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FOREWORD

The Spacelab Level IV Programmatic Implementation Assessment Study was conducted

to assess the Level IV payload integration requirements, In the study, alterndte Level IV
integration approaches were synthesized and evaluated to establish the most cost-effective
experiment integration approach, Resource requirements or cost factors that were included

in the assessment pertained to the "hands-on" activities of ground processing, These require-
ments included manpower, temporary duty subsistence and air fare, flight hardware and Ground
. Support Equipment (GSE) transportation costs, and prorated flight hardware and GSE use costs
based upon the involvement time of these items for each mission, Programmatic inventories of
flight hardware and GSE were developed using representative payloads. These payloads were
defined to a level of detail that permitted a detailed assessment of the handling, installa=-
tion, servicing and checkout requirements of the experiment end items. Spacelab flight
hardware and GSE support and interface requirements were identified. Buildup schedules

for the inventories were formulafed. Alternate ground processing concepts were synthe~

sized and the processing of each of the representative payload through these concepts was
evaluated, Cost dafa for each processing option was developed for each payload. The
spectrum of experiments and payloads used in the study facilitated the identification of

design characteristics to identify the ground processing activities, Guidelines were iden-
tified to assist experimenters in the development of payload designs that will permit cost-
effective ground processing.

The results of the Spacelab Level IV Programmatic Implementation Assessment Study
effort are presented in four volumes:

VOLUME | REPRESENTATIVE PAYLOAD DEFINITION SD 78-5R-0009-1
VOLUME 1l GROUND PROCESSING REQUIREMENTS SD 78-5R-0009-2

VOLUME {11 OPTIMIZATION AND PROGRAMMATICS SD 78-5R-0009-3

VOLUME IV EXECUTIVE SUMMARY SD 78-SR-0009-4

SD 78-5R-0009-4
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1.0 INTRODUCTION

The progression of definition, design, and development of the Space Shuttle has reach-
ed the point where the ground processing approach has evolved from an objective, to an allo-
cation and, hence, fo an assessment stage. A similar, but slightly delayed, evolution has
occurred with Spacelab ground processing approaches, This continuing refinement and re-
definition has paralleled and reflected the maturing nature of the equipment design and
development. The current status of the definition of some of the Spacelab payloads and
individual experiments is at the point that o quantitative assessment of the ground process-
ing requirements of these elements is feasible and practical at this time.

In previous studies pertaining to the ground processing of Spacelab payloads, the scope
of these studies was limited to Levels Ill, I, and | integration activities. Preliminary esti-
mates of the recurred quantities of Spacelab flight hardware have been derived from an anal-
ysis of only these phases of the Spacelab ground processing scenarious. However, Spacelab
unique flight hardware requirements will also be directly affected by Level IV integration
activities.

The definition and scope of the four level of Spacelab integration are

o Level IV Integration - Integration and checkout of experimeni equipment with
individual experiment mounting elements {e.g. racks and pallet segments).

¢ Level il Integration - Combination, integration and checkout of all experi-
ment mounting elements (e.g. racks, rack sets and pallet segmenis) with experi-
ment equipmeni_already installed.

e Level Il Integration - Integration and checkout of the combined experiment
equipment and experiment mounting elements (e.g. racks, rack sets and pal-
let segments) with the flight subsystem support elements (i.e. core segment,
igloo) and experiment segments when applicable,

o level I - Integration and checkout of the Spacelab and its payloads with the
Shuttle Orbiter, including the necessary pre-installation testing with simulated
interfaces

In this study, a representative set of four Spacelab payloads (Advanced Technology
Laboratory-ATL, Space Processing-SP, Life Science-LS, and Combined Astronomy-C/A)
and experiments were defined to a level of detanl that permitted a quantifative assessment
of their Level 1V integration requirements. Trades and analyses were conducted on alter-
nate Level 1V integration concepts for the four representative payloads fo determine the
most cost-effective approach that would be responsive fo experimenter requirements, ond
compatible with subsequent higher-level integration activities.

I-1

SD 78-SR-0009-4



Space Transportation System @ Rockwell
Integration & Operations Division p International

Space S'ystems Group

Programmatic requirements were derived from an extrapolation of the data developed
for the four representative payloads fo the baseline Spacelab Traffic Model (560 Traffic
Model) and fo two other traffic models (@ 2/3 and 1/3 baseline) that were developed from
the baseline model. The programmatic resource requirements or cost factors that were de-
fined pertained to the "hands-on " portion of Level IV integration. "Hands-on" relates to
those activities directly involved in the physical integration of experiment equipment to
the Spacelab mounting elements. It includes not only the installation of the experiment
equipment but also the use of Spacelab and PI provided GSE to perform the functional veri-
fication (nhominal operationd) of the experiments, The requirements were developed for man-
power, femporary duty (TDY) assistance, Spacelab flight hardware, GSE, and transportation
costs.

This volume of the study documentation contains a succinct summary of the study activ-
ities that were conducted to establish the Spacelab Level IV integration requirements for the
representative payloads including the trades and analysis conducted to assist in the defini-
tion of a preferred, most cost-effective, processing approach,

The Executive Summary defines the overall study objectives (Section 2,0}, as well as
a summary of the most significant results (Section 3.0) of the analysis of the study. Section
3.0 defines the approach used in the synthesis and selection of altemate Level IV integra-
tion approaches, namely the Distributed Site Options, the Lead Center Option, and the
Launch Site Options. The principal characieristics as well as the functional flow diagrams
for each options are presented and explained,

In order to provide a broad spectrum of Level IV integration ground processing require=
ments, four types of Spacelab payloads were analyzed in this study. These payloads are con-
sidered fo be representative of the Spacelab traffic model. The design reference missions
analyzed were: o

-

1. Space Processing. A single pallet payload that is representative of
materials development and industrial applications
activities, which would be part of a mixed cargo

Orbiter flight.

2, Combined Astronomy. A five pallet payload that is representative of
astrophysics, solar terrestrial, and astronomy
investigations.

3. Life Sciences, A long module payload that is representative of
aerospace bioscience and physiological investi-
gations.,

4, Advanced Technology A short module plus pallet frain payload that is

Laboratory represenfative of multi-disciplines technc!cgica!

investigahions.

1-2
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Experiments and configurations for these types of payloads were defined to various
levels of detail in previous NASA and contractor studies. In this study, these data were
expanded and integrated into representative payloads fo a depth that would permit assess-
ment of ground processing activities, A synopsis of the experiments and flight configura-
tion for each of the four representative payloads is presented in subsequent sections of this
volume,

Ground processing requirements and optimizations were established for each pay~
load. The guidelines utilized to define the ground operations applicable fo each payload
are provided. The ground processing standardized task estimating fechniques are defined
and their application explained. Level 1V integration resource requirements are included
for each payload and applicable ground processing option. Cost summaries of these per-
mission ground processing costs are presented in these analyses.

A summory of the three special system level trade studies is included. One study
evaluated the use of simulated or substitute Spacelab unique equipment such as Remote Acqui-
sition Units (RAU's), Spacelab module floors, flight cables, etc. The other two studies were
an analysis of dedicating Spacelab flight hardware to experiments ond the potential cost im-
plications of shared (progressive) Spacelcb integration.

Section 3.4 of the Executive Summary defines the programmatic costing of the re-
source requirements for the four representative payloads. The resource requirements of
Personnel, Spacelab Flight Hardware, GSE and Transportation are defined for each of the
Level IV ground processing options and traffic models selected to be evaluated as part of
the programmatic analysis. Summaries of these data are presented in this volume,

The final sections (3.5, 3.6 and 3.7) contain the concept evaluations including the
quuhi'cﬂ'we assessment of options, the design and integrafion guide - developed as a resulf
of the experience gained in the conceptual integration of payloads during the course of the
study, and the summary of the study - with its major study conclusions and recommendations.

SD 78-5R-0009-4
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2,0 STUDY OBJECTIVES

v

The overall ob|ective of the Spacelab Level IV Programmatic Implementation Assess-
ment Study was to develop altemate Level IV integration approaches to be synthesized and
evaluated to establish how the most cost-effective Level IV integration approach should be
performed. This analysis was accomplished in sufficient detail, ond supported by sound
ground rules, guidelines, facts, and analyses, to assist the NASA in its definition of and
planning for the Spacelab dperations,

Resource requirements or cost factors that were included in the assessment perfain to
the "hands-on" activities of ground processing. These requirements include manpower,
temporary duty subsistence and air fare, flight hardware and GSE frensportation costs, and
flight hardware and GSE use costs based upon the involvement time of these items for each
mission. Programmatic inventories of flight hardware and GSE were developed. Buildup
schedules for the inventories were also formulated end analyzed. The spectrum of experi-
ments and payloads used in the study were selected to facilitate the identification of de-
sign characteristics that are representative of the ground processing activities.

The four primary objectives that were established to achieve the overall study object-
ives were (1) synthesis and assessment of alternate Level 1V integration approaches, (2)
derivation and identification of Level 1V integration and checkout requirements and the
optimization of each of the processing concepts/options, (3) development of NASA Level
IV programmatics for the Spacelab operational era, (4) evaluation of selected concepis
to identify the most cost-effective expeiment/payload integration approach(es). The key
factors and considerations associated with each primary objective are delineated below.

SELECTION OF ALTERNATE LEVEL IV INTEGRATION APPROACHES

An appreach was formulated in which three major Level IV integration ground pro-
cessing concepts were considered: distributed site, centralized site, and launch sites,

The scenario for the distributed sifes concept began with the preparation and ship-
ment of Spacelab flight and GSE equipment from KSC to the Principal hvestigator (PI).
There was also an option to this concept that considered the provisions and resource re-
quirements for the processing of the experiment/Spacelab equipment in a combined pay-
load checkout of the launch site (in a payload assembly and checkout area) prior to the
initiation of the Level Ill/1l integration activities of KSC. The centralized site scenaric
commenced with the preparation and shipment of both experiment and Spacelab flight and
GSE equipment to the centralized site, and terminated with the shipment of experiment
equipment from the launch site back to the Pl's. The launch site scenario begins with the
shipment of experiment flight equipment directly from the Pl o the launch site, and ends
following deintegration when the experiment equipment is shipped back to the Pl's.

2-1
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REQUIREMENTS AND OPTIMIZATIONS

As an integrdl part of the derivation of Level 1V integration requirements, the devel-
opment of installation and physical support requirements were established for four design
reference missions. These payloads were selected because they are considered representa~
tive of the Spaceldb traffic model. The payloads analyzed were-

1. Space Processing A single pallet payload that is representative
’ of materials development and industrial appli-
cations activities, which would be part of a
mixed cargo Orbiter flight,

2. Combined Astronomy A five pallet payload that 1s representative
of astrophysics, solar terresirial, and astron-
omy invesfigations,

3. Life Sciences A long module payload that is representative
of aerospace bioscience and physiological
investigotions.

4. Advanced Technology A short module plus pallet train payload
Laboratory that is representative of multi-disciplined
technological investigations.

The ground processing requirements were established by the (1) definition of the
installation and test (1&T) requirements, and (2) the development of ground processing
sequences for each experiment. The resources required to process each of the represen-
tative payloads in accordance with the alfernate Level IV concepts developed were de-
fermined for:

o "Honds-On" monpower levels required for each Level IV related activity

e TDY costs
e Spacelab flight hardware quantities
e level IV integration GSE

" o Transportation costs for Spacelab and experiment equipment being shipped
to/from an integration site to the launch site.

Three major trades were conducted to estublish the most cost-effective epproach for
each of the three ground processing concepts (Distributed, Centralized, Launch Site) eval-
uated, The use of simulated and dedicated Spacelab unique equipment were eval.s*ed,

In addition, the cost and schedule implications of progressive Level 1V integration of shared
Spacelab flight hardware were defined and assessed,

SD 78~-SR-0009-4
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PROGRAMMATIC COSTING

An extrapolation of the baseline ground processing requirements, generated for the
four representative payloads, was made fo the entire Spacelab traffic modef. This ex-
trapolation was made by establishing an equivalency between the four representative pay-
loads and the remainder of the troffic model. The experiment definitions and conceptual
designs developed for each representative payload were used as guides in the establishment
of the distinguishing payload characteristics.

The resource requirements for the preferred approach for the four representative pay-
loads were scheduled for the appropriate equivalent payload of the fraffic model. Pro-
grammatic schedules and cost summaries have been prepared to provide composite costs,
Required inventories of Spaceldab unique flight and ground equipment simulafors and major
common support items were defined,

- A selection was made and not all ground processing options defined in the require-
ments analysis were carried info the programmatics evaluation. The definition of the six
viable ground processing options selected fo be carried through the programmatics are de~
fined in Section 3.3 of this document.

The results of the system level trades are factored into the programmatics data pre-
sented in this document,

CONCEPT EVALUATIONS

In addition to the Baseline traffic model, 2/3 and 1/3 traffic models were estab-
lished. Based upon the payload equivalencies established resource requirements for the
1/3 and 2/3 Spacelab traffic models were derived. These reduced troffic models were
used in the evaluation of the differences between opiions and within concepts.

In addition to the analysis and evaluation of the specific ground processing resource
requirements developed for each of the applicable options and for each representative pay-
load, there was a qualitative assessment performed. This qualitative assessment is a rela-
tive comparison of the Personnel, Facilities, GSE, Operations, and Management aspects
of the Level IV options evaluated. This assessment 1s presented in Section 3.5.

SD 78-SR-0009-4
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3.0  SIGNIFICANT STUDY RESULTS

This section presents a summery of the more significant resulfs of the analysis of the
study, The subsections in this section correspond to the four primary objectives of the
study described in Section 2,0, Study Objectives.

3.1  SYNTHESIS AND SELECTION OF ALTERNATE LEVEL IV INTEGRATION
APPROACHES

In the establishment of the alternate Level 1V integration approaches, three Level
IV integration ground processing concepts were considered: (a) distributed site, (b) cen-
tralized site, (c) launch sites. The distributed site concept reflected multiple Level IV
infegration activities for a single Spacelab payload at geographically separated locations,
The centralized site concept required all experiment equipment and Spacelab mounting/
interfacing hardware for a payload at one geographical focation. The third concept re-
quired all experiment hardware at the launch site, KSC, All three concepts reflect the
same level of assembly and checkout prior te initiation of Level Il/1] mtegration activ-
ities af KSC, To provide a broader spectrum of data, the number of options within each
concept was exponded. The expansion within the three baseline or generic concepfs was
based upon variations in the experiment/payload integration.

DISTRIBUTED SITE OPTIONS

The principal characteristic of distributed site options is the independent buildup
and checkout of Spacelab mounting elements af multiple geographical locations. For
example, an experiment system could be installed and checked out in one rack dt a site,
while other experiment systems were being installed and checked out independently in
other racks at other sites, Multiple sets of checkout equipment are also characteristic
of this generic concept.

The analysis of the four representative payloads resulted in the definition of 15 can-
didate distributed sites, By payload, there were 8 for Life Science, 3 for Combined Astron-
omy, 3 for Advanced Technology Lab, and 1 for the single pallet Space Proces<ing payload.

There were three distributed site options that were defined for analysis (A-1, A-2,
and A=3), The A-1 option reflects rack/floor and/or pallet train assembly during the
STS operations. Also in the A=] option, the mitial checkout of the integrated payload
is accomplished after rack/floor installation into the module interconnection of the habit-
able module and pallet(s), and/or installation of the igloo on the lead pallet and inter-
connection of pallefs,

A functional flow diagram for this option is presented in Figure 3-1. A brief des-
cription of the activities conducted in each block is presented in Volume 11, Section 2,0
(Table 3-1). The missing numbers will be subsequently assigned and the activities identi-
fied in subsequent opfion definitions,

3-1
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Figure 3=1, Individual Experiment Integration - Level I11/11
Assembly and Checkout

The second distributed sife option (A-2) reflects combined payload checkout ai KSC
after independent/individual experiment/mounting element integration ot multiple dis-
tributed sites but prior fo entering STS operations in the O&C building. This option is
also characterized by the by-passing of the Level il assembly ~ctivity in the O&C build-
ing. For example, independently integrated pallets or pallet trains (pallet-only payload)
would be interconnected and checked out at the payload level in the off-line activity,
disconnected, and then transported directly to the Level Il stand in the O&C building.

The third distributed site option (A-3)} also includes off-line checkout af the pay-
load level of KSC, However, in this option, Level lil assembly in the O&C building is
required. For example, rack/rack sets from multiple distributed sites would be inter-
connected and checked out in the off-line activity, disconnected and transported to the
O&C building, and then integrated with floor segments in the Level [l assembly stand,

A functional flow diagram for the A-2 and A-3 options is presented in Figure 3-2.
The delta activities for these options are reflected in functional blocks 7, 8 and 9. All
other functional blocks are essentially the same as described in Volume I, Secticr 2.0
(Table 2-1). Activities in blocks 7, 8 and 9 are summarized in Volume lI, Section 2,0
(Table 2-2), The destination from block 9 is dependent upon the configuration of the pay-
load upon arrival at the O&C building. If the payload is in the flight configuration, the
flow by-passes block 10 (Option A=2}, If Level Ill assembly is required, block 10 is in~
cluded in the processing flow (Option A-3),
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Figure 3-2.  Individual Experiment Integration -

Pre=Level 1{1/1l Combined Checkout
LEAD CENTER OPTIONS

The generic lead center concept is characterized by the performance of all pre-O&C
building integration activities at one geographical location other than KSC, The options
within this concept reflect variations mn both the level of and approach to assembly and
checkout. There was one Lead Center selected for each of the representafive payload

groupings - Life Science, Combined Astronomy, Space Processing, and Advanced Tech-
nology lLab,

The first three lead center options (B-1, B-2 and B-3) are similar to the disiributed
site options. Although experiment system/mounting element infegrations are conducted
on an individual basis, the activities are scheduled to maximize the common usage,/sharing
of GSE. The first option (B~1) would result in the integration of individual mounting
elements at a lead center. Subsequently, these elements would be transferred to KSC for

assembly into the flight configuration of the payload in the O&C building. Option B-1
is comparable fo Option A-1.

Options B~2 and B-3 are comparable to Options A-2 and A-3 with regards to pre-
KSC/STS assembly and checkout status. However, the combined payload checkout activ-
ity would be conducted at the lead center rather than in an off-line facility of KSC,
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Except for the location(s) of this activity, the functional blocks in Figure 3-1 and -2 for
Options A1, A-2 and A-3 are the same for B-1, B-2, and B-3, respectively.

If Level IV integrafion 1s conducted at one geographical location installation of the
full complement of experiment equipmeni and/or Spacelab mounting elements prior to
checkout is feasible, Option B-4 reflects this possibility. For example, an entire rack/
floor set would be available at the Level IV site. Intra= and inter~rack and floor cabling
would be installed, Experiment equipment would be installed in/on the racks and floor
segments. Individual experiment systems would be checked out followed by a combined
payload checkout, The totally assembled and infegrated payload would then be trans-
porfed directly to the Level Il stand in the O&C building.

In order to assess the impact on ground processing of a potential road transportation
constraint, a fifth lead center option (B-5) was introduced. Repetitive road transporta-
tion through some states may be resiricted to a maximum widih of twelve feet. This con-
straint can be met if only single pallet and/or single module rack/floor sets are transported.
Thus, for the B-5 option, payload assembly and preparation for shipment activifies in the
B4 option were revised to reflect the temporary interconnection if pallet frains and long
module rack and floor sets, Also, the Level 11} assembly activity in the O&C building was
included 1n the KSC-STS operations.

The top level functional flow for the B~4 and B-5 options is presented in Figure 3-3.
Only functional blocks 3 (Experiment Installation and Payload Assembly) and 4 (Experi-
ment Interface Verifications) are deltas to the flow presented in Figure 3-1, Block 3
encompasses the installation of experiment equipment in flight configured rack/floor sets
and/or pallet trains. Block 4 includes the sequential and progressive verification of in-
dividual experiment systems, The activities within blocks 8, 9 and 10 are similar to those
of the previously discussed options, but reflect the integrated payload configuration of
Options B~4 and B-5. .
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Figure 3-3.  Payload Assembly and Checkout -

Disassembly for Transportation

LAUNCH SITE OPTIONS

In general, the launch site options are a special application of the centralized op-
tions, All experiment equipment and Spacelab mounting elements are integrated at one
geographical location. For purposes of this study, it was assumed that all the Level IV
integration activities af the launch site would be conducted in a facility in the industrial
complex, The one disparity between the cenfralized options and the launch site options
is that there is no launch site option comparable to B-5, A twelve-foot width constraint
during transportafion of an integrated payload from the industrial complex to the O&C
building at the launch site is not applicable.

SUMMARY OF GROUND PROCESSING OPTIONS

A matrix of the iwelve options for the three generic concepts and the applicable
functional flocks is presented in Figure 3-4. As stated previously, the first three options
for each generic concept encompass the same functional blocks (activities), Options
B-4 and C—4 are comparable, Option B-5 is unique to the lead center concept.
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Figure 3-4,

Matrix of Processing Options

The predominant discriminators between options are as follows:

1, Level of pre-KSC/STS integration-
Payload Checkout - Block 8.

2, Approach to experiment installation.

Inclusion/exclusion of Combined

payload buildup ~ Blocks 5 and 6 versus Blocks 3 and 4.

