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FOREWORD

The Spacelab Level IV Progremmatic-Implementation Asséssment Study was conducted
to assess the Level IV payload integration requirements. In the study, alternate Level 1V
infegration 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} fransportation costs, and prorated flight hardware and G5E 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 « 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 invenfories were formulated, Alternate ground processing concepis were synthe-
sized and the processing of each of the representative payload through these concepts was
evaluated, Cost data 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 1V Programmatic Implementation Assessment Study
effort are presented in four volumes:

VOLUME | REPRESENTATIVE PAYLOAD DEFINITION Sb 78-5R-000%9-1 -

VOLUME 1l GROUND PROCESSING REQUIREMENTS SD 78-SR—000972

VOLUME |l OPTIMIZATION AND PROGRAMMATICS SD 78-5R-0009-3

VOLUME 1V EXECUTIVE SUMMARY SD 78-SR-0009-4
iv
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1.0 INTRODUCTION

In order to provide a broad spectrum of Level [V infegration ground processing re-~
quirements, four types of Spacelab payloads were analyzed in this study. These payloads
are considered fo be representative of the Spacelab traffic model. The. payloads analyzed
were: L

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

2. Combined Astronomy, A five pallet payload that is representative
of astrophysics, solar terresirial, and asiron-
omy investigations.

3. Life Sciences, ‘ A long module payload that is representative
of werospace bioscience and physiological
investigafions.

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

Experiments and configurations for these types of peyloads were defined to various
level of detail in previous NASA and confractor studies. In this study, these data-were
expanded and integrated info representative payloads to a depth that would permit assess-
ment of ground processing activities,

A detailed description of Level IV Ground Processing Requirements for each of the
four representative payloads is presented in the following sections. Three general ground
processing concepts used to identify these ground processing requirements are: (1) distrib-
uted site (Concept A), (2) paylodd lead center (concept B), and (3} KSC (concept C). In
the case of distributed sites, experiment-to-Spacelab elements will be independently inte-
grated af geographically separated sites with requirements for multiple sites of checkout,
servicing, and handling GSE, At a lead center (centralized site), individual experiment-
to-Spacelab element integration will be accomplished with sharing of personne! and GSE
end items, In the case of KSC concept, shipment of individual experiments will be made
to KSC for serial and/or combined installation, integration, and checkout of experiments
and Spacelab elements.

A detailed description of the experiments for each of the four payloads is presented
in the Appendices under separate cover,

“1-1
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1.0 INTROBUCTION

In order to provide a broad spectrum of Level IV integration ground processing re-
quirements, four types of Spacelab payloads were analyzed in this study. These payloads
are considered to be representative of the Spacelab fraffic model. The payloads enalyzed
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 is representative
of astrophysics, solar terrestrial, and astron-
omy investigations.

3. Life Sciences, A [ong module payload that is representative
of aerospace bioscience and physiological
investigations.

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

.

Experiments dnd configurations for these types of payloads were defined to various
level of detail in previous NASA and contractor studies, In this study, these dara were
expanded and infegrated into representative payloads to a depth that would permit assess~
ment of ground processing activifies.

A detailed description of Level 1V Ground Processing Requirements for each of the
four represeniative payloads is presented in the following sections, Three general ground
processing concepts used to identify these ground processing requirements are: (1) distrib-
uted site (Concept A), (2) paylodd lead center {concept B}, and (3) KSC (concept C). In
the case of disiributed sites, experiment-to-Spacelab elements will be independently inte-
grated af geographically separated sites with requirements for multiple sites of checkout,
servicing, and handling GSE. At o lead center (centralized site), individual -experiment .-
to-Spacelab element integration will be accomplished with sharing of personnel and GSE
end items. In the case of KSC concept, shipment of individual experiments will be made
to KSC for serial and/or combined installation, integration, and checkout of experiments
and Spacelab elements,

A detailed description of the experiments for each of the four payloads is presented
in the Appendices under separate cover.

1-1
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2,0 ALTERNATE CROUND PROCESSING OPTIONS

Originally, three Level IV integration ground processing concepts were considered;
distributed site, centralized site, and launch sites. The distributed site concept reflected
multiple level IV infegration activities for a single Spacelab payload at geographically
separated locations. The cenfralized site concept required all experiment equipment and
Spacelab mounting/interfacing hardware for o payload at one geographical location. The
third concept required all experiment hardware at the launch site, KSC,

All three concepts reflected the same level of assembly and checkeut prior to init-
iation of level U1/ integration activities at KSC, Preliminary assessment of the date being
developed for each payload for each concept indicated only minor differences, which could
be aftributed primarily to variations in transportation requirements, [n an attempt to pro-
vide a broader specirum of data, Rockwell expanded. the number of opticns within each con-
cept to be considered. The expansion within the three baseline or generic concepts was based
upon variations in the experiment/payload integration.

DISTRIBUTED SITE OPTIONS

The principle characteristic of distributed site options is the independent buildup
and checkout of Spacelab mounting elements at muliiple geographical fecations, For
example, an experiment system could be installed and checked out in ore rack at a site,
while other experiment systems were being installed and checked out independently in other
racks at ather sites. Multiple sefs of checkout equipment are also characteristic of this
generic concepf,

The variations within the generic distributed site concept pertain to the [evel of
payload assembly and checkout activities prior to injtiation of level 11I/1l integration
activities of the KSC-STS operations. One option (designated A-1) reflects rack/floor
and/or pallet train assembly in the STS operations, "Also, in the A-1 option, the initial
checkout of the integrated payload is accomplished after rack/floor installation into the
module, interconnection of the habitable module and pallet(s), and/or installation of the
igloo on the lead pallet and interconnection of pallets,

A functional flow diagram for this option is presented in Figure 2-1, A brief des-
cription of the activities conducted in each block is presented in Table 21, The missing
number will be subsequently assigned and the activities identified in subsequent option
definitions,

2-1
SD 78-SR~0009-2
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Table -2 -1, Individual Experiment = [11/1] Assembly Functional Descriptions

Functional
Block Title

1 Prepare Experiment
Equipment

2 Prepare Spacelab
Equipment

5 Individual Experiment
Rack/Paliet
Installation

) Individual Experiment
Interface Verification

10 KSC Assembly

Racks/Floors/Pal lets

Descriptor

Receiving and inspection of experiment equip-
ment af the level 1V sife, Preparation for
move/transfer to the level IV integration area

Reconfiguration of Spacelab flight hardware
to specific configuration and complement of
interfacing Spacelab elements required for
next payload. Conducted at KSC as part of
staging operation, Includes installation of

RAU's, 1/C's, EPSP/EPDB's, Cold plates, etc.

Installation of intra-rack/pallet cable/fluid
lines, mounting of experiment hardware in
racks, on floor segments, and on pallet seg-
ments. Multiple independent assembly activ-
ities conducted as a function of viable sub-
division of Spacelab mounting elements and
experiment systems for an individual payload.
(e.g. single rack, rack set, rack/floor seg-
ment, rack/pallet, pallet segment, etc.).

Functional checkout of interfaces established
in block 6, Includes electrical and fluid
interconnections. Cenducted on individual
experiment system basis. Intedfaces may or
may not be maintained in subsequent trans-
fers and buildups, Includes intra-rack/
pallet connections and interfaces between
experiment hardware and Spacelab inter-
facing elements such as RAU's, EPSP/EPDB's,
1/C, etfc.

Assembly of subdivided Spacelab mounting
element/experiment system (see block 5 des~
cription) into payload flight configuration.
Includes rack/floor assembly into a short
module/long module configuration and mating
of pallet segments into pallet trains. Part of
KSC-STS-0O&C building operations and re-
ferred to as level Il assembly activity.

2-3
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Table 2-1, Individual Experiment - Level I/l Assembly Functional Descriptions (Cont'd)

Functional
Block Title Descriptor

1 KSC Assembly With KSC-STS operations which include installa-
Electrical /Environmental tion of rack/floor sites in modules, infer-
System and Command/ connection of Spacelab and experiment sys-
Control System tem, installation of end core, pallet and/or
pallef train inferconnections, and installa-
tion of Igloo (as applicable).

12 KSC Spacelab Functional verification of all electrical and
Integrated Functional fluid interfaces established in blocks 10 and/
Checkout or 11, Includes: Spacelab subsystem, Space-
lab/experiment and intra-experiment con-
nections; data/command transfer interfaces;
CDMS/experiment software; and loading/
stowage of loose experiment equipment.

13 Level 1/Pre~Launch OPF and Pad operations, Includes:. instal-
Integration lation of Spacelab/payload into Orbiter bay

and dedicated payload conirol and display
panels in Orbiter Aft-Flight-Deck (AFD);
functional verification of all electfrical and
fluid interfaces established during installa-
tion; servicing/top-off of payload fluids/
consumable; and loading of specimens,

14 Mission Operations Reference period of seven calendar days to
be used in determination of flight hardware
involvement times.

15 Post-Flight Safing of experiment system and off-loading
Operations of critical samples, specimens, data prior to
O&C building operations.

16 Spacelab Removal of rack/floor sets from modules,
De-integration disassembly of pallet/pallet trains, removal

of experiment hardware from Spacelab
mounting elements,

2-4
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- The second disiributed site option (A-2) reflects combined payload checkout at KSC
after independent/individual experiment/mounting element integration af multiple dis-
tributed sites but prior to entering STS operations in the O&C building. For purposes of
this study, it was assumed that the off-line combined payload checkout activity at KSC
would occur in an industrial complex facility. This option is also characterized by the
by-passing of the level [l assembly activity in the O&C building. For example, inde-
pendently integrated pallets or pallet trains (pallet-only payload) would be interconnected
and checked out af 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 at the pay-
load level at KSC, However, in this option, level Il 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
Q&C building, and then .integrated with floor segments in the level 1l assembly stand.

A functional flow diagram for the A-2 and A-3 options is presented in Figure 2-2,
The delta activities for these options are reflected in functional blocks 7, 8 and 9. All
other functional blocks are essentially the same s described in Table 2 -1. Activities
in blocks 7, 8, and 9 are summarized in Table 2-2, The destination from block 9 is
dependent upon the configuration of the payload upon arrival at the O&C building. [f
the payload is in the flight configuration, the flow by-passes block 10 (Option A-2), If
level [Tl assembly is required, block 10 is included in the processing flow (Option A-3).

Table 2-2.  Delta Activities for Individual Experiment Integration -
Pre 111/1l Combined Checkout

Functional
Block Title Descriptor
7 [nferim Payload Assembly and/or interconnection of individ-
Interconnect vally integrated Spacelab mounting element/
experiment systems into a simulated flight
configuration,
8 Combined Payload Functioncl verification of multiple experi-
Checkout ment/simulated Spacelab system interfaces,
includes: command/data transfer; power/
cooling compatibility; and CDMS/experiment
software,
9 Disassembly for Dependent upon payload buildup approach
Shipment and location of combined payload checkout.

If payload is in flight configurction at KSC
only preparation for fransfer to O&C building
is required, If fransportation width is a
2-5
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Table 2-2, Delta Activities for Individual Experiment Integration -
Pre 111/11 Combined Checkout (Cont'd)

Functicnal
Block Title Descriptor
? (Cont.) constraint ( >12 feet) disassembly of long

module rack/floor and pallet trains is re=-
quired, If configuration is only simulated
flight configuration individually integrated
Spacelab mounting elements must be pre-
pared for shipment, .

LEAD CENTER OPTIONS

The generic lead center concept is characterized by the performance of all pre~-O&C
building integration activities ot one geographical location other than KSC. The options
within this concept reflect variations in both the level of and approach to assembly and
checkout,

H
The first three lead center options are similar to the distributed site options, Although
experiment system/mounting element integrations are conducted on an individuel 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 element at a lead center. Sub-
sequently, these elements would be transferred to KSC for assembly into the flight config-
uration of the payload in the O&C building. Option B-1 is comparable to 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 at KSC, Ex-
cept for the location(s) of this activity the functional blocks in Figure 2 -1 and -2 for
options A-1, A-2, and A-3 are the same for B-1, B-2, and B-3, respectively.

If level 1V integration is conducted at one geographical location installation of the
full complement of experiment equipment 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 atthe level IV site, [ntra- 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 integrated payload would then be trans-
ported directly to the level [l stand in the O&C building.

fn.order to assess the impact on ground processing of @ potential road transporfation
constraint, a fifth lead center option (B-5) was introduced. Repetitive road transporta-
tion through some states may be restricted to a maximum width 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 activities in the
B—4 option were revised to reflect the temporary interconnection of pallet trains and long
medule rack and floor sets, Also, the level Il gssembly activity in the O&C building was
included in the KSC~STS operations.

2-7
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The top level functional flow for the B-4 and B-5 options is presented in Figure

2 -3, Only functional blocks 3 (Experiment Installation and Payload Assembly) and
4 (Experiment Interface Verifications) are deltas. fo the flow presented in Figure 2 -1.
Block 3 encompasses the installation of experiment equipment in flight configured rack/
floor sets and/or pallet frains. Block 4 includes the sequential and progressive verifica-
tion of individual experiment systems, The octivities 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.

KSC OPTIONS

in general, the KSC options are a special application of the lead center options.
All experiment equipment and Spacelab mounting elements are integrated at one geo-
graphical location, KSC. For purposes of this study, it was assumed that all the level
IV integration activities at KSC would be conducted in a facility in the indusirial com-
plex. The one disparity between the lead center options and the KSC options is that
there is no KSC option comparable fo B-5, A twelve-foot width constraint during trans~
poration of an integrated payload from the industrial complex to the O&C building at
KSC is not applicable.

SUMMARY OF GROUND PROCESSING OPTIONS

A composite of the functional flows for the processing options is presenfed in Figure
2 -4, A mairix of the fwelve options for the three generic concepis and the applicable
functional blocks is presented in Figure 2 -5, As stated previously, the first three op-
tions for each generic concept encompass the same functional blocks (activities). Options
B4 and C-4 are comparable; Option B~5 is unique to the lead center concept.

The predominant discriminafors between options are as follows:

1. Level of pre-KSC/STS integration: Inclusion/exclusion of Combined Payload
Checkout - Block 8.

2, Approach to experiment installation: Individual experiment versus payload
buildup - blocks 5 and 6 versus blocks 3 and 4.

3. Level Ili assembly at KSC: Inclusion/exclusion of payload flight config-
uration buildup at KSC - block 10.

Variations/combinations of A, B, and C options for the ground processing of a pay-
load were briefly examined. Some combinations or hybrids are feasible and quite reason-
able, For example, part of a payload might be integrated at a distributed site (A type
option) and then combined with the remainder of a payload at a lead center (B type option)
prior fo transfer fo KSC, The assessment of these types of hybrid options would not sig-
nificantly expand the spectrum of data of the basic fwelve options because the costs of the
payload segments processed af two different sites would bear the same relationship as the

2-8
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total cost of the payload processed by the same processing site. These hybrid options could
therefore be constructed from elements that are in existing data. Also, 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.

QUALITATIVE ASSESSMENT OF OPTIONS

“In subsequent sections of this report, specific ground processing resource requirements
will be developed for each of the applicable options for each representative payload. In-
cluded in these resources will be menpower, travel, GSE, flight hardware, and franspor-
tation/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 2-3). Although aerospace firms and NASA centers are po-
fential distributed 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 appropriafe facilities af 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, but experimenter logistics are maximum,

3. Llead center-options provide a reasonable focal point/compromise between
experiment and Spacelab progrom considerations,

4, Pre~KSC-STS operations will reduce the probability of incompatibilities
between experiments and Spacelub and thus the potential for schedule
impact on STS operations, However, the potential for damage/misuse
of Spacelab equipment increases, and nominal flight and GSE hardware
involvement times per mission increase.

2-12
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sonnel duplication but

maximum cerospace and
Spacelab oriented per-
sonnel requirements be-
cause of multiple sites,

tially minimum aerospace
and Spacelab oriented per
sonnel duplication ~ de-
pendent upon flight rafe.

Table 2-3.  Qualitative Assessment of Ground Processing Concepts
Category Considerations Distributed Site Lead Center K5C
Availability Extension of development | Limited extension of ex~ ]| Minimum experiment ori~-
personnel already dedi- periment development ented personnel, Maxi-
fcated to experiment. personnef. Potential for | mum potential for cadre
cadre of aerospace tech~ | of aerospace personnel,
. nician personnel - depen~
dent upon flight rate.

Skill Mix Excellent scientific/ex- Nominal scientific, ex- | Minimal scientific, ex~
perimeni but minimal cellent aerospace, po~ cellent aerospace and
aerospace/Spacelab skills.{ tentially excellent Space-f Spacelab,

Broad specfrum required lab skills-dependent upon
Personnel among relatively small flight rate.
groups.

Relocation Minimum - distributed Nominal - assumes some ¥ Maximum - probably all
sites are the experiment- | experiments are spon- experiment oriented per-
er's home base. sored by lead center, sonnel will be on TDY.,

Duplication Minimum scientific per- Minor scientific. Poten~ | Assumed scienfific per-

sonnel TDY. Minimal
aerospace and poten-
tially negligible Space-
lab personnel if S/L in-
tegration and/or staging
personnel can also sup-
port level IV infegration

activities.
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Table 2-3.

Qualitative Assessment of Ground Processing Concepis (Cont'd)

Facilities

—

Cateqory Considerations

Availability

Distribyted Site

Lead Center

Assumed

Modifications

|
Access width/height and
crane/cleanliness require-
ments may be consfraints,

Environment

Most familiar with experid
ment constraints which
probably supercede
Spacelab constraints.
Could be exfension of
experiment development
environment.

Transportation

May limit viable candi-

Access date sites because over-
the -road transportation
and/or airport proximity.

Safety Potential hazards in

handling size/weight
of Spacelab elements,

) K3C

Compatibility is

an dassumed pre-

requisite to be

designated a

lead center.

Reassignment of industri-
al complex facility re~-
quired

Moderate modificatlions
required

Established expertise in
processing of scientific
equipment.

No constraints, air,
barge, or road,

No constraints; standard
operafing procedures.
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Table 2-3,

Qualitative Assessment of Ground Processing Concepis (Cont'd)

Category

Considerations

Distributed Site

Lead Center

KSC

GSE

Availability

Maximum experiment re-

" lated and special pur-

pose. Requires, loan/
logistics of Spacelab
related GSE.

Nominal experiment and
special purpose GSE,
Potential for adequate
on-site Spacelab GSE-

‘dependent upon flight

rate and assignment of
dedicated GSE,

Limited experiment GSE,
Maximum spectrum of
Spacelab GSE. KSC
assumed to be depot for
Spacelab oriented GSE,

Inventory

Requires duplication of
numerous items of level

IV (Spacelab) GSE,

_ One set of level IV GSE.

Could ke dedicated -
dependent upon flight
rafe,

Minimum inventory be~
cause of proximity of GSE
depot and potential for
sharing numerous items.

Logistics

Minimum experiment but
maximum Spacelob.

Nominal experiment,

. Could be minor/negli~

gible Spacelab GSE
logistics if flight rate
supports dedication,

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

lab GSE.

Maintenance

Excellent for experiment
GSE but relatively poor

for Spacelab GSE,

Assumed relatively
broad specirum of sci-
entific instrumentation
capability plus partial
payload sponsorship.
Spacelab GSE expertise
dependent upon flight
rate/dedication.

Limited experiment GSE
expertise but excellent
Spacelab GSE maintenanc
capability = KSC is the
assumed G5E depot.

1
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Table 2-3.  Qualitative Assessment of Ground Processing Concepts (Cont'd)
Category Considerations Distributed Site Lead Center KSC
Level of Payload A-Y Minimum; individual § B-1 same. C-1 same,
Assembly and experiment systems only
Checkout
A-2/3 Simulated payload | B-2/3 same. C-2/3 same.
bined checkout will
;ZT}S;? ?_ic ot wi B-4/5 Integrated pay- C-4 same.
’ load configration.
STS Operations and § A-1 Maximum; only in- B~1 Major; although com—3 C-1 Same as lead cénter
Schedule Risk dividual experiment sys—=| parable assembly and plus additional opporfun-
tems verified in non- checkout as A=1, cen- § ity for closer coordination
Operations flight (payload config- tralized activity would | with Spacelab equipment

vration of multiple sites)

A~2/3 Less than above
option but still signifi-
cant risk because of sim-
ulated payload config-
uraftion,

facilitate inter-experi-
ment coordination.

B-2/3 Same as distributed

site,

B-4/5 Minor; transporta-
tion affects are primary
concern,

staging activities.

C-2/3 Same as distributed

site,

C~4 Minimum; transporta-,
tion should have negli-
gible affect,

Transportation and
Handling

Maximum for Spacelab
equipment but minimum
for experiment equipment,

Nominal for both Space-
lab and experiment
equipment.

Nominal for Spacelab
equipment (shorfer dura~
tion) but maximum for
experiment equipment,
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but complex/involved for

Spacelab equipment.

ordinate for Spacelab,

Table 2-3, Qualitative Assessment of Ground Processing Concepts (Cont'd)
Category Considerations Distributed Site Lead Center KSC
Accommodation of Excellent because |occn‘ed* Nominal, assuming cadre § Minimum= Limited
Experiment Con- at or close to experiment | of experiment oriented experiment oriented
tingencies and facilities personnel personnel
Operations | Risks
(Contd) Spacelab Equipment | Minimum - Limited Space Limited - dependent uponj Excellent -because KSC
Maintenance [ab expertise traffic rate and estab- assumed to be depot for
lishment of Spacelab Spacelab elements
Assembly and Minimum standardization; | orienfed cadre Standard~ | Same as lead center
Checkout Standards § however, readily adapt- | ization with adequate )
"able or tailored to indi- flexibility for unique
vidual experiment require~} requirements,
ments.
Probability of Flight | Minimum for experiment Nominal, assuming cadre § Nominal, same as lead
Hardware Damage/ equipment; maximum for of Spacelab oriented center
Misuse Spacelab equipment, personnel is developed.
Planning and Simplest, decentralized, | Requires interrelation- Similar to lead center;
Scheduling and decoupled. ships and interdependen~ § simpler transportation but
cies to achieve desired |} more complex GSE plan-
Management efficiencies. ning to achieve desired
sharing/utilization.
Configuration Probably simple and in- More rigorous for experi~j§ Same ‘rigor for experiments
Management formal for experiments ments, edsier fo co- and simplest for Spacelab,
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Table 2-3.

