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FQREWORD

This document is a compendium of Shuttle capabilities, constraints and
guidelines which have been abstracted from currently available documants
generated by NASA, Rockwell Internmational, and by other NASA contractors.

The document includes summaries of significant results from Rockwell experience
gained in Shuttle integration activities and from a recent, extensive study of
Space Construction System Analysis, Contract NAS9-15718. Essentially no new
technical data were generated, but an attempt was made to provide updated
information concerning orbiter systems, and to discuss potential new Shuttle
hardware and procedures concepts currently being studied., At the time of

this writing there were no specific plans to have the document updated in

the future as results of additional studies concerning design of large space
structures are made available and actual flight data are derived from early
Shuttle operations. Therefore, the following warning is included herein and
several places in the document:

"Caution: Not a controlled document! See appropriate reference
documents for current data."

The document was prepared by the Space Operations and Satellite Systems
Divigion, Space Systems Group of Rockwell Intermational Corporation for the
National Aeronautics and Space Administratiom,L. B. Johnson Space Center,
under Amendment/ Mod 4S of Contract NAS9-15718. The contract was administered
under the technical direction of Mr. Lyle Jenkins, Spacecraft Systems Office,
Spacecraft Design Division, L. B. Johnson Space Center. . Funding was provided
through the office of the Large Space Systems Technology Program.

The project was performed by Mr. Joha A. Rosbuck, Jr. under general
direction of Ellis Katz, Project Manager for Large Structural Systems, with
the following persons from Rockwell International making significant contri-
butions in summarizing technical material, preparing drawings, or performing
technical review of the contents:

C. R. Bangs L. S. Pearce

Je. J. Brown D. W. Peebles
C. B, Fritz K. E. Smith

J. C. Hawkins E. H. Swanssuu
H. L. Myers D. E. Jorgensen
B. G. ol‘son L.' F. W:i.ley

In addition, the author wishes to thank personnel from other contractors
who contributed suggestions concerning significant needs for orbiter interface
data. These include Al Nathan, Grumman Aerospace; George King, McDonnell
Douglas; John Bodle and Lee Browning, Convair Division of General Dynamics.
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1.0 INTRODUCTION - SCOPE

This document provides introductory facilitating information in a form

readily accessible to the designer, system analyst, and program planner involved

with design of a class of large space structures.! The structures considered
are those capable of being constructed and tended in space using the remark-
able capabilities inherent in the Space Transportation System (Space Shuitle)
as a transport method and on-orbit base.

1.1 DEFINITIONS AND ORGANIZATION OF DOCUMENT

Much of the information in this document is presented as specific design
constraints/capabilities and guidelines,z defined as follows:

. Shuttle Constraints/Capabilities

- 0fficial documented (Ref. Para. 1.1.2) Shuttle system capa-
bilities, requirements or limitations which must be observed
by designers in order to assure that Shuttle crews can ascend,
tendezvous, dock/berth, perform construction and maintehnance/
checkout on orbit using the Shuttle Orbiter, and return safely
to earth. Examples: power limits, payload bay size, number of
crew stations in crbiter cabin, launch weight, range of location
of center of gravity of cargo.

. Shuttle Guidelines

Recommended practice in design and procedures which helps to
assure mission success, minimize cost and provide adequate
‘safety, with particular reference to operations involving
large space structures, using the Shuttle system. Examples:
minimize time om orbit, provide for safe and productive crew
work/rest cycles, minimize power demand.

There is an extensive amount of data and variety of types of information
which could potentially fit into the category of Shuttle constraints, capa-
bilities and guidelines relative to design of large space structures. There-
fore, this document was written to perform the function of a set of keys=—

a means to identify sources and to gain access to pertinant information.

Each major section includes tables which act as checklists of constraints,
including capabilities and guidelines, lists of associated references, and
suggested implications for space construction. These tables generally are
accompanied by narrative and graphic descriptions which further explain what
can be done with the available hardware and procedures, provide rationale for
guidelines, present example applications (in some cases), and define unusual
terms. :

NOTE: 1"Caution: Not a controlled document! See appropriate reference
documents for current data."

2These guidelines may be of a generally useful, universal nature for
space operations, which appear in Shuttle-oriented study reports or
NASA reference documents. In many cases the distinction between
guidelines, capabilities and constraints is a matter of judgement
by the author. In case of doubt, NASA contract monitors should be
contacted for clarification.

1-1



In the typical subject presentations, checklists are divided into consider-
ations dealing with (1) hardware and (2) procedures. Thus, for each subject
there may be as many as four sets of checklists, which are arranged in the order
noted in Table 1l.1-1. . '

Table 1.1-1. Matrix of Order of Presentation of
Checklists for Each Topic

CONSTRAINTS GUIDELINES
HARDWARE . FIRST SECOND
PROCEDURES THIRD FOURTH

This arrangement assumes the majority of the readers are designers who are
somewhat familiar with Shuttle systems and are mostly concerned about defined
hardware and firm constraints or capabilities. However, system analysts may
prefer to first read the guidelines which are usually more introductory in nature
and frequently nrovide rationale for using a given type of Shuttle capability.

Each checklist item is, to the degree practical, a factual statement of a
specific constraint/capability or guideline. The statemert attempts to provide
a broad baseline of information to the reader. However, its more important func=-
tion may be to alert the reader that a potential capability, constraint or pre-
ferred approach exists. Accompanying each statement are references which either
provide the authoritative basis for the statement, or provide the reader with
discussions and data which are likely to contain further details concerning the
Space Shuttle system.

The majority of this document is organized according to Shuttle systems and
general paylcad integration concerns applicable to all types of payloads (e.g.,
orbiter configurations, attachments, signals, power, thermal, etc.). However,
two entry points are offered which emphasize topic headings directly related to
large space construction and operations. The first is presented in Section !.2
in the form of a table of typical large space structures design issues and related
discussion material (Sections 1.2.1 through 1.2.7). The second is an alphabetical
subject index at the back of the document which includes a great many topic head-
ings dealing with design of large space structures (e.g., construction fixtures,
module installations, crew productivity). Both entry points provide references
to the appropriate Shuttle constraints/ capabilities, guidelines, and associated
descriptive material.

The data provided herein must be considered as advisory in relation
to historical time. The Space Shuttle program is a dynamic, changing
entity. Therefore, this document cannot hope to be current in all
respects for very long. The reader is urged to check for the latest
publication or updating supplement of any listed document, and to be
cautious about accepting statements in the checklist as final or
unequivocal fact.
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Also, at this writing, many items of equipment which were conceived as
part of the Space Shuttle program had not been contracted for, nor qualified.
Therefore, it appeared advisable to qualify such items by a rating number
describing related validity or availability, as defined in Table 1.1.2. As
funds are made available and experience gained in operations and development
tests, such ratings will inevitably change, even if the technical facts do not.

Table 1.1-2. Availability Ratin§;§cale

R-1 Funded Shuttle Development Program planned operational
date (or actual delivered hardware)

R-2 Proposed, well-defined Shuttle hardware concepts, hard-
ware funding deferred

R-3 Study Program in work, supported by NASA or contractor
funding of system hardware

R=4 Recommendation from study. No current funding for hardware

R-5 Lopceptual only

Note: Application of the ratings is based upon the knowledge and
Jjudgment of the author ou or about the date of publication,
and does not necessarily represeat any official NASA or
Rockwell viewpoint as to technical quality or public policy.

1.1.1 How To Use This Document

This document is primarily a reference book designed to provide access
to facilitating information, cautions and limitations comncerning the influence
of Shuttle systems on design of the class of large space structures which can
be built from the orbiter. Managers and project engineers should first caze-
fully note the categories of information in the Table of Contents and :ead the
introductory narratives at the beginning of each major secticn.

At the beginning of a large space structure design project, managers and
analysts probably will be concerned with understanding and prioritizing ior
study the issues discussed in Section 1.2. These issues were identified as a
result of several years experience of the authors, and by discussions with
other contractors. They are considered to be applicable to a large number of
possible projects.

Systems analysts and designers should specifically note the organization
of material in relation to their respec* ' e specialty areas and carefully review
the associated checklists of constrai- . and guidelines.

After these introductory reviews, the major point of entry to the report
for most users will likely be the alphabetically arranged subject index at the
back. This index lists pages of the report which potentially contain applicable
checklists of constraints and guidelines, together with references to source
documents and the availability rating number which relates to the status of the
associated hardware development.
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As a practical aid, each checklist item is preceded by parentheses which
provide a convenient gpot for a checkmark on working copies or for a ref-
erence number to study report paragraphs or charts in design studies. The
checklists can be reproduced and used for systems analysis and design plan-
ning. Analysts and project leaders may refer to the checklists for design
reviews., Requirements analysts should obtain up-to-date copies of the ref-
erenced regulatory documents to assure their understanding of the latest
changes in details; then they shoull@ compile and issue changes to the check-
lists (where appropriate) for the use of project persomnel.

Note that the checklist tables may include callouts which refer to
figures or tables which are not mentioned elsewhere in the text. Such figures
or tables follow the checklist tables prior to subsequent text material.
Acronyms which appear in the checklists and elsewhere in the tables, figures
and text are listed in the back of the document. Also included at the back
is a brief glossary of technical terms.

In 8ll cases, the referenced regulatory documents should be considered
as prime sources of information, since the checklists contained herein are
advisory and may not be continually updated. For the convenience of the reader,
a short listing of most referenced, prime requirements documents is presented
below. These are essential documents for consideration of Shuttle constraints
and guidelines for large space structures design.

1.1.2 NASA Documents of General Interest to Shuttle Users

Space Transportation System
User Handbook

Payload Interface Verification
Requirements, JSC=14046,

June 1977 and Errata July 1977

Space Shuttle System Payload
Accommodations, JSC 07700,
Vol. XIV and Attachment 1
(ICD 2-19001)

STS Flight Planning, JSC=-
11803

Communications and Data
Systems Integration (CADSI)
End-To-End Configuration
Book, JSC=10074

Shuttle Operations Data Book,
JSC=08934, Vol. I = Shuttle
System Performance & Constraints,
February 1980

August 198Q

KSC Launch Site Accommodations
Handbook for STS Payloads,
K=STSM=14.1 (Rev. A, March 1980)

Shuttle EVA Description and
Design Criteria
JSC=10615

Space Transportation System
Reimbursement Guide,
JsC-11802, May 1980

Shuttle Payload Integration
Activities Plan, JSC-14363,
September 1978



Safety Policy and Requirements for

Payloads Using the Space Transportation System
(STS) NHB 1700.7

NASA - Washington, D.C., May 1979

1.2 SHUTTLE INTERFACE ISSUES FOR LARGE SPACE STRUCTURES DESIGN

This section identifies several design issues characteristic of large
space structures and relates them to potential capubilities/constraints and
guidelines associated with use of the Space Shuttle as a transport vehicle and
construction/maintenance base.

Development of the design requirements for proposed structures design/
construction concepts must include analysis of Shuttle capabilities/constraints
to determine if the mission could be successfully performed. An overall con=-
cept for the process of designing a space comstruction project and inte-
grating it with the Shuttle Orbiter is depicted in Figure 1.2-1. As illus-
trated in the figure, the Shuttle constraints and guidelines may be grouped
and considered approximately in the order in which they are encountered during
a mission. However, some aspects of design may require the reverse procedure.
That is, it may be necessary to define the desired or required end operational
condition, and then to determine the packaging conditions, equipment, supplies,
and procedures that must be provided to meet the end needs. For example, a
decision concerning whether to add one or two cryogenic fuel kits to the orbiter
manifest depends on the estimated total energy demand for the space operations.
The latter can only be determined after an extensive end-to-end analysis based
on postulated equipment used, duration of orbital operations, and compilation
of work performed. Under some conditions, a different equipment or procedure
mey be selected in order to avoid installing an extra cryogenic kit. During
analysis and design, the requirements of a particular design/construction con=-
cept are serially compared to the Shuttle constraints and guidelines. Each
comparison may result in a determination as to whether there is an over=-utilization

or acceptable under-utilization of the orbiter capabilities. If the design/
construction requirements are greatly different from orbiter capabilities, the
process may require revision of the basic design for concept modifications.

A key point of philosophy is implicit in Figure 1.2-1; it is that design of
large space structures is inextricably linked to, and driven by, the process
of manufacture or construction of the structure in the space environment. In
nearly all of the following presentations the concept of design encompasses
design of the comstruction equipment and selection of all construction support
equipment as well as that of the actual finished and operational spacecraft.
Design is assumed to include considerations of all mission phases from launch
of the first plece of construction fixture to the last provision for on-orbit
maintenance or refurbishment.

Shuttle capabilities are not necessarily separate and distinct. For
example, a larger electrical power supply can be provided for a particular
mission, but only at the expense of the amount of mission payload that can be
carried. Wherever possible in this repcrt, such trade requirements are pointed
out and sources of data for resolving the trade issues are provided or refer-
enced.
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The wide variety of large space structures projecis currently in the stage
of conceptualization and preliminary design study include a great many Shuttle
payload integration considerations. However, emphasis {s given herein to those
aspects which have been identified, by previous NASA and contractor studies, as
important and seriovs concerns. Table 1.,2-1 1lists, in the left column, several
general space construction issues involving specific Shuttle constraints and
guidelines which are briefly indicated in the middle column. The right column
lists sections of this document in which applicable information on the identi-
fied Shuttle constraints and guidelines may be found. Thus, Table 1.2-1 is
arranged approximately as a table of contents to this document might appear if
it were organized according to the viewpoint of a current designer of large
space structures. While these issues are of deep concern today, future
designers may encounter other design issues, as yet unforeseen as crucial.
Therefore, as previously noted, the selected organization of material in this
document relates primarily to Shuttle systems and characteristics. The latter
are presumed to be relatively stable in overall scope during the next two
decades.

Further discussion of the large structures design issues follows in sub-
sequent sections (1.2.1 through 1.2.7). Such discussion is designed to provide
further explanation of the rather cryptic terminology used in Table 1.2-1 and
the rationale for considering the listed issues in this document. Another pur-
pose of this discussion material is to familiarize the reader with the vocabu-
lary and historical basis for the conceptual framework which was used in
developing the subject index at the back of the document. This is desirable
because design approaches and terminology have yet to be standardized. i1 the
relatively new field of engineering large space structures. For example, most
large space structures will probably require at least one relatively large piece
of equipment to stabilize and position the spacecraft with respect to the
orbiter during construction. This item might be designated in an index by a
descriptive, shape-related name, such as '"trapeze" or '"claw'", while others may
use the more general terms of "jig" or "fixture" or "holding-positioning aid."
All such titles of devices are cross referenced in the index to the title
"construction fixtures." Further assistance is offered by the glossary at the
back of this document.

1.2.1 At What Orbit Shall Construction Take Place?

This issue coufronts the major Shuttle constraints on waximum altitude
versus lifted mass, orbiter turnaround time versus altitude decay of the large
space structure spacecraft, and orbiter launch site availability versus desired
orbital angle. Additional, less directly related issues include crew protection
from ionizing radiation and available crew work time in sunlight.

In general, studies have shown that construction based on use of the
Shuttle must take place at relatively low earth altitudes of 150 to 250 nmi and
generally would be most economical if launched at 28.5° inclination from
Kennedy Space Center. Checklists and discussion material appear in Section 2.0.



Table 1.2-1

Typical Large Space Structures Design Issues

Invoiving Shuttle Constraints & Guidelines

LARGE SPACE STRUCTURE SHUTTLE CONSTRAINTS/| APPLICABLE
DESIGN ISSUES IMPLICATIONS SECTION
NUMBER
o CONSTRUCTION ORBIT o LAUNCH SITE 2.0, 2.3.1
o ALTITUDE o PAYLOAD CAPACITY OF 2.31
o INCLINATION ORBITER (WEIGHT)
o OMS KIT IMPACT ON 2.3.1, 3.1
VOLUME
e ORBIT DELAY VS SHUTTLE | 2.1, 7.0
TURNAROUND
o RADIATION ENVIRONMENT | 2.2
e PARTICLE DENSITY
o CONSTRUCTION CONCEPTS o ATTACHMENT POINTS & 3.2, 3.8-3.10
o DEPLOYABLE STRUCTURE CONNECTIONS FOR 3.11, 3.12,
o ERECTABLE STRUCTURE FIXTURES 4.4.2
e SPACE FABRICATED STRUCTURE ® LEARANCE ENVELOPES 4,10
o HYBRID-COMB. OF ABOVE
o NEW TECHNOLOGY o ORBITER CONFIGURATION | 3.1, 4.4.1
e EVA SUPPORT 4.8
e PAYLCAD HANDLING 4.4.4,
OPTIONS 4.5-4.7
‘|@ VOLUME & MASS PROPERTY | 3.1, 3.4
.| CONSTRAINTS OF ORBITER
o CONTINGENCIES
o EQUIPMENT/SYSTEMS TO BE INSTALLED/ |e RMS HANDLING & STOWAGE | 4.4.4, 4.5
DEPLOYED ON STRUCTURE CAPABILITIES
o MODULES . Tuees) | PIDA, OTHER AIDS 4.6, 4.7
o INTERCONNECTS (WIRES or 1
® INTERON OMMUNICATIONS 4.10
o MOUNTING/CONNECTING DEVICES e EVA SUPPORT 4.8
e ASSEMBLY/INSTALLATION SEQUENCE FOR |e ORBITER PACKAGING 3.0 - 3.1
STRUCTURE AND SYSTEMS CONSTRAINTS
o ENVIRONMENT - DETERMINED e PAYLOAD HANDLING 4.4.4, 4.5
o CONFIGURATION - DETERMINED OPTIONS 4.7
o FUNCTION - DETERMINED e EVA CONSTRAINTS 4.8
e TIME - DETERMINED e ATTACH INTERFACES 3.2, 3.8-3.10
o ABORT CONTINGENCY CONSTRAINED |e CREW WORK/REST CYCLE | 5.2
(C. G. LOCATION) CONSTRAINTS
o ILLUMINATION & VISION | 4.9
CONSTRAINTS
o THERMAL CONSTRAINTS 4.13
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Table 1.2-1 (Cont'd)

