendezvous and Docking Lager
REFLECTOR §Syetema, MSFC Contracts NAS8-30738 (Norden)
. / I d NAS8-20833 (ITT).
!

{0perational Description:

CTOR A laser interferometer transmitter and
four-quadrant photodiode receiver would
be mounted on the ECWS manipulator arm
that supports the beam to be attached.
To align this beam with the beam to which
it will be attached and maintain flatness
of the entire structure, a corner reflec-
tor (prism) would be mounted on the near
beam and the center or starting beam.
The transmitter laser scans until lock up
on the prism is achieved, and the receiver
scans to receive the laser beam returned
from the prisms, firat to align locally
and then check flatness of structure.
The receiver signal ia sent to the ECWS
for beam gttitude correction for both
| alignments and the beam advanced to mate.
y.By using a pulsed coherent laser the range
of information can also be determined if

required for the local alignment and
mat iﬂg .

LASER TRANSMITTER
& QUADRANT SENSOR

MANTPULATOR ARMS
ATTACHING BEAM

Rggyirements:
Functional -

Crew: Minimum 1, ECWS operator

Environment: Space, ECWS is free-flyer or structure attached

Service: Schednled maintenance and calibration
Launch Vehicle: N/A

Physical -

The corner reflectors must be accurately mounted and the one on the local beam
would probably be moved from beam to beam. The end effector containing the
laser must have an accurate attachment to the beam being aligned.
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| OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 4.0

OCSE CLASS: Aligners

OCSE SUBCLASS: Surface Flatness Aligners

TASK DESCRIPYION: Measure relative flatness of large surface areas (1 km
dia. MPTS) and perform re-alignment as required; accuracy/resolution required,
although TBD, will be relatively high, Actual re-alignment may be by EVA =
must be performed in concert with measurement device.

”

APPLICATIONS TG _SPS_CONSTRUCTION:

MPTS (X.2.4.2) = subarray alighment {continuous surface),

MPTS (X.2.3.1) =~ main structure aligmment (top of structure frames must all
be in same plane; discontinuous surface) - SER ALSO "ADJUST'" OCSE class.

EXISTING/POTENTIAL CONCEPTS:

(1) video system
(2) Laser device
(3) Transit

MAJOR INTERFACES: Power, lighting, structure

. SRT REQUIRED: Accuracy requirements; concept trade-offs; functional optimization

-

SPS IMPACTS: - Critical to MPTS transmission efficiency
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0CSE Title: LASER FLAT SYSTEM Category __ D No. 4.6

ko e

Data Source:

Wew
Laser Car

Operational Description:

Laser ¢ r and Optical Receiver car tra-
verse opposite sides of surface to be
checked for flatness (e.g. MPTS), laser
always pointing at optical receiver.
After a "left to right" translation has
been made, the procedure is repeated
"top to bottom". Uniflat areas block

laser light and their position is re~
corded.

Mass Properties:

Optical Receiver
Car

Requirements:

Crew: ' Automatic, remote monitoring
Environment: Structure traveling

Service:

Launch Vehicle: Small, compact system

£ 1 {Comments:

This system cannot "see" "valleys'", only "hills", The surface would have to be wmapped,
and corrections made based on recorded data.
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OCSE Title: SHADOWING TECHNIQUE - TESTING FLATNESS  Category No. 4.7

-...w..-— - w—

Data Source:

New

q0perational Description:

The drawing at the left shows how this
technique could be used, A single fre-
quency electromagnetic radiation source
(e.g. I,R,) illuminates the surface to

be tested. A monitor sensitive to that
frequency is used to spot shadowing
caused by firregularities of the surface,
"Hills" cause crescents, convex away from
the source. '"Valleys" cause crescents,
convex towards the source, '

_//

[Mass Properties:

i
- JL
Requirements: '
| dfiér Sysatem could be automatic or manual

Environment: Space, EVA hand-held or automated vehicle remotely controlled

Service: Replacement as necessary

Launch Vehicle:; Small, compact systenm

Comments:

This system could be used in an automated vehicle to find irregularities, then used
by an astronaut to monitor his corrections, Present technology could detect flatneas
of approximately one part in 200 down to a variation of 0.1 inches. Technology
“advances in the next decade should improve this accuracy.
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_ OCSE REQUIREMENTS DEFINITION SHEET
‘OCSEVINVENTORY NO, 4.0

OCSE_CLASS: Aligners

QCSE SUBCLASS: Depth and range aligners

= . TASK DESCRIPTION: Align beams/structure in three dimensions at a joint;
S actual re-alignment probably accomplished by manipulators controlled via remote
station with appropriate display, in conjunction with measurement device.

APPLICATIONS TQ _SPS CONSTRUCTION:

MPTS extension structure - align beams in up to 4 planes, assure parallelism
of beams and perpendicularity .of planes as required,

; o Column/Cable - hub beams (3,1) - assure perpendicularity of six main columns

EXISTING/POTENTIAL CONCEPTS:
(1) Stereo-video
(2) TV reticle
(3) Graphic matching (computer assisted)

MAJOR INTERFACES: Structure, power, lighting, display format

i Accuracy/precision requirements; measurement technique; error-
signal format

e

SBS _IMPACTS: - Significant to structure alignment, system efficiencies
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OCSE Title: RADAR COORDINATE SYSTEM | Category _ D No. 4.8

o —— — -t e

Data Source:

Y-axis radar N
Satellite e

Operational Descriptien:

Three radar transceiving satellites
establish a coordinate system through

Z-axis ' _ the construction site. Each satellite
AN X-axis radar is able to distinguish and measure in-
SCY/ Satellite dividual parts of the comstruction.

| These radar images are transmitted to a
k main receiving station, An ECWS operator
U would give the receiving station his
coordinates and the main. receiving sta-
tion would transmit a computer enhanced
3=yiew picture of his coordinates (and
Origin his work, e.g., beams to be aligned).

X axta—™ ~ :

Mass Properties:

Z-axis radar satellite

o \ ] if
Requirements:

Crew: Computer operated

1 Environments: Space
Service: Constant checking of placement

Launch Vehicle:

fComments :

This system must await the development of & radar system that has very fine discrimi-
nation abilities, This sytem has the advantage that one main system serves the entire
construction facility. Also, every activity in the construction site can be monitored.
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 5.0 '

OCSE CiASS57 Maferi#i Fasteners
QCSE SUBCLASS: Manipulator controlled fasteners
JASK DESCRIPTION: Perform mechanical fastening tasks which require moderate

external force/torque application of large masses; can be controlled remotely;
inter-task manipulator transport may be required; task area access may be limited.