Qualitative Assessment of Ground Processing Concepts (Cont'd)

Category

Considerations

Distributed Site

Lead Center

KSC

Management
{Cont'd)

Documentation

Simple/informal for ex-
periments, Multiple and
rigorous for Spacelab.

More rigorous for experi~-
ments, simpler for Space-
lab because of fewer
items involved and de-
velopment of expertise -
dependent upon flight
rate.,

Same level for experi-
ments. Transportation and
GSE documentation differ
ences between lead center
and KSC concepts tend to
offset each other,

Gov't. Furn.EquiE.
{GFE) such as rac

[duldfalsl

5
pallefs fyrnished For/

Complex and inter-
dependent.

Readily controlled at
the payload level.

Readily controlled ot
the program level.

Logistics

Maximum effort required
for Spacelab; minimum
required for experiments.

Nominal if lead center
is partial payload sponsor

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

Administration

Decentralized and de-
coupled for experiments
but most complex for
Spacelab,

Nominal for both experi-
ments and Spacelab.

Same as lead center,
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3.0 PAYLOAD INSTALLATION AND TEST REQUIREMENTS

INTRODUCTION

In this section, a baseline set of ground processing requirements is developed for each
representative payload. These requirements reflect basic guidelines applicable to Spacelab/
payload integrafion, processing option variations because of payload configuration differ-
ences, and standardized task estimating criteria, In the estimating criteria, the specific
integration tasks were delineated in waterfalls for each option and each fask was analyzed
to establish the personnel, transportation, GSE, and Spacelab flight hardware utilization.

Baseline Concept Development Guidelines

A baseline approach to ground processing activities for each payload was established
with a sef of guidelines/ussumptions' pertaining to pre~Level IV integration activities as well
as Level IV activities. Subsequent system level trades were conducted to determine the cost
implications of some of these guidelines, These trades are shown in Section 2 Volume I,
The principle guidelines used were:

1) All Spacelab interfacing hardware and experiment equipment will be
in operable condition and ready for installation/integration and the
initiation of level IV activities.

. 2) The Spacelab interfacing element will be available at the level IV
site, That is, regardless of what the element is (rack, pallet, IPS,
SIPS, RAU, EPDB, EPSP, 1/C, coldplate, inverter, etc.), it was
assumed that it would be available atf the level 1V site,

3) Interfacing elements such as RAU's, EPDB's, EPSP's, 1/C's, and
coldplates will be instatled in/on racks and pallets during staging
operations af KSC,

4) Interconnections between coldplates on pallets and fransition cables/
coolant lines on forward pallets will be installed during staging oper-
ations at KSC,

5) Integration of instruménts/sensors with SIPS canisters is accomplished
prior to level IV activities,

é) Integration of experiment sub-assemblies that will be installed as a
single end jtem in/on Spacelab mounting elements or payload unique

support structure will be accomplished prior to level IV activities,

7) Where practical, currently defined Spacelab and payload GSE will be
used/adapted for level 1V infegration activities.

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

9) Repetition of a fest is required if en interface is inferrupted for reasons
of transportation or subsequent assembly operations.

10) None of the Spacelab equipment [ocated in the Igloo or subsystem racks
of the module are available during. level IV activities,

Applicable Payload Options

Based upon the basic processing guidelines and the configurations of the representa-
tive payloads, the applicability of the ground processing options (defined in
Section 2) to the four payloads was determined. The applicability is summarized in
Table 3-1. Note that the pallet only payloads, Combined Astronomy and Space Pro-
cessing, do not require level Iil assembly at KSC, The other two payloads, Life Sciences
and ATL, require {evel I}l assembly af KSC except in those options that include integrated
payload assembly end transportation (B—4 and C-4),

. Table 3-1.  Options Applicable to Each Payload
PAYLOAD APPLICABLE OPTIONS RATIONALE
COMBINED A-2 LEVEL fHi ASSEMBLY AT KSC (BLOCK 10} IS NOT REQUIRED
ASTRONOMY B-2, B4 FOR THIS PAYLOAD,
C-2, C4.
SPACE A-2, LEVEL 11l ASSEMBLY AT KSC (BLOCK 10) IS NOT REQUIRED
PROCESSING 8-2, B4 FOR THIS PAYLOAD,
- C-2, C4
ADVANCED A-1, A3 LEVEL lif ASSEMBLY AT KSC IS REQUIRED IF |NDIVIDUAL
TECHNCOLOGY B-1, B-3, B-5 EXPERIMENT BUILDUP 1S USED {BLOCKS 5 & 6) OR PALLET
LABORATORY C-1, C3 SEGMENTS ARE DISCONNECTED FOR SHIP, (BLOCK 9)
B4, C4 LEVEL 111" ASSEMBLY {S NOT REQUIRED IF COMBINED EXPER| -
MENT BUILDUP S USED, AND PALLET TRAIN )5 SHIPPED,
LIFE SCIENCES A-1, A3 LEVEL IIl ASSEMBLY AT KSC IS REQUIRED IF INDIVIDUAL
B-1, B3, B-5 EXPERIMENT BUILDUP 1S USED (BLOCKS 5 & &) OR RACK/
C-1, C-3 FLOORS FOR BOTH MODULES ARE DISCONNECTED FOR
SHIPMENT, {BLOCK 9}
B4, C—4 LEVEL 1Il ASSEMBLY 15 NOT REQUIRED IF COMBINED
EXPERIMENT BUILDUP IS USED AND FLOOR SETS ARE
DURING BUILDUP,
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Standardized Time Estimates

In order to provide for consistency of task estimates between options and payloads,
standardized fime estimating procedures were developed.

Factors for estimating the fime required to perform an installation operation were es-
tablished using prior Rockwell experience on Shuttle and other space-related programs,
Time and motion study reports were also examined. The data compiled was related to a
mode| shop type environment which best simulates the Level IV assembly effort. A sep-
arate estimating criteria was established for Structural/Mechanical end ifems, cables/
harnesses, rigid fluid [ines and verification. The resulting time estimates were used as
averages and were modified by engineering judgement to best reflect the complexity of
the installation and/or end items, ’

The estimating methodology for structural/mechanical installation is illustrated in
Figure 3-1. For example, if six individual experiment assemblies that.con be readily
hendled by two people are to be mounted in a Spacelab rack the total time required would
be seven hours; one hour for task preparation and one hour for each unit., However, if one
assembly occupies the entire rack, a mechanical assist is required and the "per unit" in-
stallation time increases to three hours. [f alignment after installation is required, an
additional two hours was allocated. Mounting of experiment assemblies on payload unique
support structure was also included, and is indicated as a fask comparable to installation
of experiment equipment on a floor segment of the madule,

Time estimates are for nominal installations, If a major installation such as mounting
of the SIRTF on o two pallet train is involved, then an individual evaluation of the task
was conducted.,

Task estimates for cable hamess installations are shown in Figure 3-2. Activities
included in these estimates are final dressing of cable/hamesses, installation of hamess
restraints (P-clamps), ond connection to equipment,
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GO-AHEAD
Th* COMPLE

1h Task 1h
Defined

fistalled

Instal}
n Rack on Pallet
2h Aligned
COMPLETE . . COMPLETE COMPLETE

1. Use for average end items only, additional complexity requires additional
fime.

2. Inspection time included.
3. Alignment requires special instrument support.
4. Add 2 hours if hoist used for complexity

* 5. One hour for "task defined" occurs only once per rack, for pailets, floors,
and others, occurs every end item,

Figure 3-1, Structural /Mechonical Task Estimates

3-4

SD 78-SR-0009-2



gl% Rockwell Internationat

Space Division

GO-AHEAD

Th

Task
Defined

TIME =t =1 (0.8 h/f;)

where: | _ length including branches

TIME = (0.2 h/p)Lg

Inspected

COMPLETE (TOTAL =1 h/ﬂ + 1h)

1. For central Level IV integrator hamess installation in racks
Lft = 6t +no. of branches
2, Individual experiment installation and test sequences (waterfalls) will
include estimates of installing cables/hamesses for each experiment,
Where reasonable incorporate cables into hamesses for the individual

experiment,

3. Round-off times to nearest hour. -

Figure 3-2.  Cable/Hamess Task Estimates
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Rigid/fluid line estimates are shown in Figure 3-3. Pre-forming of rigid lines is
assumed. Installation of line restraints and interconnection is included in the estimates,

The estimation ‘methodology for infarféce verification is shown in Figure 3-4, Sef-
up time is not included because a flat time of one hour per GSE cable or flex line hookup
is added to the task estimate. The estimates reflect the issuance of o command (switch clos~
ure, keyboard entry, etc.) and verification of the required response, If verification of res-
ponse is accomplished in real time by meter, indicator light, or CRT readout, the estimate
applies. [f post-test dafa stripout or analysis is required, a separate assessment of the task
was conducted,
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GO-~AHEAD

Job
Defined

4 h/LINE

1 h/LINE

Inspected

COMP LETE (TOTAL = 6 h/LINE)

1. Estimate flex line installation time using method used for electrical
cable/hamess time estimates.

Figure 3-3.  Rigid/Fluid Line Task Estimates
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GO-AHEAD

Task 0.5h
Defined
Command 0.05h
Initiated

ommand
Deleted

COMPLETE (alignment = 45 min)
(non-align.) = 15 min)

1. Does not include check-out equipment hookup,

Figure 3-4,  Verification Task Estimates
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SPACE PROCESSING PAYLOAD INSTALLATION & TEST REQUIREMENTS

The Space Processing payload is a single pallet-only Spacelab configuration (Figure
3-5). The experiments of this payload consist of altemate materials processing operations
on a broad spectrum of samples. The materials processing operations are conducted in four
basic melt facilities: electromagnetic levitation, acoustic levitation, multi-purpose fur-
nace, and a float zone refining/crystal growth fumace. The materials samples of each
expetiment are installed in the appropriate facilities during assembly of the facilities.
Sample installation is considered fo be a pre-level 1V activity. Thus, the instaliarion
and integration of the facility equipments with the Spaceldb mounting element (pallet)
are the activities addressed in the level IV ground processing requirements definition.

ELECTROMAGNETIC LEVITATION MELT FACILITY = . \

o \  ACOUSTIC LEVITATION NELT FACILITY
POMER CONDITIONER . FIR/CG PROCESSING & CONTROL HODULE

FZR/CG OPTICS, CAMERASIMAGE TUBE

FIR/CG FURNACE MELT FACILITY

HULTI-PURPOSE FURNACE PROCESSING
& CONTROL MODULE

HEAT EXCHANGERS e

EPDB

© ALY I-PURPOSE

\¢ FURNACE MELT
\j/ FACILITY
" STORAGE
V7 Cra

TANKS (He, 05, A, Spare}
+
FREDN PUMP

HIGH VACUUM PUMP

Figure 3-5,  General Arrengement - Space Processing Payload
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Applicable Ground Processing Options

As the Space Processing payload is a single pallet configuration, the variation -in-the
installation and checkout tasks between ground processing options is minor. Primary vari-
ations in costs may result from transportation and temporary relocation of personnel.

The level 1V integration scenario for the Space Processing payload is essentially the
same for distributed site, lead center, and KSC options. During staging operations at KSC,
interfacing elements (coldplates, RAU's, EPDB, inverter, freon pump, etc.} are installed
on the pallet. The pallet is transported to the fevel IV site for installation of the equip-
meni items of the four facilities. Interconnecting elecirical hamesses and coolant/fluid
lines are installed, Individual facility checkouts are conducted, followed by a combined
payload checkout, Payload unique Orbiter AFD controls and displays and a simulated
CDMS are used in the checkout operations. The infegrated Space Processing payload is
then shipped to KSC for installation/integration of the Igloo in the main stand in the O&C
building.

Transportation of the pallet to/from a disiributed site or a lead center are the same,
Stondard Spacelab program handling/fransport GSE is used. A nominal time ailocation
of five days is applicable for the trip fo and from these sites. In the KSC options, level
IV integration is assumed to be performed in the Industrial Complex and only one day for
transportation fo and from the complex is allocated,

Personnel requirements to do the "hands-on™ tasks are the same in all options. How~
ever, the level of host center support will vary depending upon whether the integration
occurs at a distributed site (Pl's facility), lead center {payload sponsor), or KSC. Also,
the TDY will vary in o similar manner, [If the distributed site approach is used, TDY will
be minimum, If the KSC approach is used, TDY will be maximum. The Lead Center will
be somewhere in between.

Installation Requirements

The equipment to be installed and verified in the Space Processing Payload can be
categorized into three types: Experiment Equipment (that which is directly used in per-
forming the experiment and is built, tested and supplied by the Pl}, Common Support
Equipment (items which are necessary to provide physical, electrical, deta, fluid or
other support to the experiment equipment and to interconnect it with the Spacelab and
Orbiter), and Spacelab-unique equipment (Modular payload support equipment provided
under the Spacelab program by NASA),

Experiment Equipment

In all options, o degree of preassembly of the facilities is performed by Pl personnel
prior-to-level 1V activities. For example, the material samples are installed in the electro-
magnefic and acoustic levitation facilities, the facilities are sealed, and charged with gas

prior to level IV activifies. In the case of the two melf fumaces, the samples are installed
in an insertion, retrieval, and storage device which is assembled with an inner chamber,

3-10
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common chamber and turbo-pump as a complete assembly prior to level IV activities. Thus,
the list of experimeni equipment fo be installed during level 1V activities reflects the pre—
assembly of the facilities,

Table 3-2 lists those ftems of Experiment Equipment associoted with each facility and
experiment which are to be installed during Level IV integration, One item, El-1 of each
facility, is a control and display panel which is not actually integrated until Level I, when
it is installed in the Orbiter AFD (See Figure 3-6). However, if is required in level [V fo
verify the formal fit of the panel and to verify the functional interfaces established in level
IV integration.

ORIGINAL PAGE Ig
OF POOR QUALITY;

MISC C/D (REF)

SPACELAB CRT & KEY BOARD
FURHANCE MELT FACILITIES

STRIP RECORDER, 18-CHANNEL

Figure 3-6,  Orbiter Aft Flight Deck Arrangement-
Space Processing Payload
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Table 3-2,  Space Processing Payload End lrems
FACILITY #] FACILITY #2 EACILITY #3 FACILITY #4
Electromdgnetic Levitation Acoustic Levitation Molti F Float Zone Refiner/Crystal
Melt Facility Melt Facility ultipurpose Fumace Growth Fumace

(Exp. S=9A, S-9B, 5-21)

El-1 - Control/Display
Panel {shared by al! fac,)

El-2 ~ Processing Chamber
(3 chambers)

(Exp. CG-5, CG-7)

El-1 - Control/Display
Panel (shared by u‘ll fac.)

Et-2 - C, G, -5 Processing
Chamber (1)

El-3 - C. G, -7 Processing
Chamber (1)

Exp. S~4, S-7, S~14)

El-1 = Control/Display
Panel (shared by all fac.)

El-2 - Power Conditioner
(shared w/Fac. 4)

El-3 - Fumace System (incl.
Turbo-pump, core, IR&S,
Common chamber)

El-4A Gos/Liquid Heat

Exchanger
El-4B Gas Tank Assembly

El-4C Freon Pump
(shared w/Fac, 4)

Ei-5 Processing and Con~
trol Module

(Exp. S-6, S-16, 5-25)

El-1 - Control/Display
Panel (shared by all fac.)

Ei-2 - Power Conditioner
(shared w/Fac, 3)

El~3 ~ Fumace System (incl.
same as Fac. 3 plus optical
system)

El-4A Gas/Liquid Heat

Exchanger

El-4B Gas Tank Asseimbly

EI-4C Freon Pump
(shared w/Fac. 3)

El-5 Processing and Con-
trol Module

uojstng aoedg
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Common Support _I]':'quipmeni'

This equipment, which is generally payload-peculiar, consists of cabling, tubing,
bracketry, cable trays and similar items which are designed to provide the necessary
support fo the experiment equipment above and beyond that provided by the Spacelab

equipment,

As such, it consists specifically of the following items for the Space Pro-

cessing Payload.

(a)
(b)

(c)

(d)

Power and signal coble assemblies as listed in Volume |,

Freon, coolanol and high pressure gas tubing assemblies as listed
in Volume 1,

Fumace supports for mating the Multipurpose and Float Zone re-
finer/Crystal Growth Furnaces to the pallet floor,

Cable and tubing trays and supports to mount items (a) and (b) fo
the pallet structure,

Spacelab-Unique Equipment

The Spacelab equipment, previously defined, consists of the following items:

(o)
(b)
(c)
(d)
(e)
)
(9)

One pallef

One 400 Hz AC inverter

One Remote Access Unif (RAU)

One Freon Pump and Accumulator package
One Experiment Power Distribution Box (EPDB)
One Experiment Heat Exchanger

Four coldplates

In the flight configuration, an Igloo is also required, complete with all Spacelab
data and power subsystems, buf this is not needed for Level |V integration and is assumed
not to be supplied, hence is not included in the above list, During Level IV integration,
a.simulator will be used which provides the CDMS.and power requirements.

3-13
SD 78~SR-0009-2



él% Rockwell International

Space Division

Special Handling, Checkout, Servicing and Auxiliary Ground Equipment

In addifion fo the flight equipment installed on the pallet in the process of Level IV
integration, a complement of ground equipment is necessary to permif the handling, posi=
tioning and mounting of flight hardware, the storage and transportation protection of this
hardware, servicing and checkout of the completed installations, and miscellaneous other
functions performed os a part of integration, Table 3-3 lists those items of equipment which
have been identified and included in subsequent analyses, lfems which list a drawing num-
ber are documented cnd described in the document "Spacelab GSE lrems Descriptions Docu-
ment", MSFC Drawing 40A99006 Revision A. Those items which have no drawing number
have been identified as needed additional equipment. A compilation and description of afl
the GSE identified in this study is presented in Appendix E.

Test Reguiremenis ldentification

In the Level IV integration task, certain underlying groundrules or assumptions are used
in determining the nature and extent of verification testing to be performed at the conclusion
of the installation phase, Chief among these is the premise that the experiment end item
equipment is received in good operafing condition, completely checked out and calibrated
to perform ifs flight mission, Verification testing, therefore, does not have to include steps
to vetify the performance and accuracy of the experiment - only to verify that it will func-
tion in all modes in the as-integrated configuration, These tests will verify that all elecirical,
mechanical and fluid interfaces which have been established during integration are function~
ally adequate and properly configured.

Another premise considered in verification testing is that the various experiments are
joined together for the first time with the Spacelab hardware, and prior testing was incapable
of determining interaction effects between experiment equipments, and between these equip-
ments ond the Spacelab subsystems. For this reason, in addition to the functional verifica~
tion of each experiment individualtly and serially, a combined payload test is performed. In
this test, the payload isoperated in an abbreviated or simulated flight mode, Experiments
which will be operated simulfaneously in flight are operated simultaneously during the fest,
but for shorter durations,and comatibility ascertained. Verification tests are used to check
out interfaces, while functional tests are used to check out the operation of the system in the
flight mode.

Another consideration in testing that is peculiar to the Space Processing Payload is the
inherent nature of the melf experiments performed and the aufomatic self-programmed chor-
acteristics of the equipment., If commands were to be given to any of the four facilities to
operate in the flight mode, even for relatively short durations, the fumaces would heat the
specimens to the melting point and resolidify them as they are programmed to do in flight.
This obviously would expend the flight specimens, which are installed and sealed in the
equipment before Level 1V integration. Therefore, in order to preclude this result and yet
accomplish a meaningful inferface verification, a test program was assumed to be included
in the facility control system. This program, separately addressable from the Spacelab DDU/
keyboard (simulated for Level IV tests), would energize the heating circuitry to a power lev=
el and temperature cutoff high enough to allow for thermocouple/pyrometer verification of
appropriate temperature change, but not high enough to cause any physical/mefallurgical
changes in the specimens.

3-14
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Table 3-3.

Drawing No,

HANDLING
612008A

612010A
612013A
612059A
612060A
612067A
612071A
612106A
6121T10A
612113A
614XXX

CHECKOUT
613039

SERVICING
612080A
612084
612086
612115

AUXILIARY
612114A
614022

ﬂ% Rockwell International
Space Division

Level IV GSE Requirements for Space Processing Payload

Nomenclature

Feed Through Protective Covers Kit (=01 thru -03)
Pallet Segment Floor Covers Kit (~01 thru -04)
Pallet Segment Support (=0T thru -05)

Pallet Cover (-01 and -02)

Pallet Platform

Desiccant Canister, Large (=01 thru -03)

Active Environmental Control Cart

Road Tiedown Kit, U.S.

