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PREFACE

These Proceedings include a compilation of the papers presented during the
Seminar and a summarization of pertinent questions and answers arising during
the presentations. The Seminar provided Government and Industry representatives
with an opportunity to exchange information, to review the present status of
related technology, and to plan the development of new technology for Large
Space Systems. The Seminar began with four invited papers: three NASA papers
to provide industry and the user community with information pertinent to NASA's
planning and forecasting efforts, and one Industry paper to solicit for NASA, by
way of a questionnaire to industry, information that would help NASA in planning
the total program.

Selected papers, solicited from Govermment and industry, describing items
of technology or developmental efforts followed the invited papers. These
papers were divided generally into two major areas of interest: the first group
addressed subjects pertinent to large antenna systems; the second group addressed
technology related to large space platform systems. The Seminar concluded with a
Forum and Issues session with participants from both Industry and Government.

This compilation provides the participants and their organizations, in a
referenceable format, the papers presented at the Seminar. The Large Space
Systems Technology Program Office, Langley Research Center, which sponsored the
Seminar, will utilize this information as an aid in their planning and in the
definition of technology goals and technology developments.

At NASA LaRC, the work was monitored by E. C. Naumann, Task Manager and
Seminar Coordinator. A. Guastaferro, Manager of the LSST Program Office served
as General Chairman of the Seminar. The Task was administered by S. M. Scala,
Senior Consulting Scientist, General Electric Company, who also served as
Moderator of the Forum/Issues Panel.
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ACRONYMS AND ABBREVIATIONS

The list of acronyms and abbreviations contains both commonly used terms

and specific items not"immediately defined within a presentation.

Single usage

acronyms readily defined within the text, U.S. Government agencies, and space-
craft acronyms do not appear. In addition, the technology for Large Space
Systems has begun to generate descriptive words coined or extracted from common
usage terms; such words with obvious meaning have not been included.

ACS
AMB
AMVSB
ATS -(6)

AWG

BER

BW

CCD
CCIR

Cervet

C.G.
CMG
CMD
CONUS
CoTE
CRT

CcwW

Altitude Control System

Amplitude Modulated Beam

Amplitude Modulated Vestigial Side Band
Advanced Technology Satellites (No.)

American Wire Gage

Bit Error Rate

Bandwidth or Beamwidth

Charge Coupled Devices
International Radio Consultative Committee

Trade Name for a Glass Ceramic with a very low
Coefficient of Thermal Expansion

Center of Gravity

Control Moment Gyro

Command

Continental United States
Coefficient of Thermal Expansion
Cathode Ray Tube Display

Continuous Wave

ix



Cy, CY

DCP
DDR&E

DOF

DSN

d/t

EM

ERP

FUV

Fy, FY

GCP
GEO
GG
GPC
GRC
GR/E

(GY-=)

Calendar Year (Jan. 1 thru Dec. 31, inc.)

Data Collection Platforms
Department of Defense, Research and Engineering

Degrees of Freedom

Deep Space Network

Ratio of Diameter to Wall Thickness for a Tube

Electro-Magnetic
Effective Radiated Power
Extensional stiffness

Extra Vehicular Activity

Frequency
Far Ultra Violet Light

Fiscal Year (now Oct. 1 through Sept. 30, inclusive)

Gravity

Geostationary Communication Platform
Geosynchronous Earth Orbit

Gravity Gradient

General Purpose Computer

General Research Corp.

Graphite Epoxy

(Graphite Epoxy Formulation Code)




GTD Geometric Theory of Diffraction

GTP Graphite Thermoplastic

(GR/TP)

h Film Transfer Coefficient for Thermal Conductivity
HEO High Earth Orbit

HMS Graphite Fiber Trade Mark, High Modulus Series
IC Integrated Circuit (Microcircuit)

ICD Interface Control Document

IF Intermediate Frequency

INC International Nickel Co.

IR Infra Red

IR&D Independent Research and Development
IRU Inertial Reference Unit

ISP Specific Impulse

IUS Interim Upper Stage

L Altitude in Equivalent Earth Radii

LED Light Emitting Diode

LEO Low Earth Orbit

LEPS Laser Electric Propulsion System

LSS Large Space Systems

LSST Large (Area) Space System Technology
(LASST)

(ATLASS) (Advanced Technology for LASS)

xi




LTL

MCDS

MCDU

MDM

MF

MFG

MHD
MMH

MOUSE

NASCAP

Nd/YAG

NE AT

NF

NUV

OFT

OMS

OO0A

OTV

Low T hrust Liquids

Manual Control Display System
Manual Control Interface Unit
Multiplexer-Demultiplexer

Mass Fraction (Percent of total weight carried
as fuel)

Manufactured .

Magnet Hydro Dynamic

Mono methyl Hydrazine

Computer Program for Modal Optimization and
Analytical Model Updating (Test data)

Computer Program for Analyses of Electrical Charges
Neodymium doped Yttrium Aluminum Garnet

Noise Equivalent Temperature

No Failure

Near Ultra Violet

Orbital Flight Test
Orbital Maneuvering System
On-Orbit Assembly

Orbit Transfer Vehicle

Protons
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P, Pecr

Paramp
POP
RBV
R&D
R&T
RDT & E

RCS

rf RF
Re
RFP

RMS, rms

RMS
RT
RTG
RTOP
RTR

RTV

SAR
SEPS

SL

(exp, th)

Compression Load applied to a column, cr, loading
which causes buckling (experimental, theoretical)

Parametric Amplifier

Program Operating Plan

Return Beam Vidicon

Research and Development

Research and Technology

Research Development Test and Engineering

Reaction Control System

Radio frequency
Earth Radius
Request for Proposal

Root Mean Square for surface accuracy or
statistical error

Remote Manipulator System

Room Temperature

Radio isotope Thermoelectric Generator
Research and Technology Objectives and Plans
Research Technology Resume

Trade name for silicone elastomeric materials

Synthetic Aperture Radar
Solar Electric Propulsion Stage

Side Lobe

xiii




S/N

SPAR
SPAR
SPS
(SSPS)

STS

TASO
TDRSS
Tg
TR-SW
TV
TVBS

T/W

uv
UDT --

ULE

VCM

VSB

Signal to Noise Ratio
SPAR Aerospace Products Ltd.

Compuer Program for General Purpose Structural
Analysis

Solar Power Satellite
(Space SPS)

Space Transportation System

Television Allocation Study Organization
Tracking and Data Relay Satellite System
Glass Transition Temperature
Transmit-Receive Switch

Television

Television Broadcast Satellite

Thrust to Weight Ratio

Ultra Violet
Electronic Part Numbers for United Technology Devices

Trade name for a Glass Ceramic with a very low
coefficient of Thermal Expansion

Vapor Condensable Material

Graphite Fiber Trademark
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ABBREVIATIONS FOR UNITS AND MEASUREMENTS

The following symbols and abbreviations have been used within this

compilation.

0

A

A, amp
AU

arc min

arc sec

b/sec, B/SEC

BTU

cm, CM

db, dB, DB

dbw, DBW

eV, EV

F, °F

ft., FT, '

GHz
GwW
GWe

Angstrom units, 10"10 meter

amperes

Astronomical Unit

angular measurement in minutes of a degree

angular measurement in seconds of a degree

bits per second

British thermal unit

Celsius degrees

centimeters

decibels

decibels relative to one watt
electron volts

Fahrenheit degrees
feet

. 9 e
giga ( X 107) multiplier
gigahertz

gigawatt
gigawatt electrical

Xv



gm, Gm

g/cm2

Hz

in, IN, "

°K, K

k-K
KA
Kb/s, KB/S
KBPS
kev, KEV
kg, KG
km, KM
KMC
kv, KV
kw, KW
kw-hr
Kwe, KWE

lbs, LBS

Ib-ft

m, M

grams

area density, grams per square centimeter
hertz
inches

degrees Kelvin

. 3 i s
kilo (X 107) multiplier
kiloampere

kilobits per second

kilo electron volts

kilogram

kilometer

kilomegacycles (same as GHz)
kilovolt

kilowatt

kilowatt hours

kilowatt electrical

pounds

pound feet (torque)

meters

xvi




M - mega, million (106) multiplier

M bits/sec megabits per second
MHz megahertz
MW megawatt
MWe megawatt electrical
meV, MEV million electron volts
. -6
Micron 10 © meter
MI mile
. -3 .
Mil 10 inch
m-- M-- Milli -- (10~3) multiplier
mm, MM « Millimeter 10”3 meters
ms milliseconds
nm, NM nautical miles
N-m, N-M Newton meters (torque)
n-m-s, N-M-S angular momentum, Newton-meters-seconds
psi, PSI pounds per square inch
rad, RAD radian
RAD/SEC radians of angle per second
ST MI Statute mile
TORR pressure, equivalent to millimeters of mercury
v Volts
W watts

xvii




Hm

wavelength

micro (1070) multiplier

/

- ¢
10"° meter

perform the operation in two opposing orientations
relative to the force of gravity

Number of

xviii




CONVERSION FACTORS FOR UNITS.

U,S. Customary Units

ampere (International)
BTU

electron volt

Fahrenheit (temperature)
Fahrenheit (temperature)
foot

inch

pound force

pound mass

mile

nautical mile

slug

psi

SI Units

ampere
joule
joule
Kelvin
Celsius
meter
meter
newton
kilogram
méter
meter
kilogram

pascals

Xix

Multiply by

0.9998
1055

1.6 x 10717
5/9 (tp + 459.67)
5/9 (Tg - 32)
0.3048

0. 0254

4, 448

0. 4536

1.609 X 103
1.852 X 103

14,594

6.895 X 10°






INTRODUCTION

The availability of the Space Shuttle transportation system will make it
possible to deploy, erect and/or eventually fabricate on orbit large space sys-
tems (LSS) beginning in the decade of the 1980's. Preliminary studies conducted
by NASA, DOD, and the Aerospace Industry indicate that in order to meet future
user needs, large antennas and platforms will be required either in low Earth
orbit or in geo-synchronous orbit. Specific applications have been identified
in a series of recent studies which have examined and evaluated future civilian
and military space possibilities with relevance to human and/or defense needs as
the basic measures.

One of the most comprehensive recent studies resulted in two NASA reports,
issued in January 1976: '"Outlook for Space" (NASA SP-386), which identified
potential future space activities, and "A Forecast of Space Technology' (NASA
SP-387) which provided a comprehensive forecast of technology which might, rea-
sonably be expected to be available for the management of information, energy,
and matter in space during the last two decades of the 20th century.

A three-day Industry Workshop on Large Space Structures was held at the
NASA Langley Research Center in February 1976, to help NASA identify the tech-
nology developments required for these proposed missions. At this workshop,
representatives of several Aerospace Companies were asked to respond to a Key
Issue Questionnaire. These responses were published in two NASA reports: A
Compilation of Company Presentations (NASA CR-144997); and An Executive Summary
(NASA CR-2709).