Involving Shuttle Constraints & Guidelines

Typical Large Spoce Structures Design Issues

LARGE SPACE STRUCTURE SHUTTLE CONSTRAINTS/| APPLICABLE
DESIGN ISSUES IMPLICATIONS SECTION
o T » w
e DOCKING/BERTHING HARDWARE o RMS LIMITS 4.5
PROVISIONS FOR REVISIT o DOCKING SYSTEM 4.1
© RMS USAGE (BERTHING) CONSTRAINTS (ANGLE,
e DIRECT DOCXYING IMPACT)
e OTHER AIDS e PLUME EFFECTS 4.1
e STABILIZATION METHODS o ORBITER CONFIGURATION |4.4.]
e ATTITUDE CONTROL OF 4.2
| ORBITER
o CONTINGENCIES
o SIGNALS/COMMANDS BETWEEN ORBITER |e HARDLINES HARNESS 3.8
AND CONSTRUCTION fe RADIO FREQUENCY 4.8.1.7, 4.11,
e HARDWIRE {» SOFTWARE, C&W RQMTS 4,12
o SOFTWARE o VISUAL ANGLES 4.9.6
o VISUAL ¢ LIGHTING, TV
o PACKAGING REQUIREMENTS & NUMBER OF lo ORBITER VOLUME & WEIGHT|2.3.1, 3.0
SHUTTLE FLIGHTS LIMITS 3.1, 3.4
o LARGEST PART SIZE ORBITER ATTACHMENT 3.2, 3.3, 3.5,
o NESTING & INTERLEAVING PROVISIONS LOCATIONS, 3.6
e CONSTRUCTION METHODS LOAD LIMITS
e NO. OF SHUTTLE FLIGHTS PER ORBITER UTILITIES 3.8, 3.9
PROJECT CONNECTIONS ‘& KITS 4.3.1, 4.10-
4,13
+ TIME PACING ITEMS IN CONSTRUCTION NO, OF CREW 3.1, 5.1
(IVA & EVA) Jo ROTATION/TRANSLATION 4.5 - 4.7
e LABOR RATES OF HANDLING AIDS
o MACHINE RATES -1 ORBITER RESOURCES 4.10, 4.12,
o ASSEMBLY 4.13
e TRANSPORT jo CREW WORK/REST CYCLES | S5.2, 5.3
& HOUSEKEEPING
EVA CONSTRAINTS 4.8
|» POWER/ENERGY REQUIREMENTS & SOURCES fo POWER LIMITS 4.10
o PEAK POWER/DURATION WEIGHT & VOLUME FOR 2.3.1, 3.
e TOTAL ENERGY SUPPLIES OF FUEL. OR
BATTERIES OR SOLAR
CELLS
CRYOGENIC KITS IN 4.10.2
ORBITER
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Table 1.2-1 (Cunt'd)

Involving Shuttle Constraints & Guidelines

Typical Lorge Space Structures Design Issues

MOVING PARTS

LAFCE SPACE STRUCTURE SHUTTLE CONSTRAINTS/|APPLICABLE |
DESIGN 1SSUE iMPLICATIONS SECTTON
NUMBERS
® DEGREE OF AUTOMATION FOR fe RMS CAPABILITIES 4.5
CONSTRUCT ION/MAINTENANCE o PAYLOAD HANDLING b.4.4, 4.5-
e MANUAL (EVA) OPTIONS 4.7
e COMPUTER AUGMENTED REMOTE e EVA CONSTRAINTS 4.8
CONTROL e ORBITER RESOURCES 3.11, 3.12,
e FULLY AUTOMATIC, MANUAL e SOFTWARE & DATA
OVERRIDE, INITIATION INTERFACES 4.12
o ATTITUDE CONTROL OPTIONS e PRIMARY RCS LOADS 4.1, 4.2
o DOCKING/BERTHING e VERNIER RCS LOGIC 4.1, b2
e ORBITER VS STRUCTURE o FREE DRIFT IMPLICATIONS|4.2.2.
e FREE DRIFT VS CONTROL o ENERGY RESIURCES 4.2, 4.10
e SOFTW2iE, HAROLINES .12
o CrIAMINATION
® THERMAL CONTROL & IMPLICATIONS ON e ORBITER SHADOWING 4.13
SPACE STRUCTURES e ORBITER HEAT OUTPUT 4.13
: e ORBITER HEAT REJECTION |4.13.1
CAPABILITY
e SOLAR FOCUSSING OF 4.13.2
RADIATORS
o  (D2UNICATIONS DURING ORBITER o ORBITER ANTENNA .11
TENDED OPERATIONS LOCAT IONS
e ORBITER MASKING .41
e ORBITER CADH CAPABILITY|4.11, 4.12
[8  CONFIGURATION CONSTRAINTS e ORBITER CONFIGURATION |4.4.1
o FUNCTIONAL SHAPE o THERMAL REQUIREMENTS |4.13.
e BUILD DIRECTION OF ORBITER
o CLEARANCES e SAFE CLEARANCES OF 4.4




1.2.2 How Shall the Project be Constructed?

The majority of construction processes considered in this report involve
three basic structural concepts which have historically evolved during the
years prior to 1980. These are defined briefly in Figure 1.2-2,

In fact, a combination and blend of these, and possibly other processes,
will probably be involved in most space construction projects. In most cases,
some modules or other components will be installed or joined after the basic
structure is formed in space. Thus, a process of "agsembly' or "erection" is
1ikel’ 1o be involved in most space construction projects. Within each of
these 'usic concepts, there is implied the decision of degree of dependence on
remotely controlled or sutomatic machinery versus direct (EVA) processes.

Designers of all procesases must eventually come to grips with questions
of where they can attach equipment to the orbiter, how they can clear its
critical surfaces, and how they can package the system fic within the pay-
load bay. Such issues are dealt with in Sections 3.1 th®ugh 3.10, 4.1 and 4.4,
. Sections 4.5 through 4.8 provide considerations dealing with handling the piece
parts during conctruction and joining them together by making use of available
Shuttle equipment and operational capabilities such as the remote manipulator
system and extravehicular activity of the crew.

1.2.3 What Equipment or Systems are to be Installed/Deployed on the Structure?

The general approach taken for this document is to consider the generic
shape, dimensions, and mass of items to te handled during comstruction rat.er
than the function of such items when installed. 1In its stowed condition in the
orbiter, a rather complex, deployable subsystem elament may be treated as a
simple lump by the orbiter remote manipulator system (RMS) operation. In
Sections 4.4.4 and 4.5 through 4.7, this report presents the constraints and
guidelines for handling objects with various Shuttle equipment items. When
objects are small enough and light enough, they may be transported and installed
by EVA within the constraints and guidelines described in Section 4.8.

1.2.4 How Shall the Project Parts be Packaged and Interfaced with the Orbiter
for Delivery?

This area of concern includes many of the most specific constraining influ-
encz2s on design of large space structures and associated construction equipwent.
Among these limits are: the overzll maximum size and weight of individual parts
which can be delivered to orbit; the number of smaller items available to
assemble on any given flight; *n« sequence of removal from the payload bav; the
length and location cf electri:al umbilicels and tluid lines ({f required); the
specific locations for mechanica. attachments and the loads which they can
accept; the overall strength requirements for packaging and packaged material;
and the vibration environment to be withstood. Where dual use 1is made of stow-
age attachments as on-orbit stabilization attach points, there is a close
inceraction in detail design. Since everything used in or about the orbital
construction site must be lifted and contained within the orbiter, it follows
that z2ach item selected (or omitted) for support services and basic vehicle
design will be influenced by this set of capabilities to a greater or lesser

1-11




TYPE OF CONSTRUCTION

CHARACTERISTICS

SHUTTLE INTERFACE
SPECIAL CONCERNS

* LARCE NTMBER OF
PIICE PARTS

* ALL PARTS GROUYD
FABRICATED

* SPACE ASSDMBLY
OF STRUCTURE AND
SISTEMS TO
STRUCTURE

« TENDS TO BE TIME
CONSUMING: CREW
PACED BY MANIPU-
LATOR OR EVA
METHODS

* RMS OF CRAST REACH,
VELOCITY, ACCURACY,
LOADS

* CARGY BAY VOLIME,
ESPECIALLY LENGTH

+ TIME OK ORBIT VS COCTS,
sUPRLIZS

* MOLTI SHIFT OPERATIONS
* VISION, LIGHTING

* POVER

* CLEARANCES

* VERY FEV PIECE
PARTS

* ALL F/RTS GROUXD
FABRICATED

* SPACE DEPLOYMENT
(ONNINGE, UNTURL
STRUCTURE

*POSSIBLE JOINING
OF DEPLOYED SUMN-
ASSTMBLIES

*ELECTRICAL WIRING
SOME SYSTEMS
EQUIP. MAY BX
IXTECRAL

* RBAPID, AUTONATIC

* CARGO VOLIME (LOW
DENSITY PXG)

* LOADS IMPARTED 3Y
DEPLOTMINT (TBD)

* CLEARANCES

* RKEACH, PORCE OF RMS,
ETC. POR SURASSEMBLY
JOIYING

* VISION, LICHNTING

* SUPPORT METHODS IN
ORBITER PAYLOAD BAY

SPACE~FABRICATED

* MODERATE 0. OF
PIECE PARTS

« SPACE PORMING OF
MATERIALS, ASSY
POLLOWS

« VIRES, BQUIP. &
BOOKU? ON-ORBIT

« DERATE TDE
EEQUIRDMENTS
MICHINE PACED,
DO AUTOMATIC

* POVER § ENERCY CON-
STRAINTS VS. RS,
EEATERS, LIGHTS,
TRANSLATION DEVICES

*TDE ON ORBIT VS. COSTS
* MULTI-SHIIT OPERATIONS

*RMS REACH, MOBILITY &
CLIARANCES

*VISION & LIGNTING
*CARCO BAT VOLDME

Figure 1.2-2.

Typical Methods for Large Space Construction -

Characteristics and Shuttle Interface Concerns
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degree. Therefore, many of the issues-listed in Table 1.2-1 interact with this
area of concern. However, the majority of the applicable constraints are dis-
cussed in Section 3.0 of this document.

* 1.2.5 What are the Pacing Construction Concerns?

Typical parameters of concern in large space construction include rates of

construction (which may be paced by how fast the orbiter remote manipulator can
"transport and install items, and how many hours per day the crew can work) and
limits of power demand on the orbiter (which can determine how many heaters,
motors, and lights can be operating simultaneously). The total time available
on orbit (as conditioned by stowage volume, crew cabin surplies, tank kits,
etc.) and the sequence of equipment removal from the orbiter may be other
related concerns. Such concerns help decide the dagree of automation to be

. built into construction support equipment. The latter can also be affected by
support systems for Shuttle crew extravehicular activity (EVA) which determine
how many hours per day are actually useful for work. The applicable sections
for thase issues are listed in Table 1.2-1.

1.2.6 What Atti-ude Control is Required?

This area of concern has been considered among the most significant by
contractors working in the field of large space construction. The major issues
in design of large space structures relate to the orbiter capability and its
impact on design and procedures. Clearly, the orbiter reaction control systems
are needed to null rotation rates for beginning of construction activity, and
for the orbiter approach during later revisit operations. The designer of
large space structures must determine when and how to provide for stabilization
of the spacecraft under construction by evaluation of orbiter constraints
related to location of the joint orbiter/large space structure center of
mass and tke impact on delicate construction and servicing operations, etc.

The major constraints are discussed in Section 4.2 of this document.

1.2.7 What are the Configuration Constraints?

Once the orbiter payload bay doors are opened, there are certain major
geometric limits affecting which directions one can extend a large space struc-
ture. Among these are the orbiter tail, wing, payload bay doors/radiators and
) cabin, as described in Section 4.4.1. Less obvious but real concerns include
| blockage of orbiter antennas, blocking of the radiators, obscuring of windows,

‘ TV cameras and lamps (noted in Sections 4.9, 4.11, and 4.13). Other specific
details are related to such items as attach points on the payload bay longerons,
crew safety slidewire and handholds, OMS kits, airlocks, and docking ports
{described in Sections 3.0 and 4.4.2). The limits of reach and articulation
modes of the remote manipulator system (RMS, Section 4.5) may be a major influ-
ence on design of large space construction projects. For example, in a recent
Rockwell study [Roebuck (1980)], a space-fabricated structure concept devised
for a large communications platforw was configured as a long, narrow shape which
permitted RMS reach to all points on the structure as it was constructed by
translating it axially back and forth across the orbiter payload bay, above the
RMS shoulder joint (Figure 1.2-3).
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The foregoing discussion concludes the introduction of subject matter which
is arranged according to issues viewed by the designer of large space structures.
The remainder of the document is organized in terms of orbiter systems and
emphasizes kinds of accommodations which are available in the orbiter for pay-
loads, but with selected attention to those of special concern to designers of
large space structures.

1.3 SPACE SHUTTLE PAYLOAD ACCOMMODATIONS

The Space Shuttle and its standard payload carr.ers are designed to accom=-
modate a wide range of payload missions. Figure l.3-l identifies those orbiter
subsystems which may be used to support, directly or via carrier systems, space
construction equipment, modules, and material stowage devices to be flown.

O1SCOMNECY
PANEL ¢
Aﬂ\ss:‘nuns STSPLAY & LInES ancs
ACQUIPRENT conTROL
g PANELS
7
7/
SOFTWARE /
CONTAR|NAT | ON
CONTROL
ARcS
AECLS ELECTRICAL PAYLOAD PROPELLANT H,0 Oume
PovER VENTS (8) ouw
PAYLOAD
COOLANT DATA BUS
1 co;L” INTERFACE

Figure 1.3=1. Summary of Orbiter Payload Accommodations

Table 1.3-1 provides a checklist of types of payload accommodations and
cross-references to applicable paragraphs in this document where further inform-~
ation on constraints and guidelines may be found.

The remote manipulator system, docking module, and payload retention svstem
are 100% dedicated to payloads. Additional flexibility is gained with EVA capa-
bilities and mission extension kits. Kits can augment crew support, orbiter
propulsion, primary power supply energy, and heat rejection capability. Limits
on power availability, heat rejection capability, c.g. requirements, etc., pre=-
sented here apply to the cargo, i.e., the total complement nf pavloads and
associated hardware carried on a given flight. Provisions will be provided for
trimming cargo c.g. and for managing and isolating services provided to the
payloads in order to minimize these concerns for payload design.
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Table 1.3-1. Checklist: Orbiter Payload Accommodations Pertinent to

Large Space Structures Design

ACCOMMODATIONS AND
SERVICES

SECTION NO.

TYPICAL IMPLICATIONS FOR
LARGE SPACE STRUCTURES
DESIGN AND SUPPORT EQUIP.

) Payload bay volume

) Control/display volume in crew

cabin aft flight deck

) Stowage volume in crew cabin for

supplies, equipment

j Seats and volume for additional

passengers in crew cabin

) Sleéping provisions for four

crew members

) OMS kit for added altitude, on-

orbit maneuvering

) Additional Ny supply tanks for
multiple repressurizations of

airlock

) Payload attachment bridge fit-
tings and trunnion supports

3.1

3.1

3.1, 5.1

3.1, 5.1

3.1, 5.1

3.1.1

3.1

3.2

) Payload attachment keel fittings | 3.2

and supports

) Electrical power/connection poinc% 3.8.1

) Standard mixed cargo harnmess

(SMCH)

3.8.1

Limits package volume

Constrains area and types
of controls and displays
for cabin crew control

of comstruction

Constrains crew on-orbit
time or number of crew

Potential for added
construction crew
specialists

Constrains number sleep-
ing simultaneously, may
dictate multi-shift
operations for large
Crew

Constrains payload bay

volume usage, increases
algitude and,ngload
weight capability

Reduces payload, may
require added develop-
ment costs

Recommended specific
attach points for all
mission phases

Possible attach points
for all mission phases,
primarily for ascent and
descent, limited locations

Affects electrical
harness design

Standard payload elec-
trical power & signal
attach method
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Table 1.3-1. Checklist: Orbiter Payload Accommodations Pertinent to
Large Space Structures Design (Cont.)

TYPICAL IMPLICATIONS FOR
ACCOMMODAT IONS AND LARGE SPACE STRUCTURES
SERVICES SECTION NO. | DESIGN AND SUPPORT EQUIP.
( ) Hard points for attaching elec- | 3.8 Affects routing of elec-
trical and fluid lines in pay- trical harness, fluid
load bay lines
( ) Electrical signal and data/line | 3.8.2 Affects control capa-
connection points bility of space construc-
tion
( ) Thermal control/fluid connections| 3.9 Potential means to cool/
- in payload bay heat comstruction equip-
. ment
( ) Payload vents (8) in payload 2.6, No identified design
bay 4.14.2 constraints
( ) Propellant-dump 3.10 Operational safety pro-
visions
( ) Water dump 4.14 Contamination source
( ) Contamination control 4.14 Facilitates mission
success
( ) Docking and berthing capability |4.1 Design of berthing/
docking port, structure
clearance
Impacts space structure
( ) Attitude control 4.2 loads, lighting and
vision
( ) On-orbit equipment supports 4.4.2 Affects design of
construction fixtures
( ) Payload handling equipment and 4.4.4 Impacts design of struc-
methods 4,5. to ture (reach, clearances,
4.8 attach points
( ) Remote manipulator system 4.5 Location of structure
(RMS) 4.8.2.1 within reach of RMS;
major payload handling
device ’
1-17

bo B e K AER e € 5o i B e RRA 4 B I TRTET " B




-

Table 1.3-1. Checklist: Orbiter Payload Accommodations Pertineat to
Large Space Structures Design (Cont.)

ACCOMMODATIONS AND
SERVICES

SECTION NO.

TYPICAL IMPLICATIONS FOR
LARGE SPACE STRUCTURES
DESIGN AND SUPPORT EQUIP,

( ) Manned maneuvering unit (MMU)
stowage and support provisions

( ) Extravehicular maneuvering unit
(EMU—space suit) and stowage/support
provisions; normally two units for
EVA

( ) Communications for EVA

( ) Airlock (two-man capacity),
tunnel adapter, docking module

( ) Handholds, safety tethers in
payload bay for EVA

( ) TV cameras in payload bay, RMS

) Lights in payload bay
) Docking light

N~

Crew optical alignment sight
€ ) {coas)

( ) Payload viewing windows—aft
flight deck, overhead

( ) Electrical power and energy
storage for payloads

4.8‘1.7

4.10

Defines capability for
EVA inspection, trans-
port of small objects,
manual assembly opera-
tions

Defines capabilities for
manual operations in EVA
mode

Affects operations
planning and electronics
support

Provides for EVA
Defines impact on
breathing gas consum-
ables

Assists EVA in area of
payload bay; safety
feature

Useful for monitoring
1 a¢e comstruction,
re

E:ilﬁ%?‘oQ“pay1oada

Assists construction on
dark side of orbit

Assist berthing/docking

Provides crew view of
some construction oper-
ations

Defines capability for
power usage for machin-
ery and total energy
needed for comnstruction,
li%hting. etc., may
affect payload bay
volume (extra cryo
tanks)
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Table 1.3-1. Checklist: Orbiter Payload Accommodations Pertinent to
Large Space Structures Design (Cont.)

ACCOMMODATIONS AND
SERVICES

SECTION NO.

TYPICAL IMPLICATIONS FOR
LARGE SPACE STRUCTURES
DESIGN AND SUPPORT EQUIP.

( ) Communications, tracking, and
data management

( ) Data processing and software

( ) Heat rejection from payloads

( ) Crew cabin accommodation
(general) and supplies

( ) STS ground handling accommoda-
tions and equipment

4.11

4.12

4.13

5.1

6.0

Impacts antenna loca-
tions, equipment
requirements

lmpacts design of data
handling equipment,
softvare

Defines capability for
ayloads to reject heat
ghrou h orbiter, physical
interfaces for design

Provides habitability
for crew and work sta-
tion in shirtsleeve
cabin for remote
control equipment

Provides for stowage on
ground, ground transport
and payload installation
into orbiter; affects
design of hardpoints for
handling payload turn-
around time.

1-19

e M



Payloads may be designed to interface directly with orbiter hardware or
with an STS carrier. The environments seen, services available, and STS fees
for carrier-mounted payloads depend upon the carrier as well as the Shuttle.

Sections 2.0 through 5.0 describe selected payload environmeats and support
capabilities, constraints, and guidelines where payloads are taken to interface
directly with the Shuttle. Therefore, the information applies most directiy to
carriers with their integrated payloads and directly mounted payloads.