APPLICATIONS TQ_SPS CONSTRUCTION:

Boeing Thermal - Radiator frames (2.,1.1.4) « frame ends butted and welded
(24 connections) (beams 120 tq 930 kg; up to 950 meters long)

MPTIS = Support arm beams (X.2,2,X) - centroidal Joint (~~ 60 connections)
multiple beams per joint

Truss type = SECS support trusses (3.1) = 2416 centroidal Joints

Column/Cable - Power distribution cables (4.1.4) = 4, 17 cm diameter con-
nector plugs

LEXISTING/POTENTIAL CONCEPTS:

(1) Mechanical devices
(2) Adhesives .
(3) Welding

MAJOR INTERFACES: End effectors (several types): lighting

SRT REQUIRED: Joint design

3PS _IMPACTS: - Joint designs (under separate study) affect fastening mechanism
design.
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE INVENTORY NO. 5.0

OCSE CLASS: Material Fasteners

JCSE SUBCLASS: EVA controlled fasteners

TASK DESCRIPTION: Perform mechanical fastening tasks requiring high degree of
dexterity, in areas of limited access, where direct human monitoring is desir-
able, Tasks may be separated by distances as low as 10m, as high as 75m;
therefore, inter-task transport is required. Force/torque fastening loads must
be small; individual tasks- should require less than 5 minutes,

APPLICATIONS TO SPS CONSTRUCTION:

MPTS - (X.2.6.4) electrical connector fastening at back of subarrays (7000
connections); structure avoidance critical,

Column/Cable - (4.1.3,3) - Prime cable attachment to SECS rings (264 con-
nections); cable avoidance critical

EXISTING/POTENTIAL CONCEPTS:
(1) Mechanical devices
(2) Adhesives
(3) Welding

MA NT : EVA module interface (cherry picker, MMU, ECWS), lighting;
mode of transport between connection tasks, EVA tools

SRT REQUIRED: GEO radiation hazard

SPS IMPACTS: - Affects, is affected by, maintenance/servicing philosophy
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OCSE Title:

Space Power Tool Kit

Category __ g  No. _ 5.1

Space
Nrench

Data Source:

Space Maintenance Tools and Accessories,
Basic Data, MMC, ER 14452, October 1966.

Operational Description:

The space powered tool kit contains a
12V DC rechargeable battery pack which
provides 163 watt-hrs at 40 amps. The
system was designed and constructed by -
Martin Marietta for the Gemini program.
The tools include: a dead blow hammer,
the motor/handle assembly, a power drill,
a screwdriver ratchet, worklights, a
power impact wrench, a power saw, res-
traint buttons and applicator, and a
small parts holder. MMC has developed
one of these tool kits.

Mass Properties:

Complete Tool Kit: 17.2 Kg (38 1b)

Size: 37x37x24 cm (14.5x14.5%x9.5 in.)

Hand Held Bonder
Basic Summary Data:

Item We. JL({in.) | W(in.)|H(in.) Remarks
Motor 90 oz 7.0 3.0 8.0 |12V DC, PM Field
Impactor 42 oz 6.4 .25 - 85 ft-1b out, 6 in.-oz. reaction
Saw 48 oz 8.0 o JL 1 4.0 | 5/8-in. stroke, .030 in. Kerf
Drill 56 oz 8.25] 3.28 - 1/4-5/8 holes
Hammer 28 oz 12.5 1.3 4.3 | 1-1/4 1b dead blow
Screwdriver Handle 12 oz 4,6 1.4 2.7 1/4 in. ratchet drive
Work Light (2) 14 oz 4.0 2.2 - 30° ellipsoidal reflector, 6.9W
Restraint Buttons 1l oz - 1.13 0.5 | 8-10 A, 10-12 V, 30 sec for 50 1b
Applicator (2 parts)| 12 oz 3.7 1.3 2.8 | Indicate 450° Bond Temperature
Battery 51b 6.4 2.3 4.9 |12V DC Yardney HR-15 Silver Zinc Cells

Comments:

The NASA Space Tool Kit shown here was a study and development effort oriented to-
ward defining in broader terms the scope of the maintenance problems, the human
capabilities to perform maintenance and the design characteristics of the tools
needed to solve the problems.
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OCSE Title: Tools to Support Inflight Maintenance Category A No. 32

L

Data Source:

Skylab Experience Bulletin No. 13, Tools,
Test Equipment, and Consumables Required
to Support Inflight Maintenance, JSC-
09547, November 1974

Operational Description:

Tools selected for Skylab were primarily i
those required for specific tasks that
were approved for inflight accomplish-
ments plus a few general purpose tools
such as pry bar, hammer and Swiss army
knife. Two primary complaints were
voiced by Skylab crewmen regarding
tools. First, all the necessary tools
were not included; and secondly, if

a tool was available, i1t sometimes did ,
not perform well because of safety re-
quirements that had been imposed to ren-
der the tools ready for flight. One
basic recommendation by the crewmen was
to have all tools grouped in one specific
area
|[Mass Properties: Five Basic Kits: 4
Tool Kit 1 and 2:

Portable Repair Kit:

MDA Hatch Kit:
Activation/Contingency Kit:

Skylab Tool Kits \
General Characteristics: ;
Functional -
Operation: All basic Skylab tools are hand operational
Functions: Both general and dedicated capability requirements 1

Crew: Single hand operation

Physical -

Sizing: Capable of being used with a PGA gloved hand.

Holding Techniques: Elastic strips, see-through pouches.

Handling Interfaces: Tether rings, Velcro straps, Velcro tabs

Stowage: Some tools fit tightly into the drawer cutouts while others were so
loose they were not restrained at all,

[Comments :

It should be noted that none of the tools in the initial tool inventory were de-
signed for EVA usage. In order to properly interface with the EVA glove, tool
handles had to be enlarged to wrapping them with tape. Since many of the tools
were not equipped with tethers or tether attach points, it was necessary to also
use tape to attach the required tethers. However, the tools proved to be adequate
for EVA after handles were taped and tethers attached.
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OCSE Title: _Space Power Tool Category A No. _ 5.3

Data Source:

Space Maintenance Tooles and Accessories,
Basic Data, ER 14452, October 1966.

Operational Description:

The space-power tool and restraint as-
sembly were designed and developed
specifically for the NASA/USAF Gemini
D-16 Experiment. Qualification testing
was conducted with the space power tool
stowed in the restraint assembly when
subjected to launch environment stresses.
The performance capability of this unit
was not oriented toward any specific
program and the tools represented
prototype solutions,.

Mass Properties:

Power Tool Weight: 3.4 Kg (7.6 1b)
Total Weight: 8.3 Kg (18.5 1b)
Size, Stowage: 71x18x16.8 cm (28x7x6.6")

Requirements:
Functional - Capable of performing general drilling and bolting tasks.
Output Torque: Exceeds 45 foot-pounds developed on 1/2-in. NF AN-type bolt
Operating Voltage: 6 to 7 volts
Work Capacity per Battery Charge: Impacting - 100 3-sec bursts
Drilling Time: 8 to 10 minutes running time

Physical -

Crew: Operate with single hand with space suit glove
Service: Battery recharge
Interfaces: Replaceable 1/2-inch drive chuck

Comments:

The Space Power Tool and Restraint Assembly was flown on both GT-8 and GT-11,
however no operational tests were performed during these flights. Three flight
sets and four qualification and training sets of equipment were delivered to
Aeropropulsion Laboratories at Wright Patterson AFB (APFT - Mr. C. B. May).