Horizontal Sling Kit (=01 thru -03)

Trunnion Handling Fittings (<01 thru ~07)

Transportation Instrumentation
Grounding/Bonding Tester

Portable Leak Detection Unit (=01 thru -05)
Freon Servicer

Freon Leak Detector (=01 thru -03)

Refrigeration Unif

Cleaning Kit

Desiccant Drying Oven
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The single pallef-only configuration of the Space Processing payload also introduces
a unique testing consideration, As all of the payload equipment, Spacelab interfacing
units, and servicing and checkout GSE is at one site it would be unrealistic/impractical
to complefé individual facility checkout of one site and then move to a second site to
accomplish integrated payload checkout. Therefore, the test sequences for the distributed
site option for this payload is identical to that of the lead center and KSC options.

Since the experiment end item equipment is received in good operating condition and
checked out, verification tests will be conducted only to verify the functional interfaces
between the experiment equipment, the common support equipment, the Spacelab pallet
subsystems and the Igloo and Orbiter interfaces, Man-machine interfaces were considered
in the conirol/display panel layouts and indicator designs, as well as in determining the
time and manpower requirements of the verification steps themselves. Flight timelines were
considered in the conceptual design of the combined payload tests, Tests at both experiment
level and payload level were considered fo be performed using flight software to accomplish
software validation in conjunction with the integration interface verification. As a result
of the melt experiment limitations, the full power rating with the software will not be veri-
fied during the fests.

Installation and Test Activity Assignment

The activities associated with Level IV integration of the Space Processing payload
are as follows:

(@} Installation of all experiment/facility end items (control and display panel)
onto the-Spacelab pallet,

(b) Installation of all signal ond power cabling on the pallet, This
includes wiring interconnecting experiment end items, wiring con-
necting end ifems to patlet subsystems and wiring to pallet inter-
face connector brackets,

(e} Installation of all other common support equipment, limited in
this case to the fumace supports, cable trays and brackets,

(d) Temporary installation of GSE cabling, flex lines and connection
to checkout and servicing GSE, involved in the verificafion oper-
atfon,
(e) Verification of both individual facilities and combined payload testing.
(F) Disassembly of the temporary connections in (d), securing of experi-

ment ond subsystem equipment, and preparation for movement or ship-
menf to the next integration site for Level Il1,
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Integration activities not performed in Level IV include:

(@) Installation of the E1-1 shered control/display ponel onto the Orbiter
Aft Flight Deck, which is performed in Level | in the Orbiter Processing
Facility (OPF) at Kennedy Space Center.

(b) Installation of the AFD cabling is performed in the OPF,

(c) Installation of the transitien cables will be accomplished at KSC during the
staging activities,

Experiment Installation and Test Sequences

A pictorial representation of the progressive installation of payload equipment is
shown in Figure 3-7, The steps depicted in this figure were franslated into discrefe tasks
and fime estimcfes established based upon the criteria defined above under Standardized
Time Estimations, Standard task waterfalls were then developed for the Level IV cctivities.
The Level IV activities for each of the four facilities of the Space Processing payload are
delineated in waterfall format in Figures 3-8 through 3~11. These task schedules or water-
falls were integrated into one and the combined payload checkout was added (Figure 3~12).

In addition to the level 1V activities, payload unique ground processing is required
during KSC-STS operations. Payload related activities during Spacelab integration,
Orbiter integration, and post-flight payload de~integration are identified in Figures
3-13, 3-14, and 3-15 respectively. Pre-flight servicing/top-off of facility gas supplies
af the launch pad, and post-flight safing and removal of the payload unique AFD panels
in the OPF are also required, Based upon discussions with cognizant KSC personnel, all
of the identified payload relafed activities required during KSC-STS operations are in
accordance with current plonning,

An overview of the ground processing cycle for the Space Processing payload from
initiation of level 1V integration through postflight payload deintegrafion is presented in
Figure 3-14, (The number in each block refers to the activifies defined in Section 2.)
For this particular payload, there is no significant difference between distributed site
and lead center flows, nor between functional activity block 3/4 and 5/6. Thus, the
overall flow for options A-2, B-2 and B~4 are the same. The KSC options, C-2 and C~4,
reflect the reduced transportation time to/from the level 1V site, All other activities are
the same as for the distributed and lead center options,

Summagz

The installafion, test, fransportation, STS infegration, and post-flight activities
defined herein provided the basis for the development of resource requirements for the
ground processing of this payload. In section 4, the manpower estimations, hardware
utilizations, ond costs data for this payload are developed.

3-17
SD 78-5R-0009-2



Z~6000~45-84 dS

YA

OHRS 2
L 1

4 &
1 1

10 12
i |

't

16 IF 20 22 2-!4 26 28 30 32 4 36 KL 40 42
1

H

RECEIVE PROCESSING CHAMBER EI 2 AND INSPECT (1.0)
RECEIVE CONTROL/DISPLAY PANEL El T AND INSPECT (1.0}

INSTALL PROCESSING CHAMBER El 2 ON PALLET AT PANELS 2 AND 3 (2.0)

i INSTALL POWER CABLE FROM CHAMBER TO EPDB (12,0)

INSTALL SIGNAL CABLE FROM CHAMBER TO RAU (19.0)

* EXPERIMENTS: 5948 & 521

Figure 3-8,

[ INSTALL CONTROL/DISPLAY PANEL EI 1 IN SIMULATED PS5 (2.0)

CONNECT GSE SIGNAL CABLE FROM SIMULATED £55 TO SIMULATED COMS (1.0}

CONNECT GSE SIGNAL CABLE FROM SIMULATED CDMS TO RAU (1.0)

CONNECT GSE POWER CABLE FROM FACILITY POWER TO 5/L POWER BUS, SIM. PSS AND SIM, [CDMS (2.0
VERIFY APPLICATION OF POWER AT CONTROL/DISPLAY PANEL EI 1 (,25)

T VERIFY TEST SEQUENCE INITIATION AT CDMS DDU{,25)

VERIFY OPERATION OF CHAMBER HEATER, CAMERA, SEQUENCER AN
L ECTHOMA GRETIC SYATEM AT COMS o0 EHKMIERS 7.5) 0

VERIFY TESF SEQUENCE TERMINATION AT CDMS DDU (,25)
"_\ VERIFY REMOVAL OF POWER AT CONTROL/DISPLAY PANEL EI 1 (. 25)

REMOVE GSE POWER AND SIG NAL CABLES (2.0}
| SECURE ALL ASSEMBLED EQUIPMENT FOR SHIPMENT (2.0)

TOTAL HOURS - 53.5

Installation & Test Timeline for the Eleciromagnetic Levitation Melt Facility #
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RECEIVE CG-5 PROCESSING CHAMBER El 2 AND INSPECT (1,0)
RECEIVE CG~7 PROCESSING CHA‘MBER El 3 AND INSPECT (1.0}

RECEIVE DISPLAY/CONTROL PANEL E1 1 AND INSPECT (1.0)

I INSTALL CG-5 PROCESSING CHAMBER E| 2 ON PALLET AT PANEL 4 (2,0) \

] {N3TALL CG-7 PROCESSING CHAMBER £1 3 ON PALLET AT PANEL 7 (2,0)

I INSTALL POWER HARNESS FROM EPDS TO CHAMBERS 2 AND 3 (10.0)

INSTALL SIGMNAL HARNESS FROM RAU TO CHAMBERS 2 AND 3 (19.0)

w
N
AN ® EXPERIMENTS: €G-5 & CG-7
S8
g2
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.
B B
tﬂ;ﬂg
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¥

INSTALL DISPLAY PANEL EI ) IN SIMULATED PS5 {2.0) .
C‘_IONNECT GSE SIGNAL CABLE FROM SIM, PSS TO SIM, CDBMS (1,0}
| GONNECT GSE SIGNAL CABLE FROM SIM, CDMS TO RAU (1,0} ;

CONNECT GSE POWER CABLE FROM FACILITY POWER TO 5/L POWER BUS, SIM, PSS AND SIM, CEMS (2.0}

i
v

|

VERIFY APPLICATION OF POWER TO El 2 AT CONTROL/DISPLAY PANEL, El 1 (,25)
VERIFY TEST SEQUENCE INITIATION AT CDMS DDU (. 25)

VERIFY OQPERATION OF CHAMBER HEATER, ACOUSTIC :GENERATOR, SERVO LOOP, SEQUENCER AND LIMIT
ITCHES AT COMS DOU (2.0)

Figure 3=9, Installation & Test Timeline for the Acoustic Levitetion Melt Facility #2

VERIFY TEST SEQUENCE TERMINATION AT CDMS DDU (,25)
VERIFY REMOVAL OF POWER FROM CHAMBER E) 2 AT CONTROL/DISPLAY PANEL EI 1 (,25)

VERIFY APPLICATION OF POWER TG El 3. CHAMBER AT CONTROL/DISPLAY PANEL EI 1 (,25)

VERIFY TEST SEQUENCE IN!TIATION AT CDMS DDU (. 25)

VERIFY DPERATION OF CHAMBER HEAIER ACOUSTIC GENERATOR, SERVO LOQP, SEQUENCER
ARND LIMIT SWITCHES AT CDMS D

VERIFY TEST SEQUENCE TERMINATION AI' CDMS DDU (. 25)
| VERIFY REMOVAL OF POWER FROI:J- CHAMBER EI 3 AT CONTROL/DISPLAY PAMNEL El 1 (. 25)
REMOVE GSE POWER AND SIGNAL CABLES {1, 5)
SECURE ALL ASSEMBLE‘D_ EQUIPMENT FOR SHIPMENT (4, 0)

TOTAL HOURS - 53.5
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SPACE FROCESSIKG PAYLOAD - LEAD CENTER/XSC FLOM

m L.l 100 qﬂ 120

RECEIYE AHD INSPECT FAGILITY 1 DD ITEMS 1 AND 2(1)

RECEIVE AHD TNSPECT FACILITY 2 END ITENS 1,2 Ao 3{1)}

RECEIVE AKD INSPECT FACILITY 3 EWD IVEMS (12)

RECEIVE AND INSPECT FACILITY 4 DO Trmas{:z}

RECEIVE AND INSPECT EXPERIKENT SUPFUAT EQUIPKENT(Y)

TASTALL PALLET O INTEGRATION YAOLLEY AND ASSEWRLY STAMDIS)

INSTALL FACILITY 1 PROCESSING CHRHEER (EI-2) DM PALLEY {2.0)

INSTALL FACILTTY 2 €65 PRICESSTHS CHMMOSR {EI.2) O PALLET (2.0)
JUSTALL FACILITY 2 G-T FRDCESSING CMAMBER {EI-3)} OW PALLET (£.D]

THSTALL PONER. EARKESS FHOM FACILITY 1 EI-2 AND FACILITY 2 EI.2 J%D 3 79 EPDR {10] -

INSTALL STGHAL BARNESS FROM FACILITY 1 ET-2 AND FACILITY Z EI-2 ANG ~) TO RAD (19]
THETALL FACILITY 3 AND 4 LIQUID/GAS FEAT EXGRAWGERS {EI<SA) OW THE PALLET (§)
INSTALL FACILITY 3 AND 4 GAS TAMK ASSEMBLIES {EI-4B} ON PALLET SIOOALL {8)
HSTALL FACTLITY 374 DEDICATED FREON PUKP {E[-4C} O¥ PALLET (2)
THSTALL FACTLITY 3 AND 4 PROCESSING & CONTROL MODULE {E3-5) QW FALLET {4}

THSTALL FACILITY 3/4 PUNZR COMDITIONER {EZ-2] 0% PALLET (2}

THSTALL COMMARD/CAM RARNESS FROM FAC 3 & 4 EI-43 AND E1.2 TO CB57 (18}
INSTALL SIGHAL MARMESS FROM PFC 3 & 4 EIuEA TO RAU {15}
TNSTALL SIGHAL HARNESS THTERCONNTCTING FAG 3 & 4 E1-4A, EL«48 & EL-E(15)
TASTALL AC & BC PUNER. CABLES FROH EPEE TO FAC 3/4 E1-2 (4)
INSTALL SU?PORTS FOR FAC 3 & 4 FURMACE SYSTENS{EI-3}OK FALLET {2)
INSTALL FACILITIES 3 & 4 EI-3 OM SUPPORTS (8}
INSTALL FAL 1/2/3/% CONTREL/DISPLAY FANEL EI-1 [N SIMJLATED PS5 EXPLACED ON FLEOR [2) R

IHSTALL AC & DC POWER HARNESSES FROM FAC 3/4 EL-2 TO FAG 3 & & EI-) (20}
] INSTALL POVER KARRZSSES FRO EFOB T0 FAC 3 B 4 EI-84, &, § {=)
TEHSTALL STGAL KARNESS INTERCONNECTING FAC 3 EI-5 TO EI-dC, £1.3, £1.2, ET-4B AHD RAI {35}
INSTALL SIGHAL HARMZSS FROM FAC 4 E1-5 TO E1-4C, FI-3, E1-2, FI-13 D RN} (25}

TORNECT DC PONER CABLE FROM FACILITY POVER TD OPERATORS CONSOLE AMD TD PALLET DG IN COHKECTIR (2)

COMIECT AL PUNER CABLE FROM OPERATORS CONSOLE TO PALLET AC CONNECTOR (1)

CORNECT SIGKAL CABLE FROH OPERATORS CONSOLE TD PALLET DATA EUS COWKECTOR {1)

CORNECT B CABLE FROM FACILITY TO PSS PANEL RACK [1)

ORIGINAL PAGE 1§
OF POOR QUALITY

JHSTALL W TURES G-1 TIROUGH §-15 {z3) - 4 WER
] IASTALL FREOR TUBZS F1 THRUEK F12 (18} - 4 HEM
THSTALL COOLANDL TUBES C-1 THRU C-4 {5) - 4 MEX
FREH SERYTCIRG UNIT AND REFRIGERATION URTT MXD SERVIZE SYSTRM - § FLETLINES {7]
| VERIFT LERK-FREE GAS AND FREDR SYSTEA (8)
SERIFY LEAK-FREE CDOLANOL SYSTEN (8}
VERIFY APPLTCATION DF PIVER TD FACILITY 1 & 2 AT EI-14,25)
 VERZFY FACILITY 1 TEST SENENCE INTTTATION AT P55 PANEL RACK {.2%)
VERIFY OPERATION OF CWCHBER HEATERS, CANERAS, SEQUENGER & EM SYSTEM AT PSS PANEL NACK {21
VERIFY TEST SEQUEKLE TERMIMATION AT PSS PANEL RACK [.25)
YERIFT TEST SEQUENCE TRITIATION FOR FACILITY 2 £I-2 AT PSS PRHEL RACK (.25)

VERLFY TEST SEQUEKCE TERMIMATION FROM FACILTTY 2 EI-2 AT PSS PAXEL RACK f.25)
YERIFY TEST SEQUEKCE INEVIATION FOR FACILLTY 2 E[-3 AT P55 PANEL RACK {.25}

WERIFY TEST SEWUEKCE TERMINATION FOR FACILITY 2 ET-2 AT PS5 PANEL RACK [.25)
VEATFY TEST SEQUENCE IHITIATION FOR FACTLITY L & 2 COMATKED TEST {.25)
VERIFY SENULTAKEOUS DPERATION OF FACILITIES & & 2 {2}
VERIFY AEAIVAL OF CONDINED TEST SEQUENCE & POWSR FROM FACILITIES 1 & 2 (.50)
VERIFY AFPLICATION OF POWER & TEST SEQUENCE IHTTTRTION TD FAUILITY 3 AT PS5 PANGL RACK (,.50)

VERIFY TEST SEQUEWCE IKITIATIOR FOR FACILITY 3 # 4 CCHBINED TESY {.25)
YERIFY STHULTANEOUS OPERATICN OF FACILITIES 3 & 4 (3.5)

. . . READVE ALL GSE EQUIMENT, CARES b LIKES (6.0)

Figure 3-12, Iniegrated Space Pracessing Payload Installation & Test Sequence

SECURE PAYLOAD ZQUIPMENT FDR SHIPMENT (B}

YEREFY OPERATICN OF EL-2 CKAMSER KEATER, ACOUSTIC GEMERATOR, SERVOLOD?, SEQUENCER B LIWIT SWITCHZS AT P55 PAREL ml &3]

i
VERLFY TEST SEQUENCE TEPMINATION & PONER REMOVAL FAOM FACILITIES 3 k 4 AT PSS PANEL RAGK {.50)

‘l Rockwell International
Snace Divisi

FOLBOUT FRAME -

VERIFY QPERATION OF EI-3 CHAMIER HEATER, ACDUSTIC GENERATOR, SERVDLOOP, SEQUEWCER 4 LTWIT SWITCHES AT PS5 PANIL RACK {2)

VERIFY QPERATION OF FIRNACE CORE KEATERS. IRES GNIT, TURBOPUYP. ACCELERHETZRS, GAS/VACUIM SYSTEM, POER CONDITUNER. b FROCESS CONTROL INT OF FACILITY 3 AT P55 PAKEL RACK {8}

VERIFY TEST SEQUENCE TERMINATION AT FACILITY 3, POWEZR APPLICATION TO FACILLTY 4 J TEST SER"JEIEE THITIATIDN T0 FACILITY 4 AT P55 PANEL RACK {0.5)

VERIFY QPERATION OF ACCELEROMETERS, OFTICAL SYSTEM, FURNACE RF SYSTEM, TAKS WMIT, PQHEI COMDITIONER, EAS/YACULM SYSTEN, TURBOFINP, COIL/CHILL MLOCK ACTUATOR & PROCESSTHA CONTRER UWIT
YERIFY TEST SECUENCE TERHIMATION FOR FACELETT & AT PS5 PAKEL RACx {.25)

AT P35 PANEL RACE {8)
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10 20 30 a0 50 60 70 80 9|0 1?0 1‘}0 12|0 -!3]0 110 15|0 IEO l'fﬂ 1?0 1?0 HOURS

INSTALL PALLET ON ASSEMBLY STAND{6.5)
MATE TGLOO TO PALLET(10)
PALLET FREON SERVICIKG(14.5}
PREPARE/CONNECT ORBITER INTERFACE ADAPTER WITH EI1 CONTROL/DISPLAY PANEL(14.5)
REFURBISH PALLET MLI{3)
PAYLOAD PRE-POWER YERIFICATION(3)}
SERVICE GAS TANES TO 25% WORKING PRESSURE(4)
1 { VERIFY 16LOO/PALLET/EXPERIMENT INTERFACES BY EXECUTING TEST SEQUENCES
ON EACH FACILITY FROM AFD SIMULATOR(40}

I DATA REVIEW(8)}
SIMULATED MISSION SEQUENCE TEST(15)

DATA REVIEW & FREON AIR ENTRAINMENT TEST(S)
POST-TEST SECURING OF EXPERIMENTS(S)
. REMOYE ET-1 FROM ORBITER INTERFACE ADAPTER{t)
TRANSPORT EI-1.TO OPF(2)
PREPARE SPACELAB FOR MOVEMENT(9.5)
[ ] INSTALL SPACELAB IN CANISTER(S.5)

Figure 3-13, Space Processing Payload Level 111/11 Integration Activities

10 0 30 40 50 L) 70 HOURS

] ] 1 1 1 A ]

0

| S—

[ TRANSPORT SPACELAZ TO OPF(3)

REMOVE SPACELAB FROM CANISTER(7.5)

IRSTALL SPACELAB INTO ORBITER PAYLOAD EAY(S)

CONNECT PAYLOAD/ORBITER CONNECTIONS A INSTALL EI-1 PANEL IN AED(4.5)
V7 ORBITER INTEGRATED TEST(16)

ORDNANCE CONNECTION(1.5)
"] CABIN STOMAGE(6)

ABBREVIATED PAYLOAD
o emoE FINAL CLOSEQUT OF SPACELAB & PAYLOAD BAY(17.5)

TEST(4) I_ ' T~TEST SECURING & ORRITER CLOSEOUT(9)
I I PREPARE QRBITER FOR MOVEMENT/ERECTION{5)

Figure 3-14, Space Processing Payload ~ Level | OPF Operations

0 10 20 30 10 50 &0 70 | 114
— ~L i1 (] 1. | i 1

REMOVE FACILITY 1 £1-2(1)
REMOVE FACILITY 2 EI-2(1)
REMOYE FACILITY 2 EI-3(1)
REMOVE FACILITY 1 HARNESSES{4)
REMOVE FACILITY 2 BARHESSES(S)
REMOVE FACILITY 384 ET-4A HEAT EXCHANGERS{2)
REMOVE FACILITY 384 EI-48 GAS TANKS(4)
REMOVE FACILITY 384 E[-4C FREON PUMP(2)
REMOVE FACILITY 384 EI-5 PROCESS/CONTROL MODULES(3)
REMOVE FACILITY 384 EI-3 FURNACES{6)
REMOVE FACILITY 384 FURNACE SUPPORTS{2)
REMOVE FACILITY 384 SIGNAL HARNESSES(10)
REMOVE FACILITY 344 PONER HARNESSES(6)
EHOVE FACILITY 344 GAS TUBING(B)
REMOVE FACILITY 3%4 FREON TUBING{Z)
anvz FACILITY 384 CODLANGL TURING(1)

. SECURE SPACELAB SUBSYSTEM INTERFACES{2}

Figure 3-15, Space Processing Payload ~ Level IV Deintegration
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& |70 WORKING DAYS

|4 INTEGRATION

21 staciNnG 2.0

KsC

3840R5 &6

TRANSPORT TO INTEGRATION SITE (5.0)
PAYLOAD INSTL, & VERIF, (18,2)
e] PAYLOAD CHECKOUT (0.9)

9—f] PAYLOAD DISASSEMBLY (0.8)

TRANSPORT TO KSC {5,0)

KSC

11&12

g

OPTION A-2/B-2/C-4

LEVEL I11/11 INTEGRATION (O4&C) (8. 1)

13 LEVEL | INTEGRATION (OPF) (9.0}

14 | MISS!