In March 1977, the Langley Research Center was named lead Center of a multi-
center, multidisciplined planning activity with the mission of defining and
developing critical technology for use in large space systems in the years 1985
to 2000. The Large Space Systems Technology (LSST) Program Office evolved from
these planning and program definition activities, This seminar was sponsored by
the LSST Program Office to provide a forum for the more effective interchange of
ideas, plans, and program information needed to develop the required large space
system technology. The format of the Seminar is closely aligned to that of the
1976 workshop because of the effective interchange obtained during the workshop.

The seminar organizing committee utilized invited papers, contributed
papers, and panel discussions to maximize potential benefits for each of the
participating organizations. The invited papers were used to provide industry
an insight on the views of NASA Headquarters, the LSST Program Office, and back-
ground information on Shuttle astronaut interfaces, and to provide NASA informa-
tion on Industry views by means of a questionnaire. The contributed presenta-
tions were essentially equally divided between industry and Government. These
papers emphasized on-going or planned in-house technology development in support
of large antenna systems or large platform systems. Typical subject matter

xxi




addressed at least one of the following: mission requirements, structural con-
cepts, materials, controls, structural alignment, thermal control, metrology,
and packaging/shuttle interface considerations. Finally, the last session of
the Seminar was devoted to a Forum, the purpose of which was to provide industry
and government representatives with the opportunity to present their views on
significant and/or controversial issues, to answer questions from the attendees,
and to focus attention on critical LSST needs and approaches.

The proceedings of the Seminar are presented in this report and in an
Executive Summary (NASA CR-2964). This report contains all the invited and
contributed formal presentations given during the Seminar and also includes
those contributed papers which were considered to be informative and useful but
which could not be delivered during the program due to time constraints. The
Executive Summary condenses and records the findings and conclusions of all the
presentations and, in addition, highlights the comments and recommendations of
the members of the Forum Panel.
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EQUIPMENT INSTALLATION
ON

LARGE AREA SPACE SYSTEMS

E. KATZ

CHART 1 - EQUIPMENT INSTALLATION ON LARGE AREA SPACE SYSTEMS

This paper is concerned with the requirements and con~
cepts for the installation of various types of mission and
subsystem equipment on large area space systems. The paper
is a synthesis of work performed under company discretionary
programs, conttractual studies with the Langley Research
Center, and current year IR&D plans. .
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CHART 2 ~ TYPES OF STRUCTURAL PLATFORMS

Equipment installations will be required on various types
of large structural platforms. The major exception to this
requirement is the case of fully deployable systems or sub-
assemblies, where the equipment is preinstalled within the
packaged system. In most other cases, the equipment will be
installed in a series of module placement and interconnect
operations. This is because the large area of the platforms
will dictate that some, if not most, of the modules and their
functions be located at points distant from one another.




ERECTABLE PLATFORM

DEPLOYABLE PLATFORM

FAB-IN-SPACE PLATFORM

Chart 2
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CHART 3 ~ SCOPE

In the material which follows, two conditions are assumed
which scope the applicability of the present conclusions.

First, the concepts are limited to the earliest presumed
space constructions; i.e., the mid-80's time period. In this
context, it is assumed that the system sizes, designs, con~-
struction techniques and equipment, and operations will be
somewhat less advanced (although efficient for the jobs at
hand) than would be expected for a later time period.

Second, it is assumed that all construction operations
in the earliest time period would be performed by the Shuttle
system. Previous studies have attested to the validity of
this assumption.



ELS
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Chart 3
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CHART 4 ~ TYPES OF EQUIPMENT

The purpose of this chart is to illustrate the wide range of
weights, sizes, and functions which the installed modules may exhibit.
By no means are all the likely types of equipment illustrated--but those
shown are a representative sample. It may be noted that several of
those illustrated will require unique locations on the platform (e.g.,
the ion thrusters which could be required for stationkeeping). Although
not illustrated, one of the most challenging installations will be the
interconnecting power and signal cable sets about which more will be
said later.
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CHART 5 ~ EQUIPMENT INSTALLATION INTERFACES

The general requirements for the equipment installation are that it be
mechanically tied to the structure and electrically interconnected with
power and signal sources/receivers, More specifically, those interfaces
must be "easy'" to make and verify in the orbital environment. The elec-
trical interface is shown to be separate from the mechanical; although
integral mechanical-electrical interfaces are possible, they may not be
most appropriate for the earliest constructions. The module should generally
be installed at a structural node ("hardpoint") where loads can be most
effectively distributed, As shown in the following chart, a single node
attachment is generally sufficient to accept all but the very largest
dynamic modules.
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CHART 6 -~ INTERFACE LOADS

This chart shows the moment expected at the mechanical interface of a
"representative" module (=1 ton, 10-ft height). For this case it is
assumed that the module produces no dynamic loads, and that the loads at
the interface are those required to react the attitude excursions of the
platform system and thrusting during orbit transfer. The graph is plotted
as a function of the control frequency to represent the effect of "stiff-
ness' in the control loop. As noted, the interface moment is fairly
modest and, at the control frequencies and thrust-weight ratios of inter-
est, is well within the capacity of a lightweight structural node/joint to
react. If, of course, the platform were to require fast-slew operations
or if--as in the case of a chemical thruster--dynamic loads were to be
induced, a multi-node interface could be required.



INTERFACE LOADS
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CHART 7 - MECHANICAL CONCEPT

A concept of a mechanical interface/adapter is illustrated. This is
essentially a probe-drogue type of coupling where the probe is a part of
the module. The drogue is incorporated within the multi-strut union as
shown in overall view in the upper right-hand diagram. In addition to
the interface requirements stated earlier, the coupling must allow an
accurate positioning of the module with respect to the node, must react loads
and must provide a rigid base for the module. The probe (shown here to
be about 0.3-m/1-ft length) is engaged in a two-step latching procedure.
As later discussed, the module will be positioned "over'" the node and
slowly "lowered" into position. 1In the first step, the ball end of the
probe will engage the drogue and its latches. In the second step, the
probe's redundant motors will drive the tapered shell of the probe into
a "jam" with the walls of the drogue. The motors would be torque-limited
and reversible so that disengagement could be effected, if warranted.
Power for the motors will be discussed later.
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CHART 8 - ELECTRICAL CONNECTOR ASSEMBLY

A concept of an electrical interface/connector is illustrated. As in the
previous mechanical device, this is also a probe-drogue type of coupling. The
probe is part of the harness assembly and contains the male connector, and the
drogue is built into the sidewall of the module. In addition to the earlier
stated requirements, particular attention must be given to alignment (to avoid
pin-bending) and to the force requirements. Since this concept is envisaged to
be compatible with EVA or with manipulator arm operations, these factors are of
prime importance. In addition, there should be some way in which the completed
connection can be verified and in which the connection could be disengaged, if
required.

As in the mechanical concept, this coupling is made in a two-step operation.
In the first step the probe is gripped by the astronaut or effector on the outer
sleeve and the unit inserted into the drogue. To permit initial misalignments,
the probe is designed to have a compliance with respect to the harness/connector.
When the probe is fully inserted, its spring-loaded latches will engage the
drogue's slotied shell. In the second step, the astronaut/effector will "pull"
on the probe's outer sleeve to extend the male connector into a mate with the
female in the drogue. The action is designed with a 7:1 mechanical advantage
and with key-ways to assure precision pin engagement.
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ELECTRICAL CONNECTOR ASSEMBLY

® ALIGNMENT ® CONTINUITY

FLEXIBLE BASE
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ACTUATOR

HAND GRIP END
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® FORCE ® DISCONNECT

Chart 8
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CHART 9 - INSTALLATION TECHNIQUE

This chart illustrates one possible concept for the installation of
modules on the structure. In this case, the Orbiter is shown equipped with
two RMS (Remote Manipulator System) arms. The forward arm maintains the
Orbiter's location with respect to the structure and also provides TV view-
ing of the module placement operations. The second arm has grasped the
module at the probe end and executes the detailed installation operations.
Power to drive the probe motors would be provided through the arm/end-
effector to brush pickups on the probe. These operations will, of course,
be under the control of the crew at the aft deck control station, and
adequate lighting and direct- and TV-viewing will be essential. When the
mechanical and electrical connections are completed, the two arms may be
used to "walk' the Orbiter to the next installation location--as shown in
the following chart. The potential of the RMS arms to perform these oper-
ations will be discussed in a later chart.
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CHART 10 - WALKING TECHNIQUE

This chart illustrates the concept of "walking' the Orbiter--using two RMS
arms. The photo insets show two views of a step in the action. For the case
illustrated, the structure was a hexagonal frame made up of 14-m (45-ft) length
struts; the concept would, however, apply to other structures insofar as the
structural nodes would be within the reach of the two arms. In the position
shown, the Orbiter has just engaged a forward node with its right-hand arm.

The subsequent action would be to disengage the left-hand arm and, using the
engaged RMS, maneuver the Orbiter and its free (left-hand) arm to reach the next
node. These operations would be, of course, under control of the crew, and the
Orbiter's orientation would be such as to assure safe clearance at all times.

The lower graph shows the approximate rate at which the Orbiter could
translate with respect to the structure. To achieve this rate, the loads
placed on the unions/nodes would be well under 100 N-m/ft-1b. Even at these
low rates, the total time required for all walking operations for a 100-m
structure could be less than a small fraction of one day's time out of the
total mission.
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CHART 11 - RMS ISSUES

The previous charts have shown construction operations using the Orbiter's
RMS in various ways--but always within its currently specified limits, This
chart identifies some of the key issues underlying the feasibility of using the
RMS as postulated. The reach of the 15-m (50-ft) long RMS is adequate for most
foreseen (early) operations, but additional kinematic investigations are required.
The accuracy with which the manually controlled RMS can position an element is
still unknown, but on-going simulations at JSC and SPAR are encouraging, The
principal question is, perhaps, how much time it will take to make an engagement--
not whether an engagement can be made. In some instances, control of two arms
may be desirable; more study is required to fully assess the impact upon software
and control station provisions. The dynamics of the total Orbiter-platform-RMS
system must be evaluated and simulated in detail to guard against undesirable
oscillations and dynamic loads. Visibility requirements in terms of field of
view, lighting, depth of perception, and other factors must be determined. 1In
addition, the peculiar demands of construction operations will require special
end-effector designs and associated tests, The following two charts illustrate
planned IR&D experiments which should shed additional light upon some of these

qJuestions.



68S

D ¢ D« S« S S ¢

REACH

ACCURACY - TIME

CONTROL

DYNAMICS

VISIBILITY

EFFECTOR

Chart 11

’l. Rockwell International
Space Division



06S

CHART 12 -~ JOINING EXPERIMENT

This chart shows the concept of an experiment planned for early summer
testing in JSC's Manipulator Development Facility (MDF). The test experiment
would utilize the existing simulator/arm to evaluate accuracy-time relation-
ships in making a structural joint. The model joint includes a ball-ended
strut and a union with latching sockets to accept and retain the strut in
place. The test variables would include strut orientation, approach aspect,
and initiation distance. Although the test results would be obtained in a
1-g field, electronic simulations at JSC are expected to provide additional
understanding of the gravity-dynamics factors.