- T PSS

A-46




OCSE Title: Apollo Lunar Surface Drill Category A No. 5.4 4

iData Source:

Apollo Lunar Surface Drill (ALSD),
MCR-71-35, Contract NAS9-9462,
August 1971

Opera.ional Description:

The ALSD provided the means to emplace
the Heat Flow Experiment probes into
the lunar soil and to acquire a deep
subsurface core sample. The first re-
quires the drilling of two holes to a
depth of 10 ft each. The core sample
is acquired by drilling titanium stems
into the lunar soil, removing, and
capping for transport to Earth.

Mass Properties: i

Mass: 13.6 Kg (30.0 lbs)
Dimensions: 17.8x24.4x101.7cm
(7%x9.6x22.7 inches)

Requirements: )

Functional - Rotary - percussion drilling principle.
Drilling: 1.032-in. dia. hole in dense basalt at 1.5 in./min.
Force: Download of between 22 and 66 N(5 and 15 lbs)
Flexibility: Replaceable bit capability

Physical -

Crew: One crew for hand-held operation

Environment: Space, vacuum, 1/6-g during operation

Service: Electrical recharge

Mounting: Mechanical interfaces for launch and descent vehicles

Comments:

During Skylab program this unit was modified to operate as a material cutter.
For SPS applications, similar modifications would be employed to make use
of the drive unit concepts. See Sheet 2 of 2.
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OCSE Category:
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OCSE REQUIREMENTS DEFINITION SHEET
‘OCSE INVENTORY NO. 5.0

(CSE CLA§S: Material Fasteners
QCSE SUBCLASS: Fasteners inherent in structure
TASK DESCRIPTION: Provide fastening mechanism (as part of basic structure)

which accepts mating material and completes fastening task automatically; used
for elements which must (or may) be periodically removed/replaced. .

da

APPLICATIONS TO SPS CONSTRUCTION: ' '3
Column/Cable (3.0) - Main/prime cable reel assemblies (104 reels) - reel
base plate mechanically attached to facility structure

Boeing Thermal (2,1.1.3) - turbogenerator sets (64) - mechanically fastened
to shell panels (helium line joints accomplished separately)

MPTS (X.2.6.1) =~ switch gears (16) attached to substructure via latches

- EXISTING/POTENTIAL CONCEPTS:

L) Mechanical joint 1
(2) Impact (contact) latches

b e e ——-

R e AT

huhﬂﬂi_lﬂlﬁﬂfﬂﬂﬁsf Handler to bring materials into contact

FX) IS et

SRT REQUIRED: ‘Joint design (Cast-lock/Butt-centroidal)

ae

» -Joint/latch design impacted by construction/maintenance philosophy

E;
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OCSE REQUIREMENTS DEFINITION SHEET
$SF INVENTORY NO: 6.0

—

OCSE CLASS: Adjustment Devices
OCSE _SUBCLASS: Beam positioners

TASK DESCRIPYION: Adjust beam positions to achieve proper configuration (see
HANDLERS)

-

CAT p TION:

Column/Cable Facilities (3.3) =~ adjust beams to make 6 facilities mutually
perpendicular (18 adjustments)

Boeing Thermal (4.1.3) - adjust spinal truss length to make axes of SCs
parallel - required over 3 spans of 4000 meters

EXISTING/POTENTIAL CONCEPTS:

(1) Manipulators
(2) EVA/Tools teee HANDLERS
(3) EOTS

MAJOR INTERFACES:

SRT_REQUIRED: Alignment/adjustment over long spans (4 km)

SPS IMPACTS: -
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 6.0

_BESE éLASS: Ad justment Devices
QCSE_SUBCLASS: Inherent with structure adjusters

TASK _DESCRIPTION: Provide adjustment capability by incorporating device into
the element itself (e.g., screw jack in beam builder mount); device activetion
can be remote or direct (EVA task may be required) - measurement technique must
be incorporated.

2t
e T e S

t
T Rk R
i

o AR o 2

Facility tension rods (C/C = 1.1.4, TT = 1.1,4) = adjust, 12 to 144 rods in
pairs to align longitudinal beams

MPTS subarrays (X.2.4.2) - adjust (7854) subarrays to obtain desired surface
flatness (may be accomplished instead by phase adjustments)

LEXISTING/POTENTIAL CONCEPTS:
(1) Screw jack
(2) Linear motion wedge

T anPECTHE S TS PO RIS C SLPHC TN
s

R Rl

e A

MAJOR INTERFACES: Measurement device; lighting

[RNBF I

© §RT REQUIRED:

SPS IMPACTS: -
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE INVENTORY NO, 6.0

OCSE CLASS: Adjustment Devices
QCSE SUBCLASS: Cable tensioners

JASK DESCRIPTION: Provide capability to release/retension cables periodically;
measure tension (3000 Newtons max.); for some applications (MPTS) tensioner

requires transport between tasks; for others (C/C), tensioner may be part of a
reel assembly in a facility.

APPLICATIONS TO SPS CONSTRUCTION:

Column/Cable (4.1.2.5) - Main/prime cables - release/retension every 100
meters (144 times), up to 96 cables involved

MPTS frames (X.2.3.1) - adjust radial cables between concentric rings to
bring frame tops into single plane (cable lengths A-175 meters)

Boeing Thermal (2.1.2,4) - SC tension cables -~ adjust teo stiffen structures
(24 - 36 times)

EXISTING/POTENTIAL CONCEPTS:

(1) Turn buckle
(2) Cable bender (tensionar device)

MAJOR INTFRFACFS: Cable gripper, routing; cable/structure fastenings

Cable dispenser, take-up reel design; tension measurement
technique

SPS IMPACTS: -
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OCSE REQUIREMENTS DEFINITION SHEET
OCSEMINV$N?ORY FO. 7.0

OCSE CLASS: cCheckout Devices
QCSE SUBCLASS: 1Input simulators for checkout

TASK DESCRIPTION: Accomplish operability/performance checks on SPS subsystems
by providing an appropriate stimulus to which the subsystem should respond in
a particular manner; measure/detect response and evaluate subsystem condition,
Access to the subsystem may be restricted, (See MONITORING)

APPLICATIONS TO SPS _CONSTRUCTION:

Boeing Thermal (2,1.1.3) - turbogenerator set checkout (64 sets)
MPTS = (X.2.6.1) - switch gear (16) checkout
MPTS - (X.2.8.1) -~ pointing system computer checkout

_ MPTS - (X.2.4.2) - subarray phase control checkout

EXISTING/POTENTIAL CONCEPTS:

(1) Sun source

{(Z) Heat source

(3) Eleetrical supply
(4) Force/torque

MAJOR INTERFACES: Handling/fastening of chezkout device to or near subsystem;
power, lighting

SRT REQUIRED:

s

MPA_TS: -Need definition of test conditions required; maintenance/servicing
philosophy is significant to test requirements definition.
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OCSE REQUIREMENTS DEFINITION SHEET
9GSE TWRNIORY X0 7.0

OCSE CLASS: Checkout Devices
OCSE_SUBCLASS: Data feedback sensors

_JASK DESCRIPYION: Utilization of pre-installed sensors, or of characteristics
of subsystem itself (e.g., stress build-up visible under X-ray) to perform
checkout based on data feedback .