15

QN (5.0

LEVEL 1/11/111 DEINTEGRATION (4.5)

I

2 | STAGING (2.0)

3&40R586

?

Figure 3-

TRANSPORT TO PAYLOAD FACILITY (1.0)

PAYLOAD INSTL, & VERIF, (18.2)
PAYLOAD CHECKOQUT (0.9)

PAYLOAD DISASSEMBLY (0,8)

11 812

LEVEL 31t/

TRANSPORT TO O8C (1.0)
| INTEGRATION (O&C) (8.1)

13

14 | MISSION (5.0)

)

L1 | LEVEL IV DEINTEGRATION (7,4)

68.1

OPTION C-2/C-4

LEVEL | INTEGRATION {(OFF} (%.0)

15 LEVEL 1/11/111 DEINTEGRATION (6. 5)

L6 | LEVEL IV DEINTEGRATION (7.6)

60.1

16,  Summary of Space Processing Payload Ground Operations
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COMBINED ASTRONOMY PAYLOAD INSTALLAT ION & TEST REQUIREMENTS

The Combined Astronomy payload used in this study consists of a five pallet, pallet-
only Spaceldb configuration (Figure 3-17), The lead pallet or forward complement incor-
porates two experiments/sensors mounted in thermel canisters and integrated with the SIPS,
The mid-complement consists of the IPS mounted on one pallet and the SIRTF mounted on a
two-pallet train, The gamma-ray detector assembly is mounted on the last pallef.

¥

ORIGINAL, PAGE IS

OF POOR QUALITY

FORWARD MID - AFT
COMPLEMENT COMPLEMENT COMPLEMENT
r ~ aY r - - r - ~
_ INSTRUMENT SIRTF
FAR UV SCHMIDT POINTING SYSTEM DIU
CAMERAS/SPECTROGRAPH {1Ps} - ggfwﬁﬂiﬁgacmﬁ

SMALL INSTRUMENT
POINTING SYSTEM
(51pS}

LG

DAY
=S

> ‘ i 2-TRAIN PALLET
\ \ G
Y
\ SINGLE PALLET

UY PHOTGMETER/

TELESCOPE PALLET PLATFQRM (GSE)

Figure 3-17.  Combined Astronomy Payload

Applicable Ground Processing Options

The configuration of the Combined Astronomy payload permits decoupling of the level
IV ground processing activities between the forward, mid, and oft complements of equip-
ment. Installation and assembly operations of the equipment for each complement could
readily be distributed to three geographically separated sites or independently conducted
at a centralized site. Combined payload checkout prior to initiation of KSC-5TS opera-
tions is also a viable option. Based upon the groundrules previously delineated for the
development of study baseline data, level Ill assembly in the O&C building is nof required,
The three complements of this payload can enter KSC-STS operatioris in the HI/1l infegration
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main stond. Thus, the applicable ground processing options for this payload are A-2, B-2,
B-4, C-2 and C~4 {reference Section 2.0). In addition, the A-1, B-1, and C-1 opfions
are applicable i the level 11l O&C assembly activity (block 10) is deleted/by-passed in
these three options. Baseline study data for the Combined Astronomy payload for all seven
-options are subsequently presented,

Installation Requirements

In the development of baseline study data, the integration of the UV and Schmidt
camera sensors with the SIPS conisters was considered to be part of sensor development
activities., The sensors and conisters are an integral design, It is anticipated that environ-
mental verification testing of the sensor~canister assembly will be an essential part of the
development cycle,

Level IV integration of the forward complement was considered to be initiated upon
receipt of the sensor-canisters, SIPS pedestal and pallet at the infegration site. It was
assumed that the IPS was mounted on a pallet during staging ai KSC and transported to the
level IV site in that configuration, The SIRTF was considered to be a completely integrated
assembly upon inftiction of level 1V activities. For example, the multiple instrument com-
partment was infegrated with the telescope assembly and sealed to preclude confamination
of the optics prior to level IV integration. The gamma-ray detector is also a single assem-
bly at initiation of level 1V activities. Transition cables and coolant lines across one pal -
let for functions on subsequent pallefs were assumed to be instalied during staging operations

at KSC,
Experiment Equipment

The complement of experiment equipment to be installed during Combined Astronomy
level 1V integration is listed in Table 3-4, Only the installation of 1.0, 2,0, 3.0, and
4,0 assemblies are level |V activities. Lower indent items are for reference only and re-
flect the required pre-level IV integration of Combined Astronomy experiments. The con=
trol and display panel to be installed in the Orbiter AFD is shown in Figure 3-18. This
panel reflects an integration of individual experiment requirements. A DDU/keyboard is
required for conirol of the experiment equipment, data monitoring, and status analysis.
Either o dedicated unit may be used or the experiment may be tied to the Orbiter DDU/
keyboard., Figure 3-18 shows the infegrated requirements as a point of reference,
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Table 3-4.  Combined Astronomy Payload Experiment Equipment

—

Experiment End ltem ..
ldentification Nurber End Item Description
AS-0T.5 Shuttle Infrared Telescope Facility

Telescope

Cryogenic Tank System

Multiple Instrument Compartment
2,1 Spectrograph, Grating

2,2 Camera, Photometer

.2.3 Interferometer, Lamellar Grating
2.4

2,5

—

.
—_— o
*® ®

Interferometer, Michelson
Polarimeter

Panel A, OAFD C&D
Panel B, OAFD C&D

@ N
L]
oo

Uv-2 UV Photometer/Telescope

UV Photometer/Telescope
i Mirror
2 Grating
3 Channeliron
A Metal Plates
5
)

—
-

Star Tracker
Calibrafion System
Control & Display Panel

O.—a—i—l:—l.—..a_lo
.

MO
.

AS-05-S _ Far UV Schmidt Camera/Spectrograph

—
+

Electronographic Camera Assembly
Film Tronsport Housing

Crating Mirror Assembly
Corrector Assembly

Stray Light Baffle

Remote TV Camera

Control and Display Panel

GN -2 Plumbing/Tankage

.L..CQM
- % &
D N —

L)
OO~ ——=—0C

GR-1 Medium Energy Gamma Ray Detector

0 Gamma Ray Telescope

1.1 Anti Coincidence Counter Dome
1.2 Upper Spark Chamber Array

1.3 Lower Spark Chamber Array

1.4 Time & Flight Scintillators

1.5 Total Absorbtion Shower Counter
0 Control and Display Panel
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/SIRTF PANELS
f

SIPS CONTROL

PGl eyt FAR UV SCHMEDT
BEF BE) B(BE]| CAMERA
AL BE| Aisdl

----------- =] e |—————HEDIUM ENERGY

H FEEFEEEEEEEE] Y
. CEEFEEEEEEEEE gg
GGG ] =

DETECTOR

SPACELAB
CONTROL
CENTER . OAFD LOOKING
AFT
1 L]

W PHOTOMETER IPS CONEROL
TELESCOPE PANEL

Figure 3-18..  Orbifer Aft Flight Deck Arrangement for
Combined Astronomy Payload

Common Support Equipment

Equipment in this category consists of interfacing hardware between experiment equip~
ment and Spacelab equipment, For the Combined Astronomy payload, this equipment con-
sists of the SIPS (mounted on the lead pallet), end interconnecting cables, and coolant
{ines on each complement.

Spacelab-Unique Equipment
Standard’ Spacelab-payload interfacing equipment required by the Combined Astronomy
payload is listed in Table 3-5, Spacelab subsystems equipment such as the COMS and the

high data rate mulﬁplexer/recorder are not included, These items will remain at KSC and,
if required, simulated during level IV integration activities,

ORIGINAL, PAGE IS
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Table 3-5.  Combined Astronomy Payload Spacelab Support Equipment

. . Forward Mid Aft

S [ E

pacelab Unique Equipment AFD Complement | Complement | Complement Total
Pallet, Single - 1 1 3
Pallet, 2-Train - - 1 - 1
Freon Pump - I - - 1
Coolant Lines - 7 8 2 17
Cold Plates - 4 2 1 7
RAU [ ] 1 1 4
Experiment Power Dist, Box - 1 2 1 4
Interconnect Station - 2 2 1 5
Inverter - ] - - 1
instrument Pointing System - - 1 - ]

Special Handling, Checkout, Servicing and Auxiliory Ground Equipment

In addition to the flight equipment installed on the pallet in the process of Level IV
integration, o complement of ground equipment is necessary to permit the handling, posi-
tioning and mounting of flight hardware, the storage ond transportation protection of this
hardware, servicing and checkout of the completed installations, and miscellaneous other
functions performed as part of integration. Table 3-6 lists equipment which have been
identified and included in subsequent analyses, ltems which list a drawing number are
documented and described in the document "Spacelab GSE ltems Descriptions Document",
MSFC Drawing 40A99006 Revision A. ltems without a drawing number were identified
as needed additional equipment, A compendium of all GSE identified in this study is
presented in Appendix E, :

Test Requirements [dentification

Besic assumptions/groundrules were established in the development of the test require-
menfs for the processing of the Combined Astronomy payload, The more significant ground-
rules that were used are presented herein.
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Table 3-6. - Special Handling, Checkout, Servicing and Auxiliary Ground Equipment

IID\IV\:)g Equipment liem I?l\gg Equipment Item
HANDLING SERVICING
612006 | Vertical Sling Kit 612080 | Porfable Leak Detector
612008 | Feed Thru Protective Covers 612084 | Freon Servicer
612010 | Pallet Segment Floor Covers 612086 | Freon Leak Detector
612013 { Pallet Segmeni Support 612115 { Refrigeration Unit
612059 | Pallet Cover 612XXX| Vacuum Pumping Unit

612060 | Pallet Plaiform

512065 | Single Rack Hndlg & Transport Kit
612067 | Desiccant Canister - Large

612071 | Active Environmental Ceniral Cart
612106 | Road Transport Tie Down Kit PALLET HARDWARE
612110 | Horizontal Sling Kit
612113 | Trunnion Handling Fittings

AUXILIARY
612114 | Cleaning Kit
614022 | Desiccant Drying Oven

Bare Pallet Segment

EPDB
614X XX| Transportation Instrumentation
Cold Plates
CHECKOUT
—_— RAU

[612040 | Optical Alignment Kit

Int Stati
612208 | IPS Test and Checkout Kit nterconnect Station

613038 | Continuity Tester Inverter

613039 | Grounding/Bonding Tester “ Freon Pump Package
IPS
SIPS

Note: See Appendix E for GSE physical and functional characteristics.
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Pre-Level IV Sensor-Canister Integration

In general, the SIPS will be shared by two experiment/sensor systems, Each system
will be housed in an environmental confrolled canister for ground processing as well as
in-orbit thermal- protection. I eddition, the alignment between the sensors and the con-
ister structural assembly will usually be critical. Therefare, installation/integration/test
of the sensor-canister assembly will be conducted at the sensor menufacturer's site or the
Pl's laboratory, These activities will usually be performed in a'rigidly controlled environ-
ment. Upon completion of the pre-level IV activity, the canister will be used as a sealed
container during subsequent shipment and processing activities to preclude contamination
of the sensor. Thus, sensor-cenister level IV test activities will be limited to verification
of alignment of the canisters in the SIPS yoke, ond verification of camsfer-sensor electrical
interfaces with external command/control /data processing equipments,

Equipment Status at Initiation of Level IV Integration

All equipment (Spacelab, common support, experiment, and GSE) is assumed fo be
operational and within performance limifs at the start of level IV integration activities.
Receiving and inspection activities prior fo level 1V are limited to assessment of physical
condifion and fransportation monitors. [f functional tests are required/desired af the level
IV site, they must be accomplished prior to and off-line from level IV activities.

Level IV Functional Testing

Only those functional tests necessary to verify level IV assembly/installation will be
performed, If a functional check is necessary to verify a signal routing and the sensor cannot
be operated, a "signal -received" response will be necessary. For example, verification of
the SIRTF telescope hatch operation must be made; however, the sensitivity of the SIRTF
sensors and mirrors to contamination is very crifical and the telescope will not be exposed
to the atmosphere during level IV integration, Therefore, either a temporary function sim-
vlator must be installed or a circuit built into the flight system, Similarly, the canisters
housing the UV end Schmidt camera systems will not be opened during level 1V integration.

Experiment equipment activation will oceur only if required to verify an interface
established in level IV integration., An assessment of the experiment system of the Com-
bined Astronomy payload indicated that a complete activation of the experiment equipment
complements was not required, Consequently, no requirements exists for liquid cryogenics
or exotic gases in Level IV, Neither is there a need for the inclusion of source stimulii to
check the sensor response or calibrafion.

SIPS and IPS Operations
Both the SIPS and IPS are designed for zero g operations, Neither of these systems will

be exercised during level 1V integration to assess mechanical operations. Command/conirol/
data processing interfaces will be verified in a static mode of operation.
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Software Validation

The Spacelab configuration coupled with the assembly concept of the Combined
Astronomy experiment complement minimizes the mechanical interactions. However, «
major potential interaction will occur in éommand/control /monitor functions., Experiment
and SIPS/IPS operations will make extensive use of the CDMS computer/DDU/keyboard.
Therefore, experiment system flight software will be verified during level IV integration
using a simulated CDMS. It is recognized that certain functions/responses that are re-
quired fo close the command/conirol foops will not be available during level IV testing.
Therefore, simulated responses must be infroduced into the CDMS to verify system soft-
ware, It was assumed that these simulated responses would be fumished by the STS for
SIPS and IPS functions and by the experimenters for the sensors/experiments. This soff-
ware to simulate responses is required to verify/validate SIPS and IPS performance before
assignment to a payload. Similarly the required experiment/sensor simulation soffware
is required for performance/specification/acceptance testing of equipments prior to level
[V activities,

Assembly Procedure

The assembly procedure for the Combined Astronomy payload is a relatively straight
forward process of installing experiment end ifems on Spacelab interfacing elements to
form an integrated payload. The procedure is the same whether a distributed site, cen-
tral site, or KSC location is used. The basic procedure remains unchanged whether an in=-
dividual experiment or a complete payload is processed, The buildup sequence of the Com~
bined Astronomy payload is illustrated in Figure 3-19. The sequence is applicable for all
viable ground processing options except for the combined payload activities (activity blocks
7,8,9)Which are not part of the A=1,B-T,and C-1 options. In the case of the distributed site,
the buildup of each of the three payload complements would be conducted of geographi-
cally separated sites, For lead center and KSC options, these same activities could be
conducted either in separafe areas or in one central area af the integration site.

Receiving Inspection

Every item of equipment will receive incoming inspection. Physical as well as
transporfation monitor (temperature, humidity, acceleration, etc.) assessment will be
conducted. A specific time allocation for inspection of experiment equipment was not
developed, Experiment equipment inspection was assumed to occur in time to support in-
stallation in/on Spacelab mounting elements. However, Spacelab equipment receiving/.
inspection was specifically considered.

Forward Complement Buildup

After removal of the pallet cover (612059A), the single forward pallet is inspected
for damage and positioned in its checkout location. Since the pallet has arrived from the
staging area, all appropriate spacelab systems will have been installed, These consist of
coldplates, EPDB, RAU, plumbing and appropriate hardware, and fransition cables and
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fluid lines for subsequent pallet functions.

The SIPS pedestal is processed and mounted ento the forward pallet. A SIPS-unique
sling is used in conjunction with an overhead crane fo position the SIPS pedestal onfo the
pallet, Precision alignment with the pallet is obtained by using the Optical Alignment
Kit (612040).

Both the UV Photometer and Schmidt cameras, mounted in their respective canisters,
are brought to the pedestal for installation in the yokes using unique slings in conjunction
with an overhead crane. Precise alignment of canister-to~yoke is required since pointing
and attitude relationships are critical in farget selection, location and tracking. The
optical alignment kit (612040) is used to aid in the alignment procedure.

Following the mechanical installation of the SIPS pedestal and cenisters, all appro-
priate harnesses and remaining support equipment are installed, Interface verification
tests are then conducted. At this junciure, the forward complement may be prepared for
transport or it may remain in a quiesent state until the other payload complements are assem-
bled and then interconnected for combined payload checkout, If the complement is to re~-
main quiesenf, appropriate ground support equipment (i.e. gaseous nifrogen purge cart) is
attached and monitored as required. If the complement is fc be immediately processed for

transportation, appropriafe packugin[g and shipping operations are conducfed, Shipment
times were included in the appropriafe ground processing flows.

Mid Complement Buildup

In this buildup sequence, the single pallet containing the pre~installed IPS is pro-
cessed through the inspection procedure. The pallet cover (612059A) is removed and
stored and the pallet/IPS are inspected for damage. The pallet and platform {612060A)
are positioned for integration with the SIRTF and its two pallef frain, The IPS pallet and
the SIRTF two-pallet train were staged ot KSC and included RAU's, coldplates, ERDB's,
and the transition cables for function on the subsequent pallets. In case of a requirement
to remove or reposition the IPS, the IPS handling kit (612210) and IPS transporfation kit
(612209) were included in the GSE complement.

This baseline approach is predicated upon the availability of the IPS during level
[V integration. [f the IPS were not available, then the entire pallet could be replaced
by substituting appropriate elecironic/electrical and mechanical interfaces. Specifically,
a single RAU would be used to inferface with the electronic components of the telescope.
A substitute [PS "black box" would be required for the IPS interface functions, The elec-
trical and mectunical interfaces between pallets would also be simulated by GSE cable sets,

Receiving inspection of the two-train pallet occurs simultaneously with the [PS pallet,
The pallet cover (612059A) is removed, the pallet train is inspected and placed into posi-
tion behind the IPS pallet using the two-train pallet vertical sling kit (612006A) and an
overhead crane,
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The SIRTF arrives as an already assembled unit consisting of the MIC, telescope,
cryogenic system, telescope hatch and launch support structure mounted fo some type of
strongback transporfer. The system includes a vacuum pump to maintain an intemal tele-
scope vacuum fo prevent contamination, The fransportation instrumentation (614XXX)
record is rémoved and checkéd for any out of tolerance conditions the unit may have ex-
perienced. [If none are found, the SIRTF is inspected for visible damage then liffed via
the SIRTF unique sling and facility crane and placed into the two-train pallet, With the
aid of the Optical Alignment Kit (612040) and mechanical fools, the unit is instafled onto
the pallets and secured.

Aft Complement

The oft complement is the least complicated system of the Combined Astronomy pay-
load. The oft pallet arrives with coldplate, plumbing and basic harness installed, The
receiving inspection and positioning is similar to that described for the other single palleis.
Similarly the medium energy gomma-ray detector is processed through the receiving in-
spection end placed onto the oft complement pallet with the aid of the Optical Alignment
Kit (612040),

Installation and Test Sequences

Step-by-step sequences of installation and test activities were developed for the
level IV infegration of the Combined Astronomy payload for the applicable ground pro-
cessing options. The sequences for the A-1, B-1 and C-1 options were identical. Three
separafe sequences of activities corresponding to the three complements of the payload
were prepared (Figures 3-20, 3-21, and 3-22), For the A-1 option, the sequences would
be conducted at three geographically separated [ocations end require a full complement
of GSE at each site. —In-the B-1 and C-1 options, the same three sequences are applicable.
Appropriate scheduling/staggering of operations will permit sharing of certain items of GSE
even though the three sequences are conducted separately,

The sequences for the A=2, B-2, and C~2 level IV integration activities are also
identical, Transporfation between activities and the location of the activity vary between
options but the basic tasks are the same. In essence, the three sequences for the A-1,

B-1 and C~1 are conducted and then integrated payload checkout {prior to KSC-STS)
operafions is conducted. These integrated payload activities (which correspond to func-
tional blocks 7, 8 and 9 as defined in Section 2) are delineated in Figure 3-23.

fn the B-4 and C—~4 options, the assembly and checkout is conducted af the integrated
payload level. The sequences for these two options are also identical (Figure 3-24), This
sequence reflects the infegration of the activities of the three complements of the payload
and certain efficiencies that can be achieved by the minimizing of equipment moves and
GSE connect/disconnect activities.
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ZP RECEIVE SPACELAB FLIGHT EQUIPMENT WITK SUBSYSTEMS INSTALLED; EXPERIMENT FLIGHT EQUIPMENT; CONSOLES; & SPACELAB/EXPERTMENT/CONSOLE-UNIGUE & COMMON GSE
' TRANSPORT ALL EQUIPMENT TO LEVEL IV WORK AREA CR TO STORAGE ARFA(3}
PERFORK RECEIVING INSPECTION ON ALL EQUIPMENT(8)
IKSTALL UY PHOTOMETER/TELESCOPE(UV/PT) PANEL IN THE PSS PANEL RACK(7)
IHSTALL SMALL INSTRUMENT POENTINE SYSTFM(SIPS} PANEL IN THE PSS PANEL RACK(5)
_! INSTALL FAR UV SCHMIDT CAMERAS/TELESCOPE PANEL IN PSS PANEL RACK(S)

CONNECT PSS PANELS TO €BS7 AT PORT LEADING EDSE OF PALLET #1{DIRECT SISNAL CABLES} & TD DPERATORS CONSOLES(S/S 2 EXPERIMENT I/0 UNITS)(4)
_[ CONNECT OPERATORS CONSOLE T0 CBS1 AY STARBOARD LEADING EDGE OF PALLET #1(4) .