JOINING EXPERIMENT (MDF)
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CHART 13 - CONNECTOR EXPERIMENT

A concept for an experiment in MSFC's Neutral Buoyancy Facility (NBF) is
shown here. In this experiment, also planned for early summer testing, the
capability of an EVA astronaut to make and unmake an electrical connector,
gimilar to that previously described, would be demonstrated. The test model
would include both halves of the connector and a harness to provide simula-
tion of handling and bending restraints. The connector would also include a
small internal battery circuit to provide visual proof of continuity across
all pins.

Upon completion of the NBF/EVA tests, it is planned that a test setup,
similar to that of the joining experiment, would be run at the MDF using the
simulator arm to demonstrate the RMS mode of making the electrical connection.
Although initial discussion on these tests have been held with JSC and MSFC,
these experiments have not yet been approved for the MDF and NBF facilities.
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CHART 14 - CONCLUSIONS

The accompanying chart identifies the
major points of this paper.
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COMMENTS OF GENERAL INTEREST FROM QUESTIONS AND ANSWERS

Equipment Installation on Large Space Structures

Dynamic Considerations for the Orbiter-Attached-to-Structure During Erection Operations

The present analyses see no reasons why the erection operations could not proceed with

the reaction control sygtem in the Orbiter turned off. A partial structure (no RCS) would
move in response to erection operations, but the predicted rates will allow maintaining the
relative geometry between the Orbiter and the structure during operations where the Orbiter
”walké” along the structure. The force capability of the Manipulator System appears

capable of maintaining the '"tail down' attitude of the Orbiter.

Plans for a Dual Manipulator System

OFT-3 will be the first flight with any manipulator system. The addition of a second

manipulator awaits a subsequent program decision on the part of the NASA and the OMB.
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STRUCTURAL/THERMAL CONSIDERATIONS FOR DESIGN OF
LARGE SPACE PLATFORM STRUCTURES

BY

D. L. BarcLay, E. W. BroGgReEN, AND D. E. SkoumaL
BOEING AEROSPACE COMPANY, SeEATTLE, WASHINGTON

INTRODUCTION

PLACING A LARGE, STS-COMPATIBLE PLATFORM ON ORBIT CAN BE ACCOMPLISHED WITH A
CONSTRUCTION METHOD EMPLOYING BOTH DEPLOYABLE AND ERECTABLE STRUCTURES. THIS
PAPER DISCUSSES SUCH A PLATFORM, A MULTIFUNCTIONAL MECHANISM FOR DEPLOYABLE
STRUCTURES, AND AN ON-ORBIT ASSEMBLY TECHNIQUE FOR ERECTABLE STRUCTURES.

CONFIGURATION CONTROL OF LARGE ON-ORBIT STRUCTURES IS DEPENDENT IN PART ON THE
RESPONSE OF THE STRUCTURE TO THE NATURAL THERMAL RADIATION AND TO ON-BOARD HEATING.
THIS PAPER DISCUSSES ANALYSES WHICH ASSESS THE THERMAL DISTORTION OF A SIMPLE OPEN
TRUSS AND A MORE COMPLEX TRUSS.
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‘,////’, STRUCTURAL/THERMAL CONSIDERATIONS (Figure 1)

DEPLOYABLE AND ERECTABLE LARGE TRUSS STRUCTURES WERE INVESTIGATED. A SCENARIO WAS
DEVELOPED WHICH WOULD ENABLE THE PLACING OF A 300 m x 300 m PLATFORM IN LOW EARTH
ORBIT USING THE STS. THE PLATFORM IS ASSEMBLED USING 7 DEPLOYABLE TETRAHEDRAL
MODULES, 120 m x 104 m IN SIZE, MOUNTED (3 POINT SUSPENSION) TO AN ERECTABLE

TRUSS STRUCTURE CONSISTING OF 102 COLUMNS.

A KNEE JOINT CONCEPT, APPLICABLE TO TYPICAL DEPLOYABLE TRUSS STRUCTURES AND CONTAIN-
ING A DEPLOYMENT, LATCHING, AND DAMPING MECHANISM SYSTEM, WAS SELECTED FOR DETAIL
INVESTIGATION.

AN ON-ORBIT ASSEMBLY PROCEDURE WAS IDENTIFIED FOR ERECTABLE STRUCTURES ALONG WITH
COMPATIBLE ASSEMBLY JOINTS.

THE STRUCTURAL RESPONSE WAS DETERMINED FOR (1) A SIMPLE OPEN TRUSS SUBJECTED TO THE
NATURAL THERMAL RADIATION AND (2) A MORE COMPLEX TRUSS SUBJECTED TO ON-BOARD HEATING
AS WELL AS THE NATURAL THERMAL RADIATION.
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/ DEPLOYABLE STRUCTURE JOINTS (Figure 2)

THE USE OF STORED INTERNAL ENERGY FOR TRUSS DEPLOYMENT WAS SELECTED OVER OTHER
OPTIONS, E.c., SPIN ABOUT Z AXIS, INFLATION/PNEUMATIC TECHNIQUES, EXPANSION BY

RADIAL THRUSTER, TENSION CABLES WITH PULLEYS. MODELS WERE FABRICATED TO DEMONSTRATE
DEPLOYMENT/PACKAGING TECHNIQUES. A CLUSTER FITTING JOINT DESIGN WAS SELECTED. AN
EVALUATION OF KNEE JOINT CONCEPTS WHICH CONTAIN STORED INTERNAL ENERGY WAS MADE AND A
CANDIDATE SELECTED FOR DETAIL INVESTIGATION.
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:: TYPICAL DEPLOYABLE TRUSS MODULE (Figure 3)

A 36-ELEMENT TETRAHEDRAL TRUSS MODULE WAS FABRICATED TO SERVE AS (1) A MODEL FOR
DEMONSTRATING THE PACKAGING AND DEPLOYMENT CONCEPT AND (2) A MOCKUP TO EVALUATE
JOINT CONCEPTS., THE 50 mm DIAMETER ALUMINUM ALLOY STRUT MEMBERS ARE 3 m LONG.
PACKAGED LENGTH OF THE TRUSS IS 6 m. WHEN DEPLOYED, THE MAIN SURFACE DIMENSION OF
THE TRUSS IS 6 m AND THE DEPTH IS 2.5 m.



S09

/£ Typical Deployable Truss Module
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CLUSTER FITTING JOINT (Figure 4)

CONCEPTS FOR THE CLUSTER FITTINGS WHICH JOIN THE SURFACE AND THE INTERSURFACE
MEMBERS WERE EVALUATED. FITTINGS WITH SINGLE LUGS FOR THE PIN JOINT CONNECTIONS
WERE FOUND TO HAVE CONSIDERABLE JOINT FREE PLAY WHEN THE ATTACHING MEMBERS WERE

IN THE PACKAGED CONDITION OR ARTICULATING FOR DEPLOYMENT. A QUALITATIVE EVALUATION
SUGGESTED THAT THIS FREE PLAY WOULD DETRACT SUBSTANTIALLY FROM THE CAPABILITY OF
THE TRUSS TO DEPLOY UNIFORMLY, IN A SMOOTH FASHION, AND WITHOUT EXCESSIVE BINDING
AT THE JOINTS. NON-UNIFORM DEPLOYMENT AND BINDING AT THE PIN JOINT CONNECTIONS
COULD RESULT IN HIGH MEMBER LOADS AND REQUIRE AN INCREASE IN STORED DEPLOYMENT
ENERGY. FITTINGS WITH DOUBLE LUGS FOR THE PIN JOINT CONNECTIONS HAVE MUCH LESS
JOINT FREE PLAY THAN THE SINGLE LUG FITTINGS AND THEREFORE WERE SELECTED.



L09

/7 Cluster Fitting Joint

SURFACE MEMBER

BOSS FOR OVERCENTER CLAMP OR
THREADED FITTING FOR ATTACHMENT
OF AUXILIARY MASSES

INTERSURFACE
MEMBER
PLAN VIEW
/ i \ SECTION D—D

SURFACE MEMBER

SECTION A-A

Figure 4



KNEE JOINT CONCEPT EVALUATION (Figure 5)

%\\

THREE KNEE JOINT CONCEPTS-WHICH STORE INTERNAL ENERGY FOR TRUSS DEPLOYMENT WERE
EVALUATED., THE EVALUATION CRITERIA INCLUDED (1) THE CAPABILITY TO ADJUST THE
AMOUNT OF STORED ENERGY SO- THAT THE ENERGY VALUES AT EACH TRUSS JOINT CAN BE
TAILORED AS REQUIRED FOR A RELIABLE DEPLOYMENT CYCLE WITH MINIMUM LOADS ON THE
MEMBERS, (2) ZERO FREE PLAY IN THE JOINT OR A MECHANISM TO REDUCE FREE PLAY, (3) A
MECHANISM TO ABSORB THE SYSTEM’S ENERGY DURING THE FINAL STAGES OF DEPLOYMENT, AND
(4) A CONVENIENT METHOD FOR RELEASING THE LOCKING MECHANISM OF THE DEPLOYED JOINT
TO PERMIT REPACKAGING OF THE TRUSS. THE CAPABILITY TO CONVENIENTLY REPACKAGE A
DEPLOYED TRUSS IS NECESSARY DURING THE GROUND TEST PHASE OF A DEVELOPMENT TEST
PROGRAM AT WHICH TIME NUMEROUS DEPLOYMENT TESTS WILL BE CONDUCTED ON THE TRUSS. IN
THE EVALUATION, THE TORQUE SPRING/CAM LATCH CONCEPT WAS RATED THE HIGHEST.
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/ FEATURES OF TORQUE SPRING/CAM LATCH CONCEPT (Figure 6)

THIS CONCEPT CONTAINS TWO DEPLOYMENT SPRINGS. THESE SPRINGS COUPLED WITH ALL THE
OTHER KNEE JOINT SPRINGS PROVIDE THE ENERGY FOR TRUSS DEPLOYMENT. BUT AS WELL,
THESE SPRINGS PROVIDE LOCAL ENERGY TO DRIVE THE LATCH PIN AGAINST THE CAM, PUSHING
IT INTO THE “LATCHED” POSITION. THE USE OF TWO SPRINGS AT EACH JOINT MINIMIZES
TORSION IN THE TUBULAR MEMBERS AND PROVIDES DEPLOYMENT/LATCHING RELIABILITY IN CASE
ONE SPRING FAILS. THE CAM SURFACE IS SHAPED AND ARRANGED WITH ITS FULCRUM AND
COMPRESSION SPRING SUCH THAT IN THE “LATCHED” POSITION, IF THERE IS FREE-PLAY OF
THE LATCH PIN IN THE SLOT, ANY JOINT VIBRATION WILL DRIVE THE CAM AGAINST THE PIN,
FORCING THE PIN AGAINST THE SLOT.