APPLICATIONS 70 SPS CONSTRUCTION:
Boeing Thermal (2.1.1,5) - Leak check (He & NaK) in PCS piping (8 systems)

MPTS (X.2.6.3, X.2.5.1, X:2.8.2) - electrical continuity in electronics sub-
systems (phase control, pointing control, power distribution) ~+2000 lines to check

Boeing Thermal/Column-Cable/Truss type - Joint checks, fastener integrity
checks (4> several hundred checks)

EXISTING/POTENTIAL CONCEPTS:

(1) X-ray (welds)

(2) Ultrasonic

(3) Electrical continuity

(4) Range/distance measurement technique

: Handling/fastening of checkout device to or near subsystem,
power, lighting

SRT REQUIRED:

e

SPS IMPACTS: ~qgge requirements definition needed; maintenance/servicing
philosophy significant to that definition
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE INVENTORY NO B 0

OCSE CLASS: Monitering Devices
OCSE SUBCLASS: Remote viewing

TASK DESCRIPTILN: provide capability to view by indirect means various SPS
construction ectivities; monitoring requirement most often occurs in conjunc-
tion with other functions (handling, fastening, adjusting, aligning, checkout)
and maybe nacessary to complete a given task or may merely be supervisory;
monitoring may be real time or delayed, of other OCSE or of automatic CE pro-
cess,

O T TP TR I PO SO IC g oy v PP

APPLICATIONS T0 SPS CONSTRUCTION:
MPTS (X.2.5.1) = electronics packages interconnections ( ~ 7000)

Boeing Thermal (2.2.8.1) - rotary transformer assembly ims tallation (one A
time) |

o e

General Assembly Surveillance = multiple camera positions 4
C&D stations ‘

EXISTING/POTENTIAL CONCEPTS:

(1) Stereo video
(2) Photographic E
(3) Computer graphics #
(4) Special wavelength (e.g., IR) monito:ing

R R R T T T L o N P P T I s AT Vo

MAJOR INTERFACES: Lighting, power

S e e
LY
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SRT REQUIRED:

SPS IMPACIS: Construction base design determines major monitoring etations
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OCSE REQUIREMENTS DEFINITION SHEET K
OCSE INVENTORY NO. 8,0
- 2
QCSE CLASS: Monitoring Devices ; §
OCSE SUBCIASS: Direct Viewing g

04

TASK DESCRIPTION: provide capability to view by direct means various SPS con- i
struction activities; monitoring requirement most often occurs in conjunction ? 5
with other functions (handling, fastening, adjusting, aligning, checkout); I
monitoring may be necessary to complete a given task or may merely be super- ; :
visory, G

APPLICATIONS TO SPS CONSTRUCTION:

Column/Cable, Truss (1.1.4) = facility beam alignment - monitor measurement ;é
of 30 to 350 angles

MPTS (4.2.2.1) = monitor ball joint installation

General surveillance of SPS assembly

U P Sy ST SRR

EXISTING/POTENTIAL CONCEPTS:

(1) Binocular Camera 5
(2) Reticle

(3) Wide~field Telescope d
MAJQR INTERFACES: Need line-of-sight view; lighting; monitoring station { :é
locations on structure P

T
SRT REQUIRED: i
I
13

SPS IMPACTS: Direct viewing {8 function of particular task - assume viever ;

is in vicinity by virtue of transporter/handler
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OCSE Title:

_ DIRECT VIEWING MONITOR DEVICES Category  C No. 8.1

Data Source:

Commercial

Operational Description:

Binocular Camera: This instrument is used
for telescopic viewing and subsequent

photographing of a distant object. Shown
is a commerciallv available, 7 x 50 unit I
having a 6°25' F.0.v., 1/60 - 1/125 -
1/250 sec. exp. time, and automatic rewind.

Reticle: Reticles could be used in con-
junction with direct viewing devices to
measure angles, diameters, distances, etc.
Several types of reticles could form a
kit to accompany the viewing device.

Wide-Field Telescope: This device might
be used as a monitoring device because
of its bright, high=-clarity view.

E——

Mass Properties:

Requirements:
Functional

Physical -

Comments:
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO, 8.0

OCSE CLASS: Monitoring Devices

OCSE _SUBCLASS: 1Instrumentation displays

TASK DESCRIPTION: Provide capability to monitor equipment or task status via
remote data received from instruments mounted at task location; monitoring re-
quirement generally occurs in conjunction with other functions (handling,
aligning, fastening, adjusting, checkout) and can be necessary to the adequate
completion of the task or may be merely supervisory. Display of data may be
required in real time, or may be delayed.

APPLICATIONS TO SPS CONSTRUCTION:

EXISTING/POTENTIAL CONCEPTS:

(1) Strain gages

(2) Temperature indicators
(3) Leak detector

(4) Contamination monitor

MAJOR INTERFACES: Monitoring devices required are direct function of task
being performed

SRT REQUIRED:

SPS IMPACTS:
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OCSE Title:

FLUID LEAK ALARM AND ISOLATION VALVE

Category _ D No. 8.2

A A

)

ﬁ\

/’T\

Data Source:

New

—

Operational Description: See also
. £ Sheet 2 of 2

Normal fluid flow shown by solid arrows.
Left valve arm prevents dynamic pressure
from entering static pressure chember when
in normal position. Pressure on both sides
of right valve arm cancel under normal con-
ditions. Puncture in line reduces pres-
sure on right side of right valve arm.
Pressure in static pressure chamber pushes
right valve arm into actuation position.
Actuation springs move valve arms into
final positions, breaking restrainer and
closing alarm switch, Fluid now flows in
direction of dashed arrow.

See also Sheet 2 of 2.