3. Level Il assembly at KSC:
configuration buildup at KSC - Block 10,

Individual experiment versus

Inclusion/exclusion of payload flight

Various combinations of A, B, and C opfions for the ground processing of a pay-
[oad were briefly examined. Some combinations or hybrids are feasible and quite reason-
able. For example, part of a payload might be integrated of a distributed site (A type
option) and then combined with the remainder of a payload at a lead center (B type op-
tion) prior to fransfer to KSC, The assessment of these fypes of hybrid options wou:d no
significantly expaond the spectrum of data of the basic fwelve options. Also, the data
for the twelve options could be exirapolated to various hybrids if other factors indicated
the desireability of a hybrid ground processing approach for an individual payload.
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3.2  DESIGN REFERENCE MISSIONS

In order o provide the depth of detail necessary to establish the wide spectrum of
Level 1V integration ground processing requirements, four types of payloads were anal-
yzed in this study, The payloads analyzed were:

1. “Space Processing

2. Combined Astronomy

3. Life Sciences

4. Advanced Technology Laboratory

The experiments that these payloads accommodated and the different types of pay-
loads were defined to various levels of detail in previous NASA and contractor studies.
In this study, these data were expanded and integrated into representative payloads to
a depth that would permit assessment of ground processing activities, A summary of the
experiment definition process the experiment complement on each payload and their con~
ceptual designs is presented in the following subsections,

EXPERIMENT DEFINITIONS AND REQUIREMENTS

Four payloads (Combined Astronomy, Life Science, Space Processing, and the
Advanced Technology Laboratory) were selected for use in the study because they were
representative of the majority of the payloads of the Spacelab traffic model. The Or-
biter cargo manifest for the Space Processing payload will include fwo free-flyer pay-
loads to assess potential implications of a mixed cargo on Level IV integration. This
payload and Combined Astronomy are pallet-only payloads. The Life Science payload
is representative of the module-only cases and utilizes the long module Spacelab con-
figuration. Advanced Technology Lab {(ATL) configuration i1s a short module plus two
pallets.

Each of the experiments of these payloads is described by means of an experiment
definition package (EDP), illustrated in Figure 3-5, consisting of 13 different kinds of
pages, The EDP covers experiment objectives, ground operations, component physical
properties ond power, thermal conirol, and envirenmental requirements, and data inter-
phases, The level of detail is that necessary to establish a payload conceptual design
and fo define the individual experiment Level IV integration requirements. The form
was utilized to assure a standard depth and format of definition for all experiments.
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Figure 3-5.  Development of Experiment Definitions
and Requirements

SPACE PROCESSING PAYLOAD

The representative single pallet/mixed cargo Spacelab payload used in this study
was an adaptation of the Space Processing payload defined in previous NASA studies,
including contract NAS8-31495, The other cargo elements considered were SSUS-D’s
with a telsat and a Small Business Satellite payload, A Spacelab mixed cargo was in-
cluded to assess potential implications of such a configuration on Level [V ground pro-
cessing activities.

Scheduling, mission planning, resource management, thermal and structural anal -
ysis, crew fraining, and KSC-STS operations will be offected by a mixed cargo config-
uration. These impacts will be reflected in the analytical engineering and integration
activities of Level IV integration. However, Level IV ground processing, which is the
only Level 1V integration activity addressed in this study, will not be affected by
mixed cargo configuration,

Significant ground processing interfaces between o Spacelab payload and frec
flyers were identified during only two STS operations activities, installation and check-
out of Orbiter aoft~flight-deck control and displays (for the cargo), and final servicing
and interface verification of cargo elements at the pad, Neither of these activities im-
pose consirainis/requirements on the Level IV ground processing activities of a Spacelab
payload.
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The experiments included in the Space Processing payload are listed in Table 3-1,

Table 3-1,  Experiment Complement for Space Processing Payload
EXPMT NO, TITLE

CG-5 Containerless/Melting of Blanks for Earth Drawing
Optical Fibers

CG-7 Space Processing of Chalcogenide Glasses

S-4 Preparation of High Point Defect Density
Expitaxial Films

5-6 Floating Zone Melting of Silicon

S-7 Liquid Phase Epitaxial Film Growth

S-9A Evaporative Purification of Metals

5-98 Conirolled Solidification Morphologies

S-14 Crystal Growth by Chemical Vapor Transport

S-16 Crystal Growth from Quiescent Melis

5-21 Evaporative Purification

S-25 Containerless Zone-Growth ALSb Crystals

A complete definition of rhe experiments and the space processing facilities that
they utilize is contained in Section 2.0 of Volume | Representative Payload Definition.

Payload Configuration

The configuration and end item callouts are itlustrated in Figure 3-6. The only

Spacelab inferfacing equipment illusirated is the RAU and EPDB, However, coldplafes,
interconnect stations (1/C) and connector brackets are also included in the configuration.
It was assumed that installation of all Spacelab interfacing equipment (including nter-
connections between coldplates) is performed during staging activities at KSC, All other

3-9
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end items are installed as part of the Level IV activity. It should be noted that the freon
pump and heat exchangers indicated n the figure are experiment unique equipment (for
the fumace quench systems) and are in addition to the heat exchangers/coldplates and
freon pump provided as part of Spacelab interfacing equipment.

ELECTROMAGNETIC LEVITATION MELT FACILITY j\
' v ACOUSTIC LEVITATION MELT FACILITY

\ FZR/CG PROCESSING & CONTROL MODULE
FIR/CG OPTILS, CAMERA/TMAGE THBE
FZR/CG FURNACE MELT FACILITY

MULTI-PURPOSE FURNACE PROCESSING
& CONTROL MODULE

" MULTI-PURPOSE
FURNACE MELT

FACILITY
/ STORAGE
/, TANKS (He, 05, A, Spare)

FREOR PUHP

HIGH VACUUM PUMP

Figure 3-6, General Arrangement-Space Processing

ORIGINAL PAGE IS

OF POO Y
COMBINED ASTRONOMY PAYLOAD E QUAL

The Combined Astronomy payload is representative of the planned astrophysics in-
vestigations and encompasses fypical payload elements and configuration requirements.

Experiment Complement

The experiments included in the Combined Asironomy payload are listed in Table
3-2,
Table 3-2,  Combined Astronomy Experiment Complement

EXPMT NO. TITLE CENTER

AS-0T1-5 Shuttle Infrared Telescope Facility (SIRTF) ARC

uv-2 UV Photometer/Telescope GSFC

GR-1 Medium Gamma Ray Telescope GSFC

AS5-05-5 Far UV Schmidt Camera/Specirograph GSFC
3-10
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The four sets of experiment equipment making up the combined astronomy representa-
tive paylocd, reflect developments of two NASA centers, Ames Research Cenfer has pro-
ject direction for the 1.6~-meter, cryogenically-cooled telescope. The overall mission
objectives are to observe cool objects { = 4000 K} and identify sources of infrared radia-
tion in the 1-1000 w» wavelength region.

The Goddard Spaceflight Center complements include some of the many instrument
complements undergoing stody. The UV photometer/telescope assembly is designed to
feed detectors with sensitivities ranging from 900 A to 3400 A, The medium energy gam~-
ma ray telescope will be designed to perform detailed exploration of the 8 <E < 150
Mev radiation emissions. The far UV Schmidt cqémera/specirrograph will have the ob-
jective of obtaining spectra in the range of 950 A to 2000 A with particular emphasis on
UV flux distributions.

The above experiments provide for a complementary group with compatible flight
mode and poinfing requirements, ond a range of unique Level 1V integration activities.

Payload Configuration

The Combined Astronomy representative payload is shown in Figure 3-7 in its inte-
grated pre-level HI configuration, The first pallet installation (left on the viewgraph)
contains one of the GSFC experiment groups. The pallet installation is characterized
primarily by 1fs integration with the Small Instrument Pointing System,

The next three pallets make up the ARC Shuttle Infrared Telescope Facility (SIRTF).
The assembly starts with a single pallet containing the Instrument Pointing System, which
is physically engaged to the SIRTF telescope ofter orbit inserfion. The next two pallets
are entrained and support the 1,6 meter telescope and is instruments, cryo cooling end
ancillary systems. The fifth pallet contains the GSFC fixed installation, Gamma Ray Detector,

FORNARD HID AFT
COMPLEMENT COMPLEME T COMPLEMERT
e e, frrr—— ———rn
INSTRUMENT SIRTF
FAR UY SCHMIRT POINTING SYSTEM MEDIUM EHERGY
CAMERAS/SPECTROGRAPH (EPS)

GAMMA RAY GETECTOR

SHALL INSTRUMENT
POINTING SYSTEM
(s1rs)

2-TRAIN PALLET
SINGLE PALLET

UV PHOTOMETEI
TELESCOPE v PALLET PLATFORM (GSE}

Figure 3-7.  General Arrangement-Combined Astronomy
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This particular five pallet segment configuration is not included in Orbiter-Spacelab
interface control documents. However, mass and center—of ~mass characteristics of this
configuration were assessed and were within both Orbiter and Spacelab design constraints.
The total payload weight at liffoff is 32,880 pounds (14,945 Kg) and at landing 31,925
pounds (14,511 Kg).

LIFE SCIENCES PAYLOAD

The Life Sciences payload used in this study consists of a representative experiment
complement that uses the Spacelab long module configuration. Twenty-three experiments
are contained in the module; one experiment is installed in the payload station of the Or-
biter AFD,

The complement of experiments and experiment equipment used as the representative
Life Sciences payload are an adaptation of the joint JSC/ARC simulation, LB~SMD-I11-1
dated December 31, 1976, Modifications were incorporated fo reflect Spacelab and op-
erational constraints,

Experiment Complement

The experiments included in the Life Sciences payload are listed in Table 3-3, The
details of each of these experiments is confained in Section 3.0 of Volume | (Payload Re~
quirements Definition),

Table 3-3,  Life Science Experiment Complement

Expt Study Contract
No Title Center

(1) ¥-3 Rat Collagen Turnoverx ARC

(2} X~5 Biofeedback ARG

(3) X-8 Insulin Resistance ARC

(&) X~10 Rat Pilasma Somatomedin Concentration Stanford/ARC

(5} X-11 Rat Urinary Exeretion of 3-Methyl Histadane ARC/JSC

(6) X-12 Rat Proteolytic Concentration in Muscle Univ of Texas/ARC

(N X-13 In Vivo Muscle Protein Degeneration Univ. of Califormia/

ARC

(8) ¥-15 Monkey Statiec-Otolith Activity Change ARC

{9) %-21 Mice Vestibulo ~Cerebellum-Vomiting Center ARC
and Hypothalmic-Pituitary-Endocrine Axis

{10) X-23 Rat Brain & Renal Renin-Angiotensin Penn State/ARC
Alteratuon

{11) X=-27 Rat Lymphoid Tissue Histopathological ARC
Changes

{12) *~39 Monkey Resorption Rate Changes ARC

(13) X-42 Drosophila Development and Aging ARC

(14) X-49 Human Cardiovascular Alteraztion Stanfo.d/ARC

(15) X=51 Motiom Sickness Factors San Jose State/ARC

(16) X-38 Human Pulmonary Function UCSD Sch  of Med
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Table 3-3. Life Science Experiment Complement (Cont'd)

Expt Stwcy Contracc
Ho. Titlie Center
an X~59 Rat Metabolism and Heat Balance ARC
(18) x-60 Rats Pyrogente Fever-Szlicylate Interactrom -] ARC
(19) ¥-66 Otolzth Response Adaptation as a Function Jsc
of CNS OQutput
(20) -68 Erythrokineties in Man Js¢
(21) =74 Cellular Tmmune Response in Man Baylor Univ
(22) X-75 Basal and Light Activity Metabolism Jsc
(23) i-76 Monkey Cardiovascular Dynamics Univ of Califormia/
ARC
(24) =77 Urine Electrolyte Determination Js¢

Paylead Configuration

Figure 3-8 illustrates the general arrangement of the Life Sciences payload. This
view, looking oft in the Spacelab long module, illustrates the key features of the pay~
load. The majority of equipment items are installed in standard Spacelab racks. These
divide almost evenly by volume between standard electronic or electro-mechanical units
{amplifier, oscilloscopes, spectrometer, etc,} ond special bio-science support elements
(specimen holding units, surgical workbench, refrigerator, etc.).

In addition to the rack-mounted equipment, significant floor nstallations are re~
quired. The monkey pod installation provides an environmentally conirolled chamber
for two primates with auiomaric feeding and water systems and a controlled lower body
negative pressure, The rotating base assembly supports erther a chair or gimballed plat-
form assembly (normally stowed) and provides for controlled angular rotation or tilt rates.

Considerable volume is required for the stowage of miscellaneous items for the Life
Sciences experiments. This includes smaller instruments (cenirifuge, microscope) con-
sumables (specimen food/water) surgical supplies, syringes, scissors, efc. Some volume
is available in the racks, including consumables, A multitude of smaller items are con-
tained in the overhead stowage.
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Figure 3-8. Life Sciences General Arrengement

ADVANCED TECHNOLOGY LABORATORY PAYLOAD

The payload used in this study as representative of the multi-disciplined and [ab-
plus-pallet configuration of the Spacelab iraffic model was an Advanced Technology
Laboratory (ATL) experiment complement, ATL, This particular payload, ATL, was con-
ceptually designed in the ATL Experiment Systems Definition Study, NAS1-14116, Ex-
periments are located on a two-pallet frain, in the short module, on a cradle that spans
the Orbiter-Spacelab interconnecting crew access tunnel, and in the Orbiter AFD,

Experiment Complement

The experiments included in the ATL payload are listed in Table 3-4, The com-
plete details of the scientific and technological objectives of each of these experiments
is contained in Section 5.0 of Volume | (Representative Payload Definition).

: 1S
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Table 3-4.  ATL Payload Experimenis ORIGINAL, PAGE IS
OF POOR QUALITY
xperiment Description
SF-1 Laser Cyro Navigation
SF-2 Short Menipulafor (Teleoperator)
ST-1 Drop Dynamics Module
ST-2 . Environment Contamination Monitor
ST-3 Laser Heterodyne Spectrometer
ST-5 Column Density Monitor
ST-10 Microwave Radiometer
ST-16B Basic Structural Elements (Erectable)
ST-20 Space Calibration of Solar Cells
ST-21 Two-Phase Heat Transfer
ST-25° Combustion Facility
ST-26 Geophysical Fluid Flow
X=2 Attitude Reference Determination System

The resultant integrated payload represents a high-density assembly of diverse activ-
ities and equipment types.

Payload Configuration

The Advanced Technology Laboratory payload is illustrated in Figure 3-9,  This
payload consists of a short Spacelab module and two Spacelab and 12 experiments. Two
of these experiments, Basic Structural Elements (ST-16) and Short Manipulator (SF-2),
are mounted on a special support structure forward of the module over the crew tunnel.

ST-16 BASIC STAUCTURAL $T-20 SPACE MEAS /SOLAR CE
P ELEMENTS —_—— & e

ST-3 LASER HETERODYME
SPECTROMETER

ST-10 MICROWAVE

RADIOMETER X-2 ATT REF,

5T-2 INDUCED ENVIROMMENT
CONTAMINATION MONITOR (TECM)

SF-2 SHORT MANIPULATOR

Figure 3-9. ATL Payload General Arrangement
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3.3 GROUND PROCESSING REQUIREMENTS AND OPTIMIZATIONS

The ground processing requirements for each of the four representative payloads were
defermined by establishing the basic experiment installation and checkout requirements,
then by defining the sequences in which these components would be installed/assembled.
Then the activities of verification were factored into the resource requirements for per-
sonnel, equipment, and serial ground processing time. Prior to establishing the payload
insfallation and test requirements, three elements were defined:

(1) Baseline Concept Development Guidelines
(2) Applicable Payload Opticns
(8) Stondardized Task Estimations

A baseline approach to ground processing activities for each payload was established
with a set of guide!ines/assumptions pertaining to pre-Level 1V integration activities as well
as Level IV activifies. Subsequent system level trades were conducted to determine the cost
implications of some of these guidelines. The principle guidelines used are illusirated in

Table 3+5,

Table 3-5.  Baseline Concept Development Guidelines

NO, GUIDELINE

1 All Spacelab nterfacing hordware end expariment equipment will be i operable condition
and ready for installation/mtegration and the mitiation of Level IV activities.

2 The Spaceloh nterfacing element will be available af the Level IV site. That 15, regardiess
of what the element s (rack, pallet, IPS, SIPS, RAU, EPDB, EPSP, 1/C, coldplate, inverter,
etc.), 1t was assumed that it would be available at the Level 1V site,

3 Interfacing elements such as RAU's, EPDB's, EPSP's, 1/C's, and coldplates will be nstalled
in/on racks and pailets during staging operations at KSC,

4 Interconnections between coldplates on pallets and transition cables/coslant lmnes on for=
ward pallets will be installed during staging sperations at KSC.

5 Integration of instruments/sensors with SIPS canisters is accomplished prior to Level IV activ-
ifies,
6 Integration of experiment sybassemblies that will be nstalled as a single end item mn/en

Spacelab mounting elements or payload unique support structure will be accomplished prior
to Lavel IV activities,

7 | Where practical, currently defined Spacelab and payload GSE wil! be used/adopted for
Level IV integretion activities,

8 In general, checkout activities will consist of verification of installation and interconnection
operations, Specification, performance, end-to-end, or calibration tests will be conducted
if the mstallation/interconnection operation affects these parameters,

9 Repetifion of a test 1s required if an inferface 1s interrupted for reasons of tronspertation or
subsequent assembly operations,

10 None of the Spacelab equipment locoted in the Igloc or subsystem racks of the madule are
avatlable during Level IV activities.
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Based upon the basic: processing guidelines and the configurations of the representa-
tive payloads, the applicability of the ground processing options to the four payloads was
determined. The applicability is summarized in Table 3-6, Note that the pallet only
payloads, Combined Astronomy and Space Processing, do not require Level 11l assembly
at KSC. The pallet enly payloads required no physical mating of pallets and, therefore,
could bypass the Level 1] assembly at KSC, The other two payloads, Life Sciences and
ATL, require Level Il assembly at KSC except in those options that include integrated
payload assembly and fransporfation (B~4 and C-4). Options B-4 and C~4 included the
combined experiment buildup and integration. The totally assembled and integrated pay-
loads would be fransporied directly fo the Level Il stand in the O&C building.

Table 3-6,  Options Applicable to Each Payload
PAYLOAD APPLICABLE OPTIONS RATIONALE
COMBINED A-2 LEVEL Wl ASSEMBLY AT KSC (BLOCK 10) IS NOT REQUIRED
ASTRONOMY B-2, B4 FOR THIS PAYLOAD
c-2, C4
SPACE A-2, LEVEL [Il ASSEMBLY AT KSC (BLOCK 10) IS NOT REQUIRED
PROCESSING 8-2, B4 FOR THIS PAYLOAD
C-2, C-4
ADVANCED A-1, A3 LEVEL |1l ASSEMBLY AT KSC S REQUIRED IF INDIVIDUAL
TECHNOLOGY B-1, B-3, B-5 EXPERIMENT BUILDUP 1S USED (BLOCKS 5 & 6) OR PALLET
LABORATORY Cc-1, C-3 SEGMENTS ARE DISCONNECTED FOR SHIP {BLOCK 9)
B4, C-4 LEVEL IIl ASSEMBLY {5 NOT REQUIRED IF COMBIINED EXPER|-
MENT BUILDUP IS USED, AND PALLET TRAIN IS SHIPPED
LIFE SCIENCES A-1, A3 LEVEL Il] ASSEMBLY AT KSC IS REQUIRED iF INDIVIDUAL
B-1, B-3, B-5 EXPERIMENT BUILDUP 1S USED (BLOCKS 5 & 6) OR RACK/
C-1, C-3 FLOORS FOR BOTH MODULES ARE DISCONNECTED FOR
SHIPMENT  {BLOCK %)
B4, C—4 LEVEL [1} ASSEMBLY IS NOT REQUIRED IF COMBINED
EXPERIMENT BUILDUP IS USED AND FLOOR SETS ARE
DURING BUILDUP,

In order to provide consistency between options and payloads and traceability, the
estimates for the accomplishment of Level IV integration tasks were standardized, Four
general categories of activity were defined: structural/mechanical installation, cable/
hamess installation, rigid/fluid line installation, and interface verification.

The structural/mechanical installation methodology example is illustrated in Figure

3-10. Time estimates are for nominal installations, [ a major installation such as mount-
ing of the SIRTF on a fwo-pallet train 15 involved, then an individual evaluation of the task
was conducted. In the case of task estimates for cable harnesses, the activities included in
these estimates are Final dressing of cable/harness, instatlation of the hamess restraints (P-
clamps) and final connection to equipment.

3-17
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INSTALLATION AND TEST REQUIREMENTS

For each of the four representative payloads the following factors were defined and
evaluated.

o Installation Requirements
Experimeni Equipment
Common Support Equipment
Spacelab Unique Equipment
Special Handling, C/O, Servicing and Auxiliary
Ground Support Equipment

e Test Requirements Identification
Pre-Level |V Integration
Equipment status at initiation of Level IV Integration
Level IV functional testing
Software validation

e Assembly procedures

e Installation and Test Sequences

In the area of installation requirements, an analysis was performed of all the experi-
ment end items, For each applicable option the common support equipment, Spacelab
unique equipment, and GSE required were established, Basic assumptions were established
in the development of the fest requirements for the processing of each payload. The more
significant groundrules for each payload are presented in the appropriate payload section
of Volume Il {(Ground Processing Requirements),

Buildup sequence illustrations were developed for each of the four referenced pay-
loads. They identify the experiment equipment ifems to be installed, and includes their
buildup status (condition at initiation of Level IV assembly and checkout) as well as the
support equipment required. The buildup sequence contains a pictorial step by step itlus-
tration of the buildup of the entire payload, The buildup sequences for each payload are
presenfed 1n Volume Il (Ground Processing Requirements).