1.3.1 Standard Shuttle Services

The following list briefly outlines the standard Shuttle services avail-
able for the basic flight cost. (NASA 1977 (c)), Attachment B (NMI 8610.8))

¢ Two standard mission destinations:
1. 160 ami altitude; 28.5° inclination
2. 160 ami altitude; 56.0° inclination

® One-day mission operations

Orbiter flight planning services

® Transmission of payload data to compatible
receiving stations

® A three-man flight crew

® On-orbit payload handling

® Deployment of a free flyer

¢ NASA support of payload design revieuws

® Prelsunch payload installation, verification and
orbiter compatibility testing

® NASA payload safety review

1.3.2 Ogcional Shuttle Services

The following list indicates additional services available to Shuttle
users at extra cost. (NASA 1977 (c)), Attachment B (NMI 8610.8))

¢ Revigit and retrieval

© Use of Spacelab or other special equipment

® Use of Mission Kits to extend basic orbiter capability

¢ Use of Upper Stages

e EVA gervices

¢ Unique payload/orbiter integration and test

¢ Paylo:d mission planning services, other than for launch,
deployment and entry phases

* Additional time onw=orbit
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Payload data processing
Launch from Western Test Range

- Two standard mission destinations are available from the
Western Test Range site:
1. 160 nmi altitude; 90.0° inclination
2. 160 nmi altitude; 104.0° inclinatien

1.4 DESIGN IN RELATION TO PAYLOAD INTEGRATION PROCESS

The Space Shuttle Orbiter is sometimes referred to as a ''space truck",
which implies that its major function is simply transportation of a relatively
inert, separate cargo. lowever, the realities of space travel complexity are '
such that a great many payloads carried in the orbiter become 1n:1mate1y linked ‘
to the orbiter payload accommodation system in a symbxotic fashion in order to
function effectively and safely. The process of assuring payload compatibility
with orbiter systems and checking that the necessary links between orblter and |
payload will match and function properly is called "Payload Integration."

1.4.1 Planaing for Variety of Orbiter Roles

Payload Integration is a major consideration in space construction. Design
of a large space construction project envisages use of the orbiter in many roles.
For example, it may act as a stabilizing device, as construction crew living
quarters, as a powver plant, as a thermal conditioning system, as a communications
station, as 4 portable illumination stand, and as a spac: "crane" for handling
large equipment. Therefore, there are many Shuttle payload integration issues f
involved in space comstruction, just as there are in most sortie experiments or ’
satellite launch and retrieval missions. '"Dedicated" construction flights will
have (normally) irert cargos which should enable factory-to-pad processing without
intermediate payload testing. Mixed cargos will, of course, require integration
and test as dictated by other cargo élements.

1.4.2 Process

NASA has established procedures and reviews for the Shuttle payload integra-
tion process. These are indicated in Figure l.4-1., Further discussion witn
NASA concerning administrative procedures and related engineering support efforts
is encouraged before extensive design efforts are begun, since the results could
affect project schedules, costs and ultimately, the constructed spacecraft design.

1.4.3 General System Safeci Considerations

Many of the payload integration reviews involve the subject of safety for
all phases of STS operations. The basic policy and requirements for Shuttle
safety are contained in NASA document NHB 1700.7 and its subsidiary documents
(see NASA 1979 in Bibliography). Such generally applicable requirements are
not included as special constraints or guidelines in this document unless there
are major new, unusual applications or key issues specifically involved in large
space structures design. Such concerns appear ia Sections 4.3, 4.8 and 5.0.
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2.0 SHUTTLE FLIGHT CONSTRAINTS ON LARGE SPACE STRUCTURES DESIGN

Table 2.0-1 lists significant Shuttle flight-related considerations affect-
ing selection of construction orbit altitude and inclination,mission timslines,
pressures and loads on Shuttle cargoes. Unless otherwise noted, essentially
circular orbits are assumed in order to minimize on-orbit drag effects. These
constraints/capabilities and consequent guidelines are considered in Sections
2.1 through 2.7.!}

Table 2.0-1. Potential Shuttle-Related Effects
on Construction Orbit Selection

ORBIT SELECTION CONSIDERATION TYPICAL SHUTTLE CONSTRAINTS ON ORSIT

+ DRAG OF ORBITER

Ohag, DECAY DUt TO AERODYNAMIC « COMBINED DRAG AND WEiGHT FOR
ORBITER AND CONSTRUCTION PROJECT

« ORBITER TURNAROUND VS. CONSTRUCTION
CRB!T DECAY TIME AND MAKEUP REQUIRE-

HENTS
{ONIZING RADIATION ENVIRONMENT « CREW DOSAGE WHILE WITHIN CABIN 1S
REQU I REMENTS FUNCTION OF ALTITUDE, INCLINATION,
« CREW SELECTION AND DURATION
« SHIELDING « CREW DOSAGE DURING EVA: FUNCTION
. EVA DURATION OF ALTITUDE, INCLINATION, DURATION,
AND SUIT MATERTIALS

« ALLOWABLE LIFTOFF WEIGHT
SHUTTLE PERFORMANCE (INCLUDES « ALTITUDE VS. WEIGHT WITH AND
BOOSTERS, EXTERNAL TANKS, WITHOUT OMS KiITS*

ORBITER ENGINE) « CENTER OF MASS OF CARGO

o VOLUME LIMITATION OF OMS KIT(S),
UNDERL INER STOWAGE SPACE

« TIME TO ATTAIN ORBITAL CONDITIONS,
OPEN DOORS, AND BEGIN CONSTRUCTION

*0MS = ORBITAL MANEUVERING SYSTEM

The Shuttle ascent also imposes physical, environmental constraints on
the crew and on design of construction equipment, materials, and their support
systems (e.g., c-adles, pallets) within the orbiter. Although related to
Shuttle performance, these constraints are relatively independent of construc-
tion orbit altitude. Examples include acceleration loads, vibration loads,
pressure changes, and thermal changes. Such constraints are discussed under

InCaution: Not a control document! See appropriate reference
documents for current data."
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Sections 2.3.2 and 3.0 (Payload Accommodations). Prelaunch operations are dis-
cussed i{n conjunction with Shuttle ground operations constraincs (Section 6.0).
Deorbit and descenr phases of orbiter operation also impose constraints and

guidelines which are included in Section 2.4 (and 3.0, as regards attachment
loads).

4

2.1 ORBIT DECAY

One of the main concerns in selecting the orbit altitude for space construc-~
tion is orbit decay. Large area space systems now made possible by construction
in space using the Shuttle need only to be sized for very small forces and loads
and, hence, are typically very low in density. Therefore, they tend to have a
very low ballistic coefficient (W/CpA) which can result in relatively high rates
of orbit decay. This high decay rate is primarily a function of the space con-
struction project design, which is only indirectly influenced by specific Shuttle
constraints. However, there is a small number of Shuttle-related concerns, which
are reflected in Tables 2.1=1 and 2.1-2.

To estimate the combined effects of construction project and orbitar on
decay time, ballistic coefficients are calculated for different area/weight
features through the construction process. These are combined to form a "drag
profile” representing the overall construction process, including periods with
and without the orbiter. <Teprisentative values for the orbiter are shown in
Figure 2.1~1. However, sach project will have specific weight and drag consid-
erations according to the supplies carried, type of construction, range of
attitudes on orbit, etc.

2.2 RADIATION ENVIRONMENT IMPACTS

The natural radiation environment is another factor which could potentially
affect orbit altitudes for space construction. Of particular concern is the
increased exposure during EVA activity and the possible need for designing auto-
mated construction techniques and processes which minimize the use of manned EVA
participation. The Shuttle orbiter cabin and the standard Shuttle pressure suit
both enter into the calculation of crew dosage rates by virtue of their respec~
tive mass distribution, which provides a degree of radiation shielding.

Table 2,2~1 lists pertinent Shuttle-related constraints and guidelines. Further
explanation of the radiation hazard and results of analytical studies which dic~
tate limics to orbital altitude for various EVA cases are presented in the
subsequent paragraphs.

For 28° inclination circular orbits, only Van Allen belt electrons and
protons are significant. Solar flare particles are excluded by the geometric
field (cutoff energies 23 GeV) and galactic (cosmic ray) particles contribute
<10"? rad/day indspendent of shielding (for <100 gm/cm ). In the absence of
man-made nuclear radiation, therefore, only tha Van Allen belts need be
¢wnaidered.

The Space Shuttle orbiter has an effective shield thiikness for the crew
of ~3 gm/cm®. Thus, the cutoff energies are ~50 MeV for protons and ~5 MeV
for electrons. For EVA operation the typical space sult provides -0.2 gn/ca?
effective shislding, which has cutoff energies of ~11 MeV (protons) and

2=2
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Related to Orbit Decay

Checklist: Shuttle Constraints on Orbit Altitude Selection

(

) CONSTRAINTS / + QUALIFICATIONS

REFERENCES
mFL CATIONS

{ ) Alcitude during non-tended mode is high enough

(

(

)

)

to maiantain viable orbit during estimated
orbiter turnaround time (one month minimum).

(R-4)
¢ Consider launch site

+ Consider inclination
+ Average weight/drag ratio?

+ Does untended construction project have
orbit makeup, guidance, and control
capability?

. Consider additional orbiter to reduce
turnaround time.

Altitude during orbiter-tended counstruction
phases is high snough to avoid excessive
makeup thrust fuel requirement in orbiter.

(R-4)

Trades of orientatiom to control drag vs.
orbit makeup and high coanstruction orbits
dre required to optimize the construction
altitude for each project system.

(R-4)

Rockwell, 1979 (a):
8SD 79-0123:

¢« Potential impact on
orientation of
large space struc-
ture to control
drag and on weight
l4fcable to orbdit
selected.

¢ Dedicated orbiter is
assumed.

Rockwell, 1979 (a):
SSD 79-0123

* Potential impact on
orientation of
space structure,
weight liftable to
orbit and system

couplaxity

Rockwell, 1979 (a):
SSD 79-0123
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Table 2.1-2. Checklist: Guidelines for Selecting Orbit Altitude/

Inclination for Space Construction

(

)

GUIDELINES/* QUALIFICATIONS

REFERENCES
JN|

(

(

(

)

)

)

Within constraints of the requirements for
Orbit decay prevention, altitudes for space
construction should be as low as feasidle
to maximize weight which can be lifted to
otbtt . (R‘“)

Large projects iavolving multiple Shuttle
flights will likely require OMS kits to
meet the minimum altitude limits for orbit
decay. :

Attitude control to minimize drag effects
can significantly reduce minimum altitude
linits for space construction, possibly
to the point whera OMS kits are not
required. (R=4)

Avoid deployment of solar arrays and other
large-area devices which can create high
drag until required for orbital operations.

(R=4)

An altitude range of 450-500 km (250-275 ami)
appears satisfactory for use in initial anale
yses of most projects. (R=4)

Rockwell, 1979 (a):
SSD 79-0123

Rockwell, 1979 (a):
S§SD 79-0123

Rockwell, 1979 (a):
$8D 79-0123

Rockwell, 1979 (a):
SSD 79-0123

2=4
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Figure 2.1-1.
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Table 2.2~1. Checklist: Shuttle Constraints and Guidelines Involving
Ionizing Radiation Effects on Orbit Selection

REFERENCES |
() CONSTRAINTS TMPLICAT IONS
{ ) The Space Shuttle orbiter cabin has an effec- Rockwell, 1979 (a):
tive sh%eld thickness of approximately SSD 79-0123
3 gm/cn® for ionizing radiation. (R-1)

* Orbit altitude
and duration

* Crew selection

( ) The estimated effective radiation shielding Rockwell, 1979 (a):
for the ZMU (space suit) is approximately §SD 79-0123
0.2 gm/cm?®. (8-3)

* Orbit altitude
¢ EVA duration

( ) GUIDELINES

- . wm e e > e e -

( ) Ionizing radiation is unlikely to be a serious Ionizing radiation
limit on orbit altitude or inclination for is generally not a
space construction using the orbiter as a constraint
base. For comstruction orbit altitudes below
500 km (275 omi), more than 100 EVA construc-
tion missions could be flowm within career
dosage limits. Radiation altitude limits are
significantly above the limits due to orbit
decay. (R-3)
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~0.45 MeV (electrons). The particle fluxes of interest are those with ener-
gies above these cutoff energies.

Calculations have been carried out to obtain the Van Allen particle fluxes
and tissue dose rates as a function of altitude for 28° inclinatiom circular
orbits. The SREP computer code (Hamilton, 1974) was used to calculate the daily
electron and proton fluxes, with the flux-to-tissue dose conversions being
accomplished by hand calculations. The results obtained were tissue doses
for 0.2 and 3 gm/cm® shielding as functions of altitude.

The Van Allen belt skin dose rates as a function of altitude are shown
in Figure 2.2-1 for two shielding thickresses—0.2 gm/cm? and 3 gm/cm®. These
are daily averages for circular orbits with an inclination of 28°. At the
altitudes of interest (<1000 km) most of these doses will be received in the
South Atlantic anomaly. Since the spacecraft passes through this anomaly only
3 to 7 orbits per day, depending upon altituyde, it may be possible to schedule
short-term (<6 hr) EVA during the orbits when the South Atlantic anomaly will
not be encountered. No account of this effect (which is not important above {
~1000 km altitude) was taken in this analysis.

While there are no "official" radiation dose limits for astronaut, the
National Academy of Sciences recommendacions are often used for mission anal=- |
ysis studies. These recommendations, listed in Table 2.2-2 were used on this
study. For small shield thicknesses (e.g., an EVA suit) the skin dose limits
are the overriding factor, but for large shield thicknesses usually the bone
marrow dose limits determine the mission limit (duration or altitude). The
tissue dose rates for the skin, eyes, and bone marrow are shown in
Figure 2.2-=2.

In order to estimate the maximum altitude for the 7-, 10-, and 30-day
missions, the 30-day dose limits of Table 2.2-2 were usad. These are 75 rad
(skin), 37 rad (eyes), and 25 rad (bone marrow). The numbers used to estimate
maximum altitude for astronauts in the Shuttle orbiter cabin are listed in
Table 2.2-3. The first part of the table lists the allowable dose rates
(rad/day) permitted for the bone marrow, skin, and eyes. These numbers are
merely the 25, 75, and 37 rad limits from Table 2.2-2 divided by the mission
durations. The second part of the table lists the altitudes from Figure
2.2-2 for the dose rates in the top part of the table. It is seen that bone
marrow is the limiting organ for all three mission duratioms.

The corresponding numbers for EVA are listed in Table 2.2-4, except only
the skin was used since it will be the limiting factor inside the 0.2 gm/cm’
EVA suit. If continuous (24 hr/day) EVA were necessary, the maximum altitudes
(read from the top curve of Figure 2.2-1) vary from 800 km (7 days) to 430 km
(30 days). However, by limiting EVA to 6 hr/day, the maximum altitudes can be
increased to 1030 km (7-day missions) to 680 km (30-day missions). The numbers
will be decreased somewhat to allow for the radiation doses received from the
18 hr/day when the astronauts are inside the cabin.

For example, on a 10-day mission, the astronaut will spend 2.5 days of EVA

at a skin dose rate of ~10X and 7.5 days inside the cabin at a bone marrow dose
rate of ~X. The total dose will be ~32.5X to the skin and ~10X to the bone
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Figure 2.2-1. Skin Dose Rates in the Van Allen Belts
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Table 2.2-2,

Recommended Astronaut Dose Limits

Mission Duration

30 days

90 days
180 days
1 year
Career limit

Dose Limit (rad)

Bone Mafrow Skin Eyes
(5 cm depth) (0.1 am depth) (3 mm depth)

25 75 37
35 105 52
70 210 104
75 » 225 112
400 1200 600

"""'

NIUE BOSE MATE PADS/DAY)

i —

i# “‘ﬂff“ﬂﬁfg' 1#7' 1488

% “mﬁ_"*__*'—*—"‘

Figure 2.2-2,

Tissue Dosz Rates in the Van Allen Belts
(Behind 3 gm/cm? Shielding)
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Table 2.2-3. Maxiuum Altitude for Astronauts Inside the Orbiter

Mission Duration Bone Marrow Skin Eyes
(days)
7 3.57 10.7 5.29
10 2,50 7.5 3.7
30 0.833 2.5 1.23

Maximum Altitude inside Orbiter (km)

Mission Duration

(days) Bone Marrow Skin Eyes

7 1000 1230 1060
10 920 1130 970
30 680 860 730

Table 2.2-4., Maximum Altitudes for EVA Operation

Mission Allowable Maximum Continuous
Duration Skin Dose Rate EVA Altitude
(days) (rad/day) (km)
7 10.7 710
10 7.5 620
30 2.5 430
Mission EVA Allowable Skin Maximum
Duration Duration Dose Rate EVA Altitude
(days) (days) (rad/day) (km)
7 1.75 43 940
10 2.5 30 860
30 7.5 10 620

marrow. (Thg bone marrow dose rate is approximate’: the same for EVA and cabin
occupancy.) Therefore the value of X for the skin is 75/32.5 = ~2.3, so that
the EVA skin dose rate should be ~23 rad/day and the in-cabin dose rate to the
bone marrow should be ~2.3 rad/day. These numbers lead to an EVA altitude of
~860 km (from Figure 2.2-1) and an in-cabin altitude of 900 km (from Figure
2.2=2). To check, if the orbit altitude is the smaller of the two numbers
(850 km), the skin dose rate will be 23 rad/day x 2.5 days = 57.5 rad during
EVA and 2.5 rad/day x 7.5 days = 18.7 rad during cabin occupancy (total 76.2
rad, slightly above the 75 rad allowed). The bone marrow dose will be ~2 rad/
day x 10 days = 20 rad, less than the 25 rad allowed. This 860-km altitude is
less than the 930 km allowed (on the basis of the EVA alone) or the 920 km
allowed on the basis of cabin occupancy alone.
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In this way (by iteration), the maximum altitudes for 7-, 10-, and 30-day
missions with 25% EVA and 75% cabin (Shuttle orbiter) occupancy were calculated
to be 940, 860, and 620 km, respectively. These are high enough that atmospheric
drag will not unduly limit orbit lifetime. It is possible to increase the orbit
altitudes somewhat by using a heavier space suit, but the difficulty of working
in a heavier suit outweighs the slight orbit altitude increase. For example,
increasing the EVA suit to 3 gn/cm? (the same shielding as the orbiter provides)
would only increase the orbit altitude permitted by ~100 km.

If the orbit inclination were decreased to 0°, the environment decreases
for orbit altitudes <900 km but increases for altitudes of >9300 im (Figure
2.2-3). The effect of other orbit inclinations can also be sesn. In the low
altitude region of interest for space comstruction, the 30- to 60~-degree orbit
inclination band has the most severe radiation environment (due to the South
Ailantic anomaly). Thus, the EVA altitude limits defined in the preceding
tables are applicable to all orbit inclinations and, in fact, offer higher
dose margins in the equatorial and solar inclination regions.

\.

v """"'
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Figure 2.2-3. BEffect of Orbit Inclination on EVA Skin Dose
(0.2 gnm/cm? Shielding)
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2.3 SHUTTLE PERFORMANCE

In addition to orbit decay and radiation hazard, Shuttle delivery perform-
ance i3 a major constraint which must be considered in selecting suitable orbit
altitudes for space construction and in planning mission schedules and consum-
ables. The Shuttle weight lifting capabilities are considered first.