Mass Properties:

Requiremcnts:

Functional -

Physical -

Comments :
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 9.0

OCSE CLASS: OCSE Support Equipment
OCSE SUBCLASS: pocking Devices

TASK DESCRIPTION: Provides docking interfaces or mechanisms to allow vehicles
to attach to structure, modules or other vehicles, The majority of TRANSPORT
tasks require or assume a compatible docking device at the end of travel., 1In
some cases, the device required is simply a temporary attachment mechanism to
allow crew/material transfer; in other cases, a fully enclosed (pressurized)

docking port is required. pdditional requirement for docking/attachment of g
large structures. :
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APPLICATIONS TO_SPS CONSTRUCTION:

Column/Cable (4.1.3.1) - Concentrator material transporter (delivery to CF)
Auxiliary Facility Equipment - Truss type (3.1.11) 27000 kg ea,; delivery
of ACS modules to CF

MPTS - dock to bottom of Boeing Thermal SC - massZ 21 x 10% kg
Boeing Thermal SC Module Attachments (4.1) -~ Masses 105-106 kg

A,

iRV 2= Cinaeid V1l

(1) Full probe and drogue system
(2) Universal docking adapter

(3) CGeneral purpose attachment mechanism (not full docking)
(4) Manual/automatic/hybrid systems

B e it L
>
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cigiliva by anzibad
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MAJOR INTERFACES: compatible docking interface, lighting, control system §
(manual, automatic or hybrid)

SRT REQUIRED: Trangport, control, docking of very large ( > 1 km dia.) struc-
tures of large (10" kg) mass

SPS_IMPACTS: - Class of docking devices must be identified, developed - based on
SPS construction/maintenance/operations plans

A A | S canba i L e IR S e -
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OCSE Title: Docking and Retrieval Mechanism (DRM) Category B Fo. 9.1

Data Source:
Earth Orbital Teleoperator Systema,
Concepts, and Analysie, Final Report,
Volume V, Docking Retrieval Mechauism--

Docking and MCR-76-17, NAS8-31290, May 1976
Retrieval Operational Description:
MEChanism This unit consists of an extendable/probe

assembly and a docking receptacle. The
forward, capture/latch mechanism por-
tion incorporates three latching prongs
attached to a traveling carriage. A DC
torquer motor/ball screw assembly pro-
vides the linear motion required to de-
ploy the prongs to an angle of ~ 45°.
Subsequent travel moves the prongs rear-
ward drawing the docking receptacle on
the spacecraft into a rigid mating.

Mass Properties:

Probe Assembly: 15 Kg (35.3 1b)

Total Assembly: 48.6 Kg (107.5 1b)

Size: 20 cm (B in.) dia., 1.8 m (6 ft)
long

Requirements:

Functional -
Missions: Enables two spacecraft or payload to dock and be structurally joined
on-orbit
Extension Reach: 0.9 m (3 ft) at (1 ft/sec) maximum
Docking Misalignments: Radial--+5 cm (#2 in.); lateral--+0.6 cm/sec (0.02 ft/sec)
Forces: Longitudinal - 220 N (50 1b); spin torque - 2 N-m (1.5 ft-1b) |
Unit Cycle Time: Capture time of < 5 sec, latch time of < 15 sec. |

Physical -

Crew: One crew for remote contrel from PSS

Docking: Viewing, lignting, and compatible docking ceceptacle
Services: Electric power required, 28 +4V DC

Interfaces: Mounting of unit, electrical, communications, etc.
Environments: Space

Comments:

— —— - 8

An engineering prototype of the docking and retrieval mechanism was buillt and
tested. A possible SPS construction application of this unit is as a manipulator
end effector used to grip, handle, and position SPS components and construction
equipment during assembly.
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 9.0

OCSE CLASS: OCSE Support Equipment
QCSE SUBCLASS: Commodity Servicer

TASK DESCRIPTION: Many of the SPS elements, pieces of construction equipment,
and the identified OCSE require gome sort of servicing during SPS construction.
These requirements range from module replacement and fluid transfer to elec~
trical power resupply. Some means of providing such general services is re-
quired.

APPLICATIONS 7O SPS CONSTRUCTION:

Boeing Thermal - (2.1.1.5) - Leak check and service unit (supply NaK - up
to 5x10% kg for each of 4 modules)

" : Commodity module replacement - small packages ( A41m3) (CE, OCSE maintenance)

{ CE power resupply - all areas of SPS construction

) (1) Transportable service cart
{2) Dedicated (fixed base) service station

*

: Requires transport, handling, temporary attachment at work
site (of mobile); power, lighting; EVA assistance for operation may be required,

SRT REQUIRED: Handling of large quantities of fluid; leak checks; power transfer
scheme

b

el i A

SPS IMPACTS: - Dependent upon SPS construction/construction base philosophy
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OCSE REQUIREMENTS DEFINITION SHEE-
OCSE_INVENTORY N0, 9.0

OCSE_CLASS: OCSE Support Equipment
OCSE SUBCLASS: Storage panels

TASK DESCRIPTION: Many small (relatively) items utilized during SPS comstruc-
tion must be temporarily stored in close proximity to the task being performed
so that they can be employed as required to complete the task, These items
are EVA tools, manipulator end effectors, OCSE modular subsystems, A general
purpose storage panel, to be carried as part of an OCSE item or permanently
stationed at fixed sites, is required to allow easy access to necessary items,

APPLICATIONS TO SPS CONSTRUCTION: Applicable to all areas of SPS construction;
probably requires several types of storage panels

EXISTING/POTENTIAL CONCEPTS:

(1) EVA tool carrier
(2) Manipulator end-effector storage
(3) Service cart equipment storage

MAJOR INTERFACES: Size of items to be stored; attachment to OCSE or to existing
structure

'SRT REQUIRED:

SPS_IMPACTS: -Construction base/maintenance philosophy dictates applicability
of permanently attached (to structure) vs carried-with-OCSE storage
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A 5
0CSE Titte: STORAGE PANELS - FACILITY BIN Category _ D No. _9.2 ?3 ot
Data Source: iﬁ
ﬁ?
Multiple End g -
fector New ;é
Storage Operational Description: i
i ¥
Wherever there are multiple tasks to be fé. } s
done by one manipulator, there will prob- o E
ably be a storage panel of end effectors. X ;
Shown here are manipulators (used in the 4 :
Maintenance and Repair Module; see OCSE e -
summary sheet 10.3), one with a multiple L3 g
end effector and one with a grappling de- : :
vice. Storage Panels are seen in back- b
ground, on both sides of control room : j
windows, . +5 E
L :
T
! :
Mass Properties: 47
L
5

Reguirements:
Functional - Secure/store end effectors for manipulators in MRM

Crew = None
Environment - Unpressurized

Service - None .

Physical -~ Wall-mounted units
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STORAGE PANELS - BRUSH CAPTURE

OCSE Title: Category D No. 9.3

Data Source:

New

Operational DeScription:

Tools and end effectors must be easily
but .firmly secured in the sterage panel
and also easily accessible. Shown here
is one method of securing tocls which
uses "scrub brushes'" to’hold the tool.