In addition, step-by-step sequences of instailation and the test sequences were dev-
eloped for the Level 1V integration, of each payload, for the applicable ground processing
options. Examples of the installation and fest sequences for the Combined Astronomy pay-
loads have been included in this volume. The sequences for the A-1, B-1, and C-1 options

SD 78-5R-0009-4
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are identical. Three separate sequences of activities corresponding to the three comple-
ments of the combined astronomy payload are illustrated in Figures 3-11, -12, and ~13,
For the A-1 option, the sequences would be conducted at three geographically separated
locations and require a full complement of GSE af each site. In the B~1 and C-~1 options,
the same three sequences are applicable, but they would be conducted at a ceniralized
site and at the launch site respectively, Appropriate scheduling/staggering of operations
will permit sharing of certain items of GSE even though the three sequences can be con~
ducted separately,

The A-2, B-2, and C-2 Level 1V integration sequences are also identical. The basic
difference between these options being the location where the integration activities are
completed. Transportation between activities and the location vary between options but
the basic tasks are the same., In essence, the basic tasks for the three options are com-
pleted and then an integrated payload checkout (soft connect-prior to the Level HiA/1
KSC-STS operations) is conducted, These integrated payload activities were defined for
each payload, The Combined Astronomy example is illustrated in Figure 3-14,

Installation and Test sequences similar to these were defined for each payload and
each applicable option. These mstallation and test sequence waterfalls are defined in
detail in the appropriate payload sections of Volume I,

The assembly and checkout of payloads was also evaluated af the integrafed payload
level. These data reflected the efficiencies thai arise from the minimizing of equipment
moves and GSE connect/disconnect activities, An example of an integraied payload level
assembly and checkout is depicted in Figure 3-15, Note that the total serial processing
time for this integration sequence is 126 hours, Figure 3-16 presents a partial example of
the installation and test drawing used in the study to visually depict the sequence of instal-
fation and testing performed in Level IV, Using the sequence of installation and test tasks
developed for the "waterfall” charts, and itemizing these tasks, illustrations of the experi-
ment end items and Spacelab support elements were combined in a flow diagram fo aid in
visualizing the assembly and test sequence. This provided visual cues for the development
of GSE end item requirements and aids in refining and optimizing "hands—on" personnel re-
quirements and task timelines.

LEVEL 1V INTEGRATION RESQURCE REQUIREMENTS

Resource requirements for each of the four representative payloads were established
from these buildup sequences and the detailed installation and test sequences (waterfalls)
presented in Section 3.0, Volume [I, The summation of these defail Level 1V tasks fo-
gether with the interaction of Spacelab and STS activities from staging through post-
flight integration formed the basis for the establishment of the ground processing resource
requirements in the areas of personnel, Spacelab flight hardware, Spacelab unique GSE
and Transportation costs. Transportation estimates reflect the variations in inter-intra~
site shipment for the various options,

3-20
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RECEIVE SPACELAB FLIEKT EQUIPMENT WITH SUBSYSTEMS EMSTALLED; EXPERIMENT FLIGHT EQUIPMENT, CONSOLES, & SPACELAB/EXPERIMENT/CONSDLE-UNIQUE & COMMOM BSE
TRANSFORT ALL EQUIPMENT TO LEVEL IV WORK AREA OR TO STORAGE AREA(3)
PERFORM RECETVING INSPECTION ON ALL EQUIPMENT(S)
INSTALL UV PHOTOMETER/TELESCOPE{UV/PT} PANEL IV THE PSS PANEL RACK(7)

INSTALL SMALL INSTRUMENT POINTING SYSTEM({SIPS) PANEL IN THE PSS PANEL RACK{5)
3 INSTALL FAR U¥ SCHMIDT CAMERAS/TELESCOPE PANEL IN PSS PANEL RACK(5)

CONNECT PSS PANELS Y0 CBT AT PORT LERDIMG EDGE OF PALLET #1(DIRECT SIGNAL CABLES) & TO OPERATORS CONSOLES(S/S & EXPERIMENT I/0 UNITS){4}
_‘ CONNECT OPERATORS CONSOLE TO CBS51 AT STARBOARD LEADING EDGE OF PALLET #1(4) .
COMMECT FREGN SERVICER(512084A} TO REFRIBERATION DKIT(612115A) & TO 5/S FREON LOOP Q/D's AT THE I/F CONHECTDR BRACKET ON PORT LEADING EDGE OF PALLETF1  CONMECT REFRIGERATOR UV TG

CONNECT GROUND POWER CABLE TO THE OPERATORS CONSOLE, TD THE PSS PANEL RACK, & YO THE GROUND POWER SOURCE FACILITY Hy0 SERVICE 5/5 FRECH SYSTEM (10}
COMHAND SPACELAD SUBSYSTEMS "p* AT THE OPERATORS CONSOLE(2} i

!

I—- LOCATE PALLET #1 IN ITS PALLET INTEGRATIOM POSITION '
HOIST S[PS TO PALLET #1 & LOCATE TH POSITION(3) t
PERFDRM ALIGNMENT OF SIPS & TORQUE ATTACH BOLTS TO PALLET #1 PER INSTALLATION DRAWING(B)
INSTALL HARNESS CONTAINING PC-1{AC}, PC-2{DC}, 5C-1, SC-2 & SC-12 BETWEEN THE 5IP5 CONTROL ELECTRONICS UNET & THE EPDB, PALLET #1(PC-1 & PC-2}, THE EXPERIMENT RAU{SC-12-SIPS CONTROL), & THE EXPERIMENT INTERCOMNECTING
STATION(1S)(SC-1-5CHMIDT CONTROL/DATA,SC-1-UV/PT CONTROL/DATA)(5} f
[— INSTALL UV/PT CAWISTER ON THE SIPS(8)
INSTALL FAR UY SCHMIDT CAMEAS/TELESCOPE CAMISTER ON THE SIPS(8}
_] CORKELT 6Nz SOURCE TG QD's OR BOTH CARISTERS(3) '

D VERTFY LEVEL IV INSTALLATIONS OF THE UV/PT & FAR UY SCHMIDT CAMERAS/TELESCOPE EXPERIMENTS USING PSS PANEL RAGK{Y}

S1PS WAIN POMER CONTROL FUNCTION QN-QFF
CANISTER LAUNCH/ENTRY LATCE OPERATION !
SIPS OPERATION ABQUT Z AXIS '
SIPS OPERAYION ABQUT Y AXIS

CANISTERS ABOUT YOXE Z AXIS !
JETTISON CIRCUIT INTEGRITY

SIhS Lermior Chite Toon thewcuose TN G |
SCHMIDT SYSTEM ?';.AIN POWER DN/OFF FUNCTION OF POOR QUAL: .
SCHMIDT SYSTEM CAMERR 1 & 2 ON/OFF FUNCTION '

SCHMIDT SYSTEM TV CAMERAS OPERATING FUNCTION

SCHMIDT SYSTEM FILK RDVANCE OPERATION

SCHMIDT SYSTEM DATA RETURN

CAMISTER “B" PURGE PRESSURE

PHOTOMETSR MAIN PONER ON/CFF CONTROL FUNCTION

CHANNELTRONS {C1 TO €7} & PHOTOMETER {PM-1 TO PN-4) LOWWOLTAGE ON/OFF
CHAMNELTROMS {CT-1 TO CT-7) B PHOTOMEIERS (PW-1 TO PM«d) LOW YOLTASE QNJOFF
PHOTOMETER MODE CONTROL LOGAL/REMOTE

PHOTOMETER CALIBRATION SOURCE (T & PH IN/OUT

PHOTOMETER COMMAND ENABLE/EXECUTE

PHOTOMETER STAR PRESENCE RELATIVE MAGNITUDE METER

PHOTOMETER TRACKER LOCK OK/OFF

PHOTOMETER DETECTCR MALFUNCTION POWER ON/OFF

PHOTOMETER DETECTOR MALFUNCTION AUDIO SELF/TGT

i

|

f

FOLDOUT FRAME / !
PHOTOMETER OPERATION CONTROL FUNCTION ‘ FOLDOUT FRAME por =

!

)

i

i

5

MR ECSCHWINTAD I~ T0AHE IO

COMMAND SPACELAB $/8's "OFF" AT THE OPERATORS CONSCLE &:DISCONNECT ALL GSE CABLING & FLEX LINES (6)

REMOVE ALL CONTROL & DISPLAY PANELS FROM THE PSS PANEL RACK M SECURE PANELS FOR SHIPMENT (12)

SECURE PALLET #1 FOR SHIPMENT(6) 3-21, 3-22

sg‘ms Figure 3=11.  Combined Astronomy Forword Complement [nstaliation and Test Sequence

5D 78-3R-0009-4



6 1 2 30 40 S0 €0 70 80 90 100 119 HOURS
{ 1 ] 1 ] 1 1 1 1 1 1 I
?REEEIVE SPACELAB FLIGHT EQUIPMENT WITH SUBSYSTEMS INSTALLED, EXPERIMENT FLIGHT EQUIPMENT, CONSOLES, & SPACELAR/EXPERIMENT/CONSOLE-UNIGUE & COMMON GSE

TRANSPORT ALL EQUEPMENT TO LEYEL I¥ WORK AREA DR TO STORAGE AREA {4}

PERFORM RECEIVING INSPECTION OF ALL EQUIPMENT EXCEPT THE SHUITLE INFRA-RED TELESCOPE (SIRTF}(8)
INSTALL SIRTF PANEL “A" TN THE'PSS PANEL RACK(S)

INSTALL SIRTF PANEL, “B" IN THE PSS PAHEL RACK (6)

_j INSTALL INSTRUMENT POINTING SYSTEM (IPS) PANEL IN PSS PANEL RACK (4) i

CONNECT PSS PANELS 70 CB57 AT PORT LEADIRG EDGE OF PALLET #2 (DIRFCT STGHAL GABLES) & TO OPERATORS CONSOLE (S/S & EXPERIMENT 1/0 UNITS) (4)
CONNECT OPERARTORS CONSOLE TO CBS1 AT STARRUARD LEADING EDGE OF PALLET #2 (4) i

CONNECT FREQN SERVICER {6120B4A) TO REFRIGERATION UNIT (61215A) & TO S/S FREON LOOP AT CBS1 AT THE STARBCARD LEAD]NG ENGE OF PALLET #2, GCONNECT REFRIGERATOR UNIT TO FACILITY
SERYICE S/5 FREON SYSTEM {10) HATER.

[
CONNECT GSE FLEX FREON LINES TO THE S/5 FREON LOOP BETWEEN PALLETS #2 & #3 {5) '

CONMECT GSE SIGNAL CABLES DETHEEN PALLETS £ & #3 (5)
CONNECT GROUMD POWER CABLE TO (PERATORS CONSOLE, T PSS PANELS, & TO GROUND POWER SOURCE. COMMAND SPACELAB SUBSYSTEMS “ON" AT THE OPERATORS CONSOLE {2)

Space Transportabion System ‘ Rockwell
Integration & Operations Division International

Spate Systems Group

PERFORM RECEIVING INSPECTION OF SIRTF EQUIPMENT - VERIFY TELESCOPE IS EVACUATED (15) ‘%
LOCATE PALLETS #3/4 IN THEIR PALLET INTEGRATION POSITION
LOCATE PALLET #2 IN ITS PALLET INTEGRATION POSITION
INSTALL MARNESS CONTAINING SC-6A,5C-7A & SC-8A BETWEEN CB53, PALLET #2, & THE IPS BASE COMHECTOR BRACKET {CB){4)
INSTALL HARHESS COMTAINING SC-3, SC-4, SC-8B,PC-3B, & PC-4B BETWEEN THE MIC & THE IPS/SIRTF I/F RING CB-(STCH HEATER END FOR LATER COHMECTION) [B)
INSTALL HARNESS CONTAINING PC-3A, & PC-4A BETWEEN EPDE, PALLET #2, & THE IPS BASE CB (5)
IHSTALL HARNESS CONTRINING SC-7B & PC-6 BETWEEN THE CRYOGEN TANK HEATER & THE IPS/SIRTF I/F RING CB-(STOW FEATER END FOR LATER EDNNECTIUN) (8}
INSTALL HARNESS CONTAINING SC-6B % PC-B BETWEEN THE SUNSHADE ACTUATOR & THE IPS/SIRTF I/F RING CB-{STOM SUNSHADE END FOR LATER CONNECTION) {19}
INSTALL HARNESS CONTAINING SC-5 (9HRS) & 5C-10 (REMAINING 13 HRS) BETWEEN CBA3, PALLET #) & THE SIRTF ATTACH TRUNNIONS PGHER,’SIGNRL DISTRIBUTION BOX (SC-5), & THE SIRTF COVER ACTUATORS {5C-10}-
(STOY DEISTRIBUTION BOX & COYER ENDS FOR LATER CORNECTION (22)

[ ] ISTALL HARNESS CONTAINING SC-9 & PC-5 BETMEEN THE SIRIF ATTACH TRUMNIONS POWER/SIGNAL DISTRISUTION BCX 3 THE EXPERIMENT RAU, PALLET #4 (S0-8), & THE EPDB, PALLET #4 (PC.5) - (STOH DISTRIBUTION BOX END
FOR LATER CONNECTION)(10) ’
] nsTALL Po-7 BETWEEN £PDB, PALLET #4, & THE SIRTF COVER ACTUATORS - (STOW COVER END FUR LATER CONNEGTION)[12)
HOTST SIRTF TO PALLETS #3/4 & LOCATE IN POSETION (8)
PERFORN ALIGNMENT OF STRTF & TOROUE ATTACH BOLTS TO PALLETS £3/4 PER INSTALLATION DRAWIRG (B)
COMNECT GROUND POVER CABLE TO SIRTF EXTERNAI POMER RECEPTACLE (FOR WACUUM PLMP}(1) \
CONNECT ALL CONHECTORS LEFT STOKEC PRIOR TO SIRTF INSTALLATION [5) ~

[ ] verTey LEvEL 1v INSTALLATIONS OF THE SIRTF EXPERIMENT USING THE PSS PANELS {18)

a. SIRTF PANELS A&B MAIN POWER CONTROL

b IPS HAIN POWER CONTROL

¢, POWER VOLTAGE AT SIRTF

d  TEST COMMAND PROGRAMMED SEQUENCE RECEIVED AT SIRTF
e, TELESCOPE COVER ENGAGE/DISENGAGE LATCHES [SIMULATED)
f. TELESCOPE GOVER EXTEND/RETRACT {SIMULATED)

9. TELESCOPE TRUNNION ENGAGE/DISENGAGE (4 PLACES} (SIMULATED)
k. 1P5 RING - TELESCOPE COUPLING (SIMULATED)

1. CRYOGENIC TANK PRESSURE READOUT

J  CRYOBENIC TANK PRESSURE QUANTITY READOUT

k. SUNSHADE EXTEND/RETRACT }SIMULATED)

1. SECOND MIRROR POSITioN 1/POSITION © ;_/
m  SIRTF INTERNAL CALIBRATION ORKGINAL PAGE IS i FOLDOUTL FRAMH
0. SR Rvctd OR/ORT Foncrion - o convos FRTION 0P POOR QUATyrY i -
O.
FOLDOUT FRAME / p. SIRTF MODE SWITCH AUTO/MANUAL FUNCTION

94 CRYO FLOW RATE CONTRGL FUNCTION !
F. CRYD PURGE OM/OFF FUNCTION (SIMULATED)

5. WATER DUMP CONTROL FUNCTION i SIMULATED) !
t. YERIFY IPS X, ¥ & 7 CONTROL & RESPONSE (4)

L]

COMMAND SPACELAD S/5's "OFF® AT THE OPERATORS GONSOLE & DISCONNECT ALL BSE CABLING % FLEX LINES i8)

REMOVE ALL CONTROL & DISPLAY PANELS FROM THE PSS PANEL RACK & SECURE FOR SHIPMENT (13) 3-23, 3-24
SECURE PALLETS #2 & #3/4 FOR SHIPMENT {a) ' 4
4 Figure 3-12,  Combined Astranomy Mid-Complement Installation 3D 78-SR-0007-
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RECEIYE SPACELAR FLIGHT EQUIPMENT WITH SUBSYSTEMS INSTALLED; EXPERIMENT FLIGHT EQUIPMENT CONSOLES, AND SPACELAB/EXPERIMENT/CONSOLE-UNIQUE & COMMON G5
TRANSPORT ALL EQUIPMENT TO LEYEL IV WORK AREA CR TD STORAGE(S)

PERFORM RECEIVING INSPECTION QF ALL EQUIPMENT EXCEPT THE MEDIUM ENERGY GAMMA RAY DETECTOR {MEGRD) EQUIPMENT(8)
L_J INSTALL MEGRD PANEL IN PSS PANEL RACK(5)

CONNECT OPERATORS CONSOLE TO CB51 AT STARBOARD LEADING EDGE OF PALLET #5(4)

CONNECT PSS PANELS TO CBS7 AT PORT LEADING EDGE OF PALLET #5{DIRECT SIGNAL CABLES) & TC OPERATORS CONSOLE(S/S & EXPERIMENT 170 UI?!TS]{#)
CORNECT FREON SERVICER(512084A) TO REFRIGERATION URIT(B12115A) & TO' $/S FREON LOOP AT CBS1 ON THE STARBOARD LEADING EDGE OF PALLET #5.

[] COMNECT GROUND POWER CASLE TO OPERATORS CONSOLE, TO PSS PANELS, & TO GROUND POMER SOURCE  COMMAND SFACELAB SUBSYSTEMS "ON* Aﬂ THE OPERATORS GONSOLE(2}

PERFORM RECEIVING INSPECTION OF MEGRD EQUIPMENT(16)
LOCATE PALLET #5 N ITS PALLET INTEGRATION POSITION

HOIST MEGRD TO PALLET #5 & LOCATE IN POSITION (6)

PERFORM ALIGNMENT OF MEGRD & TORQUE ATTACH BOLTS TO PALLET #5 PER INSTALLATION DRAWING(4)
CONNECT SC-11 & PC-9 CONNECTORS TO THE MEGRD(2) !

D VERIFY LEVEL IV INSTALLATIONS OF THE MEGRD EXPERIMENT USING THE PSS PANEL RACK(3)

@ COMMAND & DISPLAY PANEL PDWER CONTROL FUNCTION
b. POWER TO EXPERIMENT ON/QFF CONTROL FUNETION

c. HIGK YOLTAGE UPPER & LOWER SPARK CHAMBER CONTRGL FUNCTION & POWER YOLTAGE AT EXFERIMENT
d. TIME OF FLIGHT FUNCTICN
e. SPARK CHAMBER GAS PRESSURE CONTROL & DISPLAY FUNCTION
f. CRT & KEYBOARD FUNCTION & DISPLAY FOR ITEMS a THROUGH e
FOLDOUT FRAME COMMAKD SPACELAB SUBSYSTEMS "OFF" AT THE OPERATORS CONSOLE & DISCONKECT ALL GSE CABLING & FLEX LINES(5}
REMOVE MEGRD CONTROL & DISPLAY PANEL FROM PSS PANEL RACK & SECURE FOR SHIPMENT(6)
/ SECURE PALLET #5 FGR SHIPMENT(4)
58 HRS Figure 3-13.  Combined Astronomy Aft Complement Installation and Test Sequence

©ORIGINAL PAGE 18
OF POOR QUALITY

‘ Rockwel
internatranal

CONNECT REFRIGERATIOR UNIT TD FACILITY WATER.