2.3.1 Shuttle Payload Weight Constraints

Shuttle cargo weight limits to circular orbits are defined in Section
3.1.1 of Volume XIV, JSC 07700 (NASA 1980(a)). They are described by means
of a series of graphs relating cargo weight to launch site and desired orbit
altitude at selected orbit inclinations. At the time of this writing a set
of revisions to these charts was being processed (Murrah, 1980). These revi-
sions show that the maximum weight which the Shuttle can lift to orbit will
vary according to planned changes in orbiter capability between 1982 and 1985.
Figures 2.3-1 through 2.3-4 are the performance graphs relating orbiter weight
lifting capability to launch site, circular orbit altitude and number of OMS
kits provided, as described in the foregoing reference (Murrah, 1980).

However, Figure 2.3-4 also includes superimposed graphical representations
of upper and lower limits of radiation hazards and drag effects which were pre=-
viously described. Radiation ha:ard bounds are shown for both EVA and the
orbiter crew cabin. Two limits for minimum altitude due to orbit decay are
also shown. One corresponds to the higher decay rates associated with random
unconstraiaed orientations and the other (lower limit 370 km) reflects low
decay rates associated with orientation continuously constrcined to maintain

'minimum drag valles. The region between the "radiation" and "orbit decay"

limits wolld be suitable for space construction.

This region tends to be centered on that portion of the Shuttle perform-
ance envelope which requires the inclusion of a single OMS kit. Thus, many
construction payloads, depending upon packaging characteristics, would require
the use of OMS. This would be particularly true for high drag configurations.
The intrusion of the OMS kit into the available cargo bay volume must, there=-
fore, be considered in planning construction cargo manifests. Lower drag
configurations might possibly be constructed at low enough altitudes that some
of the construction flights, those with cargoes that are "volume limited",
could be performed without the need for OMS. (Experience has indicated con-
struction mission payloads tend to be volume-limited rather than weight-limited.)
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Detailed analyses are required on the integrated construction process to
adequately determine the actual drag history and orbiter bay Packaging of the
individual construction flights to more accurately determine the construction
orbit altitude requirements for a given project System. These could be further
refined by inclusion of solar cycle effects on atmospheric density for the
Projected project System schedules. However, the Preliminary analysis reported
here serves to identify the key factors affecting construction orbit altitude
and highlights their significance to the specific project Systems contained in
the study. Table 2.3-1 summarizes the above conclusions.

Table 2.3-1, Checklist; Guidelines for Selecting Orbie Altitude and

Inclination for Space Construction considering Orbic Decay, Ionizing
Radiation, and Shuttle Performance

() GUIDELINES/» QUALIFICATIONS :E'L’ERENCES
( ) Large Projects iavolving Bultiple Shuttle Rockwell, 1979 (a):
flights will 1ikely require at least one OoMS =
kit to meet the ninimum sltitude limics .
for orbit decay. (R=4) Requires trade of
. ' cargo weight and
*Actitude control to minimize drag effects volume versus
can significantly reduce minimum altitude altitude achievable.

limits for space conntruction,-ponlibly

to the point where OMS kits are not
Tequired.

* Projects with specific large-volume modules/
Packages may be limited to lower altitude
because of OMs kit volume impacts on the
orbiter payload bay.

( ) An aleitude range of 450-500 inm (250-275 nmi) Rockwell, 1979 (a):

appears satisfactory for use in initial anal- SSD 79-0123
yses of most projects. (R~4)

2.3:2 Shuttle Ascent Acceleration History

Another aspect qf Shuttle ascent performance is the acceleration load
history experiensed by the crew and orbiter payload (space construction equip-
ment and materials). Figure 2.3-3 shows parameters of a typical mission ascent
trajectory, which leads to the constraints listed in Table 2.3-2.

2.3.3 Shuttle Ascent/Rendezvous Timelines

For purposes of mission Platuing in terms of timelines and expended con-
sumables, the complete duration of g mission must be known. The ascent phase
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Table 2.3=2. Checklist: Shuttle Constraints Related to Ascent
Acceleration History

.W—]

() CONSTRAINTS / ¢ QUALIFICATIONS TRPLICATIONS

( ) All space construction equipment and NASA, 1980 (a):
asterials shall be supported and packaged J3C 07700, Vol. XIV
or inherently strong enough to withstard
ascent acceleration loads of at least 3 g Affects strength of
plus combined loads of vibration and con- saterials, packaging,
trol forces. (R=1) support equipment

design

+ See also, Sections 4.5 and 3.6 for
further information on loads.

( ) Orbiter crev and passengers, including con- NASA, 1980 (a):
struction crews for large space projects, Jsc 07700, Vol. XIV
shall be subjected to ascent acceleration
loads not in excess of 3 gwhile in a Affects crew selec-
seni-supine position. (R-1) tion for space
construction.

e Por most healthy {individuals, this is an
acceptable scceleration stress level.
However, Crevw selection screening should
consider the biomedical implications of
the total acceleration history and the
directions in which it acts on the human

body.
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(vith phasing) may be a significant portion of this duration. Another concern is
the duration which certain kinds of equipment are placed in a storage mode. Such

items as batteries, cryogenic fuel tanks, and certain thermally sensitive equip~-
ment may fall into this category.

Two types of ascent conditions may be necessary for space construction:
direct and with rendezvous. The direct mode is associated with the first of
8 series. Subsequent flights will be required to rendezvous with the construc-
tion project. Each launch and ascent is a unique event with durations deter-
ained by payload, time of launch, and orbit parameters. However, some specific
limits and probable boundaries can be defined for purposes of this document.
Such constraints and guidelines are presented in Table 2.3-3.

2.3.3.1 Reference Ascent Profile with Rendezvous

A typical profile timeline for a rendezvous mission with an arbitrary
12-hour phasing is presented in Table 2.3-4., A detailed description of the
activity in each phase is presented below.

PHASF. START G.E.T.  PHASE_DURATION
HR MIN.  SEC  HR MIN.  SEC

1. ASCENT TO INSERTION &) 00 00 00 09 55

The Shuttle launch is assumed to occur from KSC un an azimuth of 90°.
The orbiter is launched into an initial orbdbit of 93-182 km with an inclina-
tion of 28.5 degrees. Solid rocket booster (SRB) staging is performed at
00:02:05 G.E.T. at an altitude of approximately 140,000 feet. The SRB is
Jettisoned to impact into the Atlantic Ocean approximately 117 ami down range.
Ascent of the mated orhbiter/ET continues to main engine cutoff (MECO) at
00:08:04 G.E.T. The ET separation sequence requires 45 seconds from MECU to
OMS ignition. The sequence consists of opening the forward RCS dnors, acti-
vation of all thrusters, structural/plumbing/electrical orbiter/ET tie
releases, translation of the orbiter away from the ET by means .f an 8-fps
RCS -2, AV, a delta pitch maneuver, and OMS ignitjon. The dual OMS burn is
of 44 seconds duration., sufficient to insert the orbiter into a Y3x182 km
orbit at 00:09:55 G.E.T.

PHASE START G.E.T.  PHASE DURATION
HR  MIN.  SEC  HR MIu. SEC

2. COAST TO APOGEE 00 09 35 00 la 23

Main engine propellants trapped in the orbiter lines after ET separation
are dumped—LOX first and then LHy=—commencig shortly after OMS insertion
burn ignition. Dumping, purging, and vacuum inerting the lines require
300 seconds. After the main valves have been closed, the APU's are shut down
at 00:13:24 G.E.T. The star trackar doors are opened immediately after complet-
ing clearing of the main propulsion system (MPS) lines.
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Table 2.3-3. Checklist: Shuttle Constraints on Ascent Duration

(With Rendezvous)

(

) CONSTRAINTS /« QUALIFICATIONS

REFERENCES
TMPLTCATIONS.

( ) The Space Shuttle trajectory is optimized for
intact abort capability. This provides an
abort-once-around (AOA) capability at the
time the return-to-launch-site (RTLS) capa-
bility is lost. (R-1)

(

(

)

)

)

As part of the nominal mission profile
mission, the orbiter is always initially
injected into a 93x182-lm alliptical orbit.
At the apogee of this orbit, au OMS circu-
larization burn is performed to place the
ortiter in a more stable 182-km circular
orbit. Any necessary phasing and orbiter
checkout with ground stations are performed
at this altitude. (R-1)

Phasing requirements depend on mission
geometry at launch and on the target orbit
altitude. {R-1)

See Figure 2.2-4 for the worst-case
geomerTy conditions (maximum phasing
time)

Considerably shorter phasing times are
likely for average conditions.

After completion of necessary phasing and/
or checkout of the orbiter, a go~ahead is
given to proceed to the mission altitude.

[

(R-1)

This ascent scenario does not preclude
missions where direct ascent-to-mission
altitude is performed without going
through the intermediate 152-km circular
parking orbit. Such missions obviously
shorten the time from liftoff to inser-
tion 1in the mission orbit, but affect the
mission planning analysis ooly in a
superficial maaner.

Rockwell, 1980 (a):
SSD 80-0038

(See also defini-
tions in Section
2.5)

Rockwell, 1980 (a):
SSD 80-0038

Affects timeline
planning

Rockwell, 1980 (aj:
SSD 80-0038

Affects timelie
plaaning

Rockwell, 1980 (a):
SSD 80-0038

Affects mission
planning
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Table 2.3-4, Mission Ascent Timeline
(Rendezvous with 12-hr Phasing)

g:’?":!"““ MISSION DURATION REMARKS & COMENTS
PR .
ZVENT /OPERATION oL.Te
© POVERED ASCENT
MATED ASTERT .
LIFTOFF 00 00 00 00 06 00
CLEAR LAUNCH TOWER 00 00 03 00 00 00
PRRFORM PITCH PROGRAM (TRAJ, SHAPING)| 00 00 05 00 00 10
MAXIMUM DYNAMIC PRESSUTS 00 00 54 00 00 00
WATER BOILER ACTTVATION 00 01 45 00 00 00 30 ka ALTITUDE-
TP 10 THIS POINT
WC ACTIVE COOLANT
LoOP
SR TAILOFF 00 01 53 00 00 03
SAB-ORBITER/ET SEPARATION
BXGIN ORBITER TVC 00 02 00 00 00 00
INITIATE SRB STAGING SEQUENCE 00 02 03 00 00 00
SR JETTISON 00 02 05 00 00 00
ORBITER/ET ASCENT
VERIFY ENGINE THRUST 00 02 06 00 00 04
REACH 3G 00 07 13 00 00 00
ORBITER MAIN ENGINE CUTOFF (MECO) 00 08 04 00 00 00
ORBITER-ET SEPARATION
OPEN FORMARD RCS COVERS 00 08 04 00 00 22
ET STRUCTUUAL RELEASE 00 08 26 00 00 00
PERFORM RCS SEPARATION ELEV 00 08 26 00 00 08
OBBITER MANEUVER (RCS) TO OMS BURN
ATTITUDE AND COAST 00 08 3% 00 00 13
o TNITIAL ORBIT INSERTION
PERFORM OMS BURN 00 08 49 00 01 06
PERFORM MPS L02 DUMP 00 08 59 00 02 30
ORBIT INSERTION=OMS SHUTDOWN 00 09 35 00 00 00 INSEZRTION ORBIT 1S
50 3 100 N.MI
93 x 182 ka
©COAST TO APOGEE
DISARM OMS-VERIFY ORBIT INSERTION
PARAMEITRS 06 09 55 00 00 15
SELECT ORBITAL RATE MODE 00 10 10 00 00 10
PURCE MPS ENGINE 00 11 39 00 00 10
PERFORM MPS LH2 DIMP 00 11 49 00 00 40
VIRIFY MPS DUYP COMPLETE 00 12 29 00 00 10
SECURE MPS ENGINE 00 12 39 00 00 15
POSITION MPS ENGINE FOR DEORBIT 00 12 56 00 00 30
DEACTIVATE APU'S 00 13 26 00 00 15
ACTIFATE PAYLOAD MONITORING AND
CONTROL FUNCTION 00 14 01 00 90 30

2-20




Table 2,3=4, Mission Ascent Timeline (Cont.)
(Rendezvous with 12-hr Phasing)

MISSION PHASE MISSION
SUBPHASE G.1.T. DURATION REMARKS & COMMENTS
EVENT/OPERATION
INITIALIZE STAR TRACKERS 90 14:30 G0 00 10
SELECT WIDE DEADBAND 00 14:40 00 00 10 3.0 DEG. DEADBAND
ORIENT TO TARGET STAR FIELD 00 15:00 00 03 00
PERFORM IMU ALIGNMMENT 00 18:00 00 15 00
o CIRCULARIZATION
ORIENT TO OMS BURN ATTITUDE 00 24 18 00 03 00
SELECT INERTIAL ATTITUDE HOLD 00 27 18 00 00 10 1.0 DEG. DEADBAND
PERFORM PRETHRUST FUNCTION . 00 30 00 00 02 00
SELECT NARROW DEADBAND 00 33 38 00 00 10 0.5 DEG. DEADBAND
ENABLE ENGINE IGNITI™N CIRCUIT 00 33 48 00 00 10
PERFORM OMS BURN AV = 91 fps 00 34 18 00 00 56 RESULTANT ORBIT IS
= 28 u/s 182 x 182 k=,
100 x 100 N.MI
POST THRUST PUNCTIONS 00 36 00 00 G0 30 (Start Phasing) |-
NULL RESIDUAL VELOCITY 00 38 00 00 00 10 12 HAS
DISABLE ENGINE IGNITION CiRCUIT 00 39 00 00 00 15
SELECT WIDE DEADBAND 00 40 00 00 00 10
¢ ORBIT AND P.L. CHECKOUT WITH
GROUND STATIONS 00 43 00 03 45 00
PERFORM IMU ALICNMENT 03 00 00 03:03:00
PLANE CHANGE (IF REQUIRED) 03 10 00
PERFORM IMU ALIGNMENT 10:21:38 N
PERFORM PHASING CORRECTION 11306:08
(IF REQUIRED)
O burn attitude maneuver 12:24:k8 00:03:00
CQAL“
s
o‘.‘ ‘;5(‘_ -
Rendiry
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Table 2.3-4, Mission Ascent Timeline (Cont.).

(Rendezvous with 12-hr Phasing)

MISSION PLASE
SUBPRASE
EVENT/OPERATION

OMS BURN HEIGHT MANEUVER )
AV = 246 fps = 7Sw/sec

QHS BURN ATTITUDE MANEUVER

1st COELLIPTIC BURN
AV = 244 tps = 74 w/s

OMS BURN ATTITUDE MANEUVER
CORRECTIVE COMBINATION BURN
AV = 21 ¢ps
6.4 un/sac
OMS BURN ATTITUDE MANEUVER
2nd COEZLLIPTIC BURN
4V = 21 fps
6.4 a/sec
START RENDEZVOUS PHASE

TPI ATTITUDE MANEUVER
TP1 BURN

lst BRAKING BURN

LAST BRAKING GATE
RARD DOCK

START OPERATIONS

¥ISSION
G.l.h

12:34:18

10:09:35
13:19:38

15:31420

15¢41:20

16:08:20
16:18:20

16:18:50

17:09:50
17:19:50

17:51:20

17:56:05
18:21:35

19:21:35

DURATION

00:05:00%

00:03:00
00:05:00%

00:03:00

00:00:26»

00:03:00
00:00:26+

03:02:45
00:03:00

REMARKS §& COMENTS

RESULTANT ORBTT
is 100 x 240 N1

182 x 44b km

RESULTANT ORBIT
1S 240 x 240 N.MT
44bd X 440 kn

SIX BREAKING MAN-
SUVERS AV %1.5
a/sec each

30 8 from turget
ORBIT ALTITUDE IS

250 x 250 N.MI
463 x 463 ka

* SINGLE OMS ENGINE BURM
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3. IMU ALIGNMENT

An IMU alignment is performed next by maneuvering the orbiter sufficiently
to acquire three star sightings. It is estimared that the alignment can be
performed in three minutes. A navigation update is performed at any convenient
time during this period using the one-way doppler technique and any available
STDN station.

PHASE START G.E.T.  PHASE DURATION
HR  MIN.  SEC HR MIN. SLC

/,

4. ORBIT CIRCULARIZATION 00 24 18 00 10 10

At 00:25:18 G.E.T., the orbiter maneuvers to OMS burn attitude. OMS
ignition occurs at 00:34:16. The burn is a horizontal in-plane pusigrade of
28 m/s. lasting 56 seconds, which circularizes the orbit at 182-182 km.

PHASE START G.E.T. PHASE DURATION
HR  MIN.  SEC HR MIN. SEC

5. PHASING 00 34 18 11 50 00

After circularization, the orbiter commences a phasing period to reach the
proper position for rendezvous initiation. No specific attitude constraints are
imposed other than those necessary for thermal conditioning. The payload bay
doors are opened 60 minutes after launch, following checkout of orbiter venicle
functions and assurance of good ground contact. The ECLSS water boiler is then
deactivated and cooling is subsequently provided by radiators mounted on the
payload bay doors. An IMU alignment using the star trackers is performed pre-
ceding each course correction, and navigation updates are acquired by one-way
doppler on a station-available basis. A plane change, if required to correct
insertion errors, would be performed at 03:10:00 G.E.T.

An IMU aligrment is made and, if necessary, a phasing correction maneuver
is performed at 11:06:08 G.E.T.

6. HEIGHT ADJUSTMENT

The orbiter commences to maneuver to the required OMS burn attitude for
the first of four height adjustments at 12:29:18 G.E.T., ten minutes prior to
OMS ignition. All of these four OMS burns are posigrade, performed heads down
with the thrust/sector essentially in plane. A tabulation of these burns
follows. All of these burns are made with a single OMS engine.

Begin OMS

Identification Delta-V  Attitude Mancuver Ignition Duration
Height 75 m/s 12:24:18 12:34:18 5:00
Coelliptic 74 m/s 13:09:35 13:19:35 5:00
Corrective 6.9 m/s 15:31:20 15:41:20 00:26
Coelliptic 6.4 m/s 16:08:20 16:18:20 00:26

On completion of the listed burms, the orbiter will have transferred
from the 182-km phasing orbit to a 463-<km circular orbit 18 km less than
that of the target satellite. At the last OMS cutoff, the orbiter will be
both behind and below the target at a line-of-sight distance of about 152 km.
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PHASE START G.E.T. PHASE DURATION

HR  MIN.  SEC HR MIN. SEC
7. RENDEZVOUS 16 18 20 01 37 45

Immediately subsequent to the last coelliptic OMS burn, the orbiter is
maneuvered to an attitude with the payload bay doors pointed forward in the general
direction of the target. The rendezvous sensor is deploved, activated, and ‘
lock-on the target obtained as soon as possible. The estimated. lock-on time
is less than two minutes. The target is tracked until the range has decreased
to about 50 km and a terminal-phase-initiate (TPI) OMS burn solution derived.