CONNECT FREON SERVICER{G612084A) TD REFRIGERATION UNIT(612115A) & TO §/5 FREON LOOP /D's AT THE I/F CONNECTOR BRACKET ON PORT LEADING EDEE OF PALLET#1. CONNECT REFRIGERATOR UV ™
_} CONMECT GROUND POMER CABLE TO THE OPERATORS CONSOLE; TO THE P55 PANEL RACK; & TO THE GROUND ROWER SOURCE. FACILITY Hy0.SERVICE $/5 FREON SYSTEM (10)

COMMAND SPACELAR SUBSYSTEMS “0f AT THE OPERATORS CONSOLE(Z) |

LOCATE PALLET F3 [N ITS PALLET INTEGRATION POSITION

HOIST SIPS T& PALLET #1 & LOCATE IN POSITION(4)

PERFORM ALIGNMENT OF $1P$ & TORQUE AITACH BOLTS 7O PALLET 21 PER INSTALLATION DRAWING(8) I

_] INSTALL RARNESS CONTAININE PC-1(AC), PC-2(DC), 5C-1, SC-2 % 5C~12 BETWEEN THE SIPS CONTROL ELECTRONICS UNIT & THE E®DB, PALLET F1{PC-1 & PC-2}; THE EK?ERIMENT RAU(SE-12-SIPS CONTROL); & THE E.’(PERIHENT INTERCONNECTING
STATION(IS){SC-1-SCHMIDT CONTROL/DATA;SC-1-UV/PT CONTROL/DATA)(E} t

INSTALL UV/PT CANISTER ON THE 5IPS(8)
INSTALL FAR LV SCHMIDT CAMERAS/TELESCOPE CANISTER ON THE SIPS[8)
CONNECT GHz SOURCE TO QD's DN BOTH CANISTERS{3)

D VERIFY LEVEL IV INSTALLATIONS OF THE UV/PT & FAR UY SCHMIDT CAMERAS/TELESCOPE EXPERIMENTS USING PSS PANEL RACK(7}

SIPS MAIN POWER CONTROL FUNCTIOK ON-OFF
CANISTER LAUNCH/ENTRY LATCH DPERATION
SIPS QPERATION ABOUT Z AXI¥

SIPS OPERATIOR ABOUT ¥ AXIS

OETTISOR CIRCULT NTEGRITT o SovAL PaGE IS %0,
- can OF POOR QUALITY  FOLDOUT FRawm 2
CANISTER "A" PURGE PRESSURE
FOLDOUT FRAME / 5IPS SCHMIDT CAMERA-DOOR OPEN/CLOSE FUNCTION B

SCHMIDT SYSTEM MAIN POWER ON/OFF FUNCTION

SCHMIDT SYSTEM CAMERA 1 & 2 ONAOFF FUNCTIDN

SCHMIDT SYSTEM TV CAMERAS OPERATING FUNCTICN

SCHAINT SYSTEW FILM ADVANGE OPERATION

SCHMINT SYSTEM DATA RETURN

CAMISTER "B" PURGE PRESSURE

PHOTOMETER MAIN POMER OK/OFF CONTROL FUNCTION

CHANNELTRONS (C1 TO (7} & PHOTOMETER (PM-1 TO PM-2) LOW VOLYAGE OH/OFF
CHAHMELTRONS (CT-1 TO CT-7) & PHOTOMETERS (PM-1 TO PFM-4) LOW YOLTAGE QN/OFF
PHOTOMETER MODE CBNTROL LOCAL/REMOTE

PHOTOMETER CALIBRATION SCURCE CT & PM IN/OUT

FPHOTOMETER COMMAND ENABLE/EXECUTE

PHOTOMETER STAR FRESENCE RELATIVE MAGNITUDE METER

FHOTOMETSR TRACKER LOCK OM/OFF

PHOTOMEYER DETECTOR MALFUMCTION POWER ON/OFF

PHOTOMETER DETECTOR MALFUNCTION AUDIO SELF/TQT

FHOTOMETER OPERATION, CONTROL FUNCTION

WUREL TP T OTO S A s b AN YA

COMMAND SPACELAB $/5's "OFF" AT THE OPERATORS CONSOLE & DISCONNECT ALL GSE CABLING & FLEY LINES (6)
REMOVE ALL CONTROL & DISPLAY PANELS FROY THE PSS PAHEL RACK & SECURE PANELS FOR SHIPMENT (12)
SECURE PALLET #1 FOR SHIPMENT{6) 3-43, 3-44

Bg‘m Figure 3-20.  Forward Complement Installation and Test Sequence
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Il ]
RECEIVE SPACELAB FLIGHT EQUIPMENT WITH SUBSYSTEMS INSTALLED; EXPERIMENT FLIGHT EQUIPMENT; CONSOLES; & SPACELAB/EXPERIMENT/CONSOLE-UNIQUE & COMMON GSE
TRANSPORT ALL EGUIPMENT TO LEVEL I¥ WORK AREA OR TO STORAGE AREA (4]

PERFORM RECEIYING INSPECTION OF ALL EQUIPMENT EXCEPT THE SHUTTLE INFRA-RED TELESGOPE (SIRTF)(8)
INSTALL SIRTF PANEL "A" IN THE'PSS PANEL RACK(8}
INSTALL SIRTF PAHEL "B" IN THE PSS PANEL RACK (6)
_] INSTALL INSTRUMENT POINTING SYSTEM (IPS} PANEL IN PSS PANEL RACK (4)
-] tonmECT PSS PANELS TO £BS7 AT PORT LEADING EDSE OF PALLET #2 (DIRECT SIGRAL CAGLES) & TO OPERATORS CONSOLE [§/% & EXPERIMENT [I/0 UKITS) (4)
COHMECT OPERATORS CONSOLE TO CBS1 AT STARBDARD LEADIHG EDGE OF PALLET #2 (4)
CONMECT FREON SERVICER (612084A) TO REFRIGERATIDNIWUNIT {61215A) & TO 5/S FREON LOOP AT CBH1 AT THE STARBOARD LEADING EBGE OF PALLET #2. CONNECT REFRIGERATOR UNIT TO FACILITY
SERVICE 5/5 FREON SYSTEM (10) F RATER.
CONNEGT GSE FLEX FREON LINES TO THE 5/8 FREON LOOP BETWEEN PALLETS #2 & 43 (5}
CONRECT GSE SIGHAL CABLES BETWEEN PALLETS #2 & #3 (5)
CONNECT GROUND POWER CABLE TO DPERATORS CONSOLE; 70 PSS-PAMELS: & TO GROUND POWER SOURCE. COMMAND SPACELAB SUESYSTl S “ON* AT THE OPERATORS CONSOLE (2)

PERFORM RECEIVING INSPECTION OF SIRTF EQUIPMENT - VERIFY TELESCCPE 1S EVACUATED ({15)
LOCATE PALLETS #3/4 IN THEIR PALLET INTEGRATION POSITIOM
LOCATE PALLET #2 IN |T5 PALLET ENTEGRATION POSITION
INSTALL HARNESS CONTAINING SC-BA,SC-7A & SC-BA BETWEEN CBS53, PALLET #2, & THE IPS BASE CONNECTOR BRACKET (CB){4)
INSTALL HARMESS CONTAINING SC-3, SC-&, SC-88,PC-3B, & PC-48 BETWEEN THE MIC & THE IPS/SIRTF I/F RING CB-{STOW HEATER END FOR LATER COMNECTION) (81
INSTALL HARMESS CONTAINING PC-3A, & PC-4A BETWEEM EPOB, PALLET #2, & THE IPS BASE CB (5}
INSTALL HARKESS CONTAINING SC-7B & .FC-6 BETWEEW THE CRYCGEN TANK HEATER & THE I1PS/SIRTF 1/F RING CB-{STGW HEATER END FOR LATER CONNECTION) (8)
NSTALL HARNESS CONYAINING SC-6B % PC-8 BETWEEN THE SUNSHADE ACTURTOR & THE IPS/SIRTF I/F RING CB-(STOW SUNSHADE END FOR LATER COKNECTION) (19)
INSTALL HARNESS CONTAINING 5C-5 {9FRS) & SC-10 (REMAINING 13 MRS} BETWEEW CB53, PALLET #3 & THE SIRTF ATTACH TRUNNIONS POKER/SIGNAL DISTRIBUTION BOX {SC-5), & THE SIRTF COVER ACTUATORS (S6-10)~
(STOW DISTRIBUTION RPOX % CDVER ENDS FOR LATER CONNECTION {22} I

INSTALL HARNESS CONTAINING SC-§ & PC-5 BETWEEN THE SIRIF ATTACH TRUNNTONS POWER/SIGNAL DISTRIBUTION BUX % THE EXPERIMENT RAL, PALLET #4 (SC-9), & THE EPDB, PALLET #4 {PC-5) - (STOW DISTRIZUTION BOX END
FOR LATER CONNECTION)(1G)
|: INSTALL PC-7 BETWEEM EPDB, PALLET #4, & THE SIRTF COVER ACTUATORS - {STOW COYER END FOR LATER CONMECTIOR)(13)
'—I KOIST SIRTF T0 PALLETS #3/4 & LOCATE IN POSITION {6)
|1 PERFORM ALIGNMENT OF SIRTF & TORQUE ATTACH BOLTS TO PALLETS #3/4 PER INSTALLATION DRAWING (8)
COMNECT BROUND POWER CABLE TO SIATF EXTERNAL POWER RECERTACLE (FOR WACUUM PUMP}{1)
COMMECT ALL COMNECTORS LEFT STOWED PRICR TO SIRTF INSTALLATION (5}

[ ] veRTFY LVEL IV INSTALLATIONS OF THE SIRTF EXPERINENT USIKG THE PSS PANELS (18)

a. SIRTF PANELS BSB WAIN FOMER CONTRCL
b 15 WAIN POWER CONTRQL
c. POHER YOLTAGE AT SIRTF
d. TEST COMMAND PROGRAMMED SEQUENCE RECEIVED AT SIRTF
e. TELESCOPE UOVER ENGAGE/DISENGAGE LATCHES {SIMULATED) 2_
%, TELESCOPE COVER EXTEND/RETRACT (SIMILATED) FRAME
g. TELESCOPE TRUNNION ENGAGE/DISENGAGE (4 PLACES) (SIMJLATED) F{)L;DOQ_@,
h. 165 RING - TELESCORE GOUPLING (SIMULATED) -
/ 11 CHYOSEMIC TAHK PRESSURE READOUT
i ~ CRYUGEHIC TAMK PRESSURE QUANTI
FOLDOUT FRAME k. SUNSHADE EXTEND/RETRACT (SIMULATEC)
1. SEcoND MIRROR POSITION 1/POSTTION 2
m. SIRTF INTEANAL CALIBRATION
n. VIOED THSTAUMENT POINTING SYSTEM CCNTROL FUNCTION
o. SUN AVOID ON/OFF FUNCTION
p. SIRTF MODE SWITCH AUTO/MANUAL FUNCTION
qs CRYO FLOW RATE GONTROL FURCTION
r. CRYO PURGE ON/OFF FUNCTION (SIMULATED)
s. WATER DUMP CONTROL FUNCTION (SIMULATED)
t: VERIFY 195 X, ¥ & 2 CONTROL & RESPONSE (4)

COMMAND SPACELAR S/S's "OFF® AT THE OPERATORS CONSOLE & DISCONNECT ALL GSE CABLING & FLEX LINES (8}
REMOVE ALL CONTROL & DISPLAY PANELS FROM THE PSS PANEL RACK & SECURE FOR SHIPMENT (13) - 345, 3-46
SECURE PALLETS #2 & #3/4 FOR SHIPMENT {8) .

110*HRS Figure 3-21.  Mid-Complemant Installation and Test Sequence
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POSIFIOM PALLET 1 FOR CA F/L ASSEMALY (2)

BOSITION PALLET 2 FOR CA P/L ASSEMBLY (2)
POSITION PALLET 3/4 FOR CA P/L ASSEMBLY (3)

POSITION PALLET 5 FOR CA P/L ASSEMBLY (2)

INITIATE DUTY CYCLE SOFTWARE

NOt!
RO

B % m % . o & A 45 B ;m % s s s @

PERFORM ALIGNMENT AND LEVELING OF PALLETS (4)
COMNNECT PSS PANELS TG PALLET 1 (4)

CONNECT OPERATORS CONSOLE FO PALLET 1 (4)
CONNECT FLEX FREON LIMES BETWEEN PALLETS 142 (4)

CORMECT S5iGMAL CABLES BETWEEM PALLETS 1 & 2 (5}

CONMNECT FLEX FREOQM LINES BETWEEN PALLETS 2 & 3 (5}

COMINECT FLEX FREON LINES BETWEEN PALLETS 4 & 5 (5}

Figure 3-23,

FOR FWD, MID, AFT COMPLEA}!ENTS. RECORD PEAK POWER
ERENCE OF SIGNAL/COMTROL OF EXPERIMENTS PER INTEGRATIOM AND cHeckour

CONNECT SIGMAL CABLES BETWEEN PALLETS 2 & 3 {5}
CONNECT SIGNAL CABLES SETWEEN PALLETS 4 & 5 (5)
CONNECT GROUND POWER TO ALL GSE EQUIPMENT (2)

= VEREY PSS PANEL CONNECTIONS (2)

VERIFY OPERATORS CONSOLE CONNECTIONS (2)
VERIFY FREQN SERVICER COMNECTIONS (2)

VERIEY "POWER UP" READY FROM INSPECTION {2)
APPLY POWER/VERIFY POWER CONTROL {2)

{5 HOURS)

POWER DOWH/REMOVE GEE CONMNECTORS

PREPARATION OF P/L FOR TRANSPORTATION TCQ LEVEL LI 11 {24

Combined Payload Assembly ond Checkout Sequence
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BeCANT SPACELAS PLIOHT EGUIPMENT WITH 585 YSTEMS INSTALLED) EXPERIMENT PLIGHT EQUIHMENT, COMNSDLES AHD SACELARIXMENENT/T OMICUEUNIUE § COMMON D9
TRANSPORT ALL EGUIPMENT TO LEVEL I¥ WORK AKEA ORTQ STORAGE AKEA (3]

WO RECEIVING INSTECTION GH ALL EQUIPMENT EXCEPT THY SHUTTLE INFRASED TELEXCOPE #ACILITY (ENTF] AND THE MEDIIM EHERG Y GAMMA MY DETRCTOR (MEGRD {1}
IHSTALL TINTF PANEL A" OR THE PS5 PAMEL RACK {8)

ANSTALL SITF PANEL "= G THE P53 PAREL RACK (8]

INSTALL UV PHOTGMETEL/TELESCOME (UV/PT) PANEL (N THE F35 PANEL RACK {7)

FNSTALL SMALL INSTUMENT IIlTthad SYSTEM (SUPS) PANEL IN THE PS5 PAMEL RACK, ()

IMSTALL FAN Uy SCHMIDT CAMERLAS/TELESCOPE PANEL |N PSS PANEL RACK {5

JNETALL INSTRUMENT POINTING SYSTEM (IPS) PANEL [N PSS PANEL BACK (8]

INSTALL MEGED PANEL N FS5 PAMEL RACK (3]

CORNECT $55 PARELS TO CI37 AT FORT LEABING EDGE OF PALLET 74 [IHICT SIGINAL CANET} & T OFERATORS COMIOLE (11 & ERMRIMIENG LA N 49
CONHECT OFERATORS CONSOLE TO CH AT STARROARD LEATHHG ECOE OF FALLIT 1 (6

CONMECT GIE FLEX FREDN LIMES 1O THE /5 SREON LODP BeTwEnH PaLLer) 1 g B oy

COMNECT GSL SIONAL CAILEY ICTWEEN PALLEYS #1 & F ()

CONNEGCT FRECN SERVICER (FA120MA) 31 REFRGERATIOM UNIT (Ta1D154A) & TO 34 FRION LOCP Qu/Dh AT THE L CONNICTON TRACKIT ON FORT LEADING, 100 ol u.u.lr 1, COMHICT AFEL UTE 1O
COMNECT GSE FLEX FREQN LINES TO THE 573 FREQN LOOP RETRIEN FAGINTS V4 & F 19y MY Hgtt, MEVICE 3% EON S YEM (iofl,
CONMECT GSE FLEN FREON LINES 10 THE 83 FECH LOC® WTWELN PALUITS P2 & i
CONNECT G52 SHRMAL CAWES ITWELN FALUTS %4 & #5 41]

CONMECT GIE STGHAL CAMES NETWIEH PALLEYS F2 8 F 1)
%mmﬁégﬂwwwmmmmmmmmmw PRI FANELY 470 ROUND MW SOURE, WACLAS 0N AT

/ ERVAZ n0dTog,

PALLET 13

OCATE PALLEF 71 18 ITS PALLET INTEGRATIGN POSITION
HONYT SIS T PALLET F1 AMD LOCATE 1N KOSITION )
RO ALIIHAMENT OF SIPL AND TORGUE ATTACH BOLTE TO FASLET ) PER INSTALLATION Dihwi ) 0
INYTALL HASNESS CONTAINING PC-1 IAT), PG (DCH AC-1, 3Cat, AHO B3+10 BEPWEN THE lrk CONINOR LICTRGMKCS bt l.mm LY Py e | PG 2 T OPERAITOl BAL $9C-13 « SPY CGHIDL THE DIPIMENE
INSTASL Uv/P) CARKSTIR QM FHE 3175 (1) MY N FTATHOM B3] (5C N -SCRAR O NIICL/DATAy 3C.3 » N/PY COMTICR /DAY
IMITALL PAN UV SCHMIDT CAMERARH LEKIOPE CAMIIFIN ON THI i B e

GONMECT Oy SOUACE TO G2ECN mg‘gmmu m

¥

3

mLLET F2

LOCATE PALLET #2 1N ITS FALLET IHTEGRATION #QSION
INSTALL HARRESS CONTAINING 5C-4A, SC-TA & 5C-3A RTWEEN CRS1, MLLII' #2, B THE 175 BASE COMNECTOR BRACKET (T8} W)
NSTALL HARMESY CORTAINIHG FCoth, & PCAAM SETWEEN TPDE, PALLET 72 AND THE I8 hasE CB |9}

MALLET 1/

PERFORM RECEIVING INSFECTIGH OF YITF EGUIFMENT - VEKIFY TEIECOPL 15 IVACUATID (9)

LOCATE PALLESS Fa/4 1M THEIL FALLET IMTEGRATION FOSINON . L,

INITALL HARNESS CONPAIRING 3G.3, 5C4, SC-AN, PG-34, & PC-43 BETWEEN THE MIC & THE IFE/SINTF L/F RN CT - (TTOW MIC END FOR LATER CONMICTIONS 1)

INSTALL HBRHNSS CONTAINING 5C-78 B PC 5 MTWEEM THE CAYOOEN TARK HEATER & THE IFS/SINTF L/ R1HG CO- {FTOW HEATER END A LATER COMNECTION) (1)
[ITALL HAANESS COMTAINING 5G40 & PC.8 BTWEEN THE SURSHADE ACTUATON & THE IPS/SIATF LAY RING C = {TICW SUISHADE ED FOR LATE: CONNECTION) (19

PERFORM ALIGHMENT DF SINTF & TOMGUE ATTACH ROLTE T PALLETS #2/4 PEL INSTALLATION DRAWTHO B}
COMNECT GROGUMD FOWER CARLE 10 SINTF £XTIRNAL POWEL RICEFTACLE #1OA YACUUM Mo (1]
COMMICT ALL CONMECTONS LEFT STCWED PAIOR TO SIRTF | MSTALLATHIM (%)

T 8
oM i
LCXCATE PALLET #4 IN TS PALLET IRTEGRATION POSHTION .
INSTALL HANNESS CONTAINING SC.11 & FC.F BETWEEH EXFERIMAENT RALL, PALLET &5 {SC510}, & VDN, PALLIT P4 0C.9), & 1HE MEQKD « DiTOW PO LA -
MOAST MEGRD TO FALLET #5 & LOCATE IN FOSITION (6)
FERFDRM ALIOMMENT CF MEQLD & TORQUE ATTAGH BOLTS T FALLET PS PER INSTALLATION BRAWTMG B
OONMECT %11 & PC-FCONMNECTONS TO THE MEGHD 7}

AIITVOD ¥00d J0

D WERIFY LEVEL |V INSTAILATIONS OF THE UV/PT & FAR LY SCHMIOT CAMBRALTILEICORT DXTOMMEMTT UBING F11 ML RACK| S 1

6. 5IP5 MAIK POWER CONTAOL FURCTION DN-DFF
CANISTER LAUNG HERTRY LATCH OFEPATION

SIPS OPERATION ABDUT 2 A5

d. SIPS OPERATION ABOUY ¥ AXIS

2. CAMISTERS ALOUT YOKE Z AKIS

15 JlTIISDNCI'CUII MNTEG2IEY.

s CAHISTFL "A= PURQE PRESSURE

b dirs KHMI[}I LCAMERA pOOR GFEMACLOSE FUNCTION
I, BCHMIDT SYSTEM MALH OWER ONADFF FUNCTION

SCHMIDT SYSTEM T CAMERAS APERATING FUNCTION
I, SCHMIDT SYSTEM FLLA\ ADVANCE QPERATION
», SCHMIDT IYSTEM DATA RETURH
CANISTER =8 PURGE PRESSLRE
OTOMETER MALL POWER DN/CFF CONTROL FUNCTIGN
CHANNELTATNS (€1 1 €7} & PHOTOMETER (PM-1 T Pid-3 LOW YOLIAGE W
CHANNELTAONS (CT-1 10 CT-7) IPHDTOWJ'{IS [rit TO Podtd LOW YOLT) OHOH
ro PHOTOMETER MODE SONTREL LI -
. FHOTOMETER U\IMTIDN SOUXCE CT I.PM IN’DU'I
1, MIOTOMETER COMMWAND ENARLEERICUTE
wu, PHOTORETER STAR PAESERCE lEI.MIvI MAGHILUDE MTTER
v, PHOTONETER TRACKER LGLK O
. mml’il PETECTOR. MFI.FUN:'IIDN FOWEL QWG
=, PHOTOMETER DETECTOR MALFUNCTION AUDIO SELKTOT
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g ¥+ MOTGMETER ORERATION CONTROL FUNG
5
= [T vaniey LevEL v INSTALLATIONS OF THE SINTF EXPENTMERT LISING THE P33 PANELS (1)
o a1 SINIE FAMELS ABB MAIN FOWER GG HTADL
B! IPL BT P CONTADL
o FUMARVDITALL A1 4R
,Q A REREL DY) # I HARMI T AITHCT RECEIVED AF STTP
. v T CIH L At L LATCHES (aOLATES)
m Fo TEUITUOPE COVER TRTTND/REIBACT [HMULATE
i o HLLSCORE TRUNNIGN LG AGE/DISERGATGE {1 PLACES) [AMULATID)
ke 12 HING - TELESCOE COUeL e GIMIILATED)
- . E ERYOGIAIT TAMKPRLIRE READDUT. o o

. CRYOUENAC TAN PRESSURE GUANTITY KEADOUT
k, SUMSHADE EXIEND/RUILACT (SIMULATED)
. SECOMD MIRRTR POITION I/FRTION £
SIMTE |NTERNAL CALIBRATION
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In addition to the basic level IV integration activities, payload related fasks during
level 11/l and | integration were identified. Level 111/1l tasks are summarized in Figure
3-25, It is recognized that these tasks are only a small part of the total 111/l integration
activity., However, based upon an assessment of the currently available I11/11 planning
data, these tasks can be accomplished within the allocated time for payload related work,

q 10 20 30 40 50 60 70 80 S50 100 1}[} 120 130 10;0 HUURSJ
L i | 1

I [ L] 1 i 1 1 !