SERVICE S/% FREON SYSTEM{10)

INSTALL HARNESS CONTAINING SC-11 & PC-9 BETWEEN EXPERIMENT RAU, PALLET #5(5C-11), & EPDB, PALLET #5(PC-9), & THE MEGRD-(STON MEGRD ENDS FOR LATER CONNECTION(S}

FOLDOUT FRAME

3-25, 3.25
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POSITION PALLET | FOR CA P/L ASSEMBLY (2)

POSITION PALLET 2 FOR CA P/L ASSEMBLY (2}

£2-¢

$~6000-3¥5-84 AS

ALITVOD ¥00d Jd0
ST AHVd TYNIDIEO

POSITION PALLET 3/4 FOR CA P/L ASSEMBLY (3)
POSTTION PALLET 5 FOR CA PAL ASSEMALY (2)
PERFORM ALIGNMENT AND LEVELING ©3F PALLETS {4)
COMNMECT P55 PANELS TC PALLET | (4)
CONNECT OPERATORS CONSOLE TO PALLET 1 {4)
COMNECT FLEX FREON LINES BETWEEN PALLETS 142 (4
CONNECT SIGNAL CABLES BETWEEN PALLETS ) & 2 (5}
COMMNECT FLEX FREON LINES BETWEEN PALLETS 2 & 3 {5)
CONMNECT FLEX FREOMN LINES BETWEEN PALLETS 4 & 5 (5}
CONNECT SIGMAL CADLES BETWEEN PALLETS 2 &3 (5)
CONNECT SIGNAL CABLES BETWEEM PALLETS 4 & 5 (3}
CONNECT GROUND POWER TO ALL GSE EQUIPMENT {2}
YIRFY PSS PANEL CONNECTIONS (2)
VERIFY OPERATORS CONSOLE COMNNECTIONS ()
VERKEY FRECH SERVICER CONMNECTIONS (2)
VERIFY POWER UP= READY FROM INSPECTION (2)
AFPLY FOWERAVERIFY POWER CONTROL (7) {85 HOURS)

BNITIATE DUTY CYCLE SOFTWARE FOR FWD, MID, AFT COMPLEMENTS RECORD PEAK POWER I
%TEPEENCE OF SIGMNAL/CONTROL OF EXPERIMENTS PER INTEGRATION AND checkour

POWER DOWN/REMOVE GSE CONNECTORS | ]
PREPARATION OF P/L FOR TRANSPORTATION TO tEVEL T 2| v 2 ]

Figure 3-14, Combined Asfronomy Combined Payload Assembly and Checkout Sequence
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NECH VE SPACILAD FLIGHT
TRANSPOKT ALL EGUIPMENT TC LEVEL IV WO RK AXEA OF 10 STORKGE ALEA m
ML LM MCEVING INSPECTION O ALL EQUIFMENT EXCEPT THE SHUTTLE LNFSARED TILEICCRE pacruiTY

LML & O

W SUBS: INSTALLE FUGHT 4y AND SACTL

RITAIL SIEFF PANEL ~A OOM THE P55 TANEL RACK (81

LRGTALL HATF PANEL TGN THE P55 PANEL RACK (8]

TNTTALL UY PHOTOMETER/TELELCORE (UY/PT) FARIL [ THE P5t PANEL BACK (7]

[HSTALL SMALL INSTRUMENT POINTING 5¥STEM [SIF5) PAMEL 1M HE PS5 PANEL RACK 5]
INETALL FAT UY SCHMIDT CAVERASTELESCOPE PANEL (N PS5 PAREL RACK 1]
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@ INSTALLATION SEQUENCE
STEP 3. INSTALLFACILTES R &M - FEL N

INSTALL El-4A ON THE PALLET {3)
INSTALL El-4B ON THE PALLET SIDE WALLS {%)
INSTALL El-4C ON THE PALLET (2)

INSTALL EI-5 ON THE S/L COLD PLATE () -
INSTALL El-2 ON THE PALLEY (2)

EMPLACE C&W PANEL ON FLOOR (1)

CONNECT EMERGENCY COMMAND CABLE FROM R-7 TO El-48 (1)
CONMNECT C&W CABLE FROM R-7 TO El-4A (1)
CONNECT STATUS CABLE FROM El-4A TO RAU (10)
CONNECT D/C CABLE FROM El-4A TO El-5 (14)
INSTALL SUPPORT FOR E[-3 (1)

INSTALL E}-3 ON SUPPORT (4}

FURNACE SYSTEMS

,J&
o/
it
G000 0QOO0OODODOO00OGCOO

INSTALL El4
INSTALL SI @@ TEST AND VERIFICATION REQUIREMENTS -

INSTALL AQ VERIFY:

INSTALL PQ

INSTALL C4 | ELECTROMAGNETIC LEVITATION MELT FACILITY o APPLICATION OF POWER AT CONTROL/DISP!
NSTALL SI4 INSTALLATION & TEST TIMELINE FOR o TEST SEQUENCE INITIATION AT CDMS DDU {,

OPERATION OF CHAMBER HEATER, CAMERA,

ELECTROMAGNETIC SYSTEM AT CDMS DDU
TEST SEQUENCE TERMINATION AT CDMS DDV
REMOVAL GF POWER AT CONTROL/DISPLAY
REMOVE GSE POWER AND SIGNAL CABLES
SECURE ALL ASSEMBLED EQUIPMENT FOR SHI

SPACE PROCESSING FACILITY £1

Q

2 000

APPLICATION OF POWER TO El 2 AT C
TEST SEQUENCE INITIATION AT CDMS
OPERATION OF CHAMBER HEATER, AC

LOOP, SEQUENCER AND LINK SW
o TEST SEQUENCE TERMINATION AT CD.
o REMOVAL OF POWER FROM CHAMBER

N, ACOUSTIC-LEVITATION MELT FACILITY
INSTALLATION & TEST TIMELINE FOR
SPACE PROCESSING FACILITY #2 o

(- B -]

PANEL £/ ) (,25)
o APPLICATION OF POWER TO £ 3 C
PANEL EI 1 (.25)

o TEST SEQUENCE INITIATION AT CDMS D

o OPERATION OF CHAMBER HEATER, ACCHS
LOOP, SEQUENCER AMD LIMIT SWITCHES

o TEST SEQUENCE TERMINATION AT CDMS D

o REMOVAL OF POWER FROM CHAMBER El 3 AT
PANEL Es 1 { 23)

o REMOVE GSE POWER AND SIGNAL CABLES (1,

a SECURE ALL ASSEMBLED EQUIPMENT FOR SHIP

LEAK

EON SYSTEM (%)

It MULTIPURPOSE FURNACE MELT FACILITY
INSTALLATION & TESY TIMELINE FOR
SPACE PROCESSING FACILITY #3

Figure 3-16. Installation Drawings and Test/Verificarion Requirements
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PERSONNEL REQUIREMENTS

Three categories of personnel were considered, hands—on personnel, host-center sup-
port, and STS operations support, The honds-on personnel estimates reflect the engineers,
technicions and quality assurance personnel that perform the installation, checkout, inte-
graticn, inspection, etc. with the experiment and Spacelab hardware. Host-center sup~
port personnel estimates reflect those engineers and technicions at a lead center or KSC
required to assist hands-on personnel in accomplishing the integration activities at an un=
familiar site with unique equipments and support procedures. STS operations support per—
sonnel estimates reflect the on-site support of the Level 1V integration at KSC during
Spacelab and Orbiter integration activities. The hands-on effort associated with STS op-
erations was assumed to be accomplished by KSC personnel and was not included in these
estimates, Travel and subsistance costs for personnel to support Level IV infegration activ-
ities af remote sites and to support STS operations at KSC are a significant factor, Average
costs for temporary duty relocation (TDY) are about $75 per day,

TRANSPORTATION REQUIREMENTS

The costs of shipment of Spacelab flight and GSE hardware to/from Level IV inte-
gration sites other than at KSC were predicated upon the tofal number of end items and
the width of the shipment, Shipments requiring an ouisized carrier - greater than 8 feet
in width = required five working days and cost $4000, Standard shipments of 8 foot in
width were assumed to require two days and cost $3000, Shipments within the KSC com-
plex were assumed to require one day and cost $1000.

No costs were included for shipment of experiment equipments, [t was assumed that
these costs would be independent of the processing option because the site of menufacture/
assembly of the experiment equipment could be af o vendor, contracior, [aboratory, uni-
versity, etc., and thus, shipment to the integration site would be required in all options,

Distributed sife options are the most costly because of the duplication of out-sized
carrier shipments. Lead center option costs reflect the feasibility of multiple out-sized

elemenis contained in one shipmeni. As expected, KSC shipment costs are minimal.

GSE REQUIREMENTS

The GSE end items required for Level |V integration with each of the processing
options were identified in detail in Section 3.0 of Volume !l {Ground Processing Require-

ments). The duration of use and prorated costs of these end items is also presented in
Section 3.0, The baseline used in the study was that all Level IV Spacelab GSE was

stored in a depot at KSC and shipped to each integration site for a Level IV ground pro-
cessing cycle,

The ground processing task waterfalls were the basis for the establishment of the re-
quired period of time for GSE end items, Usage or involvement fimes of each end ifem
of GSE encompassed pre-flight staging through delivery of the payload for STS operations
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(in the O&C building) and post-flight deintegration (removal of experiment equipment from
Spacelab mounting elements), Since the intent of these analysis were to establish Level |V
ground processing option differences, GSE requirements during STS operations were not in-
cluded in this study,

The determination of GSE involvement times is illusirated in Figure 3-17.

The actual utilization of each end item of GSE required during the various Level IV
ground processing activities is illustrated by the heavy black bars at the {eft of the figure.
The duration of that particular usage is indicated by the length of the bar and also con-
tained in the parenthesis at the end of each usage. The triongles shown on each GSE and
item are the shipment times, both to and from KSC. These shipment times do not correlate
exdactly to the end of the usage of a piece of equipment. They have been grouped into
logical units that represent a full (standard van) load that would be transported fo KSC for
future assignment to another Level IV integration activity. The figures containing the in-
volvement times for each item of GSE in all processing options are contained in Appendix E.

The GSE requirements of each processing option were evaluated based on the fellowing:

a. Operational processing fime for each installation, checkout, shipment,
assembly, and disassembly operation.

b. Actual GSE utilization fime for each operation.

c. Total GSE involvement time from first Level 1V usage or fransport of
the GSE item to the transport of the GSE item to the next user.

d. Quantify of each GSE item end unit cost.
e, Prorated cost per flight.

Since the GSE under consideration is only that GSE required to suppori the Level IV
operations, those activities associated with Level 11I/1] integration through post-flight op-
erations for each flight are not considered. For GSE the fotal involvement time consists
of the total serial processing time from preparation of experiment and Spacelab equipment
through the completion of the Level [V activities and the readiness of the payload to begin
Level Il (funciional block 11) plus the Level 1V de-integraticn operations (functional block
16) ofter the mission.

SPACELAB FLIGHT HARDWARE REQUIREMENTS

The Spacelab flight hardware requirements for each payload were determined by
analyzing the total processing flow times of each option and determining the involvement
time of each Spacelab flight hardware end item. The Spacelab flight hardware required
for each payload configuration do not vary from one option to another. The real variable
is the length of each processing flow, From the determination of fotal invelvement time of
the Spaceldb flight hardware, a prorated cost per flight was established, The prorated cost
per flight was defined by the following

Involvement Time (days) x Unit Cost of Equip. ($) x Quantity
250 days x 10 yr. life

Prorated Cost/Flight =
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The Spacelab flight hardware items evaluated were each payloads requirements for:

. Racks (Expmt) . Inverters
Pallet Segment . Freon Pumps
. RAU's . Expmi Heat Exchangers
. EPDB's . EPSP's
. 1CS's . Floor Segments
. Cold Plates
. IPS
. SIPS

PAYLOAD COST SUMMARIES

These summaries have been developed, for each viable option of the four design
reference missions, by an accumulation of the per flight costs in each of the four resource
cafegories:

. Manpower . GSE
. Transportation . Spacelab Flight Hardware

It should be noted thaf these following costs are prorated per flight cost and are rep-
resentative of the major groundrules end guidelines established in the previous sections of
this volume. They are intended to provide a reference for the comparison of the 12 major
processing options being analyzed as a part of this study. The programmatic cost summaries
of these four payloads is discussed in detail in Section 3.4 Programmatic Costing.

Space Processing Ground Processing Cost Summary

The manpower difference with the distributed site options A=1 (3119 K) and A-2
{3123 K) relates to added costs for the additional integrated payload checkout performed
at KSC, Because of the unique size of the payload (single pallet) and the relatively short
durafion of the integrated checkout (2 days) af KSC, the increased manpower costs are
only $3,800 for manpower (122,820 option A-2 and $119,020 option A-1) and $445 for
TDY ($20,887 option A-2 and $20,662 option A-1), The same factors are found in the
options of the other two concepfs {B- centralized and C - Launch Site). The manpower
differences between concepts, although slight, reflects the host center support variations,

The ground processing costs (prorated) for the Space Processing payload (not includ-
ing KSC operational costs) from the initiation of Level IV processing through post-flight
deintegration are summarized in Table 3-7, as "Total Costs Per Flight ",

Transport and hardware proration estimates for the distributed (A-X) and ceniralized
(B~X) options are identical because only one pallet segment 1s involved, The involvment
time for the KSC (C-X) opticns are less because of shorter fransportation times, Thus,
prorated hardware costs are also correspondingly less.,
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Space Processing Ground Processing Costs
{(Costs in $K)

Combined Astronomy Ground Processing Cost Summary

Ootion Cost Category Total
P M/P DY | XPort GSE JFIt Rdwe | perti ot

Al 119 21 15 4 104 265

A2 123 21 15 o 104 269

| ===

Bl 124 28 15 b 104 277

B2 128 28 15 & 104 281

B4 128 28 15 6 104 281
| T T e e e e e

i 130 43 4 4 92 273

c2 134 44 4 4 92 277

c4 134 44 4 4 92 277
Sl e |

A\

Rockwell
International

The ground processing costs for the Combined Astronomy payload are summarized in
Toble 3-8, As with the Space Processing payload summary, these costs are "per mission”
fixed costs. The personnel and TDY costs represent the estimates of manpower required
to accomplish the tasks of the waterfalls developed for each applicable option, The GSE
and Spacelab flight hardware costs are prorated values for the time during which these
end items would be supporting some portion of the ground activities for the payload being
evaluated. The ranges in fixed costs per flight are relatively equal for all concepts be-
ing analyzed - Distributed $224,000 (A-2 to A-1), Centralized $230,000 (B-2 to B-1),
and Launch Site $232,000 (C~2 to C-1), The three lowest cost options are C-1 ($840, 000),
B-1, and A-1 ($909,000). The differences in costs within concepts are due o the fack of
pre=level 111/l combined payload checkout in the A-2, B-2, and C~2 options, The C-4
and B-4 options have combined payload checkouts, and these two options are only $19,000
and $32,000 higher, respectively.
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Table 3-8, Combined Asironomy Ground Processing Cost Summary
(Costs in $K)

Total
Ophen e TDY = xi::gow GSE TFI e pec bl
A-i 167 20 82 14 566 909
A2 207 32 45 6 833 | 1133
81 174 2 2 | s 679 909
B-2 201 35 22 12 869 | 1139
Bt 170 37 22 10 702 941
C-1 180 62 3 5 509 840
c-2 213 &7 3 9 780 | 1072
c4 176 &0 3 7 613 859

Life Science Ground Processing Cost Summary -~

The compilation of similar ground processing costs (illustrated in Table 3~9) for
the Life Science payload indicates that manpower costs for the multiple (8-mini-centers)
distributed site approach will be higher then if individual experiments were integrated
at a centralized site, Improved efficiency in hands-on activities con be achieved at o
ceniralized site for rack/floor mounted equipment. The inverse relationship of TDY and
fransportation costs is again evident.

GSE prorated cosis are relatively low, Multiple GSE equipment requirements are
reflected in the A-X options, Flight hardware prorations again reflect variations in in-
volvement times.

The option A-2 manpower costs are $30K per mission higher than A-1 because this
option has the combined payload checkout af KSC following the individual experiment
installation and checkout at each distributed site,
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Table 3-9. Life Science Ground Processing Costs
(Costs in $K)

T Cost Category Total
Opt Cost:
erten M/P DY | Xeort GSE_JFIf Hawr | pey Flight
A=l 193 22 70 17 &7 369
A3 212 31 70 19 74 408
—— ——— e e——
B-1 163 34 17 4 82 302
B-3 178 36 17 7 9 329
B-4 158 35 17 8 86 304
B-5 169 33 17 9 90 318
P———— e e
C-1 1469 53 3 5 73 303
C-3 187 57 3 é 79 332
C-4 148 34 3 & 76 Joe
e ——— ————

ATL Ground Processing Cost Summary

The Advanced Technology Laboratory payload cost compilation (shown in Table 3-10)
indicates characteristics very similar to the Life Science payload compilation. Efficien-
cies can be achieved by centralizing infegration activities, TDY, transportation, and hord-
ware proration characteristics also parallel the Life Seience payload characteristics,

Table 3-10, ATL Ground Processing Costs (Costs in $K)

o Cost Category %‘m:
phion M/P TOY | Xoort GSE_ [FIt Hdwe Per Flisht
Al 194 31 34 10 227 496
A3 224 41 34 10 243 552

===%.—_=m=
B-1 200 39 14 7 243 503
B-3 209 40 14 3 256 527
84 202 49 14 8 256 529
B-5 212 50 14 8 268 552
c-i 206 58 3 5 218 490
c-3 223 80 3 6 231 523
C4 209 76 3 s 231 525

e e ]
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SYSTEM TRADES

Three special trade studies were conducted to defermine the most cost-effective
approach for each of the ground processing concepts developed for the representative
payloads. These trades included the use of simulated or substituted Spacelab unique
equipment for such items as RAU's, IPS, SIPS, Spacelab module floor, cabling, pallet
freon pump and the inverter. Use of dedicated Spacelab unique equipment and Shered
Spacelab Equipment Utilization were also evaluated in the irades.

3

Substituted Spacelab Equipment Utilizaiion

The baseline Ground Processing sequences and cost data are based on the assumption
that all the Spacelab equipment, with the exception of the Igloo and the Spacelab Module
shell, are available at the Level IV integration site. An alfemate approach was analyzed
wherein the use of simulated or substitute Spacelab equipment was used to determine if
savings in overall costs would offset the added costs of the substitute equipment,

The following criteria were established for the selection of candidate Spacelab equip-
ment which could or should be substituted or simulated-

a) High Capital Cost
b) Low Utilization in Level IV
¢) Low Risk for Deferred Verification

During the development of the above criteria, it became evident that additional cri-
teria could be developed to exclude equipment from substitution or simulafion:

a) Spacelab Subsystem Equipment Not Available in Level IV
b) Spacelab Equipment Required in Level IV

As a result of the application of the criteria discussed above, the primary candidates
for substitution are listed in Figure 3-18, IPS and SIPS were evaluated because of their
capital costs and minimal applicability during Level IV infegrafion. As both systems are
designed for zero-G operations, only mimimal interface compatibility between their sys-
tems ond experiment hardware can be verified in Level IV, Simulations of performance/
functional interfaces must be accomplished during the experiment development phase.
(Note: SIPS canister integration was considered o be a Level V activity,)

Substitution of floors, cables and fluid lines are infer-related. The assessment ad-
dressed the relative costs of the two approaches, However, a primary consideration 1s the
risk factor involved in deferrment of interface verification of cabling and fluid line rout-
ing and interconnections until schedule critical 111/1] activities at KSC,
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The freon pump and inverter on the forward or lead pallet segment appeared fo be
non-essential during Level IV activities. The functions provided by these units had to be
simulated for other pallet segments/frans of the pallet, Also, extemal servicing equip-
ment required to interface with the freon pump could perform the same functions of the

pump.

The SIPS example indicates the factors considered in the development of the costs
and savings associated with the substitution trades.

The additional task of installing/removing the canisters on a simulafed SIPS yoke as
a fit check for both mechanical alignment and cable harness alignment was considered.
Post-flight deintegration time can also be reduced if SIPS remains on « pallef segment.
TDY support increcsed to reflect the additional support during fhe added Level Il assem-
bly activities at KSC (Block 10),

Transportation costs deltas reflect the elimination of wide-load carriers. A sub-
stitute SIPS yoke (pro-rated) was synthesized. The involvement time of the GSE associ-
ated with the SIPS and its pallet will be reduced; and thus, a pro-rated cost reduction
results. Similarly, flight hardware pro-ration costs are reduced becavse of the reduction
n involvement times, For this example, a net savings of $35K con be achieved by de-
ferring the use of the flight SIPS o Level 11I-KSC activities.

Conclusions and Recommendations

As a result of the foregoing analyses, the following conclusions and recommendations
are presented,

(a) SIPS Substitution - Substitution is indicated and recommended on the basis
of the significant cost savings. Saving per mission of $19,000 to $52,000.

(b) IPS Substitution - Substitution s indicated ond recommended, again on
the basis of even greater cost savings to be realized. Savings per mission

of $247,000 1o $340,000.

{(¢) Module Floor Substifution - Substitution is not recommended, based on
the additional cost, rather than savings, being realized.

(d) Rack Cabling Substitution =~ Substitution is not recommended, since the
added cost of fabricating and installing GSE cabling (540,000 to $45, 000)
appears to be excessive compared with the speculative savings n wear and
tear on the flight cables.

(e) Freon Pump and Inverter Substifution - Substitution of GSE supplies of 400
Hz power and Freon coolant is recommended, based primarily on the reduc-
tion in operating time on these rather sensitive items of flight equipment, The
cost factor ($3,000) favors this approach also, though not significantly.
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(f) Remote Access Unit (RAU) Substitution - Substitution of RAU simulators
for flight units is not recommended. The savings are insignificant in view
of the potenticl risk incurred from deferring RAU installation and checkout
of flight data interfaces,

DEDICATED SPACELAB EQUIPMENT UTILIZATION

The effects of dedicating selected pieces of Spucelab equipment to specific experi-
ments were explored and enalyzed, Certain savings in time and manpower con accrue from
such on approach, Not only is the ime and manpower needed fo de~integrate the experi-
mental hardware ofter flight eliminated but also the time and manpower required to re-
integrate the same equipment. The reduction in involvement time of the GSE used, the
reduced TDY expenses for integration personnel and benefiis of reducing the fotal pro-
cessing time are also to be considered.

There are, of course, cost increases associated with dedication due to under-utiliza~
tion of flight hardware,

Candidate Selection

The four payloads were reviewed, experiment end 1tem by end item, fo determine
those which most probably would show operaficnal end financial benefit from dedicating
Spacelab hardware to the end item(s) in question. This screening consisted of completing
a questionnaire for each experiment and end item, The questions considered were as follows:

(1) Is the equipment designed for multiple use?
(2) Is the experiment one which requires frequent reflight to get meaningful data®

(3) Is the equipment of a type which is very difficult and expensive to install
and/or adjust af Level IV integration ?