TO REPACKAGE THE TRUSS, THE CAM LEVER IS PUSHED IN A DIRECTION AWAY FROM THE MEMBER
ON WHICH THE CAM BRACKET IS MOUNTED. THIS ACTION MOVES THE CAM SURFACE PAST THE
LATCH PIN (FURTHER COMPRESSING THE LATCH SPRING). A HOLDING PIN IS THEN INSERTED
WHICH KEEPS THE CAM IN THE "RELEASED LATCH” POSITION. THE NEXT STEP IS TO RELEASE
THE TORSION IN THE SPRINGS BY REMOVING THE SPRING LEG RETAINING SCREW. THIS CAUSES
THE SPRING TO UNWIND 360°. THEN THERE IS A MINIMUM RESISTANCE AGAINST ARTICULATING
THE SURFACE MEMBER INTO THE PACKAGED CONDITION.
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JOINT AND ASSEMBLY CONCEPTS FOR ERECTABLE
SPACE STRUCTURES (Figure 7)

THE ASSEMBLY SCENARIO FOR THE TWO-TIER PLATFORM ILLUSTRATED IN THE "ERECTABLE
STRUCTURE” CHART IS INITIATED WITH THE SHIPPING TO ORBIT, DEPLOYMENT, AND DOCKING

OF THE SECONDARY TRUSS UNITS. THE SECONDARY TRUSS IS THEN USED AS A COLUMN ASSEMBLY
PLATFORM.  STRUT ASSEMBLY MACHINES ARE MOUNTED TO THE PLATFORM, RECEIVE STRUT
MAGAZINES, AND ASSEMBLE THE 10-METER-LONG STRUTS. BY MEANS OF MANIPULATORS AND

EVA ACTIVITY THE 130-METER-LONG PRIMARY TRUSS COLUMNS ARE FABRICATED FROM THE STRUTS.
THE COMPLETED COLUMNS ARE ASSEMBLED TOGETHER TO FORM THE PRIMARY TRUSS AND CONNECTED
AT THE APPROPRIATE POINTS TO THE SECONDARY TRUSS UNITS. THE FINAL TWO-TIER PLATFORM
ASSEMBLY OPERATION IS TO DISENGAGE THE DOCKING DEVICES CONNECTING THE SECONDARY TRUSS
UNITS. THIS ALLOWS FOR LEVELLING ADJUSTMENT OF THE SECONDARY TRUSS STRUCTURE MODULES,
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PRIMARY STRUCTURE - ERECTABLE LATTICE COLUMNS (Figure 8)

THE PRIMARY STRUCTURE SHOWN IN THE “ERECTABLE STRUCTURE” CHART CONSISTS OF 102
LATTICE COLUMNS, 130 METERS LONG. TO BE SHUTTLE COMPATIBLE, THESE COLUMNS ARE
CONSTRUCTED FROM 111 REPEATING TAPERED COLUMN ELEMENTS, EACH 10 METERS LONG.

A BALL JOINT CONNECTION WHICH ALLOWS MULTIPLE COLUMNS TO BE FITTED AT THE NODAL
POINTS WAS ASSUMED AS THE MAIN JOINING METHOD.
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THERMAL DISTORTION ANALYSES OF LARGE TRUSS STRUCTURES (Figure 9)

A e,

L |

TEMPERATURE DISTRIBUTIONS FOR A SIMPLE OPEN TRUSS SUBJECTED TO NATURAL THERMAL
RADIATION ONLY AND FOR A MORE COMPLEX TWO-TIER CONFIGURATION WITH REFLECTING SUR-
FACES, AND SOLAR PLUS ON-BOARD HEATING WERE COMPUTED AND USED TO PREDICT GEOMETRIC

DISTORTIONS FOR THE PLATFORM.
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Thermal Distortion Analyses
of Large Truss Structures
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:: SAMPLE TEMPERATURES - TETRAHEDRAL MODULE (rigure 10)

A HEXAGONAL PLATFORM CONSTRUCTED FROM REPEATING TETRAHEDRAL MODULES WAS ANALYZED
FOR TEMPERATURES AND THERMAL DISTORTIONS WHILE IN LOW EARTH ORBIT. THE THERMAL
ENVIRONMENT CONSISTED OF SOLAR, EARTH-EMITTED, AND EARTH-REFLECTED RADIATION.
TRANSIENT RESPONSE, 1.e., THERMAL CAPACITANCE, OF THE MEMBERS WAS CONSIDERED BUT
CONDUCTION THROUGH JOINTS AND RADIANT INTERCHANGE BETWEEN MEMBERS WERE IGNORED.
A SEPARATE STUDY SHOWED JOINT CONDUCTANCE TO BE INSIGNIFICANT TO THE TEMPERATURES
OF THE 50 mm DIAMETER GRAPHITE-EPOXY TUBES FOR ALL LENGTHS GREATER THAN ABOUT

3 METERS. CONFIGURATION SYMMETRY AND ORIENTATION IN ORBIT RESULTED IN CERTAIN
MEMBERS, SUCH AS THOSE INDICATED IN THE SAMPLE PLOT, HAVING COMMON TEMPERATURE
HISTORIES. THE PLOT SHOWS TEMPERATURES FOR ONE COMPLETE ORBIT, WITH THE EFFECT
OF PASSAGE THROUGH THE EARTH’S SHADOW VERY EVIDENT,
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/ TEMPERATURES OF SECONDARY TRUSS MEMBERS (Figure 11)

A TWO-TIER STRUCTURE, CONSISTING OF A HEXAGONAL PRIMARY TRUSS COMPOSED OF TWO RINGS

OF TETRAHEDRAL MODULES, SUPPORTING 7 SECONDARY HEXAGONAL TRUSSES, WAS ANALYZED FOR
THERMAL DISTORTIONS. EACH SECONDARY TRUSS CONSISTED OF SEVEN RINGS OF TETRAHEDRAL
MODULES AND SUPPORTED ON ITS EARTH-FACING SIDE A CONTINUOUS ARRAY OF OPAQUE NON-
STRUCTURAL PANELS. THESE PANELS WERE ASSUMED TO EMIT THERMAL RADIATION AT 3 DIFFERENT
INTENSITIES (POWER LEVEL STEPS 1, 2, AND 3 ON THE DIAGRAM). THE STRUCTURE WAS

ANALYZED IN A CIRCULAR, ECLIPTIC-PLANE GEOSYNCHRONOUS ORBIT AND TEMPERATURES WERE
COMPUTED AT FIVE CONDITIONS: ©= 0, © = II/2 RAD, © = Il RAD WITH NO ECLIPSE, ©= Il RAD
WITH FULL ECLIPSE, AND © = 3IV2 RAD. THE CASE OF © = IT RAD WITH FULL ECLIPSE, WHEN

THE RADIALLY-VARYING ON-BOARD HEATING TOTALLY DOMINATED THE TEMPERATURE DISTRIBUTIONS AND
WAS FOUND TO BE THE MOST CRITICAL CASE FOR THERMAL DISTORTIONS. THE CHART SHOWS
TEMPERATURES OF SECONDARY TRUSS MEMBERS FOR THIS CASE, FOR TETRAHEDRAL MODULES LOCATED
WHOLLY WITHIN EACH OF THE 3 LEVELS OF ON-BOARD HEATING. THE PEAK ON-BOARD HEATING
(STEP 1 REGION) WAS 3.5 kw/m? AT THE RADIATING PANELS. THE POWER STEP LEVELS USED

WERE THE FIRST THREE STEPS OF A 10-STEP APPROXIMATION OF A 10 DB GAUSSIAN TAPER APPLIED
TO THE STRUCTURE EXTENDED TO 1 m DIAMETER.
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TEMPERATURES OF PRIMARY TRUSS MEMBERS (Figure 12)

T [44°]

THE CHART SHOWS SAMPLE TEMPERATURES FOR THE PRIMARY STRUCTURE OF THE TWO-TIER
PLATFORM, AS FOR THE SECONDARY TRUSS MEMBERS, THE CASE OF © =1II RAD WITH FULL ECLIPSE
RESULTED IN THE GREATEST TEMPERATURE DIFFERENTIALS AND THE MAXIMUM DISTORTIONS.

FOR THIS CONDITION, THE ON-BOARD HEATING IS THE ONLY THERMAL INFLUENCE. THIS FACT,
PLUS THE NEAR-CONCENTRIC BOUNDARIES OF POWER LEVEL STEPS, RESULTS IN TEMPERATURE
DISTRIBUTIONS WITH AXIAL SYMMETRY ABOUT THE Z-AXIS. TEMPERATURES FOR THE TWO-TIER
PLATFORM, LIKE THOSE FOR THE STRUCTURE OF “SAMPLE TEMPERATURES - TETRAHEDRAL

MODULE"” WERE COMPUTED ASSUMING NO THERMAL CONDUCTION THROUGH JOINTS NOR RADIANT
INTERCHANGE BETWEEN TRUSS MEMBERS. RADIANT INTERCHANGE BETWEEN THE OPAQUE PANELS

AND PRIMARY AND SECONDARY TRUSS MEMBERS WAS ACCOUNTED FOR.
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‘/””" SLOPES DUE TO THERMAL DISTORTIONS (Figure 13)

PLATFORM SLOPES DUE TO THERMAL DEFLECTIONS WERE CALCULATED USING FINITE-ELEMENT
MODELS OF THE PRIMARY AND SECONDARY TRUSSES. FIRST, THERMAL DEFLECTIONS OF THE
ATTACHMENT POINTS ON THE PRIMARY TRUSS WERE DETERMINED USING AN EQUIVALENT PLATE
ELEMENT MODEL OF THE SECONDARY TRUSS UNITS. THEN A DETAILED FINITE-ELEMENT MODEL

OF ONE ARBITRARILY SELECTED SECONDARY TRUSS WAS CONSTRUCTED AND SUBJECTED TO ITS
TEMPERATURE DISTRIBUTION AND THE IMPOSED DEFLECTIONS OF ITS THREE ATTACHMENT POINTS
DETERMINED FROM THE PRIMARY TRUSS THERMAL DEFLECTION ANALYSIS. THE SLOPES FOR ONE
SECONDARY TRUSS AND THE UNDERLYING PRIMARY TRUSS SLOPES ARE SHOWN IN THE FIGURE

ALONG THE SECTIONS INDICATED. THE PRIMARY TRUSS SLOPES ARE CONSTANT OVER EACH
SECONDARY TRUSS SINCE THE PRIMARY SLOPES ARE DEFINED BY THE LOCATIONS OF THE 3 SUPPORT
POINTS FOR EACH SECONDARY TRUSS. EACH SECONDARY TRUSS WILL HAVE SLOPE DISTRIBUTIONS
DEPENDENT UPON ITS THERMAL ENVIRONMENT AND THE IMPOSED DEFLECTIONS OF ITS ATTACHMENT
POINTS AND IS INDEPENDENT OF THE SLOPE DISTRIBUTION OF THE NEIGHBORING SECONDARY
TRUSS. IN GENERAL, THE SLOPES AT THE PERIMETER OF THE TOTAL PLATFORM WILL BE GREATER
THAN THOSE IN THE CENTRAL REGION DUE TO GREATER PRIMARY TRUSS DEFLECTIONS AROUND THE
PERIMETER.