At 17:09:50 G.E.T., th: orbiter commences to maneuver to the TPI OMS burn
attitude. The TPI burn attitude is such that the thrust vector is along the
line of sight to the target and is timed to occur when the line of sight is

27 degrees above local horizontal. Subsequent to the TPI OMS burn at 17:19:50,
the orbiter is maneuvered to bring the braking axls and optical sight into
line with the target inertial attitude hold and narrow deadband is commanded.
The theoretical braking delta-V is 9 m/s. Braking is accomplished in six
increments of about 1.5 m/s each, with the first at 17:51:20 G.E.T. Cross-
axis corrections are applied at the astronaut's discretion and the total
delta-V is estimated at 17 m/s. The last braking gate occurs at 17:56:05
G.E.T. and on completion the orbiter will have achieved a stationkeeping posi-
tion about 30 m from the target.

PHASE START G.E.T. PHASE DURATION
HR  MIN.  SEC HR MIN. SEC
8. BERTHING 17 56 05 00 25 30

On achieving stationkeeping, the construction project is given a visual
inspection to assure that berthing may proceed. The target attitude is such
that the berthing port axis is about 453° away from the sun. Berthing aids,
such as closed=-circuit TV cameras and the manipulator arms, are activated.

With the manipulator arm extended, the orbiter next approaches close enough to
grapple the target. The fixture/platform assembly will have been stabilized
by a system which is initiated by ground command at an appropriate time prior
to launch of the orbiter. The attitude control systems of both the target aad
the orbiter are then commanded free and the manipulator arm is emploved to
assist in achieving a hard berth at 18:21:35 G.E.T. A special energy absorbing
system may be required in the RMS mechanism or the end effector, unless very
slow relative velocities can be assured at the time of grapple. However, at this
time it is assumed that use of the standard RMS end effector will be feasible:
ter berthing, the orbiter switches to wide deadband inertial attitude hold.
Berthing aids are deactivated and stowed. Berthing has been timed to occur in
sunlight, although this does not negate use of floodlights to fill shadows.

The RMS is assumed capable of drawing the orbiter and fixture/platform
together in order to perform a hard mechanical latching and electrical connec=-
tion at the base of the comstruction fixture.

2.3.3.2 Reference Ascent Profile Without Rendezvous

The ascent timeline without rendezvous is ¢iysentially the same (see
Table 2.3~5). It is assumed that the orbiter and any payload checkout with
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ground statiors will still be performed in the 182-km circular orbit before
the transfer maneuver to the mission orbit is initiated. The orbiter achieves
the 463-km circular mission orbit 5 hours, 45 minutes, and 20 seconds after

launch.

Table 2.3-5. Mission Ascent Timeline Without Rendezvous

-

MISSION PHASE MISSTON
SUBPHSE C.3.7 DUBATION REMAZKS & COMMENTS
EVENT/OPERATION
© POWERED ASCENT .
MATED ASCENT
LIrFIOFF 00 00 00 00 00 00
CLEAR LAUNCH TOWER 00 00 03 00 00 00 LAUNCR TOWER IS
ASSIMED TO B2 90
METEZRS IN ERIGNT
PERFORM PITCH PROGRAM (TRAJ,SHAPING) 00 00 05 00 00 10
MAXIMUM DYNAMIC PRESSURE 00 00 54 00 00 00
WATER BOILER ACTIVATION 00 00 45 00 00 00 30 k= ALTITUDE
UP TO TEIS POINT
NO ACTIVE COOLANT
Loor
SRB TAILOFT 00 o1 S3 00 00 03
SRB=ORBITIR/ET SEPARATION
BEGCIN ORBITER TVC 00 02 00 00 00 00
INITIATE SRB STAGING SEQUENCE 00 02 03 00 00 00
SRkB JETTISON 00 02 Q5 00 00 00
ORBITIR/ET ASCENT
VIRIYFY ENCINE THRUST 00 02 06 00 00 04
REACE 3G 00 07 13 00 00 00
ORBITER MAIN ENGINE CUTOFF (MECO) 00 08 04 00 00 00
ORBITER-ET SEPARATION
OPEN PORNARD RCS COVERS 00 08 04 00 00 22
BT STRUCTURAL RELEASE 00 08 26 00 00 00
PERFORM RCS SEPARATION ELEV 00 08 26 00 00 08
ORBITER MANEUVER (RCS) TO ONMS BURN
ATTITUDE AMD COAST 00 08 34 00 00 15
o INITIAL ORBIT INSERTION
PERFORM OMS BURN 00 08 49 00 01 06
PERFORM MPS LO2 DINMP 00 08 59 00 02 30
ORBIT INSERTION-OMS SHUTDOWN 00 09 35 00 00 00 INSEZRTION ORBIT
50 x 100 N.AT
93 z 182 &=
@ COAST 10 APOGEE
DISARM OMS-VERIYY ORBIT INSERTION
PARAMETERS 00 09 55 00 00 15
SELECT ORBITAL RATE MODE 00 10 10 00 00 10
PURGE MPS ENGINE 00 11 39 00 00 10
PERFORM MPS LN2 DUMP 00 11 49 00 00 40
VERIFY MPS DUMP COMPLETE 00 12 29 00 00 10
SECURE MPS ENGINE 0 12 3 00 00 15
POSITION MPS ENGINZ FOR DEORBIT 00 12 54 00 00 30
DRACTIVATE APU'S 00 13 24 g0 00 15
ACTIVATE PAYLOAD MONITORING AND
CONTROL FUNCTION 00 14 01 00 00 30
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Table 2,3=-5,

‘Mission Ascent Timeline Without Rendezvous (Cont.)

MISSION PMASE
SUBPUASE NISSION
EVENT/OPERATION G.L.T DURATION REMARKS § COMMENTS
INITIALIZE STAR TRACKERS 00814230 00 00 10
SELECT WIDE DEADBAND 00216140 00 00 10 3.0 DG, DEADBAND
ORIENT TO TARGET STAR FIELD 00£15:00 00 03 00
PERFORM IMJ ALIGNMEN?T 00:18:00 00 15 00
ACTIVATE RADIATOR COOLING 00519:10 00 00 00
® CIRCULARIZATION
ORIENT TO OMS BURN ATTITUDE 00:26:18 00 03 00
SELECT INERTIAL ATTITUDE HOLD 00:27:18 00 00 10 1.0 DEC. DEADBANT |
PERFORM PRETMRUST FUNCTION 00:30:00 00 02 00
SELECT NARROW DEADBAND 00:33:38 00 00 10 0.5 DEG. DEADBAND
ENABLE ENGINE IGNITION CIRCUIT 00233145 00 00 10
PERFORM OMS BURN 4Ve91 fps 00:34¢18 00 00 RESULTANT ORBIT IS
28 w/s 100 x 100 X,M1
POST THRUST FUNCTIONS 00 36:00 00 00 30 182 x 182 ka
NULL RESIDUAL VELOCITY 00 38:00 00 00 10
DISABLE ENGINE IGNITION CIRCUIT 00 39:00 00 00 15
SELECT WIDE DEADBAND ¢ 4d:00 00 00 10
e ORBIT AXD P.L. CHECKOUT WITH
CROUND STATICNS 00 43 00 03 45 00
@ ORBITER READY TO CONTINUE 04228100
IMU ALIGNMENT 04£30:00 00:15:00
OMS BURN ATTITUDE 04145100 00:03:00,
OMS BURN AVa264 fps 04155300 00305220 KESULTANT ORBIT IS
80 a/s 100 x 250 n.ai
182 2 463 ka
OMS BURN ATTITUDE 05:30:20 00:03:00,
OMS BURN AVe 261 fps 05:40:20 00:05:20 RESULTANT ORBIT IS
80 m/sec 250 x 250 n. @i
463 2 463 ka
@ORBITER IN MISSION ORBIT 05:45:20

#SINGLE OMS ENGINE BURN
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2.3.4 Other Rendezvous Concerns

The Shuttle orbiter has the capability to rendezvous with orbiting pay-
loads that are either cooperative or passive. In most cases it will use a
multi-orbit and multi-impulse maneuver sequence associated with a parking
orbit rendezvous mode, but is is also capable of performing a rendezvous and
retrieval in one revolution. The rendezvous limits for cooperative and passive
targets are given in Table 2.3-6. RCS propellant estimates for rendezvous and
payload retrieval are presented in Table 2.3-7.

Table 2.3-6, Representative Propellant Usage Summary
for a 90,718-kg (200-Klb) Orbiter!

Operation Propellant Usage

Worst-case translation, kg/mps (1b/fps) 52 (35)
Three~axis rotational attitude maneuver,
kg (1b)

High rate (1°%/sec) 31 (69)

Low rate (1/2%/sec) 15 (35)
Passive thermal control, kg (1b) 6 (13)

. Rendezvous terminal phase braking, kg (1lb) 717 (1580)
Payload retrieval, kg (1b) 163 {(360)
oS

Translational, kg/mps (1b/fps) 30 (20)

lusage values for other orbiter weights are directly proportional
to orbiter weight ratio, orbiter/90,718 kg (200 Klb).

Table 2.3-7. Rendezvous Radar Limits

Target Types

Parameter Cooperative’ Passive?’
Range limit 560 km to 30m 19 km to 30m
(300 mmi) (100 f£t) (10.3 nmi) (100 ft)
Range rate limit TBD TBD
LOS angle limit +40° (function of 240° (function of
range) range)

LOS angle rate limit

(1) Acquisition *4 mr/sec *4 mr/sec
(2) Tracking :5°/sec t5°/sec

lRaquires transponder on target compatible with radar
2Target kas an average radar cross section of 1.0 m? (10.8 ft?)
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2.4 ORBITER ENTRY AND LANDING CAPABILITIES

The entry and landing phases of Shuttle flights create constraints on
space construction projects, primarily in the areas of stowage/support of
items returned to earth, timelines, and consumables planning.

The return stowage considerations for space construction projects tend to
be unusual since return stowage configurations are likely to be widely differ~
ent from ascent configurations. For example, different pallets or cradles
might be required, and centers of mass of return payloads must still be held
within the orbiter constraints. Load requirements are also different from
those for ascent.

The planning of space construction prccesses also may be unusually sensi-
tive to potential contingencies. A potentially large number of piece parts
to be removed, in a sequance which is desirable to optimize construction, may
pose problems of maintaining an acceptable location for the cargo center of
gravity in case of contingency abort. In general, c.g. locations of cargo
within the orbiter should be maintained within safe limits at all times (see
Section 3.4). Provisions for cn~orbit stowage may be required to achieve this
goal, and provisions for jettison or rapid stowage must be included to permit
re-configuration for safe descent.

Non-productive time required to attain a favorable orbit for entry after
iinishing construction activity may be a large portion of the total construc-
tion flight time, up to a full day. This time may significantly affect
requirements for consumables, for crew, and orbiter power.

Constraints on Shuttle entry and landing initiation are listed in

-

Table 2.4~1. Checklist: Constraints on Shuttle Entry and Laading

Initiation
REFERENCES |

() CONSTRAINTS / QUALIFICATIONS TMPLICATTONS
( ) A thermal conditioning period (barbecue) is Rockwell, 1979 (a):

required prior to entry. The maximum time SSD 79-0123

is 12 hours. (R-1)

Affects planning of
*See Figure 2.4~1 of this document. schedules, weight of

consumables.

( ) A hold period up to 24 hours may be required Rockwell, 1979 (a):

to bring the orbiter within cross-range of S§SD 79-0123
the landing site. (R-1)
Affects veight and
*Hold period is a function of duration of volume of supplies
construction period on orbit and orbit for on-orbit habit~
parameters. ability, orbiter
operation.
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Table 2.4-1,

Chcckl{st:
Initiation (Cont.)

Constraints on Shuttle Entry and Landing

() CONSTRAINTS / * QUALIFICATIONS

_REFERENCES )
IMPLTCATTONS

( ) Construction equipment/materials to be

(

(

(

)

)

returned oust be stowed to provide acceptable
location of center of gravity. Contingency
Teturn conditions ghall be considered.

(R-1)

*See Section 3.4 for specific constraints.

Payload bay doors must be closed [allow
adequate time for manual backup to close
doors (TBD)]. (R-1)

The direct entry capability of the orbiter
is a function of cargo weight and orbic
inclination.

* Figure 2.4~2 Presents only the direct
“ntry capability (launch capability is
not shown, and may be less than entry
capability in some cases).

Return Payload. The orbiter can deorbit and
land with a 14,515 kg (32,000 1b) maximum
cargo weight. The overall flight capability
will permit cargo weighing more than the
nominal 14,515 kg (32,000 1b) design down
limit, but no more than 29,484 kg (65,000 1b)
to be returned under abort conditions. . The
circumstances under which they may occur
include:

* Return to launch site abore

* Abort once around

* Aborts from orbit operation due to a
payload mulfunction. No mission with a

landing cargo weight of more than
14,515 kg (32,000 1b) should be planned.

NASA, 1980 (a):
JSC'O7700, Vol. X1v

Affects design of
carriers, supports,
volume, and gize of
Payload,

Timeline margins
affected.

NASA, 1980 (a):
JSC 07700, vol. XIv

Of concern pPrimarily
for changeout of
payloads.

Analysis to deter-
mine need for
barbecue is required.

NASA, 1980 {a):
JSC 07700, Vol. xIV

Affects maximum
weight of payload.

2=29



90°

ECLIPTIC

8 - SOLAR INCIDENCE ANGLE, DEC
i = QRBITER ORDIT INCLINATION, DEC
1 ECLIPTIC PLANE INCLINATION, OEG

CQUATORIAL PLANE

SOLAR VECTOR

PLANE

ORBIT PLANE

Puax = £ (i+ 23,9 ,DEG.

RANGE
CCREES

ORBITER ORIENTATION

PREENTRY THERMAL
COND1 TLONING

HOLD CAPABILITY
HOURS !
REQUIREMENTS HOURS

ANY 2160
A. OTHER THAN 3-AXIS CYCLES OF 6-HOUR HOLDS
INERTIAL HOLDS FOLLOWED BY 3 HOURS OF
001090 ° THEAMAL CONDITIONING FOR 17
WORST THERMAL ATTITUDES
\ 8. J-AXIS {NERTIAL HOLDS 2160 L12
Figure 2.4-1. Orbiter Attitude-Hold Capabilities
EMERGENCY SIGN SUN-"
LANDING WEIGHT LANDING WEIGHT SYNCHRONOUS
500 (= (962 K /
' M\
t | \
- 400 |- (741 Km | \
3 A\
£ 300 I (356 km I \ 1PS PRECONOITIONED
= | ~200°F (37.86C)
= | K
o
& 200 -O70Km [
\
3 ' \
S 100 | 185 Km M
] 63K (29484 K9 32K 114515 K9 Ok 20K (9072 k¢
MAX ENTRY
CARGO, L8
0 1 1 1 1 | ) i 1 _J
30 40 50 60 70 80 " 100 110 120
ORBIT (NCLINATION, DEG

Figure 2.4=2.

Preliminary Direct Entry Capability

2-30



2.4.1 Typical Descent Timeiines

2.4.1.1 Description of Descent Profile

The descent profile is illustrated ip Figure 2.4-3. The significant
concerns for the designarg of large space structures are the duration, loads
and environments experienced by the crew and cargo. Duration influences energy
requirements and crew supplies and, thus, weight and volume of cargo. Also,
duration influences (and may be affected by) crew sleep scheduling on account
of constraints on sleep periods discussed in Section 5.2.

e | -

ORBITAL OPERATIONS .

Figure 2.4-3. Descent Profile

.

2.4.1.2 Entry and Landing Timeline

A typical timeline description is presented in order to point out the
general magnitudes of the different Phases of entry. This discussion high-
lights the wajor effect of the need for thermal condi:ioning of the orbiter
Pricr to entry.

The maximum time for this phase is 12 hours (Figure 2.4-1). However,
considerably shorter time periods have been employed in other analyses.



An entry tineline showing a five~hour thermal conditioning or barbecue
phase {s shown in Table 2.4-2. Note that the event times assume that completion
ot roilout is rhe refarence time Zero, and that the events sre listed in reverse
chronologica: ~.der from top to bottom of the table. All times shown are from
completion of the roll at touchdown. Just as for the ascent profile, the events
are based on a nominal represencative entry profile. A decailed description of
the events occurring during this period follows.

Table 2.4-2. Entry Timeline

Complete roll 00:00:00
Rollout 00:02:00

At 16000 fr 4,9 km . 00:04:39

At 47000 ft 14 ko 00:07:55

At 10000C ft 30 ka ; 00:12:36
Entry 400000 ft 122 km f 00:38:07
Entry burn é 01:11:35
Maneuver to burn attitude ol:21:35
IMU Alignment ; 01:36:35
Thermal Conditioning Mode : .06:36:35
IMU Alignmen: i 06:20:3%
RCS Maneuver 4V = 1 p/s | 08:06:3%
Separation (undocking) 08:26:35
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PHASE START G.E.T. PHASE DURATION
HR MIN. SEC HR  MIN SEC

1. SEPARATION : 08 - 26 35 01 50 00

After completion of operations, unberthing occurs at 08:26:35 and is
accomplished with use of the manipulator arm. After releage of the manipula-
tor arm from the construction fixture, a minimal RCS pulse is used to start
the orbiter moving avay from the platform. At 08:06:35, the orbiter RCS jets
are used to generate a posigrade AV of 1 m/s. During the ensuing revolution
the orbiter first moves ahead, then above, and then drifts behind the platform
at distance of about 15 km. During this drifting-away period, visual observa-
tion of the platform is maintained. The IMU is aligned using the star trackers
at a convenient time during this period, and the state vector is updated using
the one-way doppler technique and any available STDN station.

PHASE START G.E.T. PHASE DURATION

BR T MIN  SEC  HR MIN SEc
2. THERMAL CONDIT1ONING 06 36 35 05 15 00

Al! loose equipment is secured and stored, and fuel cell water is dumped.
1f necessary, the orbiter may be operated in a thermal barbecue mode for up to
12 hours at the end of this phase to minimize thermal gradients. A five~hour
barbecue mode is shown here. The orbiter is next configured for deorbit
including closing of cargo doors, forward RCS doors, and star tracker's pro-
tective doors. The APU's are activated for two minutes and the aerosurface
controls checked.

PHASE START G.E.I. PHASE DURATION

3. DEORBIT 01 21 35 00 43 28

At 01:21:35, the orbiter maneuvers to the deorbit burn attitude, retro-
grade, heads-down. A single OMS engine is used with ignition at 01:11:35.
Burn time is 411 seconds and resultant AV is 110 m/s. The orbiter is then
maneuvered to a heads-up, nose-first, pitch-up attitude specified for entry
interface.

PHASE START G.E.T. PHASE DURATION
4, ENTRY 00 38 07 00 30 12

The orbiter passes through 122 km altitude ac 00:38:07. The APU's are
activated and aero surfaces powered. Throughout the remainder of the ontry
the GN&C steers to reach the landing site and controls to minimize accelera-
tions and thermal heating. The ammonia boiler is activated as the orbitef
passes through 30 km altitude at 00:12:36. Entry is completed as the orbiter
passes over the minimum energy point (MEP) at approximacely 14 km altitude at
00:07:55.

2-33



PHASE START G.E.T. PHASE DURATION
ER MIN SEC  HR HIN SEC

S. DESCENT ‘ 00 07 55 00 03 16

The orbiter maneuvers as it descends under control based on terminal area
energy management (TAEM). It acquires the projection of the final approach
trajectory at approximately 4.9 km altitude at 00:04:39.