[:::: INSTALL PALLETS IM ON-LINE ASSEMBLY STAND{(7.0}
MATE IGLOO TO LEAD PALLET(10)
MATE PALLETS 1 T0 2, 2 TO 3, 4 T0 5(7.5)
CONNECT FREON SERVICING UNIT & SERVICE FREON SYSTEM(14.5)
INSTALL C4D PANELS INTO OIA & CONNECT TO LEAD PALLET. CONNECT GROUND POWER({14.5)
REFURBISH IGLOO & PALLET MLE(3)
PERFORM PREPOMER. VERIFICATION(9}
SERYICE SIRTF SHe TANK[4)
| PERFORM PAYLOAD INTERFACE YERIFIGATION TEST ON EACH EXPERIMENT IN SERIES{4)

PERFORM DATA REVIEW(8)
PERFORM SIMULATED MISSTON SEQUENCE TEST(17)
PERFORM DATA REVIEM(8)
PERFORM AIR ENTRAINMENT TEST{(2)
DISCOMNECT GROUND POWER, OIA & FREON SERVICER{S)
REMOVE CAD PANELS FROM OIA & TRANSPORT TO OPF{6)
CLOSEQUT SL & PREP TO MOVE(9)

SHAKEDOWN TMSPECTION(3)
REMOVE SL FROM STANG & INSTALL IN CANISTER(12)

Figure 3-25.  Combined Astronomy Payload Level 111/11 Integration

Installotion of the Combined Astronomy payload into the Orbiter requires no unique
activities. AFD control panel installation as well as paliet train/segment installation
can be accommodated in the currently allocated time,

On-pad operations forithis payload are also compatible with current allocations,
However, the operations are rather exfensive because of pre-launch servicing require~
ments. Both the far UV Schmidt Camera/Spectrograph and the UV Photometer Telescope
require GN -2 purge fank filling and the Schmidt camera must be loaded with film, The
medium energy Gamma-Ray detector requires a check to defermine if a top off is necessary
of the Neon tank. The SIRTF has the requirement to pre-chill, fill and top off the cryo~
genic system prior to launch,

The use of supercritical helium in SIRTF requires substantial pre-launch preparation.
A nominal timeline of activities is shown in Figure 3-26, Approximately 70 to 80 hours
prior to launch the cooling system is evacuated to remove any traces of contamination
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which may freeze block coolant flow. The system preparation, evacuation and checkout
requires approximately 30 hours to perform.

[(rs” /50 -atlz-:]é & S o }-—l
l i 7

I \\ SIRTE CRYO SYSTEM EVACUATION (3. 0HRS)

| ] PRECHILL WITH COOLED HELIUM (6, 0HRS)
LOAD SUPER CRITICAL HELIUM (24, 0HIRS)

FIMAL SUPER CRITICAL HELILUM LOADING {8, CHRS)
T=4 START COUNT DOWN (4, OHRS)

-
\
e ——
DEWAR DEWAR AMIIENT
DEWAR LIGUHD DISTRIBUTION BOX
L nevum AN A% J HELRUM
LHe LN2

Figure 3-26.  Supercritical Helium System Chill, Fill and Top Off

The chilldown begins approximately T-42 hours, with ambient helium under high
pressure allowed to flow through a liquid nitrogen bath then through a liquid helium bath
to a distribution box to the SIRTF cryogenic tank (Figure 3-26), The purpose of this dis-
fribution box is to permit chilling and filling of the SIRTF system without disrupting the
configuration,

Post-flight deintegration activities are delineated in Figure 3-27, Although these
activities are summarized in this figure, the analysis and time estimates reflect the same
level of depth as the level IV integration (assembly) previously presented, At completion
of the deintegration cctivities, the pallets are ready for refurbishment/staging for the next
payload.

Integrated timelines from the interaction of the staging activity at KSC through post-
flight deintegration were developed for each option, Transportation times between sites
as well as assembly/checkout activities are included. Curreni time allocations for KSC-
STS operations were used. A mission reference time of seven (7) calendar days was also
included, The summary timeline for the distributed options are presented in Figure 3-28,
Lead center option summaries are presented in Figure 3-29; KSC options are presented in
Figure 3-30, The numbers in each block refer to the funciional activities defined in
Section 2,0,
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I-D

§ 10 15 20 25 30 WORKING HOURS
1 L L . 1. f

[T revove uv/PI CANISTER FROM SIPS(6)

REMOVE FAR UV/SCHMIDT CAMERA/TELESCOPE CANISTER FROM SIPS(6)

REMOYE PALLET 1 POWER/SIGNAL HARNESSES(1)

'} UNBOLT SIPS FROM PALLET 1 & PREPARE FOR MOISTINE(Z)

__| HOIST SIPS FROM PALLET 1 & POSITION ON SHEPFING FIXTURE(1)

REMOVE POWER HARNESS FROM PALLET 2(1)
REMOVE SIGNAL HARNESS FROM PALLET 2{1)

I DISCONNECT ALL SIRTF CONNECTORS ON PALLET TRAIN 3/4(4)
UNBOLT SIRTF ATTACHMENTS FROM PALLETS & PREPARE TO HOIST(6)
HOIST SIRTF FROM PALLETS & POSITION ON SHIPPING FIXTURE(Z)
REMOVE CABLE PC-7(3}
REMOVE HARMESS SC-9/PC-5{2)
RFMOVE HARNESS SC-5/5C-10(4)

REMOVE HARNESS SC-6B/PC-8(4)
L_ REMOVE HARNESS SC-78/PC-6(2)}

| REMOVE HARNESS 5C-3/SC-4/SC-8B/PC-3B/BC-48{2)

r DISCONNECT SC-11/PC-9 CONNECTORS FROM THE MEGRD ON PALLET 5(1)

UNBOLT MEGRD FROM PALLET 5 & PREPARE TO HGIST(3)

HOIST MEGRD FROM PALLET & POSITION ON SHIPPING FIXTURE(2)
__l REMOVE HARMESS SC-11/PC-9 FROM PALLET{1)

[:j SECURE SPACELAB INTERFACES(2)

Figure 3-27.  Level IV Deintegration - Combined Astronomy
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TRANSPORT TO MINICENTERS (5.0}
586 EXPERIMENT INSTALLATION & VERIFICATION (15.0)
TRANSPORT TO KSC (5.0)

K5C |

11&12

LEVEL I/l INTEGRATION (O&C) (8. 1)

13 LEVEL 1 INTEGRATION (OPF) (9.0)

14 MISSION (5.0}
15 LEVEL 1/H/11t DEINTEGRATION (6.5}

1] LEVEL 1V DEINTEGRATION (2.5)

5 {10 115 J20 [25 a0 [35 |
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[2] sTaginNG (2.0)
TRANSPORT TO MINICENTERS (5.0)

8

OPTION A2

58&6 EXPERIMENT INSTALLATION & VERIFICATION (15.,0)

TRANSPORT TO KSC (5.0)
7 INTERIM PAYLOAD CONNECT (4,3}

PAYLOAD CHECKOUT (3.4)

9 | PAYLOAD DISASSEMBLY (3.0}

Figure 3-28,

TRANSPORT TO Q&C (1)

11 4 12 | LEVEL HI/IN INTEGRATION (O&C) (8.1},

13 LEVEL | INTEGRATION (OFF} (9.0)

14 MISSION {5.0)

15 LEVEL 1/31/11i DEINTEGRATION (6.5)
L]il LEVEL v DEINTEGRATION

7
£
Combined Astronomy Ground Processing Flows
for Distributed Site Option
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KSC —

OPTION C1
2| STAGING (2.0)
TRANSPORT TO PAYLOAD FACILITY {1.0)
5856 EXPERIMENT INSTALLATION & VERIFICATION (15,8)
TRANSPORT TO O&C (1.0)
11612 | LEVEL IL/Il INTEGRATION (O&C) (8.1}
13 LEVEL | INTEGRATION (OFF) (9.0
14 | MISSION (5:0)
15| EEVEL 1/11/N1 DEINTEGRATION {6.5)
1] LEVEL 1V DEINTEGRATION (2.5)

5 |10 |15 |20 |25 30 |35 [40 J45 [50 [ 55 | 60 | 65 | WORKING DAYS
i

KSC ~
2] STAGING (2.0} OPTION €2
TRANSPORT TO PAYLOAD FACILIFY {1.0)
5&6 EXPERIMENT INSTALLATION & VERIFICATION (12.8)

7} INTERIM PAYLOAD CONMECT (2.8)

8 | PAYLOAD CHECKOUT (3.4)

9 | PAYLOAD DISASSEMBLY (3.0)

TRAMSPORT TO O8C (1.0)

1 & 12 | LEVEL 11/l INTEGRATION {O8C) (8.1)

13 LEVEL | INTEGRATION (OPF) {9.0)

14 | MISSION (5.0

15 LEVEL 1/13/11] DEINTEGRATION (6.5)
T 16 | LEVEL IV DEMNTEGRATION {2.5)

5 ] 1115 |20 25 130 [35 J4o Ja5 [ 50 [ 55 | WORKING DAYS
KsC ]

2| STAGING (2.0) » ) ‘ OPTION C4
N TRANSPORT TO PAYLOAD FACILITY (1,0)

344 | EXPERIMENT INSTALLATION & VERIFICATION (15.8)

8_| PAYLOAD CHECKOUT (3.4)

PAYLOAD DISASSEMBLY (3.0)

TRANSPORT TO O8C (1:0)

11 812 | LEVEL lit/ll INTEGRATION (O&C) {8, 1)

13 LEVEL | INTEGRATION {OPF} (9.0)

14 | MISSION (5.0)

15| LEVEL I/11/1ll DEINTEGRATION (6. 5)
[16] LEVEL v DEINTEGRATION (2.5)

Figure 3-29.  Combined Asi‘ronomy Ground Processing Flows
for KSC Option
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‘Combined Astronomy Ground Processing Flows
for Lead Center Option
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LIFE SCIENCES PAYLOAD INSTALLATION & TEST REQUIREMENTS

The Life Sciences payload consists of the Spacelab long module configuration. Experi-
ment equipments are mounted in all of the available racks (10), on core and experiment mod-
ule floor segments, and in the Orbiter cabin mid-deck and AFD. The habitable module gen-
eral arrangement is illustrated in Figure 3-31.

OVERHEAD
STOMAGE
{ /SURGICAL WORK. BENCH 2
] i
i | j——JjOO0C
| 80 I
X-76 ; g -
MONKEY !E I e
POD" ASSY L | {E 5 Tk
= Lol
| FREEZER o
» REFRIGEP.ATORE/ 7 @\
PRIMATE, ./
v HOLDING UNIT -' ’ \ w.
RODENT RUDENT QE '
HOLDIKG UNIT HOLDING UNIT

CARDIOVASCULAR & MOTION. [N\
SICKNESS EXPERIMENTS |

* RACK EQl_lIPMENT‘<.
\ «ROTATING BASE \ -

e/ Figure 3-31, General Arrangement for Life Sciences Payload

i .
JZDPULMGNARY
77 & NETABOLIC

EXPERIMENTS

This view, looking aff in the Spacelab long module, illustrates the key features of
the [ife sciences payload, The majority of equipment items are installed in standord Space-
lab racks, These divide almost evenly by volume between standard electronic or electro-
mechanical units (amplifier, oscilloscopes, specirometer, etc.) and special bio~science
support elements (specimen holding units, surgical workbench, refrigerator, etc.).

In addition to the rack-mounted equipment, significant floor installations are required.
The monkey pod installation provides an environmentally controlled chamber for two pri-
mates with automatic feeding and water systems ond a conirolled lower body negative
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pressure. The rotating base assembly supports either a chair or gimballed platform assembly
{normally stowed) and provides for conirolled angular rotation or tilt rates,

Considerable volume is required for the stowage of miscellaneous items for the [ife
sciences experiments, This includes smaller instruments (cenirifuge, microscope) consumables
(specimen food/water) sugical supplies, syringes scissors, etc, Some volume is available in

the racks, including consumables. A multitude of smaller items are contained in the over-
head stowage. ’

The experiments included in the module and racks are shown in more detail in Fig-
ure 3-32, |

X59/60 METABOLISM &
X58/75 HEAT BALANCE
PULMONARY

& METABOLIC

55} o X76 CARDIOVASCULAR
ALTERATIONS

b g 2 WORK

l =l k. N BENCH
{ %13 MUSCLE
PROTEIN

%15 OTOLITH

HOLDING
UNIT

S/LAB %=76 %49,51,66
CONTROL CARDEGVASCULAR CARDTOVASCULAR
CENTER ALTERATEONS L HOTION
SICKNESS

X-76

MOHKEY

POD ; T S/LAB

ASSY HORK BEHCH

PORT SIDE

PUMP ASSY | v ¥49.51, 66
REFRIGERATOR ROTATIOHAL
‘ & FREEZER BASE

Figure 3-32,  Spacelab Module Rack Arrangement For
Life Sciences Payload
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Aft of the Spacelab control center on the starboard side is a double rack of equip~
ment including breathing gas analysis equipment--spirometer, pneumotachometer, mass
spectrometer-~and supporting electronics. The next single and double rack contain common
support items, known as CORE (Common Operational Research Equipment). The next double
rack contains metabolic rat cages and instrumentation for experiments X59 and 60, The
last single rack and the single rack on the aft end of the port side contain pressure control
modules and instruments associated with cardiovascular research on the primates in the floor-
mounted monkey pod assembly,

Half of the next double rack is occupied by experiment X-13 for the study of muscle
protein loss in rafs in zero-g. Experiment X~15, also installed in this rack, uses a primate,
installed in an oscillating "chair" to measure effects of linear accelerations cn the otalith
response, The chair is normally sfowed.

The rest of this double rack, and the next double and single rack include primarily
CORE items, The last experiment double rack contains three experiments associated with
the use of the rofating base. Experiments 49 and 51 use a folding litter chair/table for
instrumented human subjects. X-49 will study blood pooling (cardiovascular alteration)
while 51 will evaluate effects of motion sickness (oculogyral effects of rotation), X-66
uses a gimballed plaiform and bull frog specimens fo measure otolith output adaptation to
zero=g.

The AFD installation is shown in Figure 3-33. The mid-deck installation consists of
temporary storage of specimens during launch and entry operations.
SPACELAB CRT & KEYBOARD (REF)
GSR ELECTRONICS
HEART RATE MODULE
RESPTIRATION RATE MODULE
EKG ELECTRONICS
BVP ELECTRONICS

MISC C/D {REF)

Figure 3-33.  Orbiter Aft Flight Deck Arrangement For
Life Sciences Payload

3-61
SD 78-SR-0009-2



@L% Rockwell International

Space Division

Since the experiment equipment installed in the Spacelab module is self-sufficient
(with Spacelab support equipment) no aft flight deck controls and displays are required.
However, the standard Spacelab CDOMS installation will be included .at the Payload Station.,
In addition, one life sciences experiment is designed to be located in the Orbiter.

This experiment, X-5, will measure the ability of individuals to regulate auronomic
functions, e.g., biofeedback. Instruments, galvanic skin response through blood volume
pulse, provide measurement of success in self regulation for display on the Spacelab CRT,

An added life sciences instrument, a doppler ultrasonic flowmeter (hot shown on
chart) is installed in the avionics bay for use in measuring temporal arterial flow of an

instrumented passenger during ascent and entry,

Transport cages {not shown) for all primates and rodents taken to orbit are designed
for attachment to the orbiter mid-deck floor just oft of the forward avionics bay.

Applicable Ground Processing Options

An evaluation of the Life Sciences payload indicated that all but three of the ground
processing options defined in Section 2 were applicable, The three exceptions were A-2,
B-2, and C-2 because individual experiment/rack integration approaches require a level
[l assembly activity at KSC (functional block 10}, The application of the other nine op-
tions was evaluated to form the basis of all ground processing analyses.

Figure 3-34 shows graphically the scenarios for Life Sciences for distributed site,
lead center, and KSC. For the distributed site case, the besic philosophy requires ship-
ment of Spacelab racks/floors, RAU's, etc, and supporting GSE to Pl's at multiple sites,
At the Pl's site, experiments are installed/assembled to the Spacelab equipment then tran-
shipped to KSC for final integration including an optional off-line payload [evel checkout.
Only the handling and checkout equipment necessary to perform the level IV integration
would be shipped to each distributed site. To these level IV sites are sent the approptiate
Spacelab flight and ground support equipment along with the appropriate simulation, test,
and checkout equipment. The combined assembly and .checkout of individually integrated
elements could be accomplished either during Level HI/II integration activities at KSC
{A-1 option) or in an "off=line" area at KSC (A-3 option) prior fo entering into KSC-STS
operations.

At a lead center or KSC, Spacelab equipment could optionally be received as indi~
vidual racks/floors or as an integrated experiment segment, resulting in slightly different
flow paths. The lead center approach provides for a total integrated payload checkout
and experiment verification af a single site prior to being shipped to KSC., The sharing
of GSE end items would be accomplished with appropriate planning/scheduling. If the
individual experiment/rack buildup approach s used, combined payload checkout could
be performed only during KSC~STS operations (B~1 option) or at the lead center prior to
shipment to KSC (B~3 option), If level IV assembly is accomplished at the integrated rack/
floor level, the Life Sciences payload could be introduced into KSC-STS operations at the
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level 111/l main-stand if allowable over-the-road transportation of 16 foot wide loads can
be accommodated (B-4 option}. [If a 10-12 foot width is a transportation resiriction, then
disassembly of the long module and reassembly in the level |11 assembly stand is required
(B-5 option).

Level IV experiment/Spacelab element integration options at KSC are essentially the
same as for the lead center. The one additional feature is the lack of transportation re-
strictions if a combined payload buildup approach is used. Thus, there is no comparable
"C-5" option. However, the C-1, C~3, and C~4 options are viable alternative for ground
processing of the Life Sciences payload.

Installation/Integration Constraints

Installation requirem ents are dependent upon the location and inter-relationship of
the experiment equipmenfs. In order to establish the basic tasks, each of the generic ground
processing concepts were assessed to establish reascnable groupings of activities,

Distributed Site Options .

Conducting level IV integration af twenty-three distributed sites that correspond to
the experiment complement (Table 3-7) is not feasible, Theoretically, ten sites corres- -
ponding fo the ten available racks could be used, However, examination of the experi-
men} and common suppori-type items, as listed in Table 3-8, shows that some lesser number
is more practical. Combining racks 11, 12 and floor segment 4 at one site allows complete
integration of all experiment 76 - except one stowage drawer - and adds only two mech-
anical stowage drawer installations not under the cognizance of this Pl, ~Similarly, racks
5 and 6 were combined_at one sife since they are identical units, and presumably would
be developed under one center/contractor.

Racks 5 and 6, 7 and 8 were combined at sites also, Combining all four racks (5, 6,
7, and 8) at one site was considered because they have similar interfaces {power/fluid),
similar installation and verification, and will probably be center/contractor developed
cormmon items., However, since different centers could be involved, and in the interest
of broadening the distributed site option data, these were retained as individual site oper-
ations,

Of the remaining racks, No, 3 would be assigned to one of the three Pl's and the
experiment equipment from all three experiments would be colocated. Floor segment 72
should be infegrated concurrently since major functional interfaces are required, The com-
mon support elements listed on the table would also be installed at this site.