(4) Does the equipment occupy a minimal amount of Spacelab equipment (i.e., one
rack rather than 5 racks)?

(5) Is the equipment especially sensitive to wear-and-tear damage from repeated
integration ?

(6) Is the equipment one which must be flown on short lead fime such that delay
from the integration process is undesireable?

(7) ks the equipment such that the confidence level of success would be signifi-
cantly higher if Level IV integration were not performed repeatedly ?

(8) Can the experiment objectives be met if the equipment is left mnsialled in
the Spacelab hardware ?
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Following review of each experiment end item and completion of the referenced
questionnaire, a "Dedication Candidate Rationale” sheet was completed. This sheet re~
caps the "Yes" factors for each end item of the payload, and allows for recording and
consideration of additional factors not covered in the questionnaire and uvsually unique
to the payload end item or experiment being considered. The total factors favoring dedi-
cation are then considered and o decision made on whether or not all or part of the experi-
ment should be considered a strong candidate for Spaceldb hardware dedication. No spe-
cific weighting factors are applied to any of the factors, but a degree of subjective weight-
ing was applied in accordance with the factor evaluation/descriptions above, with ques-
tion 3 receiving the greatest weight.

Dedication Condidaies

After exercising the selection rationale and procedure discussed above, the follow-
ing candidates for dedication were selected.

Space Processing: Pallet 1 dedicated to Facilities 3 and 4.

Combined Asironomy: Pallet 1 - dedicated to experiments AS-05 and UV-2,
Pallet 3/4 - dedicated to AS=-01-S (SIRTF).

Advanced Technology: Pallet 1 - dedicated fo experiment ST-10.

Racks 5, 6 and Floor Assembly - dedicated to ST-25 (Combustion Facility).

Life Sciences: Racks 11, 12 and Floor Assembly - dedicated to experiment X-76,

Dedication Cost Analysis = Ground Processing

In order to determine the effect of dedication on the detailed Installation and Test
Sequence in Level IV integration, the baseline [&T "waterfall" charts were reviewed.
In this review, those steps which would not have to be reperformed if the dedication were
in effect, were identified. Only installation steps were so identified; it was assumed that
a full sequence of experiment and payload level testing would still be performed. Some
steps were eliminated and others shortened or modified in this review, The manpower asso-
ciated with the modified or deleted steps was tallied, and the effect on total processing
time calculated.

To obtain the manpower savings attendont to dedication for the de-integration se-
quence, the "Waterfall" charts for that sequence were also reviewed in the same manner
as the Instaliation and Test charts, and revised sequence charts constructed.

The resulis of these revisions were factored info the baseline manpower tables to de-
rive new personnel cosis. An example is presented in Table 3-11,
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Taoble 3-11,  Combined Astronomy, Dedicated Pallet 1

(Cost in 1977 $)

* Coét Element N Cc_:ncept A2’ 82 B4 (¥ C4
 MAN POWER . 3
_Installation and Experiment Test,
) Direct Labor (3,4,5,%) 114120 | 114120 | 86360 | 114120| 84360
*Payload Testing, Direct Labor (7,8,9) 34460 | 33190 | 24940 | 33190 24940
Installabion & Test Support (3 thru 9) 5880 | 7140 4160 | 14280} 12320
Level 11I/11/1 Integration and Post Flight
Supporr(11,12,13,15) 25920 | 259204 25920 | 25920¢ 25920
Deintegration, Direct Labor (16) 8350 8350 8350 8350} 8350
Dentegration Support  {(16) 1680 16801 1480 1680¢ 1680
TOTAL MANPOWER 150410 | 190400 {153410 | 197540 } 159570
TDY. EXPENSE
Installation and‘Exp. Test, Direct Labor 4425 1" 10111 | 12336 | 38475] 24475
Payloed Testing.Direct Labor 12975 6150 4800 | 12300( <2600
Level 111/11/1 Integration and Post Flight
Support 2000 %000 | <000 0005 9000
Dentegraticn, Direct Labor ' 1950 1950 | 1950 1950 1950
TOTAL TDY 28350 | 27211| 28086 | 61725} 45225
TRANSPORTATION ’
To/From Level IV 44500 | 22000 22000 | 3000 3000
, GSE PRORATION v 17065 |* 14781 12663 | 12840} 10974
TOTAL 280326 | 254392 |216129 | 275105 [218769
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Dedication Cost Analysis = GSE Utilization

To determine the effect of Spacelab hardware dedication on the cost of GSE, GSE
Utilization/Involvement Time charts were prepared as they were for baseline cost esti-
matrion, For the dedicated case, however, the effects of dedicafion were infroduced.
The total GSE prorated costs were then calculated based on unit cost and involvement

time, as they were for the baseline costs.

o\

Space Systems Group

Table 3-12 presents an example of these data for GSE requirements,

Table 3-12,  Combined Astronomy, Pallet 1 Dedicated
Option A1/A2
M-
GSE REQUIREMENTS-COMBINED ASTRONOMY  Location Center KOption A1/A2
Unit Cost Invlvm®t | Prorated
Quentity Equipment Name (8} Time(Days)[Cost/Fit8)
0 Vertical Sling it 612006 10.5 - -
1 Feed Thru Protective Covers 612008 3.0 15 18 00
1 Pallet Segment Floor Covers 412010 3.5 15 21,00
1 Poilet Segment Suppert-Single 612013 47.0 15 282.00
8 Pallet Segment Support=Double 4612013 - — -_
i Pallet Cover 612059 12 5 15 75.00
1 Pallet Platform-Single Pallet 412060 24.0 15 144,00
0 Pallet Platform=Double Pallet 612060 - - -
0 Rack, PSS Panel 612XXX - - -
1 Desiccaont Conister~Laorge 612067 155 15 6% 00
1 Active Environmental Control Cart 612071 33.0 15 199 20
1 Read Transport Tie Down Kit 612106 10.5 15 63,00
1 Horizontal Sling Kit 412110 53.5 15 321 00
4 Trunnion Handling Fitfings 612113 1.0 |, 15 6,00
1 Transportation hstrumentaticn S14X KK 20,0 15 120,00
1 Optical Alignment Kit 612040 6.0 g 21.40
0 IPS Test and Checkout Kif 612208 120.0 - -
Y Continutty Tester 613038 90,5 — -
0 Ground/Bending Tester 613039 3.0 - -
0 Portable Leak Detector 612080 2.5 - .t
1 Freon Servicer 812084 25.0 ? 90.00
1 Cable Sets and Adapters S13XXX |1 5/catle 9 5.40
1 Freon leck Detactor 4612086 1.0 ? 3 60
1 Operator's Console S12XXX 80,0 - -
0 Refrigeration Unst 612115 101.1 9 363,60
1 GN-2 Service Cart S12XKX 50,0 9 180 00
0 Vacuum Pumping Unit S12XXX 25.0 - -
1 Cleanmng Kit S12XXX 1.3 9 41.40
] Desiceant Drying Oven 614022 27 5 ? 99.00
TOTAL 2122.80

Dedication Cost Analysis - Transportation

No changes in transportation costs were found as a result of dedication.
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Dedication Trade Options

In the previous sections, the methods of determining the basic cost differences be-
tween utilization of experiment equipment and Spacelab Flight hardware in a dedicated
manner have been explained. These next three sections deal with three alternate methods
of utilizing dedication-

(1) Purchased Equipment Approach - In this option, the User (P1) would pur-
chase the Spacelab flight hardware and would have exclusive use of this
equipment for the entire Spacelab program. He could fly his payload at
any rate he desired (or af the rate dictated by space available), and be-
tween flights the Spacelab equipment would be left stored, with his ex-
periment equipment installed. The basic question in the option is "How
many flights must be made before this approach is more economical and
cost effective than leasing the equipment from NASA?"

(2) Leasing with Concentrated Flight Schedule - In this option, the Pl does
not buy the Spacelab equipment, but leases it for a limited period of time,
During this period, he flies all the missions needed for his project on a
rapid turnaround basis theads to tails), with no deintegration or reintegra~
tion required. Upon completion of the last flight of the project, the
Spacelab equipment is refurned to NASA for further utilization, This
option evaluates the question "What is the magnitude of saving over the
baseline {for 10, 20, 30 flights) to dedicated equipment and fly a con-
secutive rapid fumaround schedule ?"

(3) Short Term Lease Approach - In thi§ option, the Pl leases the Spacelab
equipment for a specific period - one year, During that year, he con
fly as few or as many times as he requires. The maximum amount of
flights are a function of the time required to process und infegrate the
payload. This analysis addresses the question "What is the minimum
number of flights required to make this approach more economical than
the baseline approach?" The following sections are a summary of the
results of these options.

Dedication Break-Even Analysis ~ Purchased Equipment Approach

The results of this analysis for the Combined Astronomy dedicated pallet 1 candidate
are 1liustrated in Figure 3-19, The breakeven points are shown to be in the area of 31-32
flights.
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Figure 3-19.  Dedicated Spacelab Equipment
Combined Astronomy Dedicated Pallet 1

For the baseline approach, the avercge integration cost per flight was $228K
(Concept A), $215K (Concept B), and $209K  (Concept C). For the dedicated
examples, the cost of integration was $65.7K  (Concept A) and $52.4K  (Concepts
B and C). These values were then added to the $5,309,000 cost of the Combined Astron-

omy Pallet #1 and 1ts associated flight hardware listed:

Combined Astronomy - Pallet 1

1 Pallet

] SIPS with canisters

3 RAU%s

2 interconnect stations

1 EPDB

1 Freon Pump/Accumulator Package
1 AC Inverter

2 Coldplates

Total Cost
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$3,022, 000
1,500,000
429,000
6,000
88,000
110, 000
100, 000
54,000

$5,309, 000
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The total costs of the Spacelab flight hardware for the Orbiter candidates are:

. Combined Astronomy - Pallets 3 and 4 $6,305,000
. Life Sciences - Racks 11, 12, ond Floor 651,000
. ATL Payload - Racks 5, 6 and Floor 703,000
. ATL Payload - Pallet 1 $4,876, 000

Space Processing - Pallet $3,724,000

The breakeven points of Figure 3-19 can be calculated by having the average cost
per flight of integration for the baseline approach and the dedicated approach and apply-
ing them to the equation

Cost of S/L Flt Hdwr + Dedicated Avg Cost of Integ (X) = Baseline Avg Cost of Integ (X)
(where X = the required number of Spacelab flights).
For example, if the cost of the Spacelab flight hardware were $5.3M ond the dedi-

cated average cost of integration were $80K and the baseline integration costs were $250K
per mission, the breakeven point would be

$5.3M + .08 (X) = .25(X)
$5.3M = ,17{X)
31.2 = X

Therefore, it would require 32 flights for the breakeven to occur.

The following table, Table 3-13, lists the breakeven points for each concept of the
six candidates for dedication,

Table 3-13, Breakeven Points for Dedication Candidates

Breé:lkeven Pi.

. e . oncept

. : Dedication Candidate yy 5 =
Combined Astronomy - Pallet 1 32,7 |32.5 |33.9
Combined Astronomy - Pallet 3 and 4 30.0 |31.2 |32.8
Life Science - Racks 11, 12 and Floor 13.8 | 16.3 |16.8
Ad\{qnced Technology Lab - Racks 5, 6 and Floor 22,5 120.8 120.4
Advanced Technology Lab - Pallet 1 29.8 27,9 |31.8
Space Processing Pallet 19.6 119.2 |19.0
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The curves and backup data for each of these candidates is covered in detail in Val -
ume lI, Optimization and Programmatics,

Dedicated Analysis - Leasing With Concentrated Flight Schedule

This approach assumes that the other elements of the payload (other racks, pallets,
efc.) are already fully installed and checked out on the experiment level before the dedi~
cafed item 1s available for integration. Therefore, the Level 1V tasks included in the
Total Ground Processing time include only (a) Receiving inspection of the pallet or rack,
which has just returned from a flight, been deintegrated from the payload, and moved to
the infegration site, (b) installation of experiment equipment not dedicated to that pallet/
rack, (c) experiment level verification, (d) payload inter~connection, payload checkout
and disassembly for shipment, where these functional blocks apply. From this point on,
the flow retums o the baseline flow except for an cbbreviated deintegration operation
as in the "dedicated buy" approach.

In order to compare the costs of this dedication approach with the baseline costs of
integrating the same hardware /experiments, the data were plotted agamst baseline data.
The plot of total integration costs {for the dedicated hardware only) aganst total flights
of the project shows the amount of savings to be realized from this approach, Also, due
to the reduction m fotal ground processing time in the dedicated case, the number of
flights that can be made in a year is increased, and this is shown as well,

Figure 3~20 illustrates the cost comparisons between the baseline and a dedicated
leasing with concentrated flight schedule for the Combined Astronomy payload pallet 72,
This example is indicafive of the results of the dedicated trade for all six candidates.
The detail data on each condidate are presented in Volume Ill, Optimization and Pro-
grammatics.

Dedicafion Analysis - Short Term Lease Approach

In this approach, the Principal Investigator [eases rather than buys the Spacelab
equipment info which he integrates his experiment hardware. However, in this case the
lease is assumed to be for a period of one year, During that year, he can fly as few or
as many times as he wishes, withm the maximum limits imposed as a result of the involve-
ment time required to Integraie and process the payload. He may have a limited fime be-
tween flights to analyze data from the previous flight. The analysis then addresses the
question "What is the minimum number of flights required to make this approach more
economical than the baseline approach?"

Although the concept is basically o one year lease, if can be extended to longer
Jease periods. This would result in mcreased savings over the baseline approach. Since
the ground processing flow is based on the same dedication elements as in the previous
approaches, and since the same assumption is made with regard to other payload elements
already being integrated before availability of the dedicated element, as with the "Con-
centrated Lease" approach described previously, the same manpower and TDY figures as
used in that section will apply in this approach.
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Figure 3-20.  Dedicated Spacelab Equipment -

Combined Astronomy Dedicated Leased Pallet 1

In the case of the Short Term Lease, the GSE involvement times are the same as
they were for the Concentrated Lease and so the GSE costs per flight are also the same.
Hence the figures used in the Concentrated Lease section are still applicable and are
used in this approach as well. The baseline fransporfation costs are not changed by this
or any other dedication approach, hence the baseline costs attributable to the dedicated
payload element are again used in costing this dedication approach.

The cost of the Spacelab Flight Equipment per flight in this approach 1s calculated
on a per-flight basis, for the dedicated elements only.

In this approach, since the Short Term Lease is based on a one-year period, on
"annual cost" is calculated as 1/10 of the total equipment cost. This figure was then
divided by the number of flights fo be carried out during the year, up to the limif im-
posed by the mvelvement time required per flight.
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Cost Comparison Charts

The data for the Combined Astronomy Pallet 1 candidate is displayed graphically
in Figure 3-21, comparing the baseline and dedicated cost totals as a*function of flight
rate for the year-long lease.

The baseline cost is, of course, a constant per—flight cost for each option. The
options are averaged fo yield a combined "A", "B", and "C" curves as was done pre-
viously. To get the per-flight cost in the dedicated case, the fixed cost subtotal (aver-
aged for the leiter option) was added to the flight hardware cost for each flight rate
point, and the total plotied, The maximum flight rates are shown as "barriers” af the
end of each solid plot line, and the intercepts of the baseline and dedicated plots dre
marked with small circles. These represent the flight rate at which the total integration
cost FOR THE DEDICATED ELEMENT OF THE PAYLOAD is the same whether dedicated
or undedicated, and can be considered a "break even" point beyond which the dedicated
approach is the most cost effective.

Since, in most cases, the break even point occurs at a non-integer flight rate (which
is impossible in a one-year span), cost savings per flight and total are shown for the nexi
integral flight rafe. In some cases this requires exirapolation of the curve beyond the max-
imum flight rate barrier. This is not fruly a fallacy since such scheduling devices as using
16~hour work days instead of 8-hour days could shorten the involvement time making such
a flight rate possible,

A similar set of curves for all options are discussed in detail in Volume Ill, Optimi-

zation and Programmatics. Table 3-14 contains the breakeven points (flights) and the
per mission and fotal savings for all six dedication candidates,
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Figure 3-21. Short Lease Dedication

Combined Astronomy-Pallet 1 Dedicated
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Table 3-14, Short Term Lease Breakeven Points and Resultant Savings

BREAKEVEN PT. GROUND
CANDIDATE SAVINGS PROC
N = FLTS PER FLT TOTAL OPTION
o COMBINED ASTRONOMY PALLET 1 4 28K 112K A
4 31K 124K )
4 21K 84K C
o COMBINED ASTRONOMY PALLET 3/4 4 44K 176K A
4 33K 132K B
4 19K 76K c
s LIFE SCIENCE - RACKS 11, 12 & FLOOR 3 12K 6K A
3 5K 15K B
3 3K oK C
o ADVANCED TECHNOLOGY LABORATORY - 2 3K 6K A
RACKS 5, & & FLOOR 3 12K 36K B
2 4K 8K c
o ADVANCED TECHNOLOGY LABORATORY - 4 33K 132K A
PALLET 1| 3 10K 30K 8
4 30K 120K c
o SPACE PROCESSING PALLET 2 22K 44K A
2 28K 56K B
2 29K 58K c

Conclusions ond Recommendations

In exploring and analyzing the various ways in which Spacelab flight equipment
might be dedicated, it has been seen that dedication is feasible and cost effective in
many, but not all, cases, Under any of the dedication approaches, a relatively fre-
quent flight rate is necessary fo justify dedication.

A comparison of the three basic dedication approaches would not be valid, since
each approach has to be considered in the light of the planned flight schedule, project
duration, and financial implications, For example, a university or research center plan-
ning to fly a series of astronomical flights with a SIRTF over a long period of time, at a
flight rate of twice a year, would be best advised fo use the purchase approach, An in-
dustrial user planning to manufacture semiconductor crystals in the Space Processing fac-
ility af @ maximum capacity for a year, following which a major change in equipment
would be necessary allowing a slower flight rate for the same production, would probably
benefit from the short lease approach followed by a nondedicated lease arrangement.
Hence, a user considering dedication would first determine which dedication arrangement
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best fit his plans, and then determine if this arrangement would be cost effective of the
flight rote he planned to follow.

A review of the conclusions that might be drawn from each appreach would be bene-
ficial in determining patferns leading to general guidelines for dedication.

Dedicated Buy Approach - Conclusions

Reviewing the break-even charts in this approach, several conclusions can be drawn.
First, the effects of dedication are approximately the same regardless of whether Concepts
A, B or C are being followed. Secondly, it can be seen that « rather extensive flight
schedule is required for the savings from dedication fo offset the capital investment cost,
This is particularly true for pallet payloads which involve much more expensive flight /
equipment. The pallet payloads require on the order of 30 flights (except Space Process-
ing) to pay off - the equivalent of 3 flights per year for the entire program, Space Pro-
cessing fakes less time because of very high cost savings realized from dedicarion. Rack
payloads, on the other hand, require only 15 to 20 flights to pay off and are therefore
better candidafes for this form of dedication.

Dedicated Lease with Concentrated Flight Schedule - Conclusions

In this approach, a review of the cost comparison charts reveals that a savings can be
realized in all cases, regardless of flight rate, but of course since a concentrated launch
schedule is presupposed, this approach is unapplicable unless multiple flights on a tight
schedule are plonned. The savings are less than dramatic (except for Space Processing as
explained above) until o large number of flights are reached. In this approach, the differ—
ence between pallet payloads and rack payloads is much less apparent, because the flight
hardware cost becomes less of a factor when it is based on proration rather than amortization,

Dedicated Short Term Lease — Conclusions

The data for this approach, where full utilization 1s not presupposed as 1t was in the
Dedicated Lease with Concentrated Flights Schedule, involves a break-even situation again
as we saw in the dedicated buy approach, The savings from dedication are weighed against
the cost of underutilized hardware, and ot a certain flight 1ate for the one year lease per-
iod, savings may be realized. The most significant conclusion evident from these break-even
charts is that, as with the dedicated buy approach, rack payloads exhibit quicker and more
dramatic savings than do pallet payloads. This, again, is due to the predominant effect of
flight hardware cost in an underutilization situation as we see here. Agamn, Space Pro-
cessing proves itself fo be an excepfion because of the very significant integration/deinte-
gration savings and somewhat lower paller costs from the other pallet poyloads, With the
exception of Space Processing, pallet payloads appear to exhibit cost savings at 80% to 90%
utilization while rack payloads exhibit savings at only 50 or 60% utilization,
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Shared Spacelab Equipment Utilization

General

The chjectives of this sub-task were to determine costs and schedule implications of
shared Spacelab equipment utilization through progressive Level IV integration of shared
Spacelab hardware. This shared hardware included Spacelab unique equipment such as
racks, pallet segments, RAU's, and common support equipment (recorders, IPS, telescopes,

chambers, etc.) and GSE,

"Progressive Level IV checkout flows" were developed and compared against baseline
Level IV checkout flows to form the basis for analyzing manpower requirements, cost data
and use(involvement) times for selected GSE, (A "progressive checkout flow" 1s one which
moves the equipment and personnel from one principal investigator's facility to another in
the Level IV progressive build up, assembly and checkout of payload equipment for specific
missicns. )

Certain assumptions were made for purposes of this analysis.

a) All Spacelab Equipment will be staged (stored, refurbished) at KSC

b) GSE end Spacelab Equipment moves with the peyload

c) GSE and Spacelab Equipment moves progressively to each Principal
Investigator's Site

d) The involvement fime for GSE i1s based on a dedication rule, that
15, once the equipment has been selected for use, even on an inter-
mittent basis, for a particular mission, 1f will be dedicated to that
task for the entire mission period.