PHASE START G.E.T. PHASE DURATION
HR MIN SEC  HR MIN SEC

6. FINAL APPROACH . 00 04 39 Qo 02 39
Final approach, like the descent, is entirely nominal.

PHASE START G.E.T. PHASE DURATION
HR MIN SEC HR MIN SEC

© 7. ROLLOUT 00 02 00 00 02 00
Landing rollout is complete at 00:00:00.

PHASE START G.E.T. PHASE DURATION
HR MIN SEC HR MIN SEC

8. POST-LANDING 00 00 00 00 13 00

GSE hookup requires 13 minutes to the point where the fuel cells may be
shut down.

2.5 ABORTS

The Shuttle system provides intact abort throughout all mission phases.
There are four basic modes: return to launch site (RTLS), abort once around
(AOA), abort to orbit (ATO), and abort from orbi:t. The trajectory profiles
are TBD. (R~l).

Abort load limit requirements are included in constraints listed for
ascent (Section 2.0) and descent (Section 2.4). These also affect the attach-
ment load limits listed in Section 3.0. Payloads which are not planned for
raturn must be compatible with the environments encountered during STS abort
and emergency-landing [NASA 1979: NHB 1700.7].

2.6 PRESSURE AND VENTING

With the vents open, the cargo bay pressure closely follows the flight
atmospheric pressure. The payload vent sequencing is as follows:
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Prelaunch Clased (vent no. @ in

purge position)
Lift-oft (T = Q) * Closed
T + 10 seconds . Al open
Orbit insertion Al open
On orbit All open

Preentry preparstion Al closed
Enwy (high hest 20ne) Al closed

Atmospheric (75 000
28000 fest (23 ¢ 1.8
kilometers)) to
{anding All open
Postianding purge Closed (vent no. 6 in

purge position)

During the orbital phase, the cargo bay operates unpressurized. Pressures
for other flight phases are shown in Figure 2.6-1.

10
10x104
r 14
| B )
Py 112
?
" gv
2 -
"™ 8
el
w
w 4 : [
£
3 e
b & =
2
1=
0
-]
RANGE TIME, SEC TIME FROM ENTRY. SEC

Figure 2.6-1. Cargo Bay Internal Pressure
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3.0 PACKAGING CONSTRUCTION EQUIPMENT AND
MATERIALS FOR SHUTTLE DELIVERY

This section is concerned primarily with designing for the volumetric
constraints and physical interfaces between the Orbiter, the construction
equipment and the construction materials as they concern delivery to orbit
and return to earth. These requirements may also relate to topics covered
in Section 4.4, such as design of the on-orbit attach points between the
Orbiter and the construction equipment or the access and feasible pathways
for extracting construction equipment and materials from the Orbiter cargo
bay. The emphasis in this section is on geometry, mechanical connections,
electrical connections, fluid connections and other possible interfaces.
Loads and mass properties are also considerad.

Sections 3.0, 4.0 and 5.0 together constitute descriptions of the majority
of the Shuttle Orbiter features and services which are included in the general
subject of Payload Accommodations.

3.1 ENVELOPE AVAILABLE TO PAYLOAD

Typically, one of the most critical constraints in space construction
project design is the volume available for carrying comstruction equipment
and materials in the Orbiter cargo bay. Since the demsity of on-orbit
construction equipment and materials is usually low, the payload volume per-
missible per launch (rather than the payload weight) often determines how
many Shuttle flights are required. The cargo bay size also limits the
maxioum size of objects to be carried in each launch. Figures 3.l-1, 3.1-2
and 3.1-3 define the coordinates and major constraints on the spatial envelope
available in the cargo bay for space construction equipment, materials, OMS
kits, etc. Table 3.l-l presents a checklist of key constraints relative to this
subject, in order to further specify and qualify the volumetric limits.

In addition to the cargo bay, there are smaller volumes available in
the crew cabin for appropriate payload-chargeable electronic display and
control equipment, crew equipment and supplies and accommodations for addi-
tional crew vwhich may be desired for construction or operations related
specifically to large space structures. These are driefly summarized in
Pigures 3.1-6 and 3.1-7. A typical modular stowage box is described in
Pigure 3.1-8, Constraints are further defined in Table 3.1-2.

Finally, there are designated volumes under the liner of the cargo bay
which are available for special payload-chargeable tank kits and plumbing,
such as for cryogenic oxygen and hydrogen and gaseous nitrogen. These spaces
are designated in Figures 3.1-9 and 3.1-10. Constraints applicable to these
volumes are listed in Table 3,1-3.

The above noted volumetric capacities may be effectively reducec by the
necessity to carry various standard equipment items (such as OMS kits on docking
modules) or to provide access, particularly for contingency EVA. The following
sections (Sections 3.1.1 through 3.1.3) identify these potential reductions and
provide further information on the expected impacts.

WCaution: Not a controlled document! See appropriate reference
documents for current data."
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Figure 3.l-1. Orbiter Coordinate System and Cargo Bay Envelope
(The dynamic clearance allowed between the vehicle
and the payload at each end is also illustrated)
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Figure 3.1-2, View of Payload Envelope Looking Aft

Y.O

2, 4 (10 1801
Xp= 0
Tp= 0 - A
ZP- 400 -

x.-:mmns e /!

”

400

EACH PAYLOAD

Reference: NASA 1980(a), Vol. xIv, p. 2-10
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Xp, Yp, Zp are payload coordinates

Figure 3.1-3. Payload Coordinates, Showing Relationship
to Orbiter Station on Each Axis
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Table J.1=1. Checklist: Orbiter Constraints on Envelope Available

in Payload Bay

GUIDELINES/*QUALIFICATIONS

‘REFERENCES

(

)

The nominal payload clearaance envelope in
the Shuttle Orbiter payload bay measures
4372 by 18,233 om (15 £t by 60 £t). This
volume is the maximum allowable payload
dynamic envelope, including payload
deflections. (R=1)

« In addition, a 76-mm (3-in.) clearance is

. (See PIDA, Section 4.6)

There is a small potential intrusion into
the nominal 3" clearance envelope between
payload and orbiter dus to the Ku-band
antenna stovage.

provided batween the payload envelope and
the orbiter structure to account for
orbiter deflections.

Payload support trunnions protrude outside
the nominal envelope to support points on
longeron fittings or on keel fittings

(See Section 3.2).

Electrical and fluid interconnsctions
penetrate the nominal envelope to orxbiter
structure attach points (Sections 3.8 & 3.9).

If s starboard side RMS arm {is not
installed, the space allocated for the
arm stovage above the longsron may be
available for payload stowage.

Detail design study in progress at time

of this document preparation. Figure 3.1-4
illustrates the proposed new stowage loca-
tion concept (cross-section).

Detailed geometric and dynamic analysis
is recommended where questions of critical
clearance may exist.

HASA, 1980 (b):

Determine largest
construction equip=-
ment module dimen-
sions (in stowed
condition)

Rockwell 1980 (h)
In-House Briefing

Generally not a
problen when EVA
access is provided
to MM,
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Table 3.1-1. Checklist: Orbiter Constraints on Eanvelope Available
in Payload Bay (Cont.)

() GUIDELINES/*QUALIFICATIONS REFERENCES
( ) Cargo bay forward bulkhead purge ducts RASA 1980 (a):
create an intrusion into the clearance J8C=07700, Vol. XIV
envelope for payloads. (ICD 2-19001)
+ See Figure 3.1-8 . Genarally not a
problem when berthing/
. docking module or EVA
sccess is provided.
() During ascent and/or descent, the cargo bay NASA 1980 (a):
liner may balloon inte the cargo bay J§C-07700, Vol. XIV
Clearance envelope, exerting a pressurs of (ICD 2-19001)

less than .1 psi.
See reference for
o Maximum protrusion is 4.6 into the cargo detsils of areas

envelope (radius of 85.4 inches from cargo affected.
bay centerline).

« When required, special hardware will be
provided by the orbiter for restraint of
the liner for sensitive cargo.

( ) The cargo bay is covered with doors that NASA, 1980 (b):
open to expose the entirs length and full
width of the bay. (R-1) Design affected:
hinge mechanisms on
* Itemns mounted on the payload bay longeron the mounting may be
must not obstruct this access. required to permit

outboard rotation.




JO OYRAMIC CLEARANCE BETMEEN
RADIATOR & ANTENRA (WAS) .25

NITEWA DISH
ROTATED 3/4° INRO

Figure 3.1-4. Payload Clearance Eavelope Intrusions
of Ku-Band Antenna

Figure 3.1-5. Payload Clearance Envelope Intrusions
of Purge Ducts on Forward Bulkhead
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SHADED VOLUMES ON-ORBIT STATION
ARE PAYLOAD ® PANEL AREA: 3.7 FT2(0.34 m?)
RELATED 19 8Y 13.97 IN. (0.48 BY 0.31 m)

e VOLUME: 2.4 #73 (0.07 m3)
PAYLOAD STATION

¢ PANEL AREA: 8.3 #72 (0.77 md)
s VOLUME: 13.8 £T3 (0.29 md)

o PANEL AREA: 2.3F72 (0.21 md) 19 8Y 21 8Y 20 IN.
* YOLUME: 1.5 ET3 (0.0¢ mJ) {0.48 BY 053 8Y 0.5 m)
CLOSED CIRCWIT
TELEVISION
MISSION y
STATION D) Dy
Y 7
Al
%

7 L

STOWAGE AREA u‘b
— Wy « A
A

VIEW LOOKING AFT

ADOITIONAL VOLUME OF 1.3 FT3 (0.08 m3)

AVAILABLE FOR PAYLOAD AVIONICS BOXES
e PANEL AREA: 2.8 FT2 (026 md)

o VOLUME: 4.6 £T3 (0.13 m})
19 8Y 21 8Y 20 IN. (0.48 8Y 053 BY 05
TOTAL VOLUME: 23.6 FT3 (0.67 m3)
TOTAL FANEL SURFACE AREA: 17.1 FT2 (1.58 m?)

NOTE: The payload space on the aft fli‘ght deck is intended primarily
for control panels and stowage.

Also see: NASA 1980(a), ICD 2-19001, p. 3-10 and 3-15 for potential
updated information.

Figure 3.1-6. Area and Volume Available for Payload Equipment or
Controls in the Orbiter Aft Flight Deck
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Figure 3.1-7. Stowage Volume Available for Crew Supplies, Including Additional
Construction/Operations Crew Seating in the Orbiter Mid-Deck
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Table 3.1=2. Checklist: Orditer Constraints on Envelope Available in

Crev Cabin Mid-Deck

FEFERENC!g |

() CONSTRAINTS /' QUALIFICATIONS THBLICATIONS
( ) A ainisum volume of 89 cubic feet shall be NASA 1980 (a):

dedicated to cargo use in each mission for
potential loose equiprent. (R=1)

. The volumes available are negotiated on
4 aission by mission basis.

« Actual volume availalle may be less.
All of che potential looze~equipment stowvage

locations and volumes for Cargo use are
defined and controlled in 1CD~3-0027-03.

J8C=07700, Vvol. XIv,
Attachaent 1

NASA 1980 (a):
(See above)

(R=1) Rockwell 1980:
ICD=~3-0027-03
( A limited number of identical aodular NASA 1980 (a):

stovage units are included in the above
total volume dedicated to cargo use in
each mission. (R=1)

+ Volume occupied by box structure ig
subtracted from available volume.

{See sbove)

See Figure 3.1-8 for
modular stowage unit
dimensions.
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Figure 3.
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*ROTE: Different Shuttle documents ny refer to the

“cargo bay" or "payload bay."

!i‘\l:‘ 3. 1-10.

same space as either
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Table 3.1-3. Checklist: Constraints on Nitrogen Stowage Under

Payload Bay Liner

( ) CONSTRAINTS /< QUALIFICATIONS

REFERENCES
TMPLICATTONS

( ) Baseline stowage provisions for nitrogen
stowage provides four (4) tanks under the
cargo bay liner. (R-1)

( ) The volume occupied by one cryogenic hydrogen
or oxygen tank under the payload bay liner
can be used to install four N7 tanks. (R=4)

( ) Additional nitrogen stowage could be provided
by use of cryogenic stowage tanks. (R=4)

. Cryogenic N; tank designs are not currently
a standard Shuttle inventory capability.

( ) Nitrogen tank installations under payload
bay liner are limited by available volume,
taking into account other tank installation
requirements and ground access requirements.

(R=4)

( ) Additional stowage is available for 12 to 14
nitrogen tanks under the cargo bay liner,
assuming a passageway is provided for ground
access. (R=4)

( ) Additional plumbing and brackets must be
designed and manufactured to provide for
added Ny stowage beyond the baseline four
tanks under the payload bay liner. (R~4)

» 1f required, a dedicated orbiter should
be assigned for such special usage.

Rockwell 1980 (b):
SSv80-1

Trade studies are
required to optimize
conflicting volume
usage options.

Requires new engi-
neering, test, quali-
fication, and manu-
facturing of tank sets,
as well as ground
installation time.

Requires new engineer-
ing, test, qualifica-
tion and manufacturing
as well as ground
installation time.

2.1.1 Cargo Volume Reductions Due to OMS Kits

Figure 3.1-11 outlines the significant volume occupiad by one or more
orbital maneuvering svstem (OMS) AV kits. Such kits may ba required by a
particular missiun to achieve a desired orbit with sufficient weight to meet
the stated mission objectives. The integral orbital maneuver subsystem (OMS)
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‘Figure 3.1-11, Payload Bay Volume Required for OMS Kits
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propellant tanks aboard the orbiter provide approximately 1000 feet per second
of velocity on-orbit. Auxiliary propellant kits must be employed whenever
mission velocity requirements for the OMS exceed this value. Up to three
setg of auxiliary tankage, each providing an additional delta V capability
of 500 feet per second can be added to achieve a total delta V capability of
2500 feet per second. The auxiliary tankage, located in the cargo bay,
utilizes the same type propellant tanks, helium bottles, and pressurization
system components as the pods. The weight and the nominal added delta V are
shown in the table below as a function of the number of kits employed. The
data presented are the latest values of the baseline design. (See Section 2.3
for further discussion of these constraints).

Table 3.1-4. Weight and AV Capability of OMS Kits on Orbiter

TOTAL ADDED WEIGHT # .
NOMINAL
DRY FILLED#** ADDED AV
NUMBER OF KITS {1v) (1b) (Zps)
1 .2978° 15,380 ~ 500
2 3955 28,723 1000
3 8275 42,408 1500

*Does not include fittings (additional 397 1b)
#*Includes all loaded propellants and gases

The installation and removal of OMS V kits shall be possible without
impact to, or by, cargo elements installed forward of Xg 1191.

Data Source: NASA 1980(a), ICD 2-19001

3.1.2 Cargo Bay Volumes Required for Access and Miscellaneous Optional
Equipment

In addition to possible impacts of OlfS AV kits previously described,
there are other potential volumetric requirements related to optional equip-
ment which limit full use of the nominal orbiter payload bay volume for pay-
load. These potential constraints are listed in Table 3.1-~4.
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T‘ble 3 . 1-5 )

Checklist: Shuttle Comstraints on Usage of Cargo Bay Stowage

Volume due to Access and Miscellaneous Optional Equipment

(

)

CONSTRAINTS/ «QUALIFICATIONS

‘REFERENCES
IMPLICATIONS

The usable payload eavelope is limited by
access needed and items of supporting sub-
systems in the cargo bay which are charge-
able to the payload volume. (R-1)
Potentially applicable requirements are
listed below. The following notes apply
to all dynamic/thermal excursion data:

NOTES:

(1) Dynamic/thermal intrusions include
orbiter deflections.
(2) Development of .a general set of orbiter
deflection data, encompasgsing the com=-
plete cargo bay, is not currently
planned. Such data will only be
developed for specific flight mani-
fested payloads, and will be maintained
as reference information for future
payload planning.

Access must be provided for contingency EVA
on orbit. (R-1)

. Provisions to remove or jettison payload
items may be incorporated to provide such
access. (R=5)

. s‘e'section' 408.1.1 through 4.8.1.3 for
volumes associated with airlocks, tunnel
adapters and docking modules plus associated
access.

When one or more Manned Maneuvering Units
are installed, access must be provided in
the cargo bay for donning and checkout
of MMU as well as for stowage. (R~1)
» See Section 4.8.2.2.

» Access to MMJ is not required until orbital
operations begin.

o NASA, 1980 (a):
JsCc-07700, Vol. XIV,
(1¢D 2-19001)

. NASA, 1980 (b):
STS User Handbook

NASA 1980 (a):
JSC-07700, Vol. XIV

In general, airlocks
and tunnels in cargo
bay should be
avoided, in order to
provide for maximum
payload stowage
volume.

May affect decision
on usage of MMU,
stowage, sequence
of operations.

Analysis of access
sequence is required.

3-15




Table 3. 1-5 .

Checklist:

Shuttle Constraints on Usage of Cargo Bay Stowage
Volume Due to Access and Miscellaneous Optional Equipment (Cont'd)

()

CONSTRAINTS/ «QUALIFICATIONS

REFERENCES
[MPLICAY lﬁug

¢ )
)
¢
)

Stowvage should consider access requiremnts
to tool stowage (Modular Equipment Stowage
Assembly).

» Accass to tool stowage may be required for
closing cargo bay doors (contingency
Tequirement).

+ See Section 4-8.2040

CCTV ¢.-. -34, when mounted in the orbiter

cargo oay, require a small intrusion

into the nominal payload envelope volums.
(R-1)

+ See Figute 3.1-12 and Figure 3.1=13.

o Additional volume must be allowed if
viewing through the TV cameras is required
prior to removal of.adjacent stowed

equipment.
« See Section 4.9.2 for TV viewing angles.

Handholds which are mounted on the aft
bulkhead of the cargo bay require con~
sideration of a dynamic intrusion into the
payload clearance envelope.

. See Figure 3.1-14.

» Handholds are used to attach EVA body
restraint for comtingency access to
cargo bay door latches.

. OMS kit prevents installation of
some handholds.

If a keel bridge fitting is required over
the orbiter wing box (between Xo 119%.0
and X0 1249) there is a resulting static
protrusion of .4 inch into the payload
envelope and a 5.3 inch dynamic/thermal
protrusion into the payload envelope.

« See Figute 3.1=15.

Tool stowage is (TBD)
for operational
vehicles.

NASA 1980 (a):
JsC=07700, Vol. XIV
{ICD 2-19001)

Requires analysis.

of clearance require-
ments for specific
payloads.

NASA 1980 (a):
JSC-07700, Vol, XIV
(ICD 2-19021)

NASA 1980 (a):
JSC=07700, Vol. XIV
(ICD 2-19001)

" Analysis of clearance

required for actual
payload package.
Avoid usage if poassi-
ble in design of
space—critical
stovage .
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3.2 SHUTTLE ORBITER/PAYLOAD MECHANICAL ATTACHMENT LOCATIONS AND FITTING3

3.2.1 Attachment Locations
\

The orbiter Provides structural support attachment points for carrier/
payloads along the length of the cargo bay approximately as indicated on Figure
3.2=1. The Attachment points are located at 3.933-inch increments along the
main longerons and along the bottom centerline of the cargo bay on bridge fit-
tings spanning adjacent fuselage frames. of the potential 172 attach points on
the longerons, 45 are not available due to the Proximity of orbiter hardware;
127 may be used for carrier/payload attachment, ang of these, 111 may be used
for deployable Payloads; 104 attach points are available along the keel, any cf
which may be uged for deployable Payloads. Longeron and keel attach points
nomally utilize the attach fittings described in Figure 3.2-2.