Rack 4 would be integrated with colocated experiment 58/76 equipment, with an
X-49 transhipped module and the other peripheral equipment listed on the table. The
same approach would be followed for rack 9 (X13/15), and rack 10 (X59/60), This anal~
" ysis resulted in a selection of 8 disiributed sifes which is a reasonable maximum consider-
ing the life sciences experiment complement,
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Table 3-7.  Life Sciences Payload Experiment Complement
Expt. Study Contract
No. Title Center

(1) X=3 Rat Collagen Tumover ARC

(2) X5 Biofeedback (OAFD Installed) ARC

(3) X-8 Insulin Resistance ARC

(4) X-10 | Rat Plasma Somatomedin Concentration Stanford/ARC

5) " X-11 | Rat Urinary Excretion of 3-Methyl Histidine ARC/JSC

(6} HK-12 Rat Proteolytic Concentration in Muscle Univ. of Tex/ARC

(7} X-=13 In Vivo Muscle Protein Degeneration Univ. of Cal/ARC

(8) X=15 Monkey Static-Otolith Activity Change ARC

(9) X-21 Mice Vestibule-Cerebellum=-Vomiting Center ARC

and Hypothalmic~Pituitary~Endocrine Axis

(10) X-23 | Rat Brain & Renal Renin-Angiotensin Alteration Penn St/ARC
(am X~27 | Rat Lymphoid Tissue Histopathological Changes ARC
(12) X=39 | Monkey Resorption Rate Changes ARC
(13) X-42 | Drosophila Development and Aging ARC
(14) X-49 Human _Cerdiovascular Alteration Stanford/ARC
(15) X-51 Motion Sickness Factors Sen Jose S#/ARC
(16) X-58 Human Pulmonary Function UCSD Sch, of Med.
(17) X-59 | Rat Metabelism and Heat Balance ARC
(18) X-60 | Ratfs Pyrogenic Fever-Salicylate Interaction ARC

(19) X-66 | Otolith Response Adaption as a Function of JsC

CNS Output

(20) X-68 | Erythrokinetics in Man JsC
(21) X-74 | Cellular Immune Response in Man Baylor Univ.

(22) X-75 | Basal and Light Activity Metabolism JSC
(23) X~76 | Monkey Cardiovascular Dynamics Univ. of Cal/ARC
(24) X-=77 | Urine Electrolyte Defermination JsC
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Table 3-8,  Life Sciences Payload Experiment Equipment
Distributed in Spacelab
Major Mechanical or Power C S ;
Rack No. Functional Only Experiment omrion =Uppor
. . Elements
Experiments Equipment
3 X-49, 51, 66 — Refrigerator and
Cenftrifuge
4 X-49, 58, 75 X-77 Radioisotope Monitor
5 — —_ Rodent Holding Unit
6 - - Rodent Holding Unit
7 - X-76 Primafe Holding Unit
& 60 Hz Inverfer
8 - X=3, 8, 23, 59, 40, Surgical Workbench
and 68
9 X-13, 15 X-42, 75 Refrigerator and
Freezer
10 — X-59, 60 X-23 -
11 X-76 X=21, 42 -
12 X~76 - —
Floor Segmenis:
2 =FWS, Racks 3, 4, X-49, 51, 60 - -
5&6 .
2 = Mid, Racks 7 & 8 _ X-15 —_
4 - Aft, Racks 9, 10, X-76 - -
11 &12
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The resulting site distribution of equipment is listed by cross-mafrix of all experiment
designated equipment in Table 3-9, Figure 3-35 illusirates diagrammatically the 8 site
equipment assignments, and also identifies inter—rack electrical cable and plumbing require -
ments. The interconnecting cable/plumbing interfaces would be experiment provided, but
would not be accomplished af the distributed sites. Where functional interface verification
is required ot a distributed sife in order to verify a rack installation, either duplicate equip-
ment or a suitable simulator would be employed. For example, the blood pressure measure-
ment system (BPMS) for experiment 49 is installed ot Site 2, while experimerit 49 is assembled
at Site 1. Af Site 1, an appropriaté input signal to the rack 3 interconnect bracket is re~
quired to verify satisfactory installation of the rack 3 cables and modules.,

At the conclusion of individual site installation end verification activities, the rack/
floor assemblies would be shipped to KSC, where opticnally an interim hookup of the indi-
vidual racks could be accomplished to allow for a combined payload checkout,

Lead Center Options

Performing level IV integration of a lead center could be accomplished either in the
same manner as for disiributed sites, i.e. individual rack and floor segments, or with a
complete assembly of experiment dedicated racks mounted on the floor segments. A pri-
mary advantage for the lead center over a distributed site in either case, is the ability to
significantly reduce the required GSE. A primary disadvanfage is the requirement to pro-
vide travel funds for experiments personnel. The discrimination between individual racks
vs. an assembled partial module occurs in serial/peck processing activities as discussed in
later analyses. The assembled option also allows installation of most of the inter-rack
cables and plumbing which would otherwise be deferred to KSC,

KSC Options

These options have the same basic scenario as the lead center, however, transporta-
tion is only required on-site atf KSC from one facility to another,

Ground Processing Equipment Requirements

Level 1V activities are initiated upon receipt of all of the equipment necessary to
accomplish installation and verification procedures. This premise was applicable for dis-
tributed site or central site activities, Basic equipment groups include Experiment equip~
ment, Spacelab flight hardware, Special Test Equipment- (experimenter provided) and Com-
mon Ground Support Equipment (Spacelab provided),

Experiment Equipment
The list of Life Science experiment equipment (by end item) was given in Table 3-9,
The level IV experiment equipment fotals 158 items that will be installed in racks and in
non-rack locations such as on the fléor segments, in the Orbiter oft flight deck, and in
the Orbifer mid deck. Table 3H0summarizes this equipment, and identifies differences in
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Table 3~9, Distributed (Mini) Centers Experiment Installation

MATRIX, UFE SCIENCES ERUIPMENT - PORT RACK INSTALLATION
. RACK END ? g EXPERIMENT NO.
3 v MAME £
A X TEM R 1} 13 s 6la0 11 12]ua 15 arfaa 27 3942 @ si[sa s9 ec|es es mals 78
a 7 | v monmor 293 X .
b _ 3 _joscuocrapiicRecoroer  _ _Me-2 f | il oo i e e e - ==
TIVE CODE GENERATOR 8621 X
AUDIC MONITOR &6-2 X
MICRODRIVE 663 X
POWER MODULE & STRIP priv; x i
OSCILLOSCOPE 85 X
REFRIGERATED CENTRIF, g-3.1 X xix X XX
REFRIGERATOR B4 X fx xix x  x|xx Ix x x x| =
8 | CARDIOTACH, FLOW MTR. PR. VISR, 492 X
i _ | ECHOCARDIOGRAM & TVCAMERA H49-1 | | __ b i o e e e e = e e — = —fe e =
ISOLATION AMPLIFIER 35-10 X X
ROTATING BASE CONTROL CONSOLE 49-5 X X ®
O5C. RECORD & CHAIR CTRL 45.5 . X X %
CENTRIF. REFRIG, & GAS SHUT, 83,2 X xfx X X %
1 (SPACELAB - EPSF & RAU) -
MATRIX, LIFE SCIENGES SGUHPMENT « STARBOARD RACKS INSTALLATION
c
RACK o jo | S EXPERIMENT
y '/ NAME mem | T | R
L A e | £ |3 58]0 2fia 15 21|23 27 30[42 49 51|58 59 co)ss 8 75 75 7
4 13 | CPUDATAREDUCT. & PRINTER. 753 |1 ) X X
{GAS BOTILE ASSY} - BEHIND RACK 584 X X
CPU POWER SUPPLY 754 |1 X X
b __ | _ jFLOW-VOLUMEELECTROMICS 1383 ;1 | 1. I X X
SPIROMETER 755 |1 . - . 1x X
BLOOD PRESS, MEAS, SYST. {BEMS) 57 [1 x -
- | RADIOY ISOTORE SURV. MET, LIQ, SCIN, |84 x X
FLOW COMTROL UNIT 75 |8 X
MIXING CHAMBER 75-2 X
14 | RADIO ISOTOPE AIR MONITOR 76-28 % [x X X X
INTERFACE PANEL 584 1 . x X
{SPACELAB ICRS) -
MASS SPECTROMETER 58-1 X x -
PNELMMOTACHOMETER 58-2 X
STRIP CHARY RECORCER 585 R X |x
URINE ELECTROLITE ANALYZER 7741 i . X
(SPACELAS £PSP & RALT -
. MATRIX, LIFE SCIENCES FOUIPMENT - PORT RACK IMSTALLATION
RACK Y ? < EXPERIMENT NO. .
- L MNAME ITE
A X Mg R Jsalgc 1 :2[13 15 )22 37 39]42 45 518 59 mluesn!?s 7% 77
5 & RODENT WATER SUPPLY 103 X X X X % X
RODENT H.E, CTRLS/DISPLAY 10-2 X X X xx] x .
\ RODENT HOLDING FACILITY 10-1 {418 5 & oy 5 4 4
{SPACELAS - £PSP) .
5 15 | RODENT WATER SUPPLY 33 Ty XX YT
t __t_|rooerrmecongopiseray_ __ o faz L d @ loxxpo_oxdx )t __|._.__
~ 7 | =OnErT BOLDING FACILITY NES I AR B -1 - S N
{SPACELAB-EFSP] - - - Y= - =T T T
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Toble 3-9. Distributed {Mini) Centfers Experiment Installation (Cont'd)

MATRIX, LIFE SCIENCES FQUIPMENT « PORT RACK INSTALLATION . ’
FACK o jO ] C EXPERIMENT NO,
1 MAME 140
f/ L . mem pe | R
1 % E353]1011I2l:IISZI23273?42495\5359604564874757677
7 4 [ BsHF wATER SUPRLY 15-1) X x
STOWAGE - MONKEY PODS ' -2 x
4/5 | PRIMATE HOLDING UNIT 15=7 115 X X
5 | eLank -
A<C INVERTER - 80 HZ 1512 x x| x X X
] PRIMATE H.F, CTALS/DISPL. 15-8 X X X XX X X XX
{SPACELAH = ICRS - - EPSH) -

MATRIX, LIEE SCIENCES EGUAPMENT — STAREOARD RACKS INSTALLATION .
ol
RACK : enp [OF 6 EXPERIMENT
y '/ RAME aEM | T IR
L s M Essamu12:3tszl232739|424951[5859m¢56374757.577
8 16 | VNSTRUMENIS/SUEPLIES 13 X -
j STOWAGE BLOOD ACQ, KITS B-1 x|x . X X
RADIO ISOTOPE SAMPLES &5-1 - , X X
16717} SURG'CAL WORKSENTH 48.3 X b xdx % x|x  xixxx ix X
17 | STOWAGE ANGIO. & BALANCE FAN | 23-1 R A S
| STOWAGE - RADIOACTIVE WASTE 12 " R E 1 —
STOWAGE - WASTE 56-13 o X X
l (SPACELAB-EPSP) R i B —==F - - = i -
r v
N MATRIX, LIFE SCIENCES EQUIPMENT - PORT RACK INSTALLATION y
RACK . v |© ] € EXPERIMENT MO
3 NAME T}i9
- L ITEM R £l
A A, R 1 E |35 n 2|13 15 21023 27 39042 49 51{s8 59 wlss a8 Ml B 77
7 "2 | |SOLATION AMPLIFIER 14 X X - -
SIGNAL CONDITIONER 153 X -
STRAIN GAUGE PWR SUPELY 152 X
SCOPE SELECTOR 154 X -
o —fo ] AC POWERPILIER 18 Lt e o R e e e e e e e - =
OSCILLOSCOPE 15-5 %
* | IR ANALYZER/OUTPUT MONITOR 12-2 X
- ~  /GAS FLOW CALIB, 13 X
RESPIRATORY CAGES 13-1 X
VIBRATION REED ELECTROMETER 13-4 X .
- - L 13-5 X
3 STOWAGE -]
BIGITAL TAPE RECORDER 755 - X
ROSOPHILA CAMERA (STOW} 421 x
A | Y Mot NI SN AVIUN DUSPURUN PRIDI DRI b SR DENDEIDN SR
REFRIGERATOR - RAT FOOD 34 X XXX |x x{xx X% X
s :
as X oxix xx1x x|x  xix
i (SPACELAB '~ EPSP & RAU) Z Xx}p x
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Toble 3-9,  Distributed (Mini) Centers Experiment Installation (Cont'd)

SITE # 7 : :
MATRIX, LIFE SCIENCES EGUIPMENT - STARBOARD RACKS INSTALLATION
[
RACK : enp [© ] O EXPERIMENT
L NAME 1
%_ A mem 7R 3sa||on !2|13 15 21423 27 37|42 49 51|58 59 40{es &8 74175 75 77
] —i — -
16 18 | METABOLIC CAGE AIR FILTERS 459111 _ . - X
P [ METABOLIC RCVR/PYROGEN TUNING S9-4 | % R TR
J-. OECILQSCOPE SELECTOR o o e - Sei0f - - 2.4 Sripuiel RN
DATA LOGGER 59-1 X X
TAPE RECORDER-ANALOG 59-2 X 4 % X X X X
TORSION BALANCE (SLIDE) 23-2 X
METABOLISM FLOW METERS 593 % . X X
GCAGE AIR FLOW CONTROL 59-4 X N x %
POWER SUPPLY 59-8 - L D 3 4
19 | RAT WATER SUPPLY/ACCESS 599 X
OSCILLOSCOPE 59-14 X X
AIR (GAS) ANALYZER/M, S, SEQ. 5§ 11 Vv {17 X
Eeaceab-keRsy b v el e e o e ] m e e e e e
T T T T METABOLIC CAGES - 557 X X X X
DPIERITE COLUMMS & CAGE CTRL, 5912 X
- {SPACFIAZ FPSPY -

MATRIX, LIFE SCIENGES EGUIPMENT - STARBOARD RACKS INSTALLATION
[
RACK eplo |6 EXPERIMENT
NAME

%_ '/5 11EM I Ezsswn;2131521132739424951585963666&74]757677

n 1 STOWAGE - PERFUSION PUMP 2141 X .
DROSOPHILA STOWAGE 42.2 . x
OSCILLOSCOFE (POD) SELECTOR 76-7 X

. ] _| DEMODULATORPATCH PANEL _ _ _d7ss ! _1_ b {__ _ 1 e e = e e XL
TELEMETRY FUNE/RECEIVER TEA *x
DEMODULATOR 76-5 X
UPPER POD A FLOW CONTROL 76-30
TELEMETRY TUNE/RECEIVER 7416 K
DEMODULATOR 7417 x
UPPER POD 8 FLOW COMIROL 75-1 : X

1+ ] (spacilasi-ERsR) - ——— e L s

12 20 CTRL CALIBR. GASES 7425 X
M, 5, CALISRATION CONTROL 75-i8 . X
SIGNAL CONDITIONER 76-2 i X
BUFFER AMPLIFIER . |78

L U, D BUFFER AMPLIMIER-  _ _ _ _ —{Ise] PPN SRS PSS MDD AP FUNNUI DR I
HEART RATE/DIFFER, PRESSURE 76-9 X
MASS SPECTROM, & SAMPLE YALYES 76-20 % X
MASS SPECTROMETER CONTROLS 76-21 X X
LBNP CONTROLS 7510 x
BARATROM-AMP, PRESSURE 75 - X
PART, PRESS, RATIO COMPUTER 78-24 . B X

1 ¥ [(SPACELABERSP & RAL} -

RACK ] ol o |S EXPERIMENT '
s L MNAME Tz
A A ML g Efas el 10Nz [l3 15 21]23 27 :19|4z 49 S1 lss 59 w|ea & 74]75 76 7§
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Table 3-9. Distributed (Mini) Centers Experiment Installation (Cont'd)
MATRIX, L'FE SCIENCES EQUIPMENT - NON RACK-INSTALLED
INTEGR |LEVEL N[O 48 EXPERIMENT 1O,
v | wocarion NAME aef g%
LEVEL | SITE . NO: E |35 o|t0 11 12]13 15 21|23 27 39]42 42 51 |58.&59 H|es 68 4)75 76 77
wan | o1 | e FROG GIMBAL PLATFORM (STOW) 5B X
w B AISLE MONKEY PODS (A&B) e x
m | - - X-15 FLOGR MOUNT ] 19-9 X
v 1 - FOTATING BASE ASSEMBLY . {94 X X X
i ol OMD RONENE TRANSPORTERS 3-1 1A X X X XIX XX X X X
] - " PRIMATE TRANSPORTERS To=10 | 18« X X X
m | - | ovip HEMATOCRIT CENTRIFUGE (STOW) p-2 X
1 - { ReFRIG. | FROG-HOLDING FACILITY c6-7 , X
| - | ABLE. | MICROSCOPE-ARM MOUNT (STQAWRD)  [60-9 X
m | - - MONKEY OSCILL, PLAT, & ACCEL(JTOW]15-1_|. ° X
i - | oA SESPIRATION RATE MODULE 5-1 X -
it - " GALVANIC SKIMN RESPOMNSE MOD, 5-2 X
1l - - ELECTROMYOGRAPH MODULE 3 X
H - " BLOOP VOLUME ?ULSE ELEX, 54 X
1l = " HEARY RATE MODULE 5-5 X
it - " STOWAGE DRAWER ) X
i - lors,Mip-DK | ULTRASONIC (DOPPLER} FLOW METER  J49- X
1t - STOW MICROSCOPE £8-2 .
i - “ MATING CAGE -5 -
v 1 8 | PoD assY | TEMPERATURE MULTIFLEXER 76-13 X
W [] ~ BASE, POD A 76-15 X
v s - BASE, POD 8 70-12 : X
v ois - PODS INTERFACE PANEL 763 X
v | s " MONKEY POD FOOD DRAWER 7627 X
v 8 - H30 COLLECTION/FILTER ASSY 76-29 X
v | & " FEEDERAWATER SUPL, SIGN. CONDIT,  [7u-31 ] 1 X
v | 8 " CAMERA DRAWER, MONKEY POD 76-32 X
v | 8 " WATER STORAGE DRAWER 7814 X
m b - | stow THAND HEED YOICE RECORDER, 51 - b
m | - | srow ELECTRODES & AMPLIFIER-STOWED e, "
VALY 1 | siow TILT TASLE/UTTER CHAR 513 XX
ivan} i STOW TILF ANGLE TRANSDUCER Niid ‘ X
I\ B ELOW FLO PUMP ASSEMBLY 1433 ' X
-l -fn (SPACELAM. - EFQ3 B.GAGH ’
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T SITE 6 _} SNE4 [ i SITE 1 { SPACELAS
! {
t | | RACK 1
RACK 11 (1) I RACK 9 (2/3) ) RACK 7 (4/5) : RACK 5 {4) i RACK 23 (7/8) |l
FWR ]
| | 28voc | IRVEAT ] ,
X21-t | ST I %e15_" | : 1 x4 41,22, 3,8 !I
| |
srow : X756 | Icas : I X64-10 II
X3 [sTow - |
: -1,42,-3) X42-1 : BSHF | BSHF I :
-4, 5,4 ] &b
o 15 X0} |
sC-12 Xd2-2 scaz | Nﬁt‘Nw |[ a2 ﬂ’.,‘,_, o2 ! 22,3 i -1,42,3,| w495 I £X 1.0,
PWR ONLY | 6 X 15 | 1 t <,-5 | pm) !
o 2,-3,4 | | | EX, COMP,
| . X 8-5 | | I
| FWR ONLY, | i |I ;
X76 i | ‘
“ _: - 1 EpsP &. I Srow Eégsr'i& : EPSP ! :i
o1 ! RAU | x76-26 | our | 1| ,
~17,-30 { | P |
Eﬁlﬂﬁzﬂ&-—-—l 1
! % . | 115YAG €0 Hz(PC -1} ¢
A 0, ¥ SCo5 I L VAC 80 He 3 X8 3,4 =2l
L'-—_— [ —————— 'L' —————— -1Tryrr- - -'i '_—___‘ MR I
EPSP &
EPSP [ LOOSE EQUIPMENT i1 HZ I : [eacs} ONLY 2au |
I %3-1, 15-1, 10 <5 | | i w3 !
. | 8.2, 86-6, -7,-9 X159 l N o !
oiey | 49-6, -9, 682, 5 MECHANICAL i il | stow, ,
L ‘ |81 ONLY | X512, I
o, 872,413, | SITE3 [ xes8'  [x49,51,86 |
| -2'74’ 2-915-3-322-&12 1 [ i | 494 |
FL;OR-SE MENT 4 (LEVEL i) I \/ 8 } FLOOR SEGMENT 2 : FLOOA SEGMENT 1
¢ FLOOR SEGMENT 2 : 3 o |
1
| 1 &
EPSP ) | pc-g 9| B : :
RAU {Pc-8 [
a = =" i el el ilsnsiaiisuuihadiaseiinsuuiiad —| L —— e e e A e = - _ll
1 + TRy, stz ron !
78 ! 1 ' A T . 1 : 400 HZ INVERT,
' 1 T t 1 VIDED
NI : ; I ! EPsp & et HORM How
s | | esF | stow | Epse [ RAU_|x7s-1 2| sC4  (HORM f 0,
| : | L [em ] visoms
: X23-2 | SURGICAL | l X584 i
c )
Y ’ff"f;‘ “ I WORK  BENCH I S5HF i x58 f
e - | i | | o | 42 | i
ca |7 | s | | |
! P ’ ' e ! X755 !
P 5 ol et
werTT] STOW yowy
! 45, 91-10,-11 i STOW_f-sr | : %75 :
: i : N |siow | ! xr6-28 | 3,4 ,
] X33 . -
I ' I "Bou_| stow { i ] T
RACK 12 (20} i RACK 10 (16/19) | RACK 8 (1617} i RACK & (15) 1 RACK 4 (13/14) | CABLES-  PWR: (PC-1THRU P4
) I ] I 2 I - IGNAL: SC-) THRU 1582
S 8 l SITE 7 - SITES - L e i o 5 _IE. _____ o] = PLUMBNG i) (A THRUD)

Figure 3-35.  Rack/Floor Site Distribution and Inter-Rack Connec.ions
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assembly level among concepts, All 97 end items and 20 rack cable sets can be installed
at distributed sites, as well as ot a lead center, Three of the four floor installations could
be completed at distributed sites. The monkey chair base plate installation was deferred
to Level Il in this case. Eleven of 13 plumbing sets could be installed, Thus, deferring
2 sets for Level 11 with the disiributed site concept or a non-integrated option af a cen-
tralized site. OF the total of 26 infer-rack cable harnesses, only six can be installed in
distributed site or non-integrated cenfralized site lead center options. Even with a pre-
assembled payload, however, 2 of the twenty-six must be deferred to Level 1ll, Bio-
specimens in their transporter cages will be installed into the Orbiter af Level I, although
previous inspection and preparation could be required at the sites noted.