-
(=]

SLOPE, ARC SEC.
~ OO @

\

L
o

T

F----- 'ubsafaatheatuiiuathar el — ‘s

\— PRIMARY TRUSS i
SLOPE 3

Slopes Due to Thermal
Distortions

X
a=10"7/9F i T )

SECONDARY i
TRUSS SLOPE ,

Y

60 -80 -100 -1'29{-1710-160-160 200~ _
m K : 25 3

(a) SLOPES ALONG SECTION A—A :

PR

*
X
=
2

e

PRIMARY TRUSS i %
PE / : i

4

2

0
2|
4 |
-6

8
10

SLOPE, ARC SEC.

a=107/°F

SECONDARY
TRUSS SLOPE

ORBIT CONDITION: 6 =7 rad,

-60 -40 -20 0 20 40 60 FULL ECLIPSE

(b) SLOPES ALONG SECTION B-B

S29

- ECLIPTIC PLANE GEOSYNCHRONOUS

Figure 13



929

Summary

® 300m x 300m PLATFORM IS COMPATIBLE WITH STS
e MULTIFUNCTIONAL MECHANISM OFFERS ADVANTAGES FOR
DEPLOYABLE STRUCTURES DESIGN AND TEST PROCEDURES

e LONG LATTICE COLUMNS ( >130m) ARE COMPATIBLE WITH
STS AND ON-ORBIT ASSEMBLY

e LOW THERMAL DISTORTION OF GRAPHITE COMPOSITE REPEATING
MODULE TRUSS STRUCTURE
e WITHOUT ON-BOARD HEATING - NO APPRECIABLE CURVATURE

e WITH ON-BOARD HEATING (~ 3.5 kw/m?) - LESS THAN ONE ARC
MINUTE OF SURFACE DISTORTION

Figure 14
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EFFICIENT CONCEPTS FOR LARGE ERECTABLE SPACE STRUCTURES
(Figure 1)

The development of credible concepts for large space structures requires design information
on structures of unprecedented proportions. The Langley Research Center has initiated studies of
basic generic concepts for large space structural elements in order to provide meaningful standards
for evaluating competing types of construction, to ensure that the unique behavior aspects of large
lightweight members are not overlooked in design, and to provide experimental and analytical data
on promising concepts.

In the .present paper, the status of LaRC development of the nestable column concept will be
reviewed including results of member and truss component tests, and planned assembly studies. In
addition, more recent studies of alternative member concepts will be presented. Preliminary results
on relative efficiency of several types of truss-type columns will be compared and future test plans
will be discussed.
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PURPOSE OF GENERIC CONCEPT STUDIES

O  ESTABLISH STANDARDS TO COMPARE COMPETING CONSTRUCTIONS
O CONFIRM METHODS OF DESIGN FOR LARGE, LIGHTWEIGHT MEMBERS
® PROVIDE DATA ON PROMISING CONCEPTS

STATUS OF LaRC STUDIES
NESTABLE COLUMNS
¥ MEMBER TESTS
0 TRUSS COMPONENT TESTS
§ ASSEMBLY STUDIES

ALTERNATE CONCEPTS
O EFFICIENCY STUDIES

¢ FUTURE TESTS

Figure 1
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NESTABLE COLUMN CONCEPT
(Figure 2)

The nestable tapered column concept combines a structurally efficient wall configuration
with a simple concept to achieve high packaging efficiency. The wall configuration is a hollow
tapered tubular section made largely from unidirectional graphite to give the column Tow axial
expansion and good mass/buckling strength characteristics for compression loadings. High packing
density is achieved by using half-column tapered sections and nesting them like paper cups for
transportation into orbit. Previous studies (ref.1 and 2) have shown that cost-efficient weight
critical payloads can be achieved in the Space Shuttle Transportation System. On orbit, the columns
may be assembled and used as building blocks in large space truss structures (e.g. ref. 3).

The figure illustrates some five-meter graphite-epoxy columns with aluminum center and end
joints. The elements were designed and constructed to evaluate the practicality of Tightly Toaded
(1000 1b.) members.

REFERENCES
1. Bush, H. G.; and Mikulas, M. M., Jr.: A Nestable Tapered Column Concept for Large Space
Structures. NASA TMX-73927. July, 1976.
2. Bush, H. G.; and Mikulas, M. M., Jr.: Some Design Considerations for Large Space Structures.
AIAA Paper No. 77-395, March 21-23, 1977.
3. Mikulas, M. M., Jr.; Bush, H. G.; and Card, M. F.: Structural Stiffness, Strength and
Dynamic Characteristics of Large Tetrahedral Space Truss Structures. NASA TMX-74001,
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5-METER NESTABLE COLUMN BUCKLING TESTS
(Figure 3)

In order to verify the behavior of long slender nestable columns, a series of column buckling
tests were conducted with 5.2-meter-long graphite-epoxy specimens mounted vertically as shown in
the figure. Simple support end conditions were achieved by the use of ball-and-cup end fittings.
Of interest in the tests was low-strain material behavior (e< .0005), repeatibility of tests, and

behavior of the interlocking leaf-spring center joint under load.
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5 METER NESTABLE COLUMN BUCKUNG TEST
Figure 3
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GRAPHITE NESTABLE COLUMN BUCKLING TEST RESULTS
(Figure 4)

As summarized in the Table, seven columns were tested. As indicated, the column walls
were nearly unidirectional (0° fibers alined with loading direction) with 90° surface plies.
Also shown on the Table are values of measured deviation from straightness in terms of the
amplitude of maximum lateral deviations & and the column length %. The low values of both the
initial imperfection amplitudes and buckling load permitted the columns to be buckled repeatedly
without damage with repeatable test results.

In comparing test buckling results with analysis, it was discovered that some test articles
were made with overlaps in 0° plies causing significant increases in thickness. The changes from
nominal extensional stiffness are shown in the Table. By correcting thicknesses of the analysis
model, excellent agreement was obtained between experimental buckling Toads PC and theoretical
loads Pcrth based on Timoshenko tapered column theory. exp
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BUCKLING TEST RESULTS

SPET(E ISI\T/\EN LAYUP 'E %@ .gs;xp;
nom. th.

1 910,190 .0009 939 990

2 90/0,/90 0 94 088

3 - 1. 074 1996

4 - 1. 063 1. 000

> .0004 1. 088 1003

6 . 0007 1074 1997

7 Y . 0004 1075 1017

’ TIMOSHENKO TAPERED COLUMN WITH CORRECTED STIFFNESS

Figure 4
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TRIPOD BUCKLING TESTS
(Figure 5)

In addition to the column tests, three of the tubes were assembled into a tripod as shown
in the photograph. Loads were applied to the apex of the tripod in a plane parallel to the base.
Of interest in these tests was the behavior of the aluminum cluster joint at the tripod apex.
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TRIPOD BUCKLING TEST RESULTS
(Figure 6)

Buckling results are summarized in the Table for three values of the Toading angle 0. A
series of buckling calculations with various boundary conditions were made using a finite element
code (SPAR). As suggested, test results are bounded by simple support and simple support-clamped
boundary conditions. Using the test data for © = 0° and previous test data for simply supported
columns, buckling loads were estimated to be about 1.27 times loads obtained from the tripod
analysis with simply supported boundaries. As the Table indicates, this method gives reasonable
estimates for © = 30° and © = 60° test results as well.
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TRIPOD BUCKLING TEST RESULTS

Pexp

'IS'T'

th

o0 | smpiE support _[SINELE SUPFORE 1 piasTic™
CLUSTER AND BASE|SLTER BOUNDARIES

0 1309 837 1035

30 1342 858 1061

60 1171 749 926

‘S PAR FINITE ELEMENT MODEL (12 ELEMENT BEAMS)

"ELASTlC SUPPORT FACTOR OF 1.27 X SIMPLE SUPPORT
(ESTIMATED FROM COLUMN TESTS AND © = 00 TEST

RESULTS)

Figure 6
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VIBRATION TEST RESULTS
(Figure 7)

Limited surveys were made of the vibration behavior of the columns and the assembled tripods
using a low force shaker and a Tightweight movable accelerometer. A 23 kg tip mass was attached
to the tripod cluster joint to help discriminate between individual tripod member frequencies. In
the Table, values of the lower bending frequencies are compared with theoretical predictions.
Column test results were compared with a shell-of-revolution analysis which accounted for aluminum
end fittings and abrupt changes in thickness. Experimental results were within * 5% of theoretical
predictions. Tripod test results were compared with finite-element predictions (SPAR) using the
same model as used for buckling. The model employed simply supported base supports and a simply
supported apex with a point tip mass. Experimental results deviated by a maximum of 8% from theory.



%9

COLUMN TESTS

f
B exp

TEST OUNDARY obE o
SPECIMEN CONDITIONS th
1ST BENDING .95

1 FREE - FREE 2ND BENDING .95
3RD BENDING .95

1 SIMPLY SUPPORTED | o' PNPING T
2ND BENDING .9

104

2 SIMPLY SUPPORTED | ' PENPING
2ND BENDING | 105
TRIPOD TESTS

5 TRIPOD WITH BASE | ST BENDING 92

b FIXTURES, CLUSTER |  1ST BENDING 9B

. JOINT AND TIP MASS|  1oT BENDING o

: SHELL OF REVOLUTION ANALYSIS FOR COLUMNS;
SPAR FINITE ELEMENT ANALYSIS FOR TRIPOD

Figure 7
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36-ELEMENT OCTETRUSS TEST
(Figure 8)

As part of further evaluation of nestable columns as components of large space trusses,
the multi-element truss section shown is scheduled for tests at LaRC this summer. The section
shown is a small representative module of the so-called tetrahedron truss or octetruss which
has been investigated in previous studies. As suggested, the truss will be cantilevered from
a sturdy backstop and loaded with a tipload. Of particular interest here, is the behavior of
the 9-element joint shown in the top face of the truss. The truss will be subjected to bending
load to induce column buckling and a vibration survey will be conducted.
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MANUFACTURING FACILITY FOR OCTETRUSS ELEMENTS
(Figure 9)

As part of efforts to reduce costs of nestable column truss members, a manufacturing facility
is being developed by Lockheed. The photo shows a tube-stand facility suitable for making half
columns up to 5 meters in length. The heart of the facility is a movable platform on which is
mounted spools (near top of photo) for circumferential winding and a gathering ring and tension
plate for laying 0° degree filaments. The tension plate is perforated with small guide holes con-
taining ceramic rollers which can be tensioned against the filament.