608. 80 1281,40
v ) nr l-—l’l POTENTIAL ATIACH POINTS conani
PRIRARY RETENT (oW "; 3 DETVEEN THESE LOCATIONS AT 1303
SULKNEAD X 57 3.933 (59/15) (N. seacing
——ee S — I

L/

TYPICAL RETENTION BEAN m:lf:t‘:‘u:;mm SEAN

Y, 304 (AT x, 7303 owLy)

1307
FOR PITCH (+2) LOADS
= TYPICAL PRIMARY SEAN FULKHEAD X,
FOR 42 & +X LOADS
— MOTE: THREE ATTACH POINTS

NORMALLY LOST AT ORIDGE

STATIONS (TYP) BUTT JOINTS OVER FRAmg

582 693 o) 99 10k0 1140,67 1249

CABIN|[ 636 750 863 [979.5 Pogo.3 1191 l1301.5
— 2o b14

! %, 3 ¢
(AT x_ 1303)
' -]
|
LATERAL LOAD RETENT oM Y Nz 3084 aFT o '
BEAN-FITTING POINTS LoveR ¢ =Y LoAos 179 o 3 o 1179
2, 305, EXCEPT AFT OF 1179 '

Figure 3.2-1. Standard Orbiter/Payload Attachment Locationg
(Approximate)*

Should the need arise, unique attach points could be provided on payloai-
supplied special bridge fittings. Special constraints on such attach point
locations are described in Table 3.2-1,

*Specific locations are shown in NAsA 1980(a), Table 3.3.1.1-1,
.Page 3-19,
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Table 3.2-1.

Checklist: Constraints on Orbiter Payload Attachment Locations

(

) CONSTRAINTS / » QUALIF!CATIONS

REFERENCES
TMPLICATIONS

Ly

Attachment fittings shall be spaced to
avoid radiator hose crossover locations,
centered at: Xo = 839.36 and Xo = 1198.00
(Typical left and right side). . (R=1)

Attachment fittings shall be spaced to*
avoid cargo bay door actuator locations,
centered at:

Xo = 602.30 Xo = 966.35
Xo = 737.30 Xo = 1144.20
Xo = 903.80 Xo = 1264.20

(Typical left and right side) (R-1)
Attachment fittings shall be spaced to
avoid electrical crossover locations
centered at:

Xo = 725.60 Xo = 1019.75
Xo = 794.95 Xo = 1084.75
Xo = 863.31 Xo = 1214.25

(Tyvical left and right side). (R-1)

. A stiff structure design might preclude
interference by reason of trunnion
deflections.

Attachment fittings shall be located to
avoid interference with the RMS support
pedestals (if RMS is installed on right
or left side). (R-1)

. See Section 4.5 for RMS dimensions.
NOTE: RMS and its supperts rotate out-

board for loading/unloading
payloads, inboard for flight.

Attachment fittings shall be located to
avoid interference with the Ku-band antennas
(R-1)

. Principal attach point to longeron at
Station 589, right (starboard) side,
Left side optional.

Rockwell 1979 (a)
Drawing No. V070~
362003

NASA 1980 (a):
JSC~-07700, Vol. XIV

Four support pedes-
tal locations per
RMS arm to be con-
sidered.

Rockwell 1979 (a):
"MC 409-0025
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Table 3.2-1. Checklist: Constraints on Orbiter Payload Attachment Locations

(Cont'd.)
. REFERENCES |
() CONSTRAINTS /+ QUALIFICATIONS TAPCICATIONS
+ Ku-Band antenna hinges outboard to permit
clearsnce for loading/unloading payloads
on the ground (recent revision).
( ) Keel tittings limited over wing box.
+ See Figure-3.l-5.
£ ) Active (deployable) attach fittings have NASA 1980 (a):
limiced locations. JSC=07700, Vol. X1V,
ICD 2-19001
« See Reference ICD
( ) Minimum distances between trunnions om Rockwell 1980 (f):
ad jacent cargo elements may be limited by Payload Mixing Study
payload ground handling mechanisms (PGHM)
+ See Sectiom 3.7.

3.2.2 Shuttle Attach Fittings for Carriers/Payloads

Figure 3.2-2 1llustrates the typical orbiter-supplied mechanical attach
fittings. Carriers/payloads are supported along both sides of the cargo bay
at points 14 inches above the bay centerline and along the bottom at the
orbiter keel centerline. All attach fittings are outside the 93-inch radius
of the orbiter dynamic envelope, except for keel fittings over the wing box
(aft of X, 1179).

The longeron (side) attach fittings are situated above the cargo bay 311l
longerons on detachable bridges that distribute the fitting loads into orbiter
structure. The keel bridges also span adjacent fuselage frames and are detach-
able.

The carrier/payload attachments are of the trunnion/bearing/journal type.
The loggeron attach fitting has a split self-aligning bearing and is available
either as a nonreleasing fitting whose hinged upper half 1is boited closed before
launch, or as a remotely actuated fitting which releases/secures the carrier/
payload trunnion for on=orbit deployment and retrieval. The deployable fitting
has a flared alignment guide to assist in retrieval, which is retracted when
not i{in use. Both types of attach fitting engage the longeron bridge by a tee
and slot which allow sliding in the X-direction. Since chese trunaions must
support both X- and Z-loads, shear pins are installed in one pair of fittings
to preveat X-motion and thus transmit X-loads into the bridge and, theceby,
into the orbiter. The other longeron attach fitting(s) remains free to slide
and transmits only Z-loads.

=2



The keel attach fitting also uses g tee-slot arrangement which makes 1t
free to slide in the X-direction, The carrier/payload will provide a keel
trunnion, aominally three inches in diameter, which will fit within a split
bearing in the keel attach fitting. The trunnion will be free to move in the
Z-direction, but will be restrained in the Y-direction. The keel attach f1it-
ting, which 1s currently being designed, will be remotely actuated open and
closed to facilitate Payload deployment and Tetrieval,

3.3 SHUTTLE CARRIER/PAYLOAD RETENTION SYSTEMS

In Figure 3.3-1, the three Principal payload retention systenm concepts
are illustrated. Longeron/sill attach fitecings react either 2Xo and 22, uxes
loads (primary) or 2, axis loads only (stabilizing, on either side of the
fuselage). The keel fitting (auxiliary, generally located near the payload
C.8.) reacts Yo axis loads, except as shown on the left in three-point determin~
ate. The orbiter baseline, four-point determinate system with three longerons
and one keel fictings, 1s shown in the middle. Addition of a second stab{liy-
zing longeron fitting makes the System indeterminate with four fittings on the
longeron and one at the keel as shown on the right side in the five-point
system. Two longeron fittings in plane with & keel fitting are Presented in
the three-point system on the keft. Keel fitting has X, axis load capabilitcy
48 well as Y, axis as required by this three-point approach.

J-POINT (IN-PLANE) DETERMINATE

2 LOWGERON-SILL FITTINGS FOR +X & +2 LOADS)
il KEEL FITTING FOR +Y & +X LOKDS)

4-POINT OETERMINATE

- 2 SILL FITTINGS +X & o
f 1 SILL FITTING g LOAIB)

) I3
= —- | KEEL FITTING 3Y LOADS

P .

|
+ -t
f

- |
0

S-POINT INDETERMINATE

32 SILL FITTINGS +X & +2)

-

2 SILL FITTINGS 32 LORDS)

NOTE: 1 KEEL FITTING +Y LOADS)

<= LOAD DIRECTION

0 = L0ADS PERPENOICULAR TO
PLANE OF ORAWING

Figure 3.3-1. Carrier/Payload Retention Systenms
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3.4 CARGO CENTER=-OF-GRAVITY ENVELOPE REQUIREMENTS

"Carriers/payloads must be integraﬁed into cargos which meet the c.g.
constraints of Figure 3.4-1 due to orbiter aerodynamics. All payload charge-

able items (e.g., orbit2r maneuvering system kits, electrical power subsystem
kits, spare parts), regardless of location (e.g., cargo bay, beneath the bay,

in the cabin), must be included in the computation to obtain the location of

the cargo center of gravity, which must be within the specified envelope for
normal or abort reentries and landings. The envelope for weights above 32,000
pounds must be maintained for potential emergency landings. Typical small pay-
loads will not be individually required to control their center of gravity within
these limits. Except for large unique payloads, the cargo integrator will be
able to manage cargo distribution to achieve an acceptable center of gravity

for the entire cargo.

Longitudinal Constraints (X-Axis)

The current vehicle is designed to reenter and land with the total vehicle
c.g. located between 65 and 67.5% of the body length. With a design-landing
cargo weight of 32,000 1b, the cargo c.g. must fall between 32 and 45 feet from
the forward end of the carge bay.

Vertical Constraints (Z-Axis)

The vertical c.g. envelopes are measured in inches from the centerline of
the cargo bay for cargo up to 65,000 1b. The outer envelope constraint is for
the entire cargo, whereas the inner envelope (shaded) applies to cargo elements
mounted in the cargo bay.

Lateral Constraints (Y-Axis)

The lateral cargo c.g. envelope is symmetrical about the orbiter center-
line. Allowable excursions within this envelope are measured in inches rather
than feet. The lateral c.g. excursion limit for a 10,000-1b cargo is *8 in.
As the weight increases, the allowable excursion decreases; it is £3.5 inches
for a 32,000-1b cargo and only £2.5 inches for a 65,000-1b cargo.

3.5 SHUTTLE CARRIER/PAYLOAD DESIGN LIMIT~-LOAD FACTORS

The preliminary limit-load factors/angular accelerations shown in Table
3.5-1 apply to rigid payloads attached directly to the orbiter at any location
in the cargo bay. These load factors shall be used for preliminary design of
carrier/payload primary structure and for determination of preliminary orbiter/
carrier interface loads. Load factors at specific points within the pavload
will depend upon payload design characteristics and mounting methods. Pay-
loads that are cantilevered or that have substantial intermal flexibility may
experience higher load factors than those shown in the table.

Typical load factors for liftoff and landing are presented. However,
during these events, external forces are highly transient and significant
elastic response occurs. Carrier/payload responses will depend upon carrier/
payload geometry, stiffness, and mass characteristics. Therefore, until suf-
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Table 3.5-1. Carrier/Payload Design Limit-Load Factors/Angular Acceleratior =

. ANGULAR ACCELERATION**
QUASI-STEADY FLIGHT EVENTSk#% LIMIT-LOAD FACTOR, g ~ RAD/SEC2
Oy 0y 04
N N N CARRIER /
X Y z (+ RIGHT | (+ NOSE| (+ NOSE | PAYLOAD
FLIGHT EVENT (+ AFT) | (+ RIGHT) | (+UP) | WING DN) UP) | LEFT) | WETGHT
ASCENT
« BOOST MAX, N, INTEG VEHICLE | -2.9 | 0.6 -0.1 | 40.2 40.25 | +0.25 |up TO
65K LB
" « SRB POST-STAGING -1.1 40.12 -0.6
f: *BOOST MAX, Ny ORBITER -3.17 0.0 -0.6 | +0.25 40.25
DESCENT
« TAEM: PITCH MANEUVER B 2.5 10 0 0
. 0.25 0 25| o -0.1N H
0.97 (1] -t0] 0 0 0 uP TO
32K LB
0
*TAEM: ROLL MANEUVER 0.65 40.12 1.98] +1.28 0.02 | +0.13
o TAEM:  YAW MANEUVER 0.90 +1.25 1.0 o 0 0
0.03 ¥.24 1.0 0 0 +0.12
« LANDING : 1.8 +1.0 4.2 | +0.25 1.25 | +0.3
-2.0 ¥1.0 -0.3 | ¥0.25 0.75 | ¥0.3

* LIMIT-LOAD FACTOR 1S DEFINED AS THE TOTAL EXTERNALLY APPLIED LOAD PER UNIT WEIGHT AT THE c.g. OF
THE CARRIER/PAYLOAD AND CARRILS THE SIGN OF THE EXTERNALLY APPLIED LOAD.
** CENTCR OF ROTATION IS AT CARRIER/PAYLOAD c.qg.
#**REFERENCE ICD 2-19001 FOR ADDITIONAL CONDITIONS.



ficient carrier/payload case history is collected, final design values for
orbiter/carrier/payload interface forces and carrier/payload design loads
must be determined by coupled orbiter/carrier/payload dynamic analyses for
these transient flight events.

Emergency Landing Ultimate Load Factors

To provide for crew safety during emergency landing, the large equipment
items, pressure vessels, payload attachments, and supporting structure must
withstand the loads associated with the following ultimate load factors,
acting separately:

Longitudinal ' Lateral l Vertical
(+ Aft) (+ Right) (+ Up)
+ 4.5 + 1.5 + 4.5
- 1.5 - 105 - 2-0

3.6 MAXIMUM ALLOWABLE CARRIER/PAYLOAD-IMPOSED LIMIT LOADS

The carrier/payload load factors and maximum allowable carrier/payload-
imposed limit loads are related for identical flight and landing conditious.
Hence, if the payload weight and its c.g. position are known, the payload
attachment point reactions can be estimaced and compared with the allowable
limit loads at the designated attach points. This, in turn, will guide the
positioning of a payload within the cargo bay, the design of the appropriate
payload cradle, and/or the payload design.

Representative maximum axial, vertical, and lateral limit loads which can
be imposed on the longeron and keel bridges of the orbiter during the various
flight events are presented in Table 3.6-1l, To determine allowable loads for
discrete payload attach points, refer to Appendix D of JSC 07700, Vol. XIV,
Payload Accommodations.

Allowable Axial (£X) Limit Loads

During ascent, critical longeron compression lcading occurs (1) at SRB
post-staging, where payload inertial loads combine with thrust misalignment
loads; and (2) at ortiter maximum g. During descent, critical longeron local
tension loading occurs at TAEM and at landing, where payload inertial loads
combine with thermal and maneuvering loads.

The noted axial load capability applies at every point along the longeron
bridge. However, during ascent, if X-loads are applied to a longeron at two
or more attach points, the +X-loads are cumulative, and their sum cannot exceed
the allowable load for the afimost employed payload attach point.

Allowable Vertical (#Z) Limit Louds

The tabulated *Z,, loads apply only near, or at, the center of each
bridge span; are valid for all flight conditions; and are noncumulative—
whereas, the -Zg4 values, which are valid only during landing, apply at any
position along the bridge and are cumulative about the main landing gear sta-
tion at X, 1180 (Zg loads are cumulzstive forward or aft to this station from
the ends of the cargo bay).

3-29
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Table 3.6-1.

Maximum Allowable Carrier/Payload-Tmposed Limit Loads

LIMIT LONGERON BRIDGE LOAD PER VEHICLE SIDE, 1000 (LB

ASCENT, X TAen, -X VERTICAL LoADS, ALL | VERTICAL sweaR | BRIDGE LOKD,
UNSYM YAy |_FuIGHT CONDITIONS | LOADS, LANDING 1000 LR*
FRAME 1O FRAME | STAGING. 9"3.’55'1“:'?.: WANEOVER | & LANDING | *Py Iy -2g** N owoit IIE)JS{NTVNG
582-636 5.9 17 1 +7 53 -65 -19.3 9
636-693 5.9 1 47 58 -72 -57.2 18
693-750 5.9 Y +7 61 -19 -59.5 x|
750-807 n.a 33 115 70 -78 -67.9 46
807-863 1.8 3 415 64 -76 -73.9 56
863-919 18.7 54 +9 60 -76 -73.9 57
919-979.5 19.0 55 78D +27 76 -76 -83.2 70
979.5-1040 19.7 57 +25 72 -7 -90.5 80
1540-1099. 33 24.2 70 +33 n -7 -96.9 46
1090.33-1146.67]  36.0 104 +50 98 | -109 -105.4 72
1140.67-119) 41.6 120 +76 121 a2 -9 68
1191-1249 0.6 120 +76 121 121 -103.9 56
1249-1301.5 38.1 110 +50 121 2121 -94.0 -

*LIMITED BY CAPABILITY OF KEEL BRIDGE SUPPORT STRUCTURE IN +X DIRECTION
**GIVEN I VALUE IS AT FORWARD FRAME OF BRIDGE SPAN (i.e., -2g = -19.3 AT FRAME 582)




ORIGINAL PAGE IS
OF POOR QUALITY.

Allowable Lateral (*Y) Limit Loads

The values in Table 3.6-1 are valid for all flight and landing conditions
and are noncumulative. The *Y capability is limited by the axial load capabil-
ity of the bridge support structure, where an axial load results from the fric-
tion force between the payload attach fitting and the bridge.

3.7 CARRIER/PAYLOAD INSTALLATION (KSC)

The concepts for carrier/payload installation and removal with the orbiter
in a horizontal posiiion at the Orbiter Processing Facility (OPF) or in the
vertical position at the Payload Changeout Room (PCR) at the launch pad for
KSC are illustrated in Figure 3.7-1.

STRONGBACK ; ,

CANISTER

HORIZONTAL PAYLOAD PAYLOAD CHANZEOUT
INSTALLAT ION/REMOVAL AT THE LAUNCH PAD
IN ORBITER PROCESSING
FACILITY (OPF)

Figure 3.7-1. Carrier/Payload Installation (KSC)

Upon installation of mission kits and orbiter checkout, the cargo bay
will be cleaned and carriers/payloads installed. Interfaces between the orbiter
and carriers/payloads will be verified by integrated tests. It may be necessary
to provide for simulating equipment functioms unot operable in the earth environ-
ment; as a result, carrier/payloads should facilitate simple and end-to-end
functional tests. Unique carrier/payload ground support equipment should be
easily integratable into integrated orbiter-cargo checkout operations. DPayloads
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should be deszgned to minimize the need for ground servicing, calibration,
and operation, and operation once instulled in the orbiter. Payloads are
not normally accessible after closure of the cacgo bay doors, except througn
the orbiter cabin.

A carrier/payload can also be installed with the orbiter in che vertical
position at the Payload Changeout Room, which encloses the cargo bay. 1Instal-
lation or removal of carrier/payloads at the PCR is with the use of the payload
ground handling mechanism (PGHM). The minimum distances between PGHM trumnion
arms may be greater than actual distances between trunnions on adjacent cargo
elements as installed in che cargo bay. Constraints on these clearances are
shown in Figure 3.7-2 (Rockwell 1980 (f)). Although these constraints do
not apply to horizental paylnad installation, they affect capability to
remove or changeout payloads. once the orbiter is stacked vertically on the
launch pad. As a general guideline,PGHM restrictions should be considered.

In both the OPF and PCR, cargo bay temperature and humidity are con-
trolled using filtered air at 70 + 5°F, and 45 + SX RH. The final purge on
the launch pad prior to launrh is performed using dry nitrogen.