- ~

f// 4 I@MW |

/4

//
2

//

Mass Properties:

Requirements:
Functional -

Secure/store tools or end effectors as required, method can be used
in any storage rack

Crew - N/A
- Environment - N/A

Service - N/A

Physical -

any slze

iComments:

A~66

+ oo e ——p e it R =

e e b g AR e L IR L S

EE T 2

ST ik

ot (e gt R iy b et T et il o e

F

!
o
2
3
Jg

SHIPEOC

;
]
i
3
3

IR 1 IR W Re ¥ gy



o

OCSE Title: STORAGE PANELS (CABLE HANDLING CAR) Category No. 9.4

Data Source:

E; New &
I . -
i Storage Panels ‘j
x 1
%{ Operational Description: %) &
i .' l"i
z‘g Another place in which storage panels must i3
L be built is in multitask mobile manipulator 3
$u vehicles (if used). Shown here is the I
¥ cable handling car of the Core Module j o
v shown on OCSE summary sheet 10.1, For a S
3 more detatled description of this vehicle po
’E‘ see that summary sheet. ;i
i P
E i
8
- n LR
Mass Properties: -
Dimensions: 1 x 2 x 4 meters : i‘
Requirements: o
.
Functional - Storage panels o
T
Crew ~ None, remotely controlled
Environment - Space :
Service - Resupply reels; unscheduled maintenance -
Physical - Small, launched as a unit 3 :
i
i
Comments:
e e e — ——
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OCSE Title:

STORAGE PANELS - CYLINDRICAL BIN Category D No. 9.5

Data Source:

New

Operational Description:

The Storage Panel is simply a tray which
he. tools and end effectors~until such
time as they are needed by a manipulator
which it serves, Shown here is one con-~
cept of a large capacity storage panel
with a "line-findexr" type construction,

Mass Properties:

Pimensions: Size is task dependent.

Requirements:

Physical -

Functional - secure and protect tools and end effectors until needed.
Crew ~ Unmanned, remote operation
Environment - Space, or unpressurized module

Service - Initial unit storage; unscheduled maintenance .

Launched as a unit

- A~H8 .
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 9.0

OCSE_CLASS: OCSE Support Equipment

QCSE SUBCLASS: Modularized syastems

TASK DESCRIPTION: Many of the individual pieces of OCSE require the same type

of subsystems support - communications, GN&C, video capability, integral light-
ing, etc. These subsystems should be modularized to the maximm extent possis

ble for interchangeability and ease of servicing,

APPLICATIONS TO SPS CONSTRUCTION: General application to all OCSE (and possibly
to CE) required during SPS construction

A

EXISTING/POTENTIAL CONCEPTS:

Modularized systems: Similar to existing MMS, EOTS concepts
Tracking

Communications

GN&C

Mounting plates

Video

Lighting .
MAJOR INTERFACES: OSCE must be designed to accept modular subsystems.

SRT REQUIRED:

; - Definition of equipment complement required to determine feasi-
bility/cost effectiveness of modularization,
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Mass: 136 Kg (300 lbs) wet
;:l-tr,
Dimensions: 97x107x102 cm (38x42x40 in.)
feqrirements:
f Functional - =
MS Tasks: Payload inspection, cargo transfer, contingencies, photographic surveys
Distance: Near vicinity of the Orbiter, AV of 650 fps
Performance: Translation velocity of 0.05 fps, limit cycle rates < 0.1°/sec
Physical -
Crew: Minimum of one, IVA at Orbiter aft flight deck
Service: Modular subsystems, propellant resupply, electrical recharge
Interfaces: Orbiter/FSS, stowage, service, docking
Comments:
| The MS may be deaigned and built by early 1980 for orbital support operatlions
‘-N in conjunction with Shuttle payloads. Could also be considered a simple deploy/

-!*- -

e —————————— e —— — > PN T - T e —

OCSE Title: _ Maneuvering System (MS) Category B No. 9.6

Pressurization Data Source:
Control Panel B

Maneuvering Systeme Study, IR&D No.
D-255, Report No. S76-48825-003,
August 1976

Operational Description:

This unit is a small general purpose
Busper maneuvering system that can accept
control inputs communicated from the
Orbiter aft crew station in order to
monitor or maneuver payloads in the
region surrounding the Orbiter. The
unit is unmanned and tailored after
e the design and hardware used on the
Manned Maneuvering Unit.

Mass Properties:

retrieve vehicle (DRV).
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 9.0

OCSE _CLASS: OCSE Support Equipment
QCSE SUBCLASS: ~ Subsystem Insulator

TASK DESCRIPTION: Thermal control/protection of the SPS elements, conatruc=
tion equipment and OCSE is a significant design factor, The optimum insulation
technique or material must be developed for each of these systems. Several

types will probably be developed and utilized as dictated by the particular
system requirements,

APPLICATIONS TO SPS CONSTRUCTION:

General applicability to all OCSE, CE and to some SPS elements required
during SPS construction,

EXISTING/PQTENTIAL CONCEPTS: E
(1) Sheet fnsulation 3

{(2) Foam insulation
(3) Paint-thermal coatings

R b s e s d it e s i e

MAJOR INTERFACES: System requirements must be identified in each case,

R A e A B it R T, AR B
- e

SRT_REQUIRED: Definition of thermal control required; technique optimization

u T Plai
RS ¢ gl

: +Study required to determine optimum thermal control method for
entire SPS system; similar or analogous methods would be applied to OCSE, CE.

E:
5}

s
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OCSE REQUIREMENTS DEFINITION SHEET
'OCSE_INVENTORY NO. 10.0

OCSE CLASS: Base Modules
OCSE SUBCLASS: CHAD Module

TASK DESCRIPTION: The CHAD module is an integral facility (maximum size -
one HLLV launch - 20 meter diameter x 30 meters long) which accomplishes the
initial construction steps, either for the construction base or for those
portions of the actuel SPS structure which are not constructed from a base
facility (e.g., MPTS). The CHAD module contains all equipment (beam builers,
manipulators, etc.) necessary to build/assemble the first basic section of
structure,

PPLICA : Used for beginning construction of the con-
struction base for any SPS; used for building MPTS.

F 3

EXISTING/POTENTIAL CONCEPTS:
(1) Cube builder
{2) Wedge bullder
(3) MPTS ascembler

JOR_INT : Space station modules; other HLLV modules, CHAD module may
contain additional CE or OCSE.

SRT REQUIRED: Tradeoff of applicability to SPS construction bases, MPTS; design

Arequirements must be defined.

SPS_]MPACTS: - Design/applicability based on philosophy for initisl construction.
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OCSE Title: CHAD MODULE - SEQUENTIAL TRAVELING ASSEHBLR&ateg:--y B . 2
- o o

-

Data Source:

New

Operational Descriztion:

The STAD is a general purpose CHAD module
capable of constructing a number of SPS
structural elements in sequence. The mod-
ule contains beam fabricators, manipula-
tors and cable reels, support arms which
drive the module back along the completed
besms and radial extension arms used to
assist some construction steps.