Advanced Technology Laboratory (ATL)

Mini Centers are logical experiment/Spacelab flight hardware groupings for a pay-
load, In the case of the ATL payload, there were three mini centers defined, Mini
Center 1 group of equipment consisted of the floor, Pallet 1 and Racks 5 and 6. Mini
Center 2 consisted of Racks 3a and 3b. Mini Center 3 contaned Pallet 2, Racks 4a and
4b, and the forward experiment structure that was mounted over the Spacelab funnel.
Similar logical groupings were made for each payload, The description of the Experi-
ment/Spacelab equipment contained in each mini center, for each payload, are des-
cribed in Section 2.0, System Trade Studies, of Volume HI of this report.

Mini-Center No. 1 progressive flow utilizes 260 hours compared to 128 for the
baseline. Mini-Center No. 2 utilizes 112 hours for the progressive compared to 63
hours for the baseline. Mini-Center No. 3 indicated 538 hours are required for the
progressive compared fo 152 hours for the baseline,
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Combined Astronomy

Progressive flows for the three cases were compared with the baseline flows. Case
1 initiates Level IV activity from a common timeline for the forward, mid and oft pallet
complements. Only the forward complement was cycled-from one site t6 another for ex-
periment integration. Estimates indicated costs of $291,200 ond 138 serial hours for this
progressive case as compared to $89,120 and 58 serial hours for the baseline. Case 1
utilized three sets of GSE, Case Il initiates forward and aft pallet Level IV activities
af the same time, The mid pallet complement Level IV activity was scheduled such that
the oft pallef Level IV GSE equipment could be used for the mid pallet complement inte-
gration activities, The flow times are about the same as Case 1. In Case Ill, the forward,
mid and aft pallet activities were scheduled such that only one set of checkout and ser-
vieing GSE was required. However, the involvement times for the flow increased to 501

serial hours,

Space Processing

Space Processing utilizes only cne pallet. The equipment is assigned fo experiment
categories designated facilities. Facility 1 for example, includes experiment S9A, S9B,
and 521, Facility 1 is processed at Site No, 12, The Space Processing payload progresses
from Site 12 through Site 16. Site 13 is used to process Experiment CG5 and Site 14 is
used to process Experiment CG7, together they constitute Facility No. 2,

The pallet for Space Processing is shipped to five different sifes for Level IV inte-
gration activities. The serial time to accomplish this would be 595 hours, compared to
119 hours for the baseline,

Life Sciences

Life Sciences, for purposes of this study, has been subdivided into equipment group-
ings called mini-centers. Eight mini-centers have been selected. Of these eight mini-
centers, three were selected for purposes of comparison between the progressive concept
and the baseline for Level 1V integration. Mini-Center No. 1 consists of Rack No. 3
and the associated floor section. Mini-Center No, 2 consists of Rack No. 4 and Mini-
Center No. 6 consists of Rack No. 9. The experiments contained in the racks are listed
in the Life Science Mairix listed in Volume | of this report,

i

The results of this study yielded the following comparison between progressive and

baseline processing times.

Mini~Center Baseline (Hrs) Progressive (Hrs)
1 142 287
2 94 170
3 83 83
4 78 78
5 55 55
6 Q0 142
7 0 ¢0
8 208 208
Overall 208 287
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Summary

The results of the comparisons of progressive flows and baseline flows for all payloads
are presented in Table 3-15. The results are expressed in thousands of 1977 dollars for each
option evaluated for each payload. The delta over the baseline option is positive in all
cases. This signifies that while the progressive integration minimizes GSE requirements and
Pl aond support personnel TDY, these savings are overshadowed by the increase in transporta-
tion and the reduced support capability, for other missions, of the Spacelab flight hardware. For
example, in Case Il for Combined Astronomy, a delta of $276,000 is shown. This case
represents the minimum sets of GSE and checkout equipment and the maximum serial check-
out time, The involvement time required for the GSE and flight hardware as well as trans=
porfation costs contribute to increase the fotal cost higher than the baseline,

Table 3-15.  Summary of Progressive Trades Cost Data

=
0
[N . o
O iy ‘3' ~
) @z > y
s) s /8 NV L
o & ~ QO ) > ) v
& < A & ] < < & =&
o /¥ /&S frr /) &)L /F /85
COMBINED A-2
ASTRONOMY CASE | 218 13 VA 1,141 45 1,440 1,348 92,/
CASEH | 218 13 22 1,175 39 1,467 1,348 19
CASE lI}} 218 13 25 1,252 116 1,624 1,348 276
LIFE A=l 224 41 21 73 83 442 389 53
SCIENCES A-3 243 44 2 80 83 472 422 50
SPACE A2 114 9 10 144 28 327 249 78
PROCESSING
ADVANCED A3 205 3 25 328 75 636 559 77
TECHNOLOGY
tAs

(all costs in thousands of 1977 $)

3-57
SD 78-SR-0009-4



Space Transportation System g Rockweil
Integration & Operations Bivision International

Space Systems Group

3.4 PROGRAMMATIC COSTING

In this portion of the study, the per mission resource requirements data pertaining to
the four representative payloads were exirapolated to the entire Spacelab traffic model.
The schedules and inventory of Spacelab flight hardware and Level IV integration GSE re-
quired to support the traffic models were identified.

A preliminary categorization of payloads and « traffic model equivalency has been
established. Through this equivalency, a distribution of the resource requirements for the
four design reference missions fo three traffic models: o Baseline (297 flights), a 2/3 Base-
line (199 flights), and a 1/3 Baseline traffic model (99 flights) has been established. Fig-
ure 3-22 shows the activities conducted to establish the program resource requirements,

The resource requirements of Personnel, Spacelab flight hardware, GSE and transpor-
tation have been established for each of six Level IV ground processing options and within
the framework of each of the three traffic models, Summaries of these data are presented

in this section.

™ . PROGRAM
GUIDELINES

|

| SELECTED
PROGRAM

| GROUND
RESOURCE

} OPTIONS

I

|

PROGRAM
PAYLOAD
EQUIVALENCIES

RESOURCE

REQUIREMENTS

TRAFFIC
l MODEL

SYNTHESIS

Figure 3-22,  Spacelab Level IV Progiammatic Assessment
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PROGRAMMATIC GUIDELINES

A set of basic programmatic guidelines, illustrated in Table 3-16, used in the pro-
grammatic analyses were developed, These guidelines established the relationships between
the payload equivalency model, the mission traffic model, the launch schedule, the leam-
ing curve, and the cost estimating. The guidelines were used in the (1) rationale for selec-
tion of 6 options studied in detail, (2) ground processing time buildup analysis, and (3)
schedule analysis for developing payload launch dates. The Payload Equivalency estak-
lishes the relationship between the 4 representative payloads and the entire Spacelab traffic
model, The Mission Models are the baseline "560" traffic model and the constructed 2/3
and 1/3 models, The Launch Schedule identifies equally spaced launches of pallet only/
habitable module alternate configurations. An 80% Learning Curve was used for ground
processing times (first 5 flights or 2 years). In Cost Estimating, all resources were esti-
mated in 1977 dollars with inflation rates compounded af the rate of 10% per year for
European supplied equipment and 7% per year for all other resources.

Table 3-16. Programmatic Guidelines

® PAYLOAD EQUIVALENCY -  ESTABLISHED RELATIONSHIPS RETWEEN THE
FOUR REPRESENTATIVE PAYLOADS AND THE
ENTIRE SPACLLAB TRAFFIC MODEL

®  MISSION MODELS -~ "540" TRAFFIC MODEL LISED AS BASELINE
- 2/3 AND /3 BASELINE MODELS CONSTRUCTED

® LAUNCH SCHEDULE ~ EQUALLY SPACED, ALTERNATE CONFIGURATIONS
{PALLET ONLY/HABITABLE MO DULE)

®  LEARNING CURVE - 80% LEARNING CURVE USED FOR GROUND
PROCESSING TIMES (FIRST FIVE FLIGHTS OR
TWO YEARS)

@  COST ESTIMATING - ALL RESOURCES ESTIMATED IN 1977 DOLLARS

INFLATION RATES COMPOUNDED AT A RATE
OF 10% PER YEAR FOR FUROPLAN SUPPLIED
EQUIPMENT AND 7% PR YEAR FOR ALL OTHER
RESOURCES
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SELECTED GROUND PROCESSING OPTIONS

Six sets of ground processing options were analyzed to determine programmatic impli-
cations, The selection of these sets, shown in Table 317, was based upon the following
criteria:

1. Reflect the maximum spectrum of Table 3-17,  Options Evaluated
assembly and checkout prior to

KSC-STS operations between gen~
eric ground processing concepts OPTIONS TYPE
(Distributed, ceniralized, KSC).
A-l

2, Reflect the maximum spectrum of A3 DISTRIBUTED SITE
assembly and checkout prior to
KS-C-STS operations within gen- Bi CENTRALIZED SITE
eric concepts, B4

3. Reflect the maximum spectrum of C-1
Level IV integration GSE require- C4 KSC OPTIONS
ments,

4, Reflect the maximum specirum of *
Level IV integration transportation
requirements,

A generalized application of these criteria to the matrix of 12 processing options
indicated that distributed site options A-1 and A-3, centralized site options B-1 and B-4,
and KSC options C-1 and C-4 were preferred, The A-1, B-1, and C~1 options reflected
only individual experiment/mounting element integration prior to initiation of KSC-STS
operations, The A-3, B-4, C-4 options reflected the maximum level of integration of the
payload within a generic option prior to KSC-STS operations. Transportation and GSE
extremes are reflected between distributed site options {(A-1 and A-3) and KSC options
{C-1 and C-4).

A minor deviation from the generalized approach was required for the iwo pallet only
represenfative payloads, Space Processing and Combined Astronomy. KSC-STS Level Il
assembly, which would correspond o an A-3 option, was not required for the Space Pro-
cessing payload, Therefore, the A-2 option (no KSC-STS Level 11l assembly) will be used
for the Space Processing payioad in conjunction with the A-3 options for the other payloads,

Conversely, the Combined Astronomy payload does require Level 111 KSC-STS assem-
bly regardless of the option used. Therefore, the B-3 and C-~3 options for the Combinea
Astronomy payload will be used in conjunction with the B-4 and C—4 options, respectively,
for the other payloads,
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RESCURCE CATEGORIES

The programmatic analysis resulted in the definition of (1} Spacelab interfacing
flight hardware, (2) Level IV Spacelab related GSE, (3) Level 1V personnel requirements,
and (4) fransportation (fo/from Level IV sites) requirements for each 6 options evaluated.
The required inventory of flight hardware (i.e., racks, paliets, floor segments, RAU's,
EPDB's, and cold plates) was derived from ground processing flows, payload configurations,
and launch rates. The Spacelab related GSE requirements (processing and transportation)
was determined from the Level IV installation, checkout, and integration activities. The
personnel requirements include the direct "hands-on" integration manpower, TDY, Host
Center support, and Pl support for KSC operations. The transportation resources include
those costs associated with the shipment of experiment, Spacelab flight hardware, and
GSE to and from KSC to the various Level |V integration sites. The fransportafion costs
will vary by each of the four payloads and by processing option within the same payload.

SPACELAB TRAFFIC MODEL EQUIVALENCIES

Initial effort in the programmatics task included the development of an equivalency
between the four representative payloads defined in this study and the Spacelab traffic
model, This equivalency is summarized in Figure 3-23,

Study
Representative ?":ju‘“;ot‘:del Coafiguration Launch Schedule
Paylood 4 80 81 82 83 B4 B5 86 87 88 89 90 91
Conmbined AS-01
Astronomy SV-1 Asirophystes 5 Pallets ¢ 0 0 1 2 4 4 5 4 4 4 4
IR-1
5v-2 Solar 5 Pallens 2 2 2 2 2 2 2
SH-3 Terrestnial
PA-} Physics ond 5 Palless 13 3 3 3 3 3 3 3 3
Astronamy
o 0 1 4 5 ¢ 9 10 9 9 2 9
Life Sciences L5-0% Life Scieaces Loag Module 2 2 2 2 2 2 2 2 2 21 2
ATL-A AP-05 Salor Terrestrial | SH Mod + 3 Pallets 1 2 2 2 2 2 2 2 2
ATt-1 Space Tech SH Mod + 3 Pallets 11 2 1 2 1 2 1 2 . 1 2
MU Multi=User Long Mod + Pallet 1 v 3 3 3 3 2 2 2 2 2 2
MLy Applications SH Mad + 3 Pallets 1 2 2 3 3 3 3 3 3
C5POIS Non-NASA Long Mod + Pallet 2 2 3 3 3 3 3
COM-1
FSP GiS Foreign 5/L Long Mod + Pallet 1 | I T R |
EON ESA SH Mod + 3 Pallets 1 2 2 2 2 2 2 2 2
GPM
13 4 7 0 4 1215 14 15 15 16
Space Proc Ml Malti-User 3 Pallet 1
ASN Foreign /L 2 Pallet 1 112 1 2 1t
SN
55 Space Industri~ Pallet Traun 2 2 2 3 3 3 3 4 4 4 4
alization
PSSP ESA 1 Pallet | A I I RS S T S A |
SPN—6P W Germaay ¥ Pailet 2 3 3 2 2 % 2 2 12
3 2 7 7 B 7 B 8 9 8 B

Figure 3-23,  Spaceldb Traffic Model Equivalencies
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The Combined Astronomy payload equivalency is based upon multiple pallet trains
and probable use of IPS and SIPS. Life Sciences is a continuing long module effort, ATL
equivalency reflects multi-experiments that share racks ond pallet segments, Similar tech~
nological disciplines are assumed to be grouped on each flight thus reflecting the applic-
ability of limited distributed integration cenfers. It is assumed that space processing pay -
loads are also included in the ATL equivalency group. The representative Space Process-
ing payload used in this study is more akin to foreign, DoD, or commercial pallet only pay-

loads,

MISSION MODELS

The Programmatic Analyses included the traffic model sensitivity analysis which was
expanded to include all six ground processing option sets for the baseline traffic model,
a fwo-thirds Spacelab traffic model, and a one-third Spacelab traffic model. All three
traffic models are shown in Table 3-18, The baseline traffic model reaches a peak flight
rate of 35 in the year 1989, with the 2/3 traffic model peaking in 1990, and the 1/3 frof-
fic model peaking in 1985, The baseline traffic model is derived from the "560" mission
model, The 2/3 and 1/3 baseline models are constructed from the baseline.

Table 3-18.  Traffic Models for Programmatic Analyses

¥e2—1 1980 | 81 | 82 [ 83 {84 [ 85 | 86 | 87 [ 68 [ 89 | 90 | o1 |7totats

B Ls -l 2t 2 2] 20 2| 2] 21 27 21 2| 2| =2
'E-A ATL sl af e} 7wl sl s el e
L cA =l -1 v 4] s 9] 9elwi o] of of o] u
IE'\I SP - 3 2 7 7 3 7 [i] 8 g 8 8 75
Total 1 | 8] 9 | 20) 24133 ]3035 33353435 | 207

LS BN B I v | o v t [ s a][ 11 n

ATL Va3 s)] 7z{wlwliwo]wjioliw]inl} s

2/3 CA - - 1 3 K! & é I3 & A& & b 49
sp - t2 vl s s| 5| s 5] s]s]| 6] &) so

Total V616 |12l in]2lalali

s J-Jv | -FT 1] T o0l I 01 -Ta71 -1 s

ATL Vv by s a4l el st oaf s st st s | o4

/3 CA S I v o2 3) s3] 3]s} 3] al ]| 25
sp v v 2l 2 al sl a3}l 2t a2l 2

Total Vs ja bzt slunlntulunlntaling e
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In order to reduce the amount of ground processing equipment required by conflicting
launch dates, launch schedules were developed for each year of each traffic model, Fig-
ure 3-24 illustrates the launch schedule developed for the first four years of the Baseline
Traffic Model,

The iroffic models were established using the following ground rules:

EQUALLY SPACED LAUNCH CENTERS,  The objective is to schedule
the launch dates equally apart. A typical 5-day work week, 52 week

year, was used as the standard, This resulted in a net of 260 total an-
nual processing days per year, The number of 260 divided by the num-
ber of missions per year determines the schedule spacing.

ALTERNATION OF SPACELAB CONFIGURATIONS (where possible).
If, in any given year, there are pallet and Spacelab module payloads,
an attempt should be made to rearrange the schedule permitting an
alternate sequence (i,e. pallet, module, pallet, module, efc.).

EVEN DISTRIBUTION WITHIN A GIVEN YEAR,  This rule pertams fo
payloads having the lowest flight rate, For example, if only one such

launch per year was scheduled, the subsequent flight would be scheduled
12 months ofter the first, Similarly, two flighis per year would be sched-

uled six months apart,

[ 1/3 BASELINE TRAFFIC MODEL
[ 2/3 BASELINE TRAFFIC MODEL
FLT PAYLOAD AT PAYL.0AD
YRl | O 1 am TeaTse ] Wimw | O [ ISTAL] AT 5P
80 1 | 130 v 4 52 v}
1 32 v 5 65 v
2 65 % 6 78 v
3 97 ' 7 9] v
81 4 11301 v 8 || v
5 | 162 % 9 | 17 v
6 { 195 v 10 | 130
7 | 227 v n | 143
8 260 v 83 12 156
21 3 - 3 13 | 169 v
1 29 v 4 | 182 v
2 58 v 15 | 195 v
3| 87} v 16 | 208 | ¢
4 | 16 v 17 | 221
82 5 | 145 v 18 | 23 v
6 | 174 v 19 | 247 v
7 {203 v 20 | 260 v
8 | 232 v 2| 7 | al 7
g | 260 v 1 10 v
2| a 1| 2 2 21 v
1 13 v | 8l 3 32 v —
83 2 26 v 4 43 v ]
3 39 v 5 54 v

«BASELINE TRAFFIC MODEL

Figure 3-24,  Launch Schedule Development
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The payload buildup and task sequences were prepared under the assumption that the
integrating team was fotally familiar with the payload, Subsequent provisions were
made fo accommodate for learning periods during the early portion of the flight schedule.
A leaming curve having a value of 80 percent with an operaticnal steady-state activity
achieved by the fifth mission passing through that Center was provided by the NASA (low-
er left corner of Figure 3-25), Based on this curve, the first payload through that center
will require approximately 68 percent more time o process, The second, third and fourth
payloads will require 34, 18 and 7 percent respectively. By the fifth payload passing
through that center, it was assumed that it and subsequent payloads will be integrated per
defined timelines in operational steady-state conditions.

Figure 3-25 indicafes that a pofential conflict can arise due to schedule extensions
resulting from an overlapping need of core modules, The example is based on Option B=1
using the baseline traffic model. The clear bars indicate the payload integration times at
a Centralized site. The shaded areas represent the Level 111/11/1 processing ot KSC, ATL-3
and LS-1 will have a conflict indicating a need for the same piece of equipment (a second
core module). The conflict can be alleviated by moving back the initiation of activities
for ATL-3 sufficiently fo avoid the conflict; or if schedules permit a delay to the initiation
of LS-1 sufficiently to avoid the same conflict,

A learning curve analysis was made for the buildup of each traffic model with each
opfion.

OPTION B-1 (BASELINE TRAFFIC MODEL) .

1980
[pavs 20 40 é0 80 100 120 140 166 160 00
A
ATL-1 . ATL-1
S ATL-2
o
1981 i
200 220 240 260[0 20 40 &0 £0 100 120 140
a A A a
ATL-2 5p-1 ATL3 181
ATL=2 A~ -4
Y [Cam o2 ELMINATED
B8Y A 7 DAY SHIFT IN
h13] SCH'D LAUNCH
i |
18 bzzzi7eirr777 727272773
\
\
8161\ ATL=) . e
1Y L ~
B \ —| e
x \ LEARNING ) .
o 14 AN CURVE 80% 151 { =
4 v
Z B - SN
3 12 . CODE /Iw
N b i, POTENTIAL CONFLICT 2ND
e CORE MODULE CORE MODULE REQUIRED
1.0 . -I— T PALLET ONLY
oo} }

t 2 3 A 5 4
MISSIONS

Figure 3-25.  Leaming Curve Analysis ORIGINAL PAGE IS
OF POOR QUALITY
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RESOURCE REQUIREMENTS

The resources required to support each option of three fraffic models were defined
for four major categories:

Personnel

Spacelab Unique Flight Hardware
Level IV Integration GSE
Transportation

S 9 0@

Personnel Requirements

Test and Operations "Hands-on " personnel consists of fechnicians and engineers in-
volved in the actual installation and checkout fasks associated with Level IV integraiion.
Both engineers and technicions were considered os being multi-disciplined, i.e., both
mechanical and electrical technicians and engineers were considered to be required for
the different types of equipment and installations required. In deriving the manpower re-
quirements, if was assumed that all distributed site “hands-on" personnel were Pl employ~
ees, other than perhaps the support technicians. The ceniralized site options consisted of
some of Host Center support and/or TDY, The KSC site options also consisted of some of
Host Center support and/or TDY, The total manpower required, in terms of "headcount"
was smoothed (weighted average) to provide a realistic manpower level,

The second category of personnel, referred to as Host Center Support, consists of
those engineers and fechnicians provided at either the minicenter, lead center or KSC
by the resident organization to provide support for nonresident Pl personnel doing the
hands-on effort. The third category of personnel are termed KSC Operations Support
personnel consisting of Pl personnel on TDY af KSC in support of Level 11l and subsequent
operations on the payload, In conjunction with developing manpower levels and costs,
a very significant part of total personnel costs is the Temporary Duty (TDY) allowance
paid to fraveling personnel, which varies widely with the processing option. A rate of
$75 per day was used to determine the magnitude of this expense.