To initiate the tube manufacturing of a 90-0-90 configuration, a tapered mandrel is first
placed in the stand. Then a single upward winding pass from bottom to top of the mandrel is made
to form the inner surface circumferential ply. The tube is then completed with a single downward pass
of the movable platform in which the tensioned 0 degree filamentsare fed through the tension plate
and gathering ring, then overwound with the external 90° ply. Either film or painted resin can be
used in the process and tubes may be bagged and cured in place.
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MANUFACTURING FACILITY FOR OCTETRUSS ELEMENTS
Figure 9
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ASSEMBLY TECHNOLOGY
(Figure 10)

The final step in the development of the nestable column concept is the invention of a
credibTe automated assembly process. Our studies of joint concepts suggest that assembly
concepts will strongly dictate the most suitable center and end joints for a member. Preli-
minary studies have been performed by Rockwell International on the feasibility of using a modi-
fied shuttle Remote Manipulator System to erect a large antenna platform using nestable columns.
More recently Lockheed has suggested that automatic erector system based on a lightweight trans-
lating parallelogram fixture might be feasible. Preliminary estimates of space truss assembly
times suggest a reasonable potential for the automated erector, but there are great uncertainties
in the realism of assembly time predictions.

It appears that there is a serious need for in-depth investigations of competing assembly
concepts. In view of the range of complexities and costs of such systems, it would seem prudent
to first establish baseline manned assembly timelines for early shuttle assembly activities.
Furthermore, assembly times of automated devices should be established by laboratory tests of
scaled erectors. In Phase One of the Large Space Systems Technology Program, such in-depth
studies are planned.
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JOINT CONCEPTS
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DESIGN STUDIES ON ALTERNATE CONCEPTS
(Figure 11)

The chart shows the three main aspects of LaRC investigations of alternative concepts to
the nestable column. In the design of very long, lightly loaded column members, concepts such
as the tri-element truss column and columns with central compression posts stabilized with
pretensioned wires look promising. Such concepts are effective because they overcome structural
efficiency limitations posed by minimum gauge solid-skin structures. Generic studies of the
relative weights and efficient proportions of such members are underway.

An aspect that is under investigation is a method of simplifying relative efficiency
comparisons in regions where minimum gauge structure is predominant. Classical efficiency
comparisons have used the mass parameters %3 and a Toading index E2° In the minimum gauge
regime, families of curves of constant length are awkward to compare. An example of a simpli-
fied efficiency chart will be discussed subsequently.

A final aspect of the LaRC design studies is the effect of initial imperfections (i.e.
deviation from straightness) on column structural buckling strength. Recent work suggests
that highly optimized structures are particularly sensitive to relatively small amplitude
imperfections.
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® STUDYING CONFIGURATIONS MORE APPROPRIATE FOR ULTRA LARGE STRUCTURES

() TRI - ELEMENT TRUSS - COLUMNS
(2) TENSION - STABILIZED COLUMNS
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LOADED REGIME
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@ INVESTIGATING EFFECTS OF INITIAL IMPERFFCTIONS

Figure 11
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MASS-STRENGTH CHARACTERISTICS OF GRAPHITE-EPOXY COMPRESSION COLUMNS
(Figure 12)

The figure shows a preliminary comparison of the relative weights of three types of
graphite-epoxy column construction. The parameters are column mass normalized as %5/3
(W = weight, 2 = length) and the applied compressive load P. Efficiency curves are shown
for; 1) minimum gauge graphite hollow tubular construction (t = .015in.) (representative
of the nestable column construction ignoring the effects of taper), 2) tri-element truss
construction with solid Tongerons and 3) tri-element truss construction with hollow tubing
longerons. As expected, the curves shown illustrate the superiority of open-construction
over solid tubing for the lower loads.

For tri-element truss construction with solid tube longerons, a representative design
point for a 50m foldable astromast is shown and is in agreement with the computed curve. A
data point for a General Dynamics design of a manufactured-in-space tri-element truss beam
is also shown; it is somewhat higher than predicted curves because of open rather than closed
construction of the column longerons. Finally a data point is shown for a Boeing design for
Solar Satellite Power Station member. The point illustrates that gigantic columns with longerons

made from nestable column subelements possess high efficiency.
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EFFECTS OF INITIAL IMPERFECTIONS
(Figure 13)

Although tri-element truss columns look very attractive from a mass-efficiency point of
view, preliminary studies suggest that the members are sensitive to the effects of imperfections.
The left-hand curve shows an example of the increase in mass needed to make an imperfect column
carry the same load as a perfectly straight member. A typical recommended design value is
shown for the imperfection amplitude %-as well as the values obtained from tests of the 5 meter
nestable columns. If the recommended value is used, a factor of two in weight increase is
required to develop the same load carried by a perfectly straight member. Also shown are values
of imperfection measured on the nestable columns which suggest the recommended design value

(developed in 1930's) could be overly conservative.

A second difficulty with columns with large imperfections is suggested in the right-hand
figure. For the recommended imperfection design value, a nondimensionalized load-shortening

curve is shown. The curve indicates that for possible operational loads in the column (say

1imit load with a safety factor of 1.5, g-= .67), large nonlinear behavior is evident.

E
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EFFECTS OF INITIAL IMPERFECTIONS
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LATTICE COLUMN TESTS IN STRUCTURAL DYNAMICS RESEARCH LABORATORY
(Figure 14)

In order to obtain experimental data on the strength and imperfection behavior of very
large members, a test facility is being developed in the Langley Dynamics Research Laboratory.
In this building, a large tower capable of accomodating members up to 25 meters in length will
be modified for vibration and buckling tests as suggested in the figure. A short section of
a sturdy aluminum lattice (tri-element truss) column has been designed and tested to verify
detail design. A 24-meter column.is presently under construction at Langley and should be
ready for test in late spring. Plans call for a series of tests of at least two types of com-

peting construction.



Figure 14
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COMMENTS OF GENERAL INTEREST FROM QUESTIONS AND ANSWERS

Efficient Concepts for Large Erectable Space Structures

Selection of a 1000 Pound Loading Condition

The selection of 1000 pounds represents a reasonable practical level compatible with a
range of design considerations. The loads predicted for any individual member can vary

widely depending upon assumptions which define the control systems.

Assembly Considerations for Nestable Columns

The next phase of development for nestable columns includes methods for assembly.
Specific studies have included utilization of the Shuttle manipulator and a light-
weight unit proposed for combined assembly and erection. There are studies underway
toward evaluating the functional concepts (credibility) and construction times. As
part of this evaluation there is some agreement on the need to establish baseline data

relative to EVA performed assembly operations.
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BASELINE SYSTEM CONCEPT (Figure 1)

A baseline LSS concept is shown in the facing illustration. In mid-1982, fabrication/assembly systems
and prepackaged raw materials are delivered by Shuttle to a 300 nautical mile (556 Km) circular orbit.

Upon system deployment from the stowed position, a beam-builder, moving to successive positions
along a Shuttle-attached assembly jig, automatically fabricates four triangular beams, each 200 meters
long. Retention of the completed beams is provided by the assembly jig.

The beam-builder then moves to the position shown and fabricates the first of nine shorter, but
otherwise identical, cross-beams. After cross-beam attachment, the partially completed assembly
is automatically transported across the face of the assembly jig to the next cross-beam location,
where another cross-beam is fabricated and installed. This process repeats until the '""ladder"
platform assembly is complete. The cross-beam installation process represents an opportunity

for development/evaluation of EVA-assisted/partially automated techniques as shown.

Upon platform assembly completion, both structural and thermal response tests are conducted and
RMS/platform release/recapture techniques are developed, thus completing the seven-day mission cycle,
Soon after, a revisit mission installs experimental and functional subsystem equipment for an initial
application and further testing. ’
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BASELINE SYSTEM CONCEPT

Figure 1
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MATERIALS AND PROCESSES REQUIREMENTS (Figure 2)

The structural elements which we wish to fabricate on-orbit for eventual use in large space structures
applications must be very light and adequately rigid. In addition, the material from which they are

made when of the graphite thermoplastic type must be formable and assemblable into appropriate structural
elements on orbit. The material is carried to orbit compactly packaged on reels, formed into structural
sections of indefinite length and assembled into workable trusses. The use of graphite thermoplastic
materials enables the designer to take advantage of the designed low coefficient of thermal expansion.
Because of the eventual extensive use forseen for this application, it is also necessary that the material
should be of low cost. Pitch fiber graphite is expected to have this characteristic during the time frame
under consideration, possibly due to extensive. use of the material in automotive

weight-saving applications. For operational reasons, it is necessary to minimize the amount of energy
needed to do the forming of the structural members. This is particularly true for applications depending
on the Shuttle power supplies. It is also necessary that the processes do no harm to the material during
forming so that full material properties are available to the designer. The beam fabrication process
should also produce elements which are as straight and twist-free as possible. The requirements in
these latter areas have yet to be formally established.
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MATERIALS & PROCESSES REQUIREMENTS

MATERIALS

e FORMABLE & ASSEMBLABLE ON
ORBIT

e LOW COEFFICIENT OF THERMAL
EXPANSION

e LOWEST COST FOR EVENTUAL
LARGE SCALE USE

PROCESSES

e MINIMUM ENERGY NEED

e NO HARM TO MATERIAL

e STRAIGHT, TWIST-FREE BEAM

Figure 2
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LAMINATE CROSS SECTION (Figure 3)

Three forms of laminate design are under consideration for large space structures use. All
three forms have the promise of doing the job efficiently. Each has pros and cons.

1. Sandwiched 0° Tape

This concept uses several plies 0° pitch graphite sandwiched between
single plies of 104 or 120 glass cloth. The number of 0° plies and the
thickness of cloth are determined by structural requirements (loads
and stiffness).

2. Woven Fabric

This concept uses a single ply of a fabric woven such that 02 90° and + 45°
fibers are present; the amounts of each are dependent on the

structural requirements. The fabric would necessarily be thicker than
that presently used in aerospace applications and would have to be specif-
ically designed to meet space platform or other specific load requirements.

3. Multi-ply Laminates

Multi-ply laminates are the traditional form of laminate used in composite
structures. They consist of several layers of 0° graphite plies orientated
in the directions best suited to meet the requirements of a particular
structural element. As such, they can be optimized for each application.

For near term development, the most flexible, least cost, and least risk approach appears to be
the sandwiched 0° tape. A typical generic laminate which is weight effective is (120/09/ 120)p
glass/VSB-32T graphite/glass in a polysulfone (P-1700) matrix. HMS fiber could be considered
if VSB-32T pitch fiber in polysulfone is not available for early development. The chart illustrates
the laminate construction. For longer term development, more investigation of a tailored,
single-ply fabric should be conducted.
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CAP SECTION ROLLTRUSION HEAD (Figure 4)

The machine element for forming the cap section consists of a long box frame with the reel
for the laminate strip mounted at one end and the drive for pulling the laminate through the
machine mounted at the other end. The reel (Section A-A opposite)has an adjustable drag
brake on one hub and is hooded to contain the '""clockspring'' tendency of the laminate in the
event of drag brake malfunction. A set of rollers that maintains a minimum bend radius
of 300 mm from full to empty reel is located on the frame adjacent to the reel. Next to
the rollers is the heating module (Section B-B) which is one beam bay (1434 mm) in length.
The heat is confined to the bend zones in the laminate by using linear resistance heaters in
parabolic reflectors.

Coolant flowing through four passages in each heater block carries away the small amount
of heat absorbed in the reflector (x 6%).