Mass Properties:

Dimensions: 20 meter diameter x 30 meters
long

Requirements:

Functional -

Operation: Automatic, twice per SPS; assisted by other OCSE and CE
Task (typical): Construct MPTS extension structure, support arms and first

concentric ring radial members
Crew: Unmanned; remote monitoring only

Physical - Launched as a unit in one HLLV

Eavironment: Space vacuum
Service: Resupply beam material, cables, as required
Interfaces: Docking port, attachment to structure (several orientations)

Comments:

A fully independent, general purpose CHAD module may be very complex. The concept
shown can accomplish some of the major MPTS construction tasks, but requires sup-

port from other OCSE or construction equipment before, during and after its normal
operation.
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Sheet 2 of 3

No. 10.1
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OCSE Category:
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- e Main Manipulator with

. End Effector for

]
]
i
£
i
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Stringing Cable

Cable-Working

Manipulator \(/\“

(Shown with ” NN\

Cutting End "~ ! S
Effector) | N .

Main Manipulater
Storage Panel

. Main Manipulator with
End Effector for In=
stalling Cable Reelt
Guide Rails for
Cable~handling
Vehicle

Cable-Handling Vehicle

OCSE Category: D No. 10.1 Sheet 3 of 3
J
Temporary Cable-Holding Cable-Working
Manipulator Manipulator

Main Manipulator
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OCSE Title: CHAD MODULE - LINEAR ASSEMBLER/DEPLOYER (LAD) Category D No. 10.2

. .t ——

Data Source:

New

Operational Description:

The LAD CHAD module is a dedicated facil-
ity which can fabricate and assemble an i
initial section of structure (around or

onto which additional structure is attache
by construction equipment or OCSE). The [
LAD contains beam fabricators, manipulator i
and cable reels configured to automaticall
fabricate, assemble and deploy a structure
of specific geometry (e.g., cube or wedge
shape). The two halves of the LAD are p
identical, and construct the structure as v
they move apart from each other. Six

- beams are continuously fabricated simul-
taneously. Deployment of the structure
is accomplished by tensioning the appropri- |
ate cables. The completed section could i

Mass Properties:

|
j
|
:
|
1

Dimensions: 20 meter diameter x 30 meters
long (2 halves 15 meters long each)

Requirements: i
Functional - {

Operation: Automatic, once per SPS
Task: Construct initial section of SPS structure, or construction base structure
Crew: Unmanned, remote monitoring only

Physical - Launched as a unit in one HLLV

Environment: Space vacuum |
Service: Resupply beam material, cables, if required ;
Interfaces: Docking port, attachment to other base facilities

|

Comments:

The LAD concept shown can be adapted to any specific structure geometry and size,
but each module can do only one task. Its principal advantages are its relative 4
simplicity and the degree of automation possible during the major assembly phases.

A=76 d
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OCSE Category: D No. _ 1042 Sheet 2_of 2 ]
yan
be part of a larger construction base, or part of the SPS structure itself.

Foints
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Manipulators)

Turret

'LAD Module for Cube (1 of 2)

Beam Fabricating Equipment




- ' 0CSE REQUIREMENTS DEFINITION SHEET
OCSE INVENTORY NO. 10.0

OCSE CLASS: pRase Modules

OCSE SUBCLASS: Maintenance and Repair Mcdule

TASK DESCRIPTION: Provide a centralized facility for the repair and mainte-
nance of all OCSE, Cperations performed with this facility would include in-
. spection battery recharging, subsystems module replacement, component repair J
(on "time available' basis), scheduled/unscheduled servicing of vehicles, The e
facility would have an open hanger (unpressurized) section, docking ports,

and a pressurized work (bench) area, Operations would be monitored/controlled
from a pressurized control/display module within the facility. ) ;

APPLICATIONS TO SPS CONSTRUCTION:  Applicable as a general facility to all
SPS construction; a space station/construction base logistics facility might

include this type of module for maintenance/repair of CE, OCSE, orbit transfer
vehicles, ete.

I T PETI 5
i A - ok 2 L 1 WA T TH

L

EXISTING/POTENTIAL CONCEPTS: ] %
(1) Space station modules ? “

(2) Construction base facilities i -g

(3) Separate OCSE module .
MAJOR INTERFACES: Docking ports; other construction base facilities; handles . fi
surface transport vehicles, free flyers, ECWSs i E

SRT/SPECIAL TRADEOFFS REQUIRED: Refueling in space (high pressure gas, cryo~

genics); tradeoff of meparate OCSE module vs, incorporation into larger SPS
facility, 4

O R I S DI IR

SPS_IMPACTS: - Probably is part of the larger space station/conatruction base
complex; could also be combined with the commodities storage module, g
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OCSE Title: MAINTENANCE AND REPAIR MODULE (MRM) Category D No, _10.3

Data Source:

New

Operational Description: (See also Sheet 2)

The MRM is a single, centralized facility
wherein all maintenance and repalr of OCSE
would be performed. It would service
vehicles/equipment on a day-to-day basis,
accomplish scheduled maintenance and re-
place failed subsystems as required for
repair. Operations would be completed
automatically and remotely, with overall
control maintained from a pressurized con-
trol room configured for direct and in-
direct monitoring. Work rooms would

also be pressurized to allow shirt-

- sleeve operations.

Rl L b Ll

L)
A i 0» A
A B oS LS DN B N

Mass Properties:

Dimensions (typical): 250 meters x 100
meters x 50 meters

Requirements:
Functional -

Operation: Assembled in orbit, operates during total construction phase.
Task: Maintenance, repalr, servicing of OCSE, some CE and OTVs.
Crew: 2 to 10, all IVA (in control room) except for contingencies (EVA in bays).

Physical -

Environment: Vacuum, enclosed (but not sealed) work bays:
control
Service: Commodities resupply, power. SEH room pressurized.

Interfaces: Attached to structure, to other construction facilities; external
docking for vehicle servicing, MRM resupply.

Comments:

MRM could be 4dncorporated (functionally or physically) into a larger facility

for the entire SPS.  Additional, separate servicin
g locations may b
remote stations (of unique design). Y b required as
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OCSE REQUIREMENTS DEFINITION SHEET
OCSE_INVENTORY NO. 10.0

OCSE CLASS: Base Module
_OCSE SUBCLASS: Assembly Jigs

Provide a work base, structure or platform around or within
which construction tasks are accomplistied, Jig configuration is dependent upon
the shape of structure to be built (i.e., may be inherently task unique); linear
dimensions can be up to several kilometers. Jig itself may require assembly on=-
orbit. ' '

APPLICATIONS TO SPS CONSTRUCTIQN:

Boeing Thermal (2.1.1,1) = Caﬁity absorber shell jig - hexagon of 8 meter
square beams x 125 meters long each

MPIS (X.2.1.1, X.2,1.2) - extension structure jig - moving over length of
extension structure, 750 to 1000 meters; cross section ~~50m x 50m

Truss type - (1.1) - Construction base facility - 5200m x 600m x 1300 meters

EXISTING/POTENTIAL CONCEPTS:

1) Grumman OCDA work platform
2) Truss type construction facility (Boeing)

MAJOR INTERFACES: Material supply vehicles (free-flying or surface attached);
docking ports; manipulative systems (fixed base or mobile)

_SRT REQUIRED: Applicability of jige to SPS construction (below construction
base level) needs to be demonstrated.