On the launch pad, following installation, payload signals can be monie
tored via an umbilical interface.
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PAYLOAD GROUND HANDLING MECHANISM (PGHM)

MINIMUM CLEARANCES
49.2 IN.
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N
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Figure 3.7-2. PCHM Installation & Removal Clearances



3.8 ELECTRICAL INTERFACES

Packaging and installation of equipment and materials for delivery bv the
Shuttle orbiter will typically require electrical connections to the orbiter
for power, data, and control functions. Of particular concern in space construc-
tion are potentials for (1) disconnecting and connecting power, data, and signal
lines in space, and (2) routing, deploying, and retracting flexible electrical
umbilical lines. As in the case of any orbiter payload, all electrical lines,
comnectors, and support attachments must withstand the J-g accelerations during
ascent as well as the vibration and the descent/landing loads. This section
deals vrimarily with identifying the physical locations and electrical load
carrying capabilities of the electrical interfaces. However, it is recognized
that the design of the payload side of these interfaces must be based primarily
on the orhital functional requirements and their interactions with the overall
electrical power system characteristics of the orbiter, which are described more
fully in Section 4.10.

3.8.1 Otbitet/Clrgo Power Interface Characteristics

Table 3.8-1 summarizes characteristics of orbiter/cargo power interface
capabilities, which can also be viewed as forming constraints on the number and
type of orbiter/cargo power interface connections. Frrther amplification is
offered by the summary statements in Table 3.8-2 and supporting illustrations
(Figures 3.8-1 through 3.8-5) referred to therein. Additional information and
special qualifications are available in Space Shuttle System Payload Accommo—
dations (NASA, 1980 (a)].

In general, the designer should strive to use the Standard Mixed Cargo
Harness (SMCH) whenever possible, since this will save extensive development
time, checkout/integration time and costs. The SMCH is described in Roels
(1979), and Rockwell Interface Revision Notice SD-176A (Jones, 1980).

3.8.2 Orbiter/Cargo Command and Data Handling Interfaces

Shuttle constraints regarding command and data (also called signal and con-
trol) cables from the orbiter to the payload are similar in many respects to
those for electrical power (see Section 3.8.1). However, orbiter command and
cata cables are separated from power cables, to the degree feasible, to reduce
electromagnetic interference. Also, different routings are required to assure
capability to route such lines to the control and display equipment in the
crew cabin. Table 3.8-3 provides a checklist of pertinent constraints and
references to explanatory illustrations. Some repetition of constraints in
Table 3.8-2 will be noted, since these serve as a reminder of those special
integration considerations involving power cables and fluid lines. Similar
considerations apply to use of the SMCH as for the power interfaces.

3.8.3 Ground Umbilical Connections
Power and signal interface capabilities are also provided from ground

facilities to the orbiter payload prior to launch. Constraints on such power
and signal lines are listed in Table 3.8<4.
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Table 3.8-1.

Orbiter/Cargo Power Inierface Characteristics
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Table 3.8-2.

Checklisc:

Constaints Involving Orbiter/Cargo Electrical Power

Interfaces for Payload Packaging/Installation and Ascent/Descent Modes

(

) CONSTRAINTS / « QUALIFICATIONS

TMPLICAT ICNS

REFERENCES ‘

(

(

(

)

)

)

Total cargo bay power is limited to 1 kW
during orbiter power-up mode, i.s., ascent
and checkout. (R-1)

* This power is the sum of all power from
aid-bay, auxiliary, and aft buses.

Total pover available to all payloads, includ-

ing that in the cabin, is 1350 watts contin-

uous during ascent and descent configuration.
(r-1)

« Up to 350 watts of this may be consumed
by payload-unique equipment in the crew
cabin,

Total peak power for payload during ascent
or descent is 1920 watts. (R-1)

* Up to 420 watts of this may be consumed
by payload-unique equipment in the crew
cabin.

Rockwell, 1980 (b):
SSV_80-1

Limits power for
environmental comntrol,
heating, etc., of
cargo in bay.

Limits total energy
demand.

Rockwell, 1980 (b):
SSV 80-1

Defines limits for
displays and controls
in ascent/descent.
Limits total energy
demand.

Rockwell, 1980 (b):
SSV 80-1

Limits total energy
demand.
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Table 3.8-2, Checklist. Constraints Involving Orbiter/Cargo Electrical Power
Interfaces for Payload Packaging/Installation and Ascent/Descent Modes (Cont.)

() CONSTRAINTS /+ QUALIFICATIONS

REFERENCES |
TMPLICATIONS

( ) Orbiter subsystems ars ir the ascent or
descent operational configurations during s
portion of the prelaunch checkout, through-
out the launch, ascent to orbit, entry, and
landing phases of a miasion; and up to
30 minutes of post-landing time. (4=1)

( ) Use of puwar from all sources is limitad by
heat reject.on capability. (R-1

¢ Seae Section 4.1} for discussion
of heat rejection capability.

( ) Power buses must be isolated on the payload
side of the electrical interface, except for
the auxiliary buses (EMI/EMC consideratiouns)

(R-1)

eElectrical conduction analysis and disposi-
tion is required wvhenever electrical power
is run to payload structure while the pay-
load item is mechanically connected to
orbiter structure.

¢ See noted refarence for electrical bonding
requirenants.
( ) Payload shall use standard mixed cargo
harness (SMCH) whenever possible. (R-1)
+» See Figure 3.8-l.

¢ See noted reference for details of SMCH
design requirements.

*Payload may supply unique cable to power
supply panels ac additional expense (not
recommended) .

Rockwell, 1980 (b):
SSV 80-1

Data useful for defin-
ing total mission
energy requirement,
design of equipment.

Rockwell, 1980 (b):
SSV_80-1

Ilmplies consideration
of wvater for boiliag
to reject heat.

Rockwell’, 1980 (b):
SSv 80-1

Affects detail design
of structure, EMI/EMC
analysis efforts and
procedures. Required
for all electrical
equipment in payload.

*Roels, D.P., 1979:
SMCH-DRD-0001
*Rockwell, 1980 (d)

Affects design of
cable connectious,
deployment capabil-
ity, weight, cost.
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Table 3.8-2. Checklist: Constraints Involving Orbiter/Cargo Electrical
Interfaces for Payload Packaging/Installation and Ascenr/Tescent Modes (Cont.)

RETERENCES. )
() CONSTRAINTS / ¢ QUALIFICATIONS MPLICATION
( ) Electrical power can dbe supplied to payloads Rockwell, 1980 (b):
in the cargo bay at the following. 8$Sv80-1
(R-1)
+ Mid-bay and auxiliary power connectors aie NASA, 1980 (a):
located below the starboard door longeron JSc-07700, Vol. XIV

at Station Xp645. There are two main power 1CD 2-19001
connectors and two auxiliary pcwer connect-

ors at this location. 8ee Figure 3.8-2. Affects design of
interface harness

+ Secondary interfaces are provided at from payload to
Station X,1203 on the starboard side power coannectors.

on the wire tray. See Figure 3.8-3.

( ) Payload-unique equipment in tha crew cabin .
receives power from two additional inter- NASA 1980 (a);
faces. (R-1)

Affects design of
¢+ Location: See noted reference. display and control
equipment in crew
cabin (aft flight

deck)

( ) Vhere two payloads share the same orbiter Rockwell, 1980 (b):
power bus, protec.ed feeder lines with 35V 80-1
independent switching, where required, can
be provided to each. (R-1) Affects switching

function design

( ) Egquipment requiring maximum power demand Rockwell, 1980 (*):
(up to 7 kW continuous with 12 kW peak for SSV 80-1
S min/3 hr operation) must be connected to

the mid-bay power connectors. (R-1) Affects design of

: harnass to construc=
tion fixtures,
heaters, beam-
builders
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Table 3.8-2.

Checklist:

Constraints Involving Orbiter/Cargo Electrical Power
Interfaces for Payload Packaging/Installation, and Ascent/Descent Modes (Cont.)

) CONSTRAINTS -/ *+ QUALIFICATIONS

T T ——

REFERENCES
TMPL1CAT IONS

( ) The cargo element user shall provide power,

signsl, and fluid interfaces, as required,
within 540-in.’ volumes forward of each
longeron trunaion as illustrated in Figure
3.8=4. The cargo element shail provide
support for fluid lines and power and signal
cables withia 18 in. of the interfaces
located above with adequate allowance for
mating and demating of comnectors. The
cargo element shall also provide additional
cable and fluid line support, as required,
such that there shall be no unsupported
lengths of cables or fluid lines greater than
18 inches. (R-1)

-Reqdireu integration with signal and
fluid interfaces.

The orbiter shall provide scar in the mid-
body for the attachment of cargo element
.hardware at locations shown in Figure 3.8-5,
The load-carrying capability shall be such
that a 10-1b weight can be carried at each
scar location simultaneously. Use of this
scar by each cargo element shall be limited
to that specified in its unique ICD. :
(R-1

Electrical cable trays are provided in the
mid-body (starboard and port sides) for
support of the SMCH or cables connecting
two or more payload elements. (R-1)

» See Figure 3.8-1.

¢ 1f standard orbiter cable trays are not
used, the payload must provide its owm.

NASA, 1980 (a):
JSC 07700, Vol. XIV
ICD 2-19001

Affects design of the
electrical cable sup-
port. Also influences
other provisions for
connections to orbiter.

NASA, 1980 (a).

Influences attachment
design for the elec-
trical cables to

payload from orbiter.

NASA, 1980 (a):

Affects design of

electrical support
equipment for pay-
load bay packaging.
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18 o

AUXTLIARY POWER
ME414-0234-7106* CONNECTOR REQUIRES
MATING CONNECTOR ME414-0235-7101*

MAIN POVER
MEA14-0234.7222
CONNECTOR REQUIRES _ _~o|.-.
MATING CONNECTOR '
MEQ14-0235-7226%

le—700—2" 2-“-5 720 AUXILIARY POWER
NOTE: Ref. ICD 2-19001, ke——10.42 ME414-0234-7107* CONNECTOR
Appendix P, for pin VIEW A-A \ 2,348.49 REQUIRES MATING CONNECTOR
functions (NASA 1980(a)) X615 ME414-0235-7102*

*INTERIM ROCKNELL PART NUMBER
(FOR REFERENCE ONLY) WILL BE
CHANGED TO APPROPRIATE GOVERN-
MENT [DENTIFICATION WHEN SUCH
GOVIRNMENT SPECIF ICATION
COVERAGE IS IMPLEMENTED CARGO

-— DESIGN TO INTFC

Figure 3.8-2. Payload Electrical Power Service Panel (Xo 645)



Figure 3.8-3. Electrical Power Interface Panel
at S:n:ion'xol203, Starboard Side

( OF TRARION

Reference: NASA 1980(a),
1CD 2-19001, p. 3=43A

Power, Signal, and Fluid Interface

Figure 3.8-4.
Locations at Cargo Element
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NOTE: For specific details of hole patterns at each scar
attach point, see Space Shuttle System Payload
Accommodations, JSC-07700, Vol. XIV, Rev. F,

ICD 2-19001, p. 3-45B.

Figure 3.8-5. Mid-Body Scar Attachment Provisions
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Table 3.8-3.

Checklist:

Constraints Involving Cargo/Orbiter Signal

and Control Cables in the Orbiter Payload Bay

(

) CONSTRAINTS / * QUALIFICATIONS

REFERENCES '
TMPL | CAT IONS

(

)

Data Bus Interface at X 693. The mid-body
data bus access pancf port and starboard
interface are defined in Figure 3.8-6. These
panels are not available for cargo use unless
the requirsaent is defined in the payload-
unique ICD. (R-1)

sSee Figure 3.8-6 for specific locations
of this interface.

A portion of the orbiter standard mixed
cargo harness (SMCH) is provided for con-
necting payload data and command to the
orbiter at Station X 693. Details are
provided in the reference. (R-1)

*Payload designers shall design for
utilization of the SMCH.

SMCH signal and control cables to payloads
shall interface with panels located on the
port side of the cargo bay at forward
Station X 603 and aft Statiom X 1203 (Figure
3.8-7).

SMCH cables shall be available as GFE from
Station X,603 directly to payloads in the
cargo bay. See the noted reference for
additonal details involving locations, pin
layouts, keyways and matching connectors.

Signal and control cables may, under some
conditions, interface directly with service
panels at the forward bulkhead (Sta. 576)
and the aft bulkhead (Sta. 1307). In all
cases, these must be agreed to and defined
in payload-unique ICD's. (R-1)

* See Figure 3.8-8.

NASA, 1980 (a):
JSC 07700, Vol. X1V,
ICD 2-19001

Affects design of data
cabling and routing

Roels, D. P., 1979:
SMCH-DRD-0001

PIRN 176A to ICD2-
19001, NASA 1980(a)

Affects routing of
data and command
lines

NASA, 1980 (a):
JSC 07700, Vel. XIV,
ICD 2-19001

NASA, 1980 (a):
JSC 07700, Vol. X1V,
ICD 2-19001

Affects design of
attach cables

NASA, 1980 (a):
JSC 07700, Vol. XIV,
ICD 2-19001

Rockwell, 1980 (b):
SSV 80-1
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Table 3.8-3 Checklist:

Constraints Involving Cargo/Orbiter Signal

and Command Cables in the Orbiter Payload Bay (Cont.)

(

) CONSTRAINTS / « QUALIFICATIONS

REFERENCES ]
{MPLICAT IONS

( ) All signal and cortrol cables to payloads
shall be routed through the standard orbiter

payload bay cable trays up to the egress
mount., ¢

¢ Inter-payload cables also may be routed
through these cable trays.

« Special cable supports may be supplied
by payload.

¢ An egress must be iastalled to provide
an optimum routing for the payload wire
harness/coax cables to interface with a
payload.

3

Power, signal and fiul- interfaces at cargo
elements. The cargo el=ment user shall
provide power, signal and fluid interfaces
as required, within 540 in.3 volumes for-
wvard of each longeron trunnion as shown in
Figure 3.8=4. The cargo element shall
provide support for fluid lines and power
and signal cables within 18 in. of the
interfaces located above with adequate
allowance for mating and demating of con-
nectors. The cargo element shall also
provide additional cable and fluid line
support, as required, such that there

shall be no unsupported lengths of cables
or fluid lines greater thaa 18 in. (R-1)

» Requires integration with power and
fluid interfaces.

Mid-Body Scar. The orbiter shall provide
scar 1n the mid-body for the attachment of
cargo element hardware at locations shown
in Figure 3.8-5. The load-carrying capa-
bility shall be such that a 10-1b weight
can be carried at each scar location
simultaneocusly. Use of this scar by each
cargo element shall be limited to that

specified in its unique ICD. (R-1)

P

_connections to orbiter,

NASA, 1980 (a):
JsC 07700, Vol. XIV,
I1CD 2-19001

Same as for power, but
EMI analysis may dic-
tate which side of
bay.

NASA, 1980 (a):
JsC 07700, Vol. X1V,
ICD 2-19001

Affects design of the
electrical cable s3up-
port. Also influences
other provisions for

NASA, 1980 (a):
JSC 07700, Vol. XIV,
ICD 2-19001

Influences attachment
design for the elec-
trical cables to

payload from orbiter.
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Table 3.8-3. Checklist: Constraints Invelving Cargo/Orbiter Signal
and Control Cables in the Orbiter Payload Bay (Cont.)

REFERENCES
() CONSTRAINTS / « QUALIFICATIONS TRPLICATION
( ) All cargo bay electrical bonding interfaces NASA, 1980 (a):
shall be prepared in accordance tith the JSC 07700, VOL. X1V,
noted reference. ICD 2-19001
l.l-.”
WOTEM

) oamrE: comeecTon pary
WUMBER NLSOT12.108
RSQUIRES PATLOAD MATDNG
COMNECTOR NLMOTIR.ISP

€ WIRETRAY AEP

34122 STARROARD )
:*nuourawc{?‘

Source: NASA 1980(a),
ICD 2-19001, p. 3=43

L]
DATA BUS IXTERFACS (2 PLACES)
VIEW LOOKING AFT STARSOARD
SIDE OF CARGO BAY SNOWNM
POAT IDE O

Figure 3.8-6. Data Bus Interface (X 693)
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Xo603 INTERFACE PANEL -
LEFT HAND SIDE

X,1203 INTERFACE PANEL -
*" LEFT HAND SIDE

venes
- . Ovi e
LYY ~CTTEN
% T |
[ T
A,sn-'.' A oy : : k
e ) ! ‘55 ) AIROCK

t
—l
mm ""'1 . MINOAS OWELOM
. roar | sTnsane '
L
|

5
i
5 i
/\(‘
i |
s o

Figure 3.8-8. Locations of Signal and Control Service Panels
at Station x°576 Bulkhead

347



Table 3.8-4. Checklist: Constraints Involving Electrical Ground

Umbilical Connections to Payloads

(

) CONSTRAINTS / « QUALIFICATIONS

REFERENCES )

IMPLICAT | ONS

(

) The orbiter shall provide for installation

of electrical (and fluid) services to the

cargo from GSE in the mid-tody prelaunch

vabilical panel as shown inFigure 3.8-9.
(R-1)

The port and starboard (T-4) umbilical panels

(Payload/OMS Delta V Umbilical Panels and

Dump Provisions) are shown in Figure 3.3-10.
(R-1

The T-0 Umbilical Panels are shown in
Figure 3.8-11. The port side is for fuel.
The starboard side is for oxidizer. (R-l)

NASA, 1980 (a):

JSC 07700, Vol. X1V,
ICD 2-19001,

Par. 3.3.6, Figure
3.3.6-1

NASA, 1980 (a):

JSC 07700, Vol. XIV,
ICD 2-19001, Par.
3.3.9

Rockwell, 1980 (b):
14 80-1l Plsc 223
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Figure 3.8-9.
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Figure 3.8-10. T-4 Payload/OMS Delta V Umbilical Panels and
Dump Provisions (Routing Conceptas)



Design for large space structure components evaluated to date of this
publication generally have not required extensive concern for services from
GSE to payload items. Therefore, further details of these Shuttle system
capabilities do not appear in this document.

PAYLOAD COMMUNICATION ¢

{ GROUND MONITOR $iGKALS
= |~ 2 sis
. N2 FiLL ¢ oraIn
W13 TANK veEnt
T-0
FUEL
- PANEL
- : PORT
{ \ !
€oLD He FiLL
AYLOAD 1 PRELAUNCH COAX
'l
- L d
/’
[}
! GROUND POVER
X 1887.5 mnioao SIGMALS

1418 — f— -
nELION mu\.¢ ( { | b et
(] & DRAIN
1oy FiLL ~w_ ' PAYLOAD PRELAUNCH COAX
1-0 PATLOAD COMMUNICATION
OXIDIZER PONITOR
PANEL ?f-
STARDOARD
GROUND COOLANT SuPPLY
GROU%L “OOLANT RETUAN

Figure 3.8~l11. T-0 Umbilical Panels
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3.9 FLUID INTERFACES

Some payloads associated with large space structures may require cooling
services provided by the orbiter. 1In such cases, fluid lines aeed to dbe con-
nected between the payload and the orbiter heat exchanger. Decisions on the
size and locations of such lines will depend on the cooling capability
described later in Section 4.13.

In addition, the orbiter can provide 02/N2 to the payloads, if desired.

Provisions for the above fluid connectiona are combined at a heat exchanger
coolant and 02/N2 supply interface panel in the payload bay, at Station X, 636
(see Figure 3.9-1 and NASA 1980(a), 