Temperature sensors are installed on the opposite side of the laminate to provide feedback
to the temperature control system. Coolant flowing through two passages provides thermal
control of each sensor to assure a stabilized temperature reference.

A forming module consisting of a series of rollers and guideshoes interspersed with heaters is
located immediately downstream of the heating module. The components in this module are placed
on a curvature that has been carefully developed to coincide with the natural flow of the

laminate during the forming process to avoid any wrinkling/malformation in the plastic bend zones
that would damage the graphite fibers in the laminate. The laminate is first formed to a Vee shape,
then the flanges are formed. Heaters and temperature sensors are interspersed between each
stage. The heaters in the heating and forming sections are controlled to provide a bend zone
temperature of 425 + 25° F in the forming section. The plastic bend zones are protected from
scuffing by relief euts in the guide shoes and teflon coating on the idler rollers.
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RADIANT HEATER PARAMETRICS AND DESIGN (Figure 5)

The recommended energy transfer mechanism is radiation from rod heaters. The radiation is
directed at the fold areas to be heated, the other areas being masked. This method is used for
primary operational heating, auxiliary start-up heating, and temperature maintenance. Para-
metric design data for the heater elements is given opposite.

Certain factors of uncertainty exist with regard to the emittance values used. A figure of 0.20

is available for non-oxidized nickel-chrome (80%, 20%) wire alloy and parameters in the region

of 0.80 have been determined and reported for the alloy, when oxidized for 15 minutes at a temperature
of 2100° F. The published emittance figures are closer to 0. 86 at the temperature levels found

herein. Emittance is significant with regard to definition of the stable operating temperature level

of the nickel-chrome element wire.

Calculations showed that a wound heating element is feasible and applicable. What must yet be
determined is the material which, both electrically and thermally non-conductive, can be formed
or shaped to the established requirements. The chart illustrates these requirements, and also
shows the relative arrangement/scale of the nickel-chrome wire lay. This basic design was found
applicable to each of the strip heating applications.
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CAP SECTION FORMING (Figure 6)

The key feature of unidirectional graphite composite laminates is the inextensibility of the graphite
fibers themselves. Even when the matrix is softened by heat, the fibers retain their original
inextensible property; and in passing from Section A to Section F, shown in the chart opposite, they
must maintain a conservatism of length. Experimental investigation shows that the free form
between Section A and Section F of the material for a given length is explicit. By observation, the
original shape-taking of the section shown in Section B is convex and there is a tension force applied
at the softened apex of the section up to about 60% of the travel(i.e., Section Cl. The straight sections
of the material pass through a point of inflexion,and,beyond there they become concave, giving rise
to a compression at the softened apex. At Section B, the main apex angle of 60° is fully formed;
and,between Sections E and F, the flanges may now be turned. Any attempt to

turn the flanges at the same time as the apex angle is being formed will give rise to buckling of the
softened material with a consequently greater probability of extensive delamination.
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COOLING PARAMETRICS (Figure 7)

The characteristics of the temperature distribution in a hybrid laminate as it exits the beam
builder forming section were investigated.

An analysis was conducted in which the strip was allowed to radiate (with a relatively opti-
mistic deep space view factor, F, of 0.5) as well as conduct within itself over a complete
80-second machine cycle. As shown, the resulting peak temperatures still exceed the use
temperature constraint, indicating that dedicated cooling is still required.

As seen in variations among key parameters controlling temperature decay rate,
radiative/transverse conductive cooling is marginal even with a space view factor of 1, 00,

Conversely, the platen cooling option permits significant reduction in pause cycle time
(other processes permitting) even for a conservative contact coefficient of 5 BTU/hr—ft2 °F.
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COOLING PARAMETRICS
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BEAM FABRICATOR GENERAL ARRANGEMENT (Figure 8)

This beam fabricator concept feeds and processes raw materials in the form of coiled graphite
polysulfone laminate strip and polysulfone impregnated S-glass roving cord into a completed
continuous braced triangular cross section beam of one meter depth. New technology in the
rolltrusion hot forming of structural sections is combined with state-of-the-art mechanical and
electrical/electronic design practices to effect straightforward flightweight product. Through
an iterative design and trade study development approach, the machine shown in general arrange-
ment opposite has been evolved.

Principal features of the beam fabrication machine are shown. Six reels of strip graphite/
thermoplastic (GTP) material feed the rolltruder units which produce three continuous cap
section members and the beam cross-members. The cross-members are cut to length
positioned, and ultrasonically welded in place. Each bay of the beam is diagonally braced by
crossing cords. These are dispensed and tensioned by an oscillating arm mechanism. The cords
are fastened by welding them between the contact surfaces of cross-members and caps.
Differential cord tensioning is used to correct any inherent twist in the beam. Straightness within
construction tolerances is achieved by synchronized cap extension.



€L9

BEAM FABRICATOR GENERAL ARRANGEMENT
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ULTRASONIC ASSEMBLY WELDING (Figure 9)

In a spot weld, the horn normally used contains a "piercing tip" or pilot which penetrates through

the top sheet. The molten plastic displaced on the spot weld surface is shaped by a radial cavity

in the tip and forms a raised ring of thermoplastic material simultaneously, energy is released at

the interface, producing essential frictional heat to cause a thermoplastic melting and flowing to form
a permanent molecular bond.

The chart shows a cross section of a flat weld and a typical piercing spot weld.

The ultrasonic spot weld method is the most attractive joining system investigated for our beam-
building system. It is rapid, uses a minimum amount of energy, can be designed in an acceptable
size and weight package, and produces excellent welds using a variety of weld tips. The type of tips
and supporting mechanical and electrical combinations are numerous and varied. The chart illus-
trates several possible weld configurations. The selection of any weld configuration should be
based on design requirements and energy limitations.
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ULTRASONIC ASSEMBLY WELDING
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BEAM FABRICATION MACHINE - ASSEMBLY SECTION (Figure 10)

This perspective view of the beam fabricator assembly section shows the major functioning
mechanisms. The three cap sections emerge from their rolltrusion units. Cross members
have been sheared at the exit from their rolltruders and are partially swung into position for

welding. The dispensing arms have laid cord diagonals in position for cross member place-

ment beneath the articulated ultrasonic weld heads. At the machine exit, locations of the

beam cap shears are apparent, Shearing anvils are firmly supported from the hexagonal section
structural spine.



LLY

DAV TADIRVIUAL1LIUILIN IVIAUILLINIG —

ASSEMBLY SECTION

Figure 10

07127CVH8979



8L9

TYPICAL JIG & BEAM BUILDER DEPLOYMENT SEQUENCE (Figure 11)

The assembly jig is deployed by unlatching the forward Z support pins and rotating the jig about an
axis concentric with the aft X-Z trunion support pin.

When the longitudinal axis of the jig is parallel to the Z axis, the jig is locked into position and the
beam builder is unlatched for deployment.

Beam builder deployment and positioning is performed as a series of operations by the roll and turn
mechanism. The beam builder is rolled 180° in two steps as shown in Steps 3 and 4. It is then turned
90° to the orientation required for longitudinal beam fabrication as shown in Step 5.

To reorient the beam builder for cross-beam fabrication, it is first turned back 90°. The roll link
then rotates 180° as the beam builder counter rotates 120° resulting in a net rotation of the beam
builder of 60° and a lateral translation to the desired position.
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TYPICAL JIG & BEAM BUILDER
DEPLOYMENT SEQUENCE
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CROSS-BEAM TO LONGITUDINAL BEAM JOINING TECHNIQUES (Figure 12)

Use of EVA personnel for performing cross<beam to longitudinal beam joining is considered too time
consuming and would interfere with other EVA activities where manual action is more advantageous;
e.g., installing instrumentation or connecting instrument wires. Highly repetitive operations such

as beam joining should be automated wherever practicable.

Automatic welding options considered are compared as follows:

Single Row Traveling Welder Double Row Fixed Welder
o Greatest control complexity o Fastest joining method
o Slowest joining method (mission impact) 0 Maximum number of weld heads (16)
o Adds a special carriage mechanism increases power requirements
0 Minimum number of weld heads for o Simplest welding mechanism
least power utilization o Least number of control functions

Single Row Fixed Welder

o0  Permits welding operations within
reasonable time limits with fewer
weld heads (8)

o  Half the power usage of double row welders

0  Adds index drive mechanism to welding
mechanism

o  Adds to complexity of platform drive control
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CROSS BEAM TO LONGITUDINAL BEAM
JOINING TECHNIQUES
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GEOSTATIONARY PLATFORM (Figure 1)

(BACKGROUND)

The Geostationary Platform has been shown to be a more cost effective way of accomplishing
a wide variety of geosynchronous missions in lieu of the traditional specialized satellite
approach. The platform (which will be assembled in low earth orbit from elements supplied
by multiple Shuttle launches for subsequent transfer to geostationary orbit), could fly as soon
as 1986.

The idea of a Geostationary Platform is not new for it has been the topic of speculation and
study for several years. However, now that people throughout NASA, the Aerospace
Community and the potential user community have seen the Shuttle in flight, they are
beginning to realize that the capability to build such large structures in space is upon us.

The concept as presented herein has been built on a set of missions provided to us by the
Office of Space and Terrestrial Applications. We have also worked with them in developing
the concept. Many of you have seen some of the Advanced Concepts developed by various
NASA groups and their contractors. They are frequently called Public Service Platforms.
Most of these concepts are extremely large and special purpose, and thus are candidates for
the decade of the 90's. The platform I am talking about would be much earlier and would be
multipurpose. In many ways, the Geostationary Platform can be viewed as a precursor to
these large special purpose satellites.

We believe that in configuring a Geostationary Platform institutional considerations are very
important. As you will see, we have maintained a clean interface between what the users would
provide and the platform. Some of the benefits that a platform could offer in comparison to
conducting the same missions via the traditional specialized satellite mode are shown on
Figure 1.
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CAREY

DATE:

(BACKGROUND)

JANUARY 1978

o IDEA OF A GEOSTATIONARY PLATFORM IS NOT NEW: HOWEVER,
THE UTILITY AND POTENTIAL OF THE STS (INCLUDING LARGE
SPACE STRUCTURES, MAN-IN-SPACE AND GEOSTATIONARY

CAPARILITIES) SEEMS TO BE MORE RECOGNIZED NOW.