Jigs may be efficient construction method even for relatively
small structural elements, if the same jig can be utilized for construction of
many SP3a,
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"OCSE INVENTORY NO. 10.0

OCSE REQUIREMENTS DEFINITION SHEET

OCSE CLASS: page Modules
OCSE SUGCLASS: EVA Module

TASK DESCRIPTION: provide an enclosure/vehicle which provides standby EVA
crews a low pressure (~ 4.0 psis) oxygen enviromment within which they can
prepare for EVA tasks. The module would house a crew of from 2 to 10 people
for up to two w:eks, and therefore must contain personal hygiene facilities,
sleeping quartere and eating provisions,

APPLICATIONS TO SPS CONSTRUCTION: Generally applicable to all SPS construction,
although EVA crew sizes and work tour durations have not been defined, Scome
EVA tasks associated with construction have been identified; in addition, EVA
maintenance and repair, and EVA rescue, are anticipated tasks during and after
SPS construction.

EXISTING/POTENTIAL CONCEPTS:
1) Use Skylab MDA/AM configuration shell

MAJOR INTERFACES: Base habitat facility; life support systems; EVA vehicles/
docking ports; airlocks

SRT_REQUIRED: Shuttle-era suit technology and pre-breathing requirements will
affect design of module. Optimum working pressure in facility must be defined
(in relation to suit pressures and ease of facility design).

SPS_IMPACTS:- Anticipated RVA work schedules, crew size and activities defini-
tion will determine requirements for EVA module.




QCSE REQUIREMENTS DEFINITION SHEET
OCSE. INVENTORY NO. 10.0

OCSE CLASS: Base Modules

OCSE SUBCLASS: cCommodities Storage Module

TASK DESCRIPTION: provide a centralized facility to house the components,
supplies, and commedities required by OCSE, Materials contained within the
module would include fuel, fuel tanks, batteries, spare parts, tool kits (for
EVA use), replacement end effectors, subsystems (communications, GN&C, etc,)
modules, ete, The facility would have an open hanger (unpressurized) section,
docking ports and a small pressurized work area, This module could also serve
as a storage area for idle OCSE vehicles or equipment.

APPLICATIONS TO SPS CONSTRUCTION:  Applicable as a general facility to all

SPS construction; a space station/construction base logistics facility might in-

clude commodities storage faor OCSE, CE, orbit transfer vehfcles, etc.; 1,e.,
base facilities should include all commodi{ties storage.

EXISTING/POTENTIAL CONCEPTS:

(1) Space station modules
(2) Construction base facilities
(3) Separate OCSE module

MAJOR INTERFACES: OCSE vehicles/commodities - logistics and supply control;
other construction base facilities; docking ports

SRT/SPECIAL TRADEOFFS REQUIRED: Tradeoff of separate OCSE module va incorpora-
tion into larger 5PS facilities,

SPS_IMPACTS: - Probably is part of the larger space station/construction base
complex; could also be combined with the maintenance and repair module.
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OCSE Title: COMMODITIES STORAGE MODULE (CSM) Catecory D No. 10.4

Data Source:

New

Operational Description:

The CSM is a single, centralized facility
which houses the supplies, commodities

and replacement parts required by OCSE.
Its primary functional interfaces would
be to accept supplies from delivery vehic-
les and deliver those supplies as required
to the MRM. Item retrieval from storage
would be remotely controlled from a pres-
surized work area.

Mass Properties:

Dimensions (typical): 200 meters x 100
meters x 50 meters

Requirements:
Functional -

Operation: Assembled in orbit; operates during total comstruction phase

Task: Store supplies for all OCSE; retrieve items as required and deliver to
MRM; accept resupply at docking port

Crew: 1 to 3 men, all IVA (in control room)

Physical -

Environment: Vacuum, enclosed (but not sealed) storage bays; control room pres-
aurized

Service: Resupply as required; power
Interfaces: Docking port for resupply vehicle; delivery ports to MRM

repn o T S AL WAL

[Comments:

Could be part of a larger facility for entire SPS; could also be attached to
maintenanca and repair module for beiter logistical comtrol.
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0CSE REQUIREMENTS DEFINITION SHEET
OCSE INVENTORY NO, 11.0

OCSE CLASS: Integrated Systems, Special Clasa
OCSE SUBCLASS: Manned Cherry Picker

TASK DESCRIPTION: Provide a platform from which multiple tasks can be per-
formed directly by an operator. The platform should be mobile {(attached to
boom, free flying, or manipulator attached) and can contain its own manipu-
lators. Depending upon the particular task to be performed, tha optimum

pla. orm configuration could be a pressurized enclosure for shirtsleeve opera-
tions, or an open bucket with a2 pressure-suited operator. 1In the mogt complex
option, the cherry picker would be an Integrated system containing its own
power, communications, manipulators, monitoring and transport subsystems.

APPLICATIONS TO SPS CONSTRUCTION:
Thermal SPS (2.1.1.3) - Install, checkout, repair turbogenerator sets.

MPTS - (3.2.1.6) - Install switch gears
General assistance during assembly and operational maintenance of SPS.

EXISTING/POTENTIAL CONCEPTS:

(1) Free flying, with manipulators
(2) Attached to long boom, with manipulators
(3) Structure attached

MAJOR INTERFACES: Life support systems, tramsport interface (boom, structure,
or docking mechanism}.

SRT REQUIRED: Radiation hazard in GEO; multiple manipulator control.

SPS IMPACTS:  Effective utilization of capabilities of man requires optimum
cherry picker design.
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OCSE Title: _MANNED CHERRY PICKER

Category D No. 11.1

@ e—————

Data_Source:

New

>
i
g
.
"o,
s
),
S
o
i
LT
100
g ‘
}.,

¢ Operational Description:

%; A manned cherry picker is a vehicle which,
. through the use of articulated booms

3 attached to structure, positions its

&

[ ]

bucket (which carries the operator and
his equipment) as directed by the opera-
tor's controls. It can be used asg a

.L,!,-:@,,»-jﬂf v

B platform for many tasks. ;
: r“
k )
i !
P;\'}_ :
k ;
%3 .
> Mass Properties: .
|
i :
: i
E: .%:
v Requirements: 4
1 Functional - )
%ﬁ Crew: Minimum 1 Operational, 2 Rescue %

Enviromnment: Structure attached

Service: Recharging of life support and power daily; scheduled servicing
Launch Vehicle: Launched in small sectiouns

Physical -

Comments:

"Marned Chaerry Picker" refors to a number of differont posaibla configurations.
The platform can be open or closed, prossurirzed or unpressurized. The platform
can double as a free flyer. The booms can be attached to structure or to a

vehicle. Many more possibilities exist.
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