Table 3-19 is a summary of the personnel costs for each of the six options evaluated
against the Baseline Traffic Model.
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Table 3~19 . Personnel Costs for Baseline Traffic Model

PAYLOAD
OFTION ATL LIFE SCIENCEY COMB, AST SPACE PROC, TOTALS
MP 1 TDY § M2 | TDY M2 L TDY | MP I TDY | MpP DY

A-1 24 445 391 | 425 0,48 | 12.36| 1.48 | 893 | 158 ) 49 98 7 45
8- 25,20 491 | 3.59} 0.75 | 12,881 1 92 ¢30 | 2.10 | 50 9 9 49
C-i 25,960 7.31 | 372} 1,17 1 1339]| 459 9.75 | 323 | 52,82 16 29
A3 28.22| 5,17 | 46} 068 {15321 2,37 | 923 | 158 | 57 43 9 79
84 | 25.45]| 617 | 3.48 ] 0.77 | 1258 2.74 | 960 ] 21051 11 | 1178 |
C4 26,33 958 | 3,70 ] 123 {13,02] 4.44 |1005] 330 53 10 18 55

o  All costs n millions of 1977 35

The table has the similar processing options grouped together, Options A-1, B-1,
and C~1 contain individual experiment checkout after installation and assembly, but they
do not include an integrated payload checkout, Option A-3 is essenfially a distributed
option with the added element of having a combined payload checkout at the launch site
prior to the commencing of the Level 111/1l integration in the O&C building. Options
B—4 and C~4 contain o combined payload checkout af the Lead Center and KSC respect=
ively, In these two options are comparable. In these two options, experiment equipment
would be installed in/on the racks and floor segments. Individual experiment systems
would be checked out followed by a combined payload checkout. The totally assembled
and integrated payload would then be fransported directly to the Level Il stand in the O&C
building. For the personnel costs evaluated by the study, the relative ranking, by cost,
for each option is*

I M
A-1 57.43
B-1 60,65
B-4 62,89
A-3 67,22
C-1 69.11
C4 71,65

Options A-1 and B-1 have the lowest total personnel costs because of their minimal
TDY and Host Center Support requirements, In these two options, the Level IV integration
effort is being performed at the "home" site for a larger majority of the Pl's. These options
are also lower in cost by virtue of not including an integrated combined payload checkout.

From a personnel standpoing, the option that does provide for this higher confidence fez!
ing approach at the lowest personnel cost is Option B-4.
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Table 3-20 contains a summary of the personnel costs for the 2/3 Baseline Traffic model.

Table 3-20,  Personnel Costs for 2/3 Baseline Traffic Model

PAYLOAD
OPTION ATL LIFE SCIENCES COMEB, AST SPACE PROC, TOTALS
M2 | TDY | M/P | TDY MP | TbY | M/P | TDY M/P TDY-

A~l 17 27 2,76 2,12 024 g18| 098 | 595 | 105 33 52 503

B-1 17 80 347} 1,79 0.37 8531127 | 620 1140 34 32 & 52

c-l i8.33]1 5,16 1 86 0.58 8 873 3.04 6.50 | 2,15 35 56 0 93 -

A3 19941 365 2.33 0,34 {10.14} 157 | 615 {105 38.56 6 61

fl

LB 17 98| 4.36F 1 74 0,39 833 181 640 | 1 40 34 45 7 96

c4 18 401 6 76 185 0.62 862 294 1 6,70 ] 2.20 35 77 12 52

o All costs in milliens of 1977 S

The same relative order holds for the personnel costs of the 2/3 Baseline Traffic mod-
el as for the Baseline, Option A-1 has the lowest total personnel costs ($38;.55 M), fol=
lowed by B-1 ($40.84 M), B4 ($42.41 M), A-3 ($45.17 M), C-1 ($46.49 M), and C-4
($48.29 M).

The personnel costs for the 1/3 Baseline Traffic mode! are summarized in Table 3-21.

Table 321, Personnel Costs for 1/3 Baseline Traffic Model

PAYLOAD
OPTION ATL LIFE SCIENCES COMB, AST SPACE PROC TOTALS
M/P TDY M/P | TDY M/P | TDY | M/P TDY M/P oY
A~ 8 34 133)] 1,16 | 0.13 418 0.50 | 2 98 0.53 16 é5 2.49
B-1 8 &0 1681 0.98 | 0,20 4,35 0.65 | 3,10 0 70 17 03 323

-1 886 | 2491 101 | 032 4530 1551325 | 108} 1765 5 44

-

A3 2?63 1761127 {019 518 080§ 308 0.53 19 15 327

Bed 8691 211|095 021 4251 093132014 070 17 08 3 94

C-4 8.99( 3,27] 101 J 034 | 440 150|335 | 110 1775 6 20

o All costs n milions of 1977 S
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If there is a separation between the engineering staff defining the integration require~
ments and analyzing the interfaces and the actual "hands-on" personnel then the coordina-
tion/liaison effort increases and fhe TDY costs increase accordingly. The TDY and Host
Center Support cosfs for a given program would increase proportionately fo the study TDY
values from a low with the Distributed options, to a nominal value with the Centralized
options fo the highest values with the launch site options, All of these comparisons and
trends are based on the groundrules of the majority (3/4) of the Pl's being resident at a
distributed site and one-half at the centralized site and none of the Pi's being resident at
the launch site,

Spacelab Flight Hardware

The quantities of Spacelab Flight Hardware required to support each of the four de-
sign reference missions were established by an analysis of the serial ground processing times
for the element of Spacelab hardware being evaluated and by the proximity of launch dates
for the payload being evaluated. The quantity of each of these items that are required to
support o given program are determined by:

e involvement time in the ground processing flows of each option

e quaniities required for a given payload configuration

o flight rate and launch schedule of the payload configuration for any
given year of the traffic model.

The quantities of Spacelab unique flight hardware required to support the Baseline
Traffic model are illusirated in Table 3-22,

Table 3-22,  Baseline Traffic Model
(Spacelab Flight Hardware Requirements)

EQUIPMENT ITEM Al Bl C_|OPTICN A3 P ca
CORE MODULE 3 3 3 3 3 3
1GLOO 3 3 3 3 3 3
IP$ 1 ] ] 1 1 1
SIPS ) 3 3 3 3 3 3
PALLEF SEGMENTS 28 3¢ 28 a5 k5 28
EXPERIMENT RACKS 26 30 25 30 30 26
RAU 54 54 54 54 54 54
EPDB 34 36 33 33 41 a3
COLD PLATES 47 47 47 47 47 47
FLOCR SEGMENTS 7 7 7 7 7 7
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The Core Module, Igloo, IPS and SIPS quantities have been included for reference
only, The requirements for these major equipment items remain constant throughout each
of the options because their involvement time 1s limited to the STS/Orbiter operations at
KSC only and none of them is involved during the Level 1V integration activities, The
other six end items are involved during the Level IV ground processing activities and their
requirements may vary by processing option. The Spacelab flight hardware quantities for

the 2/3 and 1/3 Baseline Traffic model are summarized in Tables 3-23 and 3-24, respectively,

Toble 3-23, 2/3 Baseline Traffic Model
(Spacelab Flight Hardware Requirements)

EQUIPMENT ITEM o ] o 0?‘"02-3 o =
CORE MODULE 2 2 2 2 2 2
1GLOO 2 2 2 2 2 2
IPS 1 1 i 1 i I
SIPS 2 F4 2 2 2 2
PA] LET SEGMENTS 20 20 18 20 20 20
EXPERIMENT RACKS 22 22 18 22 2 22
RAU § 36 35 36 40 35 kL)
EPDB 25 25 2 25 25 25
COLB FLATES 30 30 30 4 30 30
FLOOR SEGMENTS 3 5 5 4 5 5

Table 3-24.,  1/3 Baseline Troffic Model
(Spacelab Flight Hardware Requirements)

EQUIPMENT ITEM ety ol Pt ort ONA-G o P
CORE MODULE i 1 1 k| 1 1
IGLOC 1 1 1 1 1 1
12 1 i 1 1 ¥ 1
Sies 2 2 2 2 2 2
PALLET SEGMENTS 10 10 10 i0 10 10
EXPERIMENT RACKS 14 3 14 14 14 14
RAD 22 22 22 22 22 22
EPDB T4 14 14 14 14 4
COLD PLATES 17 17 17 17 7 17
FLOOR SEGMENTS 4 4 4 4 4 4
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The Spacelab flight hardware costs for all six options and each of the three troffic
models are summarized in Table 3-25,

Table 3-25, Spacelab Flight Hardware Costs

TRAFFIC MO DEL
2/3 1/3

OPTION § BASELINE | 3oy iNE | BASELINE
A 161,79 73 33 B’ N
Bl 109 26 73,33 38,11
-l 102,13 66,20 38,11
A-3 124 28 74 05 38,11
84 | -124.80 73 33 38,11
c4 102.15 73 33 38.11

(AlY casts wm milliens of 1977 §)

These costs are influenced directly by the length of the ground processing times of
each option evaluated. The longer the ground processing times the greater the quantities
(and cost) of Spacelab flight hardware required fo support the traffic model being evaluated.

£

Ground Support Equipment Requirements

The Ground Suppott Equipment (GSE) considered in this study was limited to that
equipment required to support the installation and checkout of Spacelab equipment during
the Level IV mtegration task, Equipment of a general purpose nature which would serve
for installation/testing of experiment equipment as well as Spacelab equipment, such as
multi-purpose sling sets, was included. Equipment especially designed for use with experi-
ment equipment {fumnished by the Principal Investigator) was assumed fo be supplied by
the P, 1,

Because the GSE considered was designed for handling, transportation or testing
(checkout) of Spacelab equipment, almost all of this equipment was taken from the Spoce-
lab GSE Items Description Document (MSFC 40A99006) Rev. A, A few special items were
concelved to support checkout of Spacelab-experiment interfaces and other tasks not ef-
fectively supported by the GSE in the referenced document, The GSE costs for all options
and Traffic Models are summarized in Table 3-26.

In determining the GSE required to support the specific payloads studied, several con-
siderations were made. First of all, it was assumed that only interface verification and func-
tional verification would be performed, as opposed to specification testing.
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Table 3-26.  Summary of GSE Costs

TRAFFIC MODEL
2/3 1/3
OPTION | BASELINE [ gacpiiNE | BASELINE

A=l 10 76 7 95 7.32
B-1 5 48 3.79 3 40
o 3 78 219 1.59
A3 12,13 8 89 7.73
Bk 538 4,75 318
C-4 3.47 2 03 1 44

(All costs in millins of 1977 §)

In the case of GSE, the launch site options have the unique advantage of one cen-
tralized location for Spacelab Level 1V ground processing and thus the potential for the
maximum amount of sharing between different payloads. The Centralized options (B-1
and B-4) have the capability to share GSE also but the fact that there are four central-
ized sites and that GSE is sent from/to a depot for each Level IV integration cycle, the
resultant GSE costs for the centralized options are almost double those of any comparable
Launch Site option.

Transportation Costs

The costs of shipment of Spacelab flight and GSE hardware to/from Level IV inte-
gration sifes other than at KSC were predicated upon the total number of end items and
the width of the shipment. No costs were included for shipment of experiment equipments,
It was assumed that these costs would be independent of the processing option because the
site of manufacture/assembly of the experiment equipment could be at a vendor, contractor,
laboratory, university, ete., and thus, shipment to the integration site would be required
in all options.

Two basic load types were identified: (1) the Standard Carrier and (2) the Out~
sized Carrier,

The Standard Carrier, sometimes referred to as a van, is a commercial-type vehicle
such as a moving van or it may be a flatbed low-boy. It is of the type used daily on the
public highway system without the need for special road permits for either excess weight
or excess width {viz. wider than eight feet). The Outsized Carrier, in conirast fo the
Standard Carrier, is one which exceeds the normally accepted road widths of the public
highway system, The need for such a vehicle is to accommodate the standard dual Space-
lab pallet train,
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After the various types of carriers were identified, trip duraiions were established.
For standard carriers, a single (one way} frip was maximized at two days and for outsized
carriers af five days for one-way trips while using public highways. When trips were nec-
essary between facilities af KSC, the maximum allotted time for either carrier was one day,
A similar analysis was performed to determine cost per frip. A summary of the transpdriation
costs for all options and traffic models is presenfed in Table 3-27,

Toble 3-27.,  Summary of Transportation Costs

TRAFFIC MODEL
2/1 1/3
OPTION [ BASELINE | 5acp g | BASELINE

g;s Al 10,05 .61 331
230

S8 Bt 4 %0 3.25 1,61
agr

ZXU C-1 097 0 &5 0 35

o.5 A3 10.28 6 77 3 40
Z<0O

S?{'?E 34 4,90 325 1.61
e

C-4 0.97 0 &5 0,35

(All costs in mithons of 1977 $}

In all cases, the transportation costs for the faunch site options (C-1 and C—4) are
the lowest followed by the centralized options (B«1 and B-4) and the most expensive being
the distributed options. For this resource, the costs are directly proportional fo the num-
ber of flights in a given traffic model,

Programmatic Resource Summaries

The summation of the costs for Personne!, Level IV Integration GSE, Spacelab Flight
Hardware, and Transportation costs for each of the six options of each traffic model are
defined in this section. Graphs of the annual spending and cumulative spending require-
ments for all options evaluated against each traffic model are contained in Sections 3, 4,

and 5 of Volume Il

Baseline Traffic Model

Table 3-28 contains the total Level IV ground processing resource summary for six
options evaluated for the Baseline Traffic Model. The three lowest total cost options are

C-1, C~4, and A-1 in that order.
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Table 3-28,  Total Level IV Ground Processing
Resource Summary (Baseline Troffic Model)

PROGRAM OPTION ’
RESOURCE A Al i A3 3 C—4

FLIGHT

O se " 161,79 | 109 26 1 102.13 || 124.28]| 124 80 | 102 35

PERSOINMNEL 1[5743 60,67 | a9 12 || s7 23| 6288 | 71 67

GSE 10,76 5.68 3.78 12,13 538 3.47

TRAN SPORT'N 10,05 4 90 097 10,28 4 90 0.97

TOTALS " 180 03 | 180.51 | 176,00 || 213 92{f 197 96 | 178,26

{All costs in millions of 1977 %)

2/3 Baseline Traffic Model

Table 3-29 defines the total Level IV ground processing resources summary for the

same six options of the 2/3 Baseline Troffic model. The lowest cost option 1s C-1 followed
by B-1 and B4,

Table 3-29 .  Total Level 1V Ground Processing Resource
Summaries {2/3 Baseline Traffic Model)

PROGRAM || OPTION

RESQURCE A=l 8- C-l A3 B4 C4
e ARE 7.33| 73| e || 7a0sf| 73] 7333
PERSOMNMEL 38 571 40,87 | 46,52 |i 45.19{| 4245 | 48 31
GSE 7.95 3.79 2,19 8,98 4 75 2,03
TRAN SPORT'N 6 81 3.25 0,65 6771 3.25 0 45
TOTALS 126,46 | 121 24 | 115 56 || 134.99]| 123.78 | 124 32

{All costs In millions of 1977 5}
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1/3 Baseline Traffic Model

Table 3-30defines the total Level IV ground processing resource summary for the same
six options of the 1/3 Baseline Traffic model, The three lowest cost options are C-1, B,
and C-4,

Table 3-30,  Summary of Option Costs (1977 $M)
(1/3 Baseline Traffic Model)

PROGRAM OPTION

RESOURCE o ol = " — —
FLIGHT -
HARDWARE a1 s {3 {las.u qf ss . f o3s.
PERSONMNEL 19.16 | 20.27 | 23,10 Y 22.42 {| 21.02 | 23.97
Gse “ 7.2 | 3.40 | 159 || 77 || 3.8 | 1,44

TRANSPORT'N, 3.3 1,81 0.35 3 40 1.61 ¢35

TOTALS 67.90 63,39 63,15 71,66 f} 63 92 63.87

(Al costs in millions of 1977 $)
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3.5 CONCEPT EVALUATION
QUALITATIVE ASSESSMENT OF OPTIONS

In the establishment of a preferred ground precessing concept, there are both quan-
titative and qualitative assessments that should be made in the selection of a preferred
ground processing option,

In previous sections of this report, specific ground processing resource requirements
were developed for each of the applicable options for each representative payload. In-
cluded in these resources were manpower, travel, GSE, flight hardwere, and trensporta-
fion/shipment costs, In addition to these factors, a relative comparison of the staffing,
facility, GSE, operations, and management aspects of the alternate Level IV integration
approaches was made (Table 3-31), Although aerospace firms and NASA centers are po-
tential disiributed site candidates, the evaluations for this approach are more indicative
of industrial/commercial firms and university/science centers, Lead center evaluations
assume either a major NASA aerospace center or a major aerospace contractor, Avail-
ability of appropriate facilities at KSC is assumed in the KSC evaluations,

These subjective evaluations indicate the following trends:

1. Distributed site options are the most advantageous for experimenters
but probably the most complex for the Spacelab program.

2. Maximum use/minimum logistics of Spacelab equipment can be
achieved with the KSC options, buf experimenter logistics are
maximum,

3. Lead center options provide a reasonable focal point/compromise
between experiment and Spacelab program considerations,

4, Pre-KSC-STS operations will reduce the probability of incompati-
bilities between experiments and Spacelab and thus the potential
for schedule impact on STS operations,
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Qualitative Assessment of

Ground Processing Concepis

Rockwell
Internationai

Cateqary Consideralions, Distributed Site Centralized Launch Site
Avatlabihity Extensian of development § Limited extensien of ex- | Mimimum expenment ari-
personne! already dedi- permment development enled personnel  Maxi-
cated to expariment pesonnel  Potential for | mum potenhial for cadre
cadre of aerospace tech- | of aerospace personnel
nician peisonnel — depen-
dent upon flight 1ale
Skslt Mix Excellent scientific/ex- Mominal scientific, ex- | Mimimal scientific, ex—
pestment but mininal cetient cerospace, po- ceileat aerospace and
! aerospace/Spacelah skilis | tentrally excellent Space-] Spacelab
Broad spectrum required lab skills-dependent upon
Persannel among relatively small flight rate
groups
Relocation Miaumum ~ distriboted Nominal - assumes some  } Maximom - probably ol
sites are the expenment - experiments are spon-— experiment oriented per—
er's home base sored by Jead center sonnel will be on TDY
Buplication Minimum seientific par- Minor scientific  Poten- | Aswmed scientific per-
sonnel duplicatton but tially minimum aerospace | sonnel IDY  Minymal
moximum aerospace and and Spacelab onented per] aerospace aud poten-
Spacelab oriented per- sonnel duplication - de- { hiolly neghgible Space-
sonnel requirements e~ pendent upon flight rate | lub personnel if /L -
cause of multiple sites tegration and/or staging
personnel con also sup-
port level 1V integranion
acfivities
Cotegory Considerations Dystributed Site Cenltralized Lavnch Site
Availabi ity Assumed or o site will not Reassignment of indu.iri~
be selected as a distribut- al complex facibity re-
ed site quired
Modifications Access width/height and Moderate madifications
crane/cleantiness require]  Compatibility s required
ments may be constraints
Environment Most famihiar with experi{  an assumed pre- Established expertise in
ment constraints which processing of scientific
robably supercede equipment
Facilities e [ e

Spacelob constrants
Could be extension of
expertment development
envirenment

Transportation
Access

May himit viahle cands-
dote sites because over—
the-raad tronspoilation

and/or airport proximity

Safety

Potential hazards in
handling size/weight
of Spacetab elements

requisite to be

designated a

tead center

No constramnts, air,
barge, or roud

No constrawnts, standard
operating procedures
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Qualitative Assessment of

Ground Processing Concepts (Cont'd)

Category

Constderations

Distributed Site

Centralized

Launch Site

GSE

Availability

Maximum experiment re-
lated ond special pur-~
pose  Requires loan/
logistics of Spacelab
related GSE,

Nominal experiment ond
special purpose GSE
Patenttal for adequate
on-site Spacelab GSE-
dependent upon flight
rafe and ossignment of

dedicated GSE

Limited experiment GSE
Maximum spectrum of
Spacelab GSE  KSC
assumed to be depot for
$pacelab oriented GSE

laventory

Requrres duplication of
numercus ttems of level
iV (Spacelab) GSE

One set of level IV GSE
Could be dedicated ~
dependeni upon fhight
rate

Minimum iaventory be-
cause of proximity of GSE
depol and potential for
sharing numerous 1tems

Logishics

Minimum expertment but
maximym Spacelab

Nominal expermment
Could be minor/neghi~
gible Spacefab GSE
logisties f Flight rate
suppoits dedication

Maximum for experiment
related logistics but min-
imum/simplest for Space-
lab GSE

Maintenance

Excellent for expeniment
GSE but relanively poor
for Spacelab GSE

Assumed relotively
broud spectrum of sci~
gntific instrumentabion
capability plus partial
poyload sponsorship
Spacelab GSE expertise
dependent upon flight
rate/dedication

Limted experiment GSE
expurtise but excellent
Spacelab GSE maintenancs
capability ~ KSC 15 the
assumed GSE depot

Category

Consideralions

Distithuted Site

Centralized

Launch Site

Operations

Level of Payload
Assembly and
Checkout

A-1 Minunum, indhvidual
experiment systems only

A=2/3 Sinwlated paylood
miusston checkout will be
vsed

B~} Mintmum, individual
expermment systems only

B-2/3 Simulated paylead

B-4/5 Integrated poy-
load configration

C-1 Miaimum, mdividual
experrment syskems oaly

C-2/3 Swmulated payload

C—4 Integrated payload
configuration

SIS QOperations and
Schedule Risk

A-1 Maximum, only n-
dividval experiment sys—
tems verified m non-
fhight (poyload config-
vration at multiple sies)

A-2/3 Less than above
option hut still signifi~
cant risk because of sim-
ulated payload config-
wrat ton

B-1 Major, although com-]
parable assemb:ly and
checkout as A-1, cen-
tralized octivity would
facilitate inter-experi-
menk coordination

B-2/3 Same as distributed
ste  (Options A=2/3}

B-4/5 Minot, transporta~
tion affects are primary
concearn

C-1 Same as lead center
plus addstional opportun-
ity for closes coordmatior
with Spacelab equipment
staging achivilies

C-2/3 Same as distributed
site {Options A-2/3)

C~4 Mimmum, transporda-
tion Sho\lld huve ﬂﬁg;l—
gible offect

Transportation and
Handling

Mastmum for Spacelab
equipment but mimimum
for experiment equipment

Nominal for boih Space-
lob and experiment
equipment.