(@) WORKING WITH THE OFFICE OF SPACE AND TERRESTRIAL
APPLICATIONS (OSTA) IN DEFINING CONCEPT.

o CONCEPT WHICH SEEMS TO MAKE THE MOST SENSE FOR EARLY

(1986-1988) APPLICATION TAKES FORM OF A STRONGBACK

STRUCTURE WITH ANTENNAS AND OTHER PAYLOADS MOUNTED

THEREON,

- VERY LARGE ANTENNAS TO FOLLOW LATER

- INITIAL PLATFORM OVER CONUS - OTHERS FOLLOW LATER

O INSTITUTIONAL CONSIDERATIONS ARE VERY IMPORTANT
(o] SOME OF THE BENEFITS ARE:

ECONOMIES THAT CAN BE PASSED ON TO USERS

ON-BOARD SWITCHING BETWEEN ANTENNAS-FLEXIBILITY

- LARGER APERTURE ANTENNAS PERMITTING LOWER COST

GROUND TERMINALS

MORE EFFICIENT USE OF ALREADY OVERCROWDED SPECTRUM
OPPORTUNITY FOR NEW MISSIONS NOT OTHERWISE AVAILABLE

Figure 1
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GEOSTATIONARY PLATFORM (Figure 2)
(POTENTIAL LONGITUDINAL LOCATIONS)

Figure 2 shows the longitudinal location of the operational geostationary satellites currently
in orbit. The satellites tend to group in four longitudinal positions: the United States,
Western Europe, India and the Pacific. Furthermore, within each of these positions, the
satellites generally prefer the central longitudinal position of the geophysical area they serve
so that they can communicate with any ground station with elevation angles of greater than 5°.

In order to avoid interference, satellites must have a separation distance of at least 4° if they
operate in the same frequency band. We are simply beginning to run out of parking spaces.
As one looks to the decade of the 1980's, the problem will become much worse. The
Geostationary Platform with its inherent capability to provide large aperture antennas with
multiple, narrow beams and the ability to switch signals from beam-to-beam and antenna-to-
antenna provides an answer to this dilemma. Furthermore, we believe that by taking the
Geostationary Platform approach instead of the traditional individual satellite approach, cost
savings can be realized and passed on to users.

The missions and the concept that I will be showing today are for the platform over the United
States. Platforms over the other high density traffic areas would probably look much the
same.
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GEOSTATIONARY PLATFORM (Figure 3)
(DESIRED MISSION CAPARILITIES)

The next several charts show the candidate missions, which were identified by the
Office of Space and Terrestrial Applications (OSTA). which we have used to

derive the design of the Geostationary Platform. The four mission categories
are shown on Figure 3.
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GEOSTATIONARY PLATFORM
DESIRED MISSION CAPABILITIES

e FIXED POINT (POINT-TO-POINT) COMMUN!ICATIONS

e MOBILE SATELLITE COMMUNICATIONS SERVICE

o BROADCAST SATELLITE SERVICES

o SPACE RESEARCH, METEOROLOGY AND EARTH OBSERVATION SATELLITES

FIGURE 3
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GEOSTATIONARY PLATFORM
DESIRED MISSION CAPABILITIES (Figure 4)

FIXED (POINT-TO-POINT) COMMUNICATIONS

Missions in the area of fixed (point-to-point) communications which could be accommodated
on the platform are shown on Figure 4. The two C-Band services shown at the top of the
page would accomplish the next generation function now being provided by the current
domestic communications satellites (COMSTAR, WESTAR, SATCOM), the Canadian ANIK,
and ATS-6. New services and capabilities are also provided at S-Band, Ku-Band, and
K-Band.
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DESIRED MISSION CAPABILITIES
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ONE 12M DIAMETER KU-BAND ANTENNA WITH MULTIPLE FEEDS PROVIDING BROADCAST TO THE
20 LARGEST METRO AREAS ANYWHERE WITHIN CONUS (1.6M ROOFTOP RECEIVER ANTENNAS).

FOUR INDEPENDENTLY GIMBALLED 4.6M DIAMETER Ku—~BAND ANTENNAS COVERING FOUR E }
SEPARATE GEOGRAPHIC AREAS WITH NEWS OR SPORTING EVENTS.

ONE 1M X 3M S—-BAND ANTENNA TO PROVIDE CONUS
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CEIVER).
SMALL HORN ANTENNA (CONUS COVERAGE) AND A 2M DIAMETER ANTENNA WITH MULTIPLE
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GEOSTATIONARY PLATFORM
DESIRED MISSION CAPABILITIES (Figure 5)
(MOBILE SATELLITE COMMUNICATIONS SERVICE)

The mobile satellite communications services are to be accommodated on the platform
are shown on Figure 5.
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GEOSTATIONARY PLATFORM
DESIRED MISSION CAPABILITIES

(MOBILE SATELLITE COMMUNICATIONS SERVICE)

(IMPROVED SERVICE COMPARED TO CURRENT MARISAT AND PLANNED MAROTS).

% FOUR 3M DIAMETER L—BAND ANTENNAS PROVIDING DIRECT LINK BETWEEN SHIPS AND LAND BASED TERMINAL

N ONE 10M (UHF) ANTENNA AND ONE 1M (L—~BAND) ANTENNA PROVIDING COMMUNICATIONS
BETWEEN AIRCRAFT AND LAND BASED TERMINAL AS PREVIOUSLY CONSIDERED FOR AEROSAT.

'/ ONE 12M DIAMETER L—BAND ANTENNA WITH 4 FEEDS PROVIDING CONUS COVERAGE
7

FOR COMMUNICATIONS BETWEEN TRUCKS, CARS, ETC.

ELECTROMAGNETIC SPECTRUM (REF)
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Figure 5
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GEOSTATIONARY PLATFORM (Figure 6)
(TYPICAL EXAMPLE OF IMPROVED SERVICE)

The MARISAT, which is currently in operation; provides communication links between
ships and land terminals. The current system, and that planned for the next generation
(MAROTS) requires that the link pass through both the satellite and a large earth station.
The switching function to assure the right ship is connected to the right land terminal

is done in the earth station.

In the Geostationary Satellite Mode the switching function would be done in the satellite, and
thereby eliminates the need for the earth station. The land terminal would link directly
with the Platform through the appropriate narrow beam antenna. On board the platform
the signal would be routed to the proper antenna and beam which covers the region in

which the ship is located.

The resulting cost savings made possible by eliminating earth stations would enable the
user to provide the service at a much lower cost.

This example is but one of many that a Geostationary Platform with on-board-switching
could make possible.
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GEOSTATIONARY PLATFORM
TYPICAL EXAMPLE OF IMPROVED SERVICE

GEOSTATIONARY PLATFORM
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GEOSTATIONARY PLATFORM
LAUNCH AND ASSEMBLY SEQUENCE
(Figure 7, Figure 8,and Figure 9)

The Platform would be assembled in low earth orbit from elements supplied by multiple
Shuttle launches. The first launch (Figure 7) carries the 30 meter parabolic antenna

and other supplies to low altitude earth orbit. During the seven day mission, the 30-meter
parabolic antenna is assembled. The second (Figure 8) launch carries the remaining
parts to build-up the platform. The platform is assembled and checked out during the
second flight. The third launch (Figure 9) provides the Geosynchronous Transfer Stage.
After assembly of the basic platform and support systems and the attachment of mission
payloads, the platform is transferred to geosynchronous orbit to a longitudinal position

to serve missions over the United States. The platform would have an open ended lifetime
with periodic visits by either manned or automated vehicles to carry out periodic or
emergency repair and refurbishment and to bring on board new mission payloads.
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GEOSTATIONARY PLATFORM (Figure 10)
(CONCEPT)

The Geostationary Platform as it would look while operating at its geostationary position
is shown on Figure 10. The dimension of the platform are 82 meters by 31 meters and

it will weigh around 18,000 pounds. Power modules with roll up solar arrays are
shown at each end. A support module would be located on the back of the platform
immediately behind the 30-meter antenna. This module would house switching equipment
required to interconnect each antenna to the other and to other platform support equipment.
Attitude control is maintained using 4 reaction wheels with periodic momentumn dumping
provided by the propulsion modules shown at 4 locations on the platform. Platform pointing
would be provided at + 0. 5° with fine pointing provided by each payload as required.
Interface between the platform and the user-provided payloads has been kept simple with
only structural attach points and electrical interface for power transfer and payload
housekeeping functions. Thermal control is provided by each payload.

Most of the mission packages would be provided by the users who would pay a transportation
fee for delivery to the platform and a ''use'' fee for drawing support (electrical power,
coarse pointing, housekeeping functions, etc.) from the platform.
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GEOSTATIONARY PLATFORM (Figure 11)

30-METER ANTENNA

One of the key features of the platform is a 30-meter parabolic antenna which would
operate at C-Band and provide 40 spot beams to earth, each of which would be
approximately 70 miles diameter. These beams would be made possible by providing
an offset feed with 40 feed horns as depicted in Figure 11. These 40 spot beams
would provide coverage to the major metropolitan areas of the United States. The
preferred assembly or deployment approach for this antenna is currently under study.
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GEOSTATIONARY PLATFORM (Figure 12)

(CONCLUSIONS)

In summary, we believe the Geostationary Platform has great promise. Although

we are now only in the preliminary definition phase we believe that we have penetrated
to sufficient depth to say that there are no showstoppers. Our plans are to continue
our definition and analysis activity embracing those activities shown on the chart.

We support the objectives of the Large Space Systems Technology Program and look
forward to working with any of you, either individually or collectively, in making this
Platform become a reality.
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CONCLUSIONS

GEOSTATIONARY PLATFORM HAS STRONG MISSION
JUSTIFICATION, IS TECHNICALLY FEASIBLE, AND
OFFERS MANY BENEFITS OVER THE TRADITIONAL
SPECIALIZED SATELLITE APPROACH

TECHNICAL CHALLENGES EXIST BUT NO SHOWSTOPPERS
MSFC ACTIVITIES WILL CONTINUE:

- FURTHER DEFINITION OF BASELINE AND
ALTERNATIVES

~ BROADER USER BASE

- FURTHER ESTABLISH SUPPORT REQUIREMENTS

- COST AND COST COMPARISON

- IDENTIFY SRT REQUIREMENTS AND INITIATE
KEY ACTIVITIES

CLOSE LIAISON REQUIRED WITH OAST LARGE SPACE
SYSTEMS TECHNOLOGY PROGRAM

Figure 12
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GEOSTATIONARY PLATFORM STRUCTURAL SYSTEM
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STRUCTURAL CONFIGURATION (Figure 1)

The Geostationary Platform configuration under consideration
is shown in the following chart. A tetrahedron structural geometry
was selected to provide inherent structural efficiency, all rigid
members, and a compact arrangement of node points to which the
antennae are mounted. RCS propulsion modules are located on out-
riggers at each of the four corners of the structural platform, and
solar arrays are located at either end. The largest antenna, 30 meters
in diameter, is centrally located to maintain symetry in weight

distribution.
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STRUCTURAL SYSTEM DESIGN OPTIONS (Figure 2)

An erectable structure design approach is currently preferred
to a deployable system to minimize the number of STS launches
required. Although a deployable structure would minimize the assembly
tasks required, design concepts with competitive packaging densities
and adequate member sizes are not currently available. A structural
design approach, which utilizes the best features of both space fabricated
ard prefabricated structural members in an erectable system, is currently

being evaluated.
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STRUCTURAL SYSTEM DESIGN CONCEPT (Figure 3; Figure 4)

The current structural system design approach for the Geo-
stationary Platform is shown in the following two charts. Aluminum
space fabricated beams, with a 1 meter cross-sectional depth, are
utilized for the continuous longitudinal members. Graphite/epoxy
prefabricated members, of the nested tapered tube type, are used
for the interconnecting lateral and diagonal members. A no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>