Nominal for Spacelab
equipment (shorter dura-
tron) buk maxrmum for
experniment equipment

ORIGINAL PAGE I3
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Qualitative Assessment of
Ground Processing Concepts {Cont'd)

Category Considerations Distributed Site Centralized . Launch Site
Accommodation of Excellent because located | Nomminal, assuming codre | Minimum - Limited
Experiment Conhin~ at or close to experiment | of experiment oriented experiment oriented
gencies and Risks facilities personnel personnel
Operations
Spacefab Equipment Minimum Limited - dependent upon | Excellent
(Coot'd) | Mamtenance traffic rete and estab=
Lishment of Spacelab
Assembly ond Minimum standaidizatton, | Standardization with Some as lead center
Checkout Stendards however, readily adapt~ | adequate Flexibility for
oble or tailored to ndi- | unique requirements,
vidual experiment require}
ments
Probabality of Flight Minimum for expertment | Nommnal, assuming cadre | Nommnal
Hardware Damage/ equipment, maximum for | of Spacelab oriented
Misuse Spacelab equipment personnel 1. developed
Planning and Simplest, decentralized, | Requires interrelation— Similar to lead center,
Seheduling and decoupled ships ond interdependen~ | simpler transportation but
cies to achieve deswed more complex GSE plan-
Monagement effteiencies ning to achieve desired
shering/uhilizat ron
Configuration Probably simple and - 1 More rigarous for experi=- | Some figor for experiments
Monogement formal For expertments ments, easter to co~ and symplest for Spacelab
but complex/involved for] ordinate for Spacelah
Spacelab equipment
Cotegury Consideratsons Distributed Site Centralyzed Launch Site
Documentation Simple/informal for ex— More nigorous for experi-| Seme level for experi-
periments  Multiple and } ments, smpler for Space~] ments  Transportation ond
rigorous for Spacelab lab because of Fewer GSE documentation dsffer-
items i solved and de- ences betwaen lead center
velopnent of experitse - 1 and KSC concepls tend to
dependent upon flight offset each other
Management rate
{Cont*d) Gov't Fumn Equ

{GFE) such as mcts/
pallets I;urmshed far

inlegoalion

Complex and inter=-
dependent

Readily controlled at
the paylood level

Readily controlied at
the program level

Logsshics

Maximum effort required
for Spacelab, nunimum
required for experiments

MNominal if lead center
1s partial payload sponsor

Maximum effort required
for experiments and nom-
inal for Spacelab equip-
ment.

Administration

Decentralized and de-
coupled for experiments
but mast complex for
Spacelab

Nominal for both experi-
ments ond Spacelab

Same as lead center
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3.6 DESIGN AND INTEGRATION GUIDE

This section is intended o provide guidelines to experiment designers to minimize the
costs of Level IV integration and maximize the confidence in the Level IV assembly and
verification procedures, The guidelines were developed as a result of the experience gain-
ed in this study, in conceptually integrating a broad range of experimental equipment into
standard Spacelab carrier elements. These guidelines are presented in an arbitrary order,
not in order of importance or precedence,

1. In rack installations, all end items from a single experiment should be installed
in the same rack where possible, If the size and number of end items precludes
this, all items should be installed in adjacent racks on the same side of the same
module segment, If neither of these schemes is feasible, the ifems should be in-
stalled in racks across from each other,

Installation of experiments in this manner reduces cable and plumbing lengths
to a minimum, with attendont savings in mstallation time and weight, Also,
the shorter wire runs result in less exposure fo possible EMI effects from other
experimenfs, In some cases, fewer interconnections may be required, which
reduces installation time, hookup time, verification requirements, checkout
equipment complexity and general ground processing time, [If on experiment
is unnecessarily spread between two racks, ond one of the racks is integrated
at a different site than the other, unnecessary travel time ond GSE expense
are required, as well as additional interface verification when the fwo racks
are joined.

2, In pallet installations, the same general guidelines apply. All equipment for
a given experiment should be installed on the same pallet whenever possible,
Where length of o subassembly requires that it be installed on two or more
trained pallets, it should be so designed that the end items may be installed
principally along one side of the pallets, freeing the other side for other in-
stallations,

As with rack installations, this practice will minimize cable and plumbing
lengths, with savings in weight and installation time, Again, EMI effects
from Orbiter, Spacelab or experiment sources is also minimized. The above
comments on the savings in avoiding unnecessary addifional interconnections
also apply, in that such practice reduces installation time, hookup time,
verification requirements, checkout equipment complexity and general ground
processing time, The practice of keeping a multi=pallet installation o one
side of the pallets, in addition to the above savings, also allows for fuller
utilization of available pallef installation space.

3-79
SD 78-SR~0009-4



Space Transportation System ‘ Rockwell
Integration & Operations Division International

Space Systems Group

3. Experiment equipment should, when feasible, provide for multiplexing of data
within the experiment such that ¢ minimum of output channels of data must
be accommodated by Spacelab subsystems,

This practice reduces the amount of signal/control wiring between the experi-
ment end items and Spacelab subsysiem RAU's, thereby reducing weight, in-
stallafion fime, EMI problems, connection interfaces and the other ifems
menfioned above in connection with excess wiring, In addition, the smaller
number of data channels reduces the burden on Spacelab subsystems, such
that the need for extra RAU's, with their cost and nstallation fime, is

avoided.

4. Use data bus channels in preference to hardlines for all but the safety
critical control functions.

By following this guideline, the number of direct hardwires to Orbiter control
and display panels is reduced to o manageable number. The data bus in the
Spacelab can handle many times more functions in the same amount of wiring
as one-by-one hardlines, Of course, on some safety critical functions where
crew or Orbiter sofety could be jeopardized in the event of a Spacelab data
bus failure, o hardline is justified and required,

5. Experiment equipment should be designed such that all end items can be
ecsily mounted in close proximity fo each other and to data/conirol and
power interfaces,

This again reduces wire run lengths, with aitendant weight and installa-
tion cost savings, as well as EMI effects, excess connectors and the other
effects of excessively. [ong wire runs,

6. Wherever possible, experiment end items should be pre-assembled by the
Principal Investogator into easily installed assemblies, An example of this
approach 15 the pre-assembly, in the ATL payload, of the three antennas
of the Microwave Radiometer experiment onfo one support structure, together
with the RF enclosures, mam and auxiliary control units for each of the three
anfennas.

Preassembly of a number of end items into one unit in this fashion, though it
may add to the effort and cost at the Principal Investigator's facility, has a
number of advantages. The savings in installafion time on the Spacelab car
rier (pallet or rack) for both end items and associated cabling/tubing is appre~
ciable, and would certainly offset the increased effort at the Pl's site, In
most cases, the Pl must assemble the end items on some kind of support struc-
ture for final testing anyway, and this assembly can then be maintained info
Level IV integration. Second, this kind of preassembly makes transportation
and handling of the equipment much simpler, reducing transportation fime and
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cost as well as GSE utilization. Also, the support and protection aofforded by
such a structure enhances the reliability of the overall experiment by reducing
pofential damage in handling and installation,

Test Procedures, mechanization and software for performence of experiment
(and payload) interface verification should be as simple as possible, and ex-
periment hardware should be designed to this goal. Since it is assumed that
the experimenter will perform all specification performance testing on his
equipment, only verification of interface connections, fluid and electrical,
should be required af Level IV,

Simplification of these checkout requirements at the design Level will save
large amounts of testing, data reduction and data analysis time and monpower
resources. This in fumn results in reducing both total integration cost and
serial processing time, and increasing the potential annual flight rete.

Experiment hardware should, where feasible, include a self-test capability
to permit verification of basic operating functions.

Incorporation of this feature can greatly simplify troubleshooting when inter-
face verification testing results in ambiguities, lsolation of apparent mal-
functions as either interface problems or experiment equipment problems is
thereby made far simpler. This self-test feature, of course, would not be
used to actually perform interface verification tests.

Support equipment items within an experiment should be combined, by either
functional design or packaging, such that the number of such end i1tems s
minimized. For example, power conditioning, power supplies and control
units for several furnaces in an experiment can be combined into one unit,

Combination of support items in this manner results in savings in Level IV
instal[ation time and manpower, as well as fewer interfaces between experi-
ment units and with Spacelab subsystems., Also, the fewer number of inter-
faces simplifies Level IV checkout activities and enhances confidence.

In the experiment design phase, an optimization should be reached between
design cost/weight/complexity and reliability. Added capacity and complex-
ity to enhance redundancy and reliability is to be avoided, beyond a certain
point of optimization.

This type of optimization, wherein complexity end cost are traded off against
ultimate relicbilify, can result in considerable savings in not only equipment
cost (not a concern in this study) but also weight, power requirements, in-
stallation complexity and checkout requirements.
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11, In the design of intemal and external wiring for experiment equipment, every
attempt should be made to keep signal and conirol wiring separated from power
wiring, either AC or DC power. This separation will be confinued in all ex-
temal wiring on Spacelab hamesses, and interface connections on experiment
equipment should be designed to facilitate this separation.

This design guideline implements general aerospace practice in preventing
generation of spurious Electromagnetic Interference (EMI) on signal or con-
trol lines from fields generated by power lines nearby. Although twisted,
shielded pairs and shielded, ‘grounded coaxial cable is used, such EMI is
still potentially possible when power spikes are of sufficient magnitude or
shields are inadequate or inadequately grounded. Such interference can
then result in incompatibility between experiments in a payload or even
between end items of the same experiment.
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3.7 SUMMARY

Conclusions

There were four major conclusions that can be drawn from the data evaluated as a paort
of this study. The initial poinf is that from an analysis of the programmatic ground process-
ing resource requirements of the four representative payloads and the six ground-processing
options analyzed there were no conclusive cost discriminators between the ground processing
options. The two centralized options - Lead Center and KSC ~ did tend to be somewhat less
expensive but the deltas were less than 10 percent overall,

The Ground Processing cost differences between the six options evaluated for the three
traffic models are not sufficiently large enough to be considered as discriminators that of
themselves could be used to establish a preferred agency ground processing approach. In
the baseline traffic model, the cost difference between the four lowest cost options 1s 4.51
Million dollars (1977 $) from a cost spread of $176.0M to $180.51M. This represents a per-
centage difference of 2,6%. In the 2/3 Baseline traffic model the difference was $8.76M
(7.5%) between the first and the fourth costly option. In the 1/3 Baseline, the difference
is $0.77M ond represents a 1,2% difference,

The second major conclusion comes from an analysis of the cost of an integrated pay-
load assembly and checkout, [f the cost differences between those options that included an
integrated off-line payload assembly and checkout (A=3, B-4, C-4) are compared to those
that only included an individual experiment checkout after installation, a minor savings
results, For the baseline fraffic model and the KSC options (C—4 and C-1}, only a 1.3%
savings occurs, The Centralized site options (B—4 and B-1) differences are 92,6%, For the
2/3 Baseline traffic model, the differences between combined payload checkout and indi-
vidual experiment checkout are KSC options 7.6% and Centralized 2,1%. The 1/3 Baseline
traffic model differences are even smaller,

Integrated payload assembly and checkout prior fo the initiation of the Spacelab Level
I1/1l operations is preferred. Completing this test prior to the O&C Spacelab/STS opera-
tions will provide an increased confidence that the experiments and Spacelab equipment
integrated together will function properly as a payload. There also exists the potential
that this integrated "off-line™ payload assembly and checkout may reduce the future plan-
ned Level l1I/1f activities by reducing the scope or completely eliminating some Spacelab
Level 111/1] activities. The average cost of the integrated pre-Level 111/1] ground checkout
is approximately $25,000 per mission. In light of the fofal ground processing, mission, ex-
periment costs, this addifional investment seems appropriate. This added cost may be com-
pletely offset by the possible reduction of Level [1l/Il ground processing.
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The Distributed site options require substantially greater GSE inventories and signifi-
cantly greafer transportation shipments and costs. The Distributed site options require twice
as much cost for GSE as do the Cenfralized options. The Distributed site options also re-
quire almost four times as much GSE as the corresponding KSC options. The Distributed
site options require so much more GSE because of the large number of such sites (15) com-
pared to the four Centralized sites and the single KSC launch payload processing area,
The GSE costs associated with the larger number of Distributed sites is offset somewhat by
the fact that ot each distributed site there is a unique complement of GSE that are shipped
to complete the specific ground processing of Spacelab flight hardwere and experiments at
that location. At the Centralized sites and af the Launch Site, there is one complete set
of GSE and the processing on the experiments and the Spacelab equipment are scheduled
to avoid conflicts and the requirement for additional GSE. Additional GSE are required
in the Centralized and Launch Site options only when the flight rate requires it.

The same cost differences are true for the fransportation deltas. The Disiributed op-
tions require twice as much cost as their Centralized counterparts and 8 fo 10 times as much
cost as the Launch Site options. These higher transportation costs for the Distributed options
are directly relafed to both their large number of locations (15 as opposed to 4 Centralized
sites and 1 Launch Site) and the concept of shipping the GSE in all options from a launch
site depot. Taking a payload like the Advanced Technology Laboratory (ATL) and allocating
the S~acelab hardware to the three logical (by experiment groupings) Distributed sites in=
creased the transportation costs in these examples by a factor of almost 3. Similar increases
were experienced in the Life Science, Space Processing and Combined Astronomy payloads.

The fourth major conclusion that can be drawn from the study resulis is that the diff-
erences in recurring costs befween options are minimal. The “"recurring" costs used here
refer to the Level IV hands-on manpower, TDY and fronsporfation costs. These costs are
incurred after the nitial complement of Spacelab flight hardware and GSE have been ac-
quired, Figure 3-26 illustrates the cumulative spending requirements for each of the six
options evaluated in the programmatics task) against the 2/3 Baseline traffic model.

The rate of expenditure during the recurring portion of these programs (last 7 of 12
years) represenis the portion of these options when the majority of the capital investments
have been made ond only the transportation and personnel costs are being spent to com-
plefe the Level IV integration on the Spacelab flights. The curves are essentially linear
(exception being the C~4 option) and the order of the end of the 12th year of the program
is almost identical fo the relative positions (with respect to cumulative spending) af the
fifth year of the program. The involvement times for the ground processing associated with
option C-4 are just long enough that at the annual flight rate (23 Spacelabs) of the lost two
years of the program approximately eight million dollars of additional flight hardware are
required to support the increased flight rate. Option C~1 goes from a cum of $84M in 1985
to a program total of $115.6M in 1991, Thus, in the last six years of the program, the low=
est cost option spends $31,6M for the Level IV ground processing costs of 134 Spacelab flights
or approximately $240,000 per flights The $84M spent in the first six years of the program
accumulated the required inventory of Spacelcb flight hardware and Level IV integration GSE
while supporting the missions of 65 additional flights. The average Level IV ground process-
ing costs for all 199 flights of the 2/3 Baseline traffic model, utilizing option C~1, are ap~
proximately $600,000 per flight,
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Figure 3-26, Recurring Costs 2/3 Baseline Traffic Model

Study Recommendations

From the data analyzed during the study and the resulis of the system level trade
studies, there are specific points or study recommendations that were developed.

e Flight floors, RAU's, cables, and fluid lines should be used during Level IV
integration instead of substitutes,

The system trades (Section 3,3) proved that it was cost effective to use these end
items rather than simulators or substitues, In each of these four cases, substitution
was not recommended because of the additional costs that would be incurred were
not offset by the reduction in use of the flight equipment.

e IPS and SIPS involvement should be deferred uniil Level 111/1l Integration
For the more expensive IPS and SIPS substitution is indicated and recommended
based on the cost savings (up to $52,000 for the SIPS and up to $340,000 for the

IPS). Therefore, it is recommended that the use of these two flight hardware end
items be deferred until the Level 111/l integration is accomplished at the Launch

Site,
e
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e Shared Spacelab Equipment (Progressive Integration) is not cost effective -
applicable only to unique payload situations,

The progressive intégfation trades indicated that for all cases considered that

the per mission ground processing costs would be anywhere from 10 to 20% higher
utilizing a shared Spacelab equipment integration approach. The only applicability
for this approgch would appear to be special cases where unique laboratory equip-
ment existed and it would not be practical to move the lab equipment,

o Dedication of: Racks should be considered at flight rates = 2/year
Pallets should be considered ot flight rates = 4/year

The effects of dedicating selected pieces of Spacelab equipment to specific experi-
ments were explored and analyzed. The dedication of Spacelab racks appears to
be cost effective at 2 or more flights per year, With o pallet segment, the re-
quirement rises to 4 or more flights per year fo be cost effective.

e Flight hardware inventory differences are small and mission model dependent~
synthesize the traffic model based on the anticipated Spacelab flight hardware
complement,

There are differences in the Spacelab flight hardware requirements of the three
traffic models, The Baseline traffic model requires 3 core modules and Igloos,
which the 2/3 and 1/3 iraffic models require 2 and 1 respectively. Pallet seg-
menfs quantities vary from a moximum of 35 (Baseline Option A-3) to 10 (1/3
Baseline all options). There are similar differences for other equipment ifems,
The total lisfing of Spacelab equipment Htems requirements are contained in
Tables 3-22, -23, and =24,

However, the flight hardware inventory differences between options of a given
iraffic model are small {Baseline traffic model the differences are: maximum of
7 pallets, 4 experiment racks, and 6 Experiment Power Distribution Busses} and
are mission model dependent. For example, in the 1/3 Baseline traffic model,
there are no flight hardware differences between any of the six options, The
future traffic models may be defined from an analysis of the planned comple-
ment of Spacelab flight hardware rather than the reverse, A traffic model
synthesized from a specific planned flight hardware complement might provide
a more accurate comparison of option deltas and cost differences.
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4,0 PROPOSED ADDITIONAL EFFORT

The various elements of the ground processing activities for the processing options de~
rived in the study were developed and evaluated to a uniform depth. However, in the pro<"
cess of the completion of the study it became apparent that certain items/topics could have
a significont impact on the final selection of a preferred ogency epproach. A more detailed
analysis of these fopics could enhance an understanding of the differences between the op-
tions analyzed. A brief synopsis of the factors that warrant additional analysis effort is pre-
sented in the following paragraphs.

ANALYTICAL ENGINEERING AND INTEGRATION

In considering the personnel requirements for Level IV Integration, the personnel in-
volved have been [imited fo "hands—on" personnel - the technicians, supervisory engineers,
inspection, suppori equipment operators and others working directly on the payload hardware,
An additional body of support personnel required for such operations are engineers involved
with development of the detdiled integration procedures, drawings, support equipment de~
sign, specification preperation ond adminisiration. Analysis of these additional requirements
would make the total cost factors and differences considerably more complete,

IMPACT OF LEVEL IV INTEGRATION APPROACH ON LEVEL HI/11 ACTIVITIES

Detailed planning data on specific Spacelab payload operations to the level of detail
required to establish the experiment related portion of the Level IIl/1l flows were not avail-
able during the course of the study. Therefore, in the enalysis of the various processing
options for Level IV integration, no consideration could be taken of the influence each
option might have on subsequent integration efforts in Level HI and Il ot KSC, In fect,
the choice of o Level IV option is sure to offect Level 11}/ efforts, with fime and cost
impacts, These factors should be studied further,

UTILIZATION FACTORS
]

The various processing options considered have differing degrees of utilization of the
flight hardware and the GSE, This has been imcorporated to the extend of prorating the
flight and GSE hardware costs, The actual percent utilization of hardware for each option
in each traffic model has not been developed or reported, however, and would be q useful
parameter to consider in selecting an option,

EXISTING/PLANNED NASA/CONTRACTOR LEVEL IV INTEGRATION CAPABILITIES

This study has not considered what facilities exist or are plonned at KSC or other po-

tential sites, Factoring this information into the study would increase the utility of the
resulfs,

4-1
SD 78-5R-0009-4