Table 3-10.  Life Sciences Equipment Requirements Summary

EEAD CENTER DASTRIZ TED (MINI) CENTERS
WG | ITEM DESIGNATION REQIMTS, SHE 1 SITE *2 M G SITE #4 SHE S, SITE f SITE #7 $17E 73
EXPERIMENT END ITEM/EQUIPMENT
RACK INSTALLED EXPERIMENT END ITEMS ] 15 14 5 5 7 17 " il
RACK CABLE SETS 20 z 2 i 2 z 2 2 4
INTER-RACK CABLE SETS{26 TOTALZ 1 LEVELIIIONLY] 4 2 4
MONKEY POD FLOOR INSTALLATION ] 1
MONKEY CHAIR FLOOR {NSTALLATION 1
ROTATIMG BASE FLOCR INSTALLATION 1 1
PLUMBING [MSTALLATIONS 13 5 3 1 ] 1 1 4
BELOW FLOCR PUMP ASSEMBLY 1 !
ORBITER INSTALLATION (CAFD, OMD) (LEVEL 1) @
SPECIMEN TRAMSPORTERS {LEVEL 1) (4] ) m ) [r;]

Spacelab Flight Hardware

Spacelab-unique equipment consists of all those items of Spacelab equipment that
are normally provided by the Spacelab program. A list of the required Spacelab equipment
is shown in Table 3-11, The major equipment items required for Life Sciences Level IV
experiment installation and interface verification are the single and double racks, EPSP's,
EPDB, RAU's, CACB, ICRS"s, friple floor segments and a double floor segment.

Table 311, Life Sciences Payload Spacelab Interfacing Equipment

LEAD CENTER 2157212 TED [MINI CENTE?S i
CWG. ETEM DESIGNATISN PECIMTS. SITE 1 SITE ¥2 SI7E "3 SHE f4 SITE #5 SITE P8 TE Hy SITE :31
-+

. .

RACKS, LONG MODULE $PACELAB, DOUSLE [} 1 i 1 1 1 1

RACKS, LONG MODULE SPACELAB, SINGLE 4 2 2

EXPERIMENT POWER SWITCH PANELS (EPSPY 10 1 1 L2 1 1 1 i 2

EXPERIMENT POWER DISTRIE EOX [EFDA) | N t

REMOTE ACCESS UHNITS (RAL'S) ] i 1 i L

CACB {FLOGR) H 1 !

INTERCOMM REMOTE 5FA, {ICRS PANELS) 3 1 1 1

FLOOR SEGMENT, TRIPLE - 2 1 1

FLOOR SEGMENT, DOUBLE 1 . L.

3-73
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Ground Support Equipment

The Ground Support Equipment (GSE) listed in Table 3-12 is common Spacelab pro-
vided support equipment that is used for Level IV experiment integration af each of the
eight distributed (mini) sites or a lead cenfer/KSC, These GSE items will be used for in-
stallation and verification activities. Additional equipment items are used for fransporf
and handling of Spacelab Flight Hardware. [ can be noted that a lead center concept
requires considerably fewer items than the total of oll disiributed sites.

Table 3-12, Life Sciences Payload GSE Requirements

LEAD CENTER NSTRELLTED {MEN]) CENTERS
DWG.. ITEM DESIGNATION rEoMTS, | SITE A SITE 12 SITE 2 SITE 74 |, SHE " SITE#s |- STEf7 | SIMES §

IGROUND SUWPPORT EQUIPMENT

4120024 | TRANSPORT DOLLY, RACK & FLOOR
A12008A | VERTICAL SLING KiT, RACK & FLOOR
&12047A [ RATK &FLOOR SHIPPING COVES
S12048A |  RACK LFLOGR TRANSPORT PLATFORM

.
- -

6120494 | RACK &FLOOR SUPPORT BRACES KIT 1 1 1
6120504 | DOUBLE RACK HANDLING C/O & TRANSPORT KiT 1 ] { i i

512045A | SINGLE RACK HANDLING C/O & TRANSPORT KIT 2 B

5120584 |  DESICCANT CANISTER, MEDIUM, DOUBLE RACK 6 1 1 i 1 1 1 2
5120694 | DESICCANT CANISTER, SMALL, SINGLE RACK 4 2

812071A |  ACTIVE ENVIRONMENTAL CONTROL CART 1

6121064 | ROAD TEBOWNKIT, U.S 1 b 1 t i 1 1 1 1
SHXXX | TRANSPORTATION INSTRUMENTATION i 1 H 1 1 H V 1 -
810X |  OPERATORS CHECKOUT CONSOLE 1 1 1 1 1 1 1 ) 1

413008 CONTIMUITY TESTER, ELECTRICAL 1
£13039 GROUNDING/BONDING TESTER 1
H1200K VACUUM PUMPING UNIT 1
SI2XXX RACK COOLING UNIT {SUPPORT C/O) 1
612XXX | GAS, BOTTLES, SUPPLY URNIT ¥

ST4XXX G, SERVICE SET 1 1 3
S12114A | CLEANING KIT ! 1 ] 1 1 1 1 1 i

Special Test Equipment

In addition to the Spacelab oriented GSE, several items of experiment unique test
equipment were identified (Table 3-13). These items would be provided by the experi-
menters and used during verificafion tests. This special fest equipment is solely for inter-
face verification purposes; it is not intended for use in conducting performance/specifica-
tion tests,

Table 3-13, Life Sciences Payload Special Test Equipment

LEAD CENTER LSTR[M TED (MINY) CEMTERS

. ITEM DESIGNATION REQMIT, SITE P4 SITE #2 SITE #3 SITE F4 SITE F5 SITE #5 SITE Fr SATE I3
HUMAN FHYSIOLOGICAL SIMULATOR {P1 FURN.) 1 1
EROG SIMULATOR {PI FURN. } 1
RAT SIMURATOR {PL FURN, }

FOCULOGRAPHIC SIMULATOR (P1 FURM.)
MASS SPEC ANALOG DATA SIMULATOR (PF FURN,)
RAT TEMPERATURE OUTPUT SIMULATOR {PI FURN.)
MONKEY PHYSIQLOGICAL SIMULATOR (Pl FURN,)

llliiilg
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Installation and Test Procedures

Level IV installation ond test activities are similar activities, whether performed at
distributed sites, lead center, or KSC or whether the integration is accomplished by indi-
vidual rack or af the payload level of assembly. The major difference occurs in that ex-
periment verifications would be performed after installation on all racks/floors in the case
of payload level buildup rather than ofter each individual rack is assembled,

Assembly Procedures

The assembly procedure for the Life Science experiments consists of mounting the
experiment end item modules into the standard 19-inch Spacelab racks and on the floor
segments, The assembly procedures are based on standard Spacelab installation methods
which will provide high operational reliability and sofety. The assembly procedures, in-
cluding inspection, will assure:

(1) Smooth and even contact between assembled components,
both electrical and mechanical

(2) Application of specific torques
(3} Assurance of non-interference between end items

(4) Alignments as required.

1
Assembly will be conducted in approved and designated area only and by properly
trained personnel, .

The rack frames arrive af the Level IV experiment instollation site with the rack sub-
systems premounted, This includes the RAU's, power systems, and EPSP, The racks are
either positioned on the rack frame stands for Level IV activities, or arrive in an assembled
payloads configuration. The Life Science experiment modules are then mounted into the
rack frames (ond floor segment) and the appropriate elecirical and.fluid interfaces made,
This includes electrical hamesses, command and data cables and fluid line connections.

This same installation procedure is used at the distributed sites, lead center, or KSC,
The basic procedure remains unchanged whether an individucl experiment or a complefe
payload s processed through o Level 1V installation activity. All necessary installation
items will be available at the Level 1V site prior to beginning the installation sequence.

A series of flow diagrams was prepared fo define the basic sequence of operations
for the assembly process. Figures 3-36 through 3-43 define these sequences for Sites 1

through 8, and would be the same for lead center concepts with non-assembled rack frames,
Figure 3-44 illustrates the flow diagram approach for an assembled payload,
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» LEAD CENTER/KSE - LIFE SCIENCES PAYLOAD GROUND ASSEMBLY OPTION
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Experiment System Interactions

Interface verification of installed Life Science experiment equipment will be per-
formed initially on individual experiment rack modules and later on integrated payloads
during combined payload checkout. For the most part, each of the experiments operate
independently of the others. They do not interface nor interfere with each other. After
all end ifems of an experiment are installed, tests will be conducted to verify connecter
and wire harness/fluid line infegrating. All end items and supporting equipment are as-
sumed fo arrive healthy, therefore, these tests will be primarily concerned with verifying
data signals fo interconnected experiment end items, CDMS simulator, data recorder,
printer, and CRT, Typically, testing will be accomplished by observing waveforms/status
lists on a CRT and comparing these outputs to a predetermined signal that occurs in res-
ponse fo a specified command. Testing of CDMS signals through the RAU's will use a
CDMS simulator, The observation of signal waveforms displayed on a CRT connected to
the output data stream will assure that the correct response fo a command has occurred,

Man~Machine Interfaces

To verify operation of some Life Science experiments, cerfain Principal Investigator
(PI)} furnished animal and human simulators will be used, These essentially consist of sig-
nal generators which serve as o human physiological simulators, frog nerve signal simulat-
or, rat bic-telemetry simulator, oculographic (EOG) simulator, mass spectrum analog data
simulator, rat/cage temperature output simulator, and the monkey physiological simulator.
For testing of the floor mounted Experiment 49 rotating base assembly with ifs drive mech—
anism and tilting base plate, the stowed litter chair/tilt table (Expt. 49/51) and the stowed
frog gimbal platform (Expt. 66) will be used, The litter chair/tilt table and frog gimbal
platform are removed from storage and mounted on the rotating base for acceleration/
rotation tests,

The monkey physiological simulator will be used in the monkey pod (Expt. 76) veri-
fication tests, After the monkey pods and bases are mounted to the floor segment, the
experiment modules are mounted into the pod bases, the pump assembly is mounted under
the floor, and the appropriate electrical and fluid interfaces made. The monkey pods and
bases, when delivered to the Level [V site, are ready for direct installation onto the floor
segment and only minor subsystem equipment need be installed.

On~Pad Operations

The Life Sciences live test specimens (rodents, primates, and frogs) will be carried
during ascent (and descent) in the Orbiter mid deck stowage until the Spacelab has been
determined to be stabilized and hgbitable (approximately T+3 hours), On-orbit, the speci-
mens will be moved through the tunnel into the Spacelab and installed in the rodent and
primate holding facilities.

3-95
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Software Requirements

There are no Life Science experiment or group of experiments requiring experiment
unique application programs in the CDMS computer. Six experiments (Exp. 13, Muscle
Protein Degradation, Exp. 15, Monkey Activity Change, Exp. 49, Human CCJI‘dIOVQSCU[Cﬂ’
Alteration, Exp, 58, Human Pulmoncry Function, Exp. 66, Oi-o]nh Response Adaption,
and Exp, 76, Monkey Cardiovascular Dynamics) do provide outputs to the CDMS in three
ways: (1} data signals through the RAU’s fo the data bus, (2) data signals directly info
the video channel, and (3) data signal oufputs to the High Data Rate Multiplexer (HDRM),
Standard Spacelab software control of CDMS operutions is required during subsystem inter-
face verification.

Experiment Installation and Test Sequences (Waterfalls)

A series of Level 1V installation and test sequences reflecting the procedures pre-
viously described were prepared and timelined in o waterfall format. These were prepared
to serve as the basis for eventual equipment utilization times, and manpower estimates for
study baseline cost datfa,

Mini-Center Waterfalls

The Mini-center sequences were based on the following guidelines: (1) Spacelab
equipment is available af an integration sife as required, i.e. racks, common equipment,
floor segments, etc., (2) a full complement of experiment end items are on hand to allow
complete checkout of rack installations, (3) all end items are operative upon receipt, sub-
ject fo receiving inspection, (4) non-functional experiment hardware such as storage space
does not require level [V integration verification, and (5) installation is rack oriented
rather than experimenf oriented,

Mini-Center One., A floor segment is required in addition to rack 3 to complete
the assembly and allow verification of the installation, The rotating base on which the
tilt table is mounted is aftached to the floor assembly near rack 3, and power and data
cables are provided through the center aisle connect bracket (CACB). The waterfall,
Figure 3-45, was prepared for Mini-Center 1 assuming no interference between the in-
stallation of the rotating base, and the installation of the rack 3 mounted end items.

The tilt table and rotating base assembly is shared by experiments 42 and 51 and the ro-
tating base is also used for installation of the Gimballed Frog Platform to perform experi-
ment é6. Verification of all Level IV connections can be accomplished by using the ro-
tating base in conjunction with the tilt table and gimballed frog platform and verifying

. the functions of all experiment 49 and 66 end items, Therefore, two verification fest
blocks are shown on the waterfall.

3-96
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DAYS 1 I 2 3 | + | 5 | & [ 7 | 8 ,] % [ 10 i
HOURS 10 20 P 40 50 &0 77 0
[ | RECEIVE AND |NSPECT END ITEMS (16.0)
L TNSTALL ROTATING BASE (EXP. 49E.1, 4) TO FLOOR SEGMENT (4,0)

IINSTALL POWER HARNESS FROM EXP, 49 E.1, 4 7O EPDB IN FLOOR SEGMENT (3,0)
ENSTALL SIGNAL HARNESS FROM EXP, 49 E.), 4 TO RACK 3 INTERCONNECT PANELS (3.0
] INSTALL REFRIGERATOR (EXP. 8 E.), 4) IN RACK 3A (2,0)
INSTALL REFRIGERATED CENTRIFUGE {EXP, 8 E.I. 3} (1.0}
INSTALL OSCILLOSCOPE (EXP. 66 E.I. 5) IN RACK 3A (1,0)
INSTALL POWER MODULE (EXP. 66 E.1, 4) IN RACK 3A (1.0)
INSTALL MiCRODRIVE (EXP. 66 E. 1. 3) INRACK 3A (1.0)
INSTALL AUDIC MONITOR (EXP. 66 E.). 2) IN RACK 3A (1.0
INSTALL TIME CODE GENERATOR (EXP, 66 E.1. 1) IN RACK 3A (1.0}
INSTALL VISICORCER {EXP. 49E.1, 2} IN RACK 3A (1.0)
INSTALL TV MONITOR (EXP, 49 E.1. 7) IN RACK 3A {1.0}
_INSTALL ROTATING BASE CONTROL CONSOLE (EXP, 4% E.1, 5} IN RACK 38 {1.0)

INSTALL ISOLATION AMPLIFIER (EXP. 51 E,i. 2} IN RACK 38 (1.0)

INSTALL ECHOCARDIOGRAM (EXP, 49 E.|, 1) IN RACK 3B (1.0}
[NSTALL CARDIOVASCULAR INST. PANEL ASSY (EXP, 49 E,1, 3) !N RACK 38 {1.0)
INSTALL SIGNAL HARNESS FROM RACK 3B ENG ITEMS TO RACK 3B INTERCONMNECT PANEL AND RAU {10, 0)

] INSTALL SIGNAL HARNESS FROM RACK 3A END {TEMS TO RACK 3A INTERCONNECT PANEL (10.0) '
INSTALL POWER HARMNESS FROM RACK 3 EPDP TO ALL END ITEMS {18.0)
INSTALL COAX CABLE HARNESS FROM EXP, 47 Els 1 & 7 TO RACK 3A INTERCONNECT PANEL u 43
IINSTALL RACK 3 ON FLOOR ASSY {4, 0)
CONNECT GSE AIR FLOW CONTROL SYSTEM TO RACK AIR FLOW DUCT SYSTEM (3. 0)
PERFORM AIR FLOW BALANCE PROCEDURE (4,0}
TMSTALL TILT TABLE (EXP, 51 E, 1, 3) ON EXP, 49 El, 4 (1.0}

CONNECT PHYSIOLOGICAL SIMULATOR TO EXP, 51 E,), 3 (1.0}

EXP, 47 & 8, VERIFY l

e MAIMN POWER APPLICATION TO ALL
. ENDITEMS {13 ITEMS)
o SIMULATOR ECHOCARDIOGRAPH DATA AT
E.l.49-2 &7
» SIMULATOR ULTRASONIC FLOWMETER DATA
AT METER ONM E,1, 49-4 & COMS5 SIMULATOR '
o SIMULATOR PRECORDIAL ACCEL DATA AT )

Z-6000~4S-84 dS

CDMS SIMULATOR
* SIMULATOR CARDIOTACHOMETER DATA AT
METER ONE. I, 49-6 AND CDMS SIMULATOR
o TABLE TILT ANGLE CONTROL AT E. I, 49-3

EXP. 66, VERIFY

Figure 3-45,

» ROTATING BASE CONTROL OF PLATFORM
AT E.l, 49-5
o ROTATING BASE DATA QUTPUT AT CDMS SIMULATOR
* SIMULATOR EKG SIGNAL AT POWER MODULE
E.l, 46=4 AND CDMS SIMULATOR
s PLAYBACK AT POWER MODULE (E.I, é6-4) AND
OSCILLOSCOPE (E.[, 64-5)
o NERVE AUDIO QUTPUT AT E.l. 46~2 & CDM35
SIMULATOR

Life Science Distributed Site #1 Installation & Test Sequence

CONNECT PHYSIOLOGICAL DATA LEADS TO SIMULATOR & EXP, 49 E.J.s 1,4,5, & 6{1.0)
CONNECT CDMS SIMULATOR TO RACK 3 RAU {1,0)

CONNECT GSE POWER CABLES FROM GROUND SOURCE TO RACK 8 EPDP, AND TO THE

VERIFICATION TESTS £XP. 49 & 8 (3.0) (SEE TABLE FOR DETAILs) FLOOR EPDB {1.0)

1 REMOVE PHYSIOLOG|CAL SIMULATOR FROMEXP, 51 E.1. 3 {0.5)

REMOVE EXP, 51 E.|, 3 FROMEXP, 49,1, 4 AND STORE (0,5)

INSTALL GIMBALLED FRQG PLATFORM (EXP, &66-8) OMEXP, 42 E.1, 4 (1,0}

CONNECT FROG SIMULATOR TO EXP. 66 £.1. 8 (1,0) '

POSITIOMN STEPPENG MOTOR & COMNNECT DATA CABLE TO EXP, 66 E,13 Q.D)

VERIFY MICRODRIVE FUNCTION AT EXp, 66 E. 1. 3 {0.5)

DISCONNECT MICRODRIVE DATA CABLE (0.5)

VERIFICATION TESTS EXP. 66 (2.0) (SEE TABLE FOR DETAILS)

SECURE TEST SETUP {2,0)

DISCONNECT GSE AND STORE (3.0)

_ | PREP FOR TRANSPORT (6.0)

ug|siag acedsg
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Mini-Center Two,  Af mini-center two of one double rack, rack 4, is involved.
No conflict is anticipated when installing end items in both halves of the rack, The rack
primarily contains end items from experiments 58 and 75, The mass spectrometer, end
ttem 58-1, and the strip recorder end item 58-5 are shared by several other experiments,
Verification of the rack 4 end items requires a human test subject. The waterfall is shown
in Figure 3~46.

Mini-Center Three,  Both racks 5 and 6 are assembled af this mini-center, Both
confain rodent holding facilities and related equipment. These holding facilities are used
by most of the experimentors requiring rodents. Verification of each rack installation is
simple and it is assumed can be done in parallel, as shown in Figure 3-47.

Mini~Center Four,  Rack 7 contains the primate holding facility and associated
equipment, Although designed for primates, the equipment and the installation/verifica-
tion process are comparable to the rodent holding facilities of racks 5 and 6, and could
be assembled af the same mini-center, The integration sequence is shown in Figure 3-48.

Mini-Center Five.  Rack 8 consists of mostly sfowage areas and the surgical work
bench which is shared by many experiments. Figure 3-49shows how this rack could be
easily assembled in conjunction with another mini cenfer such as three or four,

Mini-Center Six,  This site activity (Figure 3~50) consists of the tasks to instail
the equipment in Rack 9. The floor mounted X~15 mounting plate for the monkey chair/
platform/accelerometer assembly will be shipped directly to KSC for bolting to the Space-
fab floor, thus eliminating the need for shipping an independent floor segment for this
single mechanical function,

Mini-Center Seven,  Experiment 59 equipment is installed in Rack 10. There is
no unique operations required for this mini-cenfer. The sequence is shown in Figure 5-51,

Mini-Center Eight,  Experiment 76 equipment is contained in Racks 1T and 12 and
includes the monkey pod assembly. A floor segment is required as part of the experiment
buildup, fo allow mounting of the monkey pod assembly and other support equipment lo-
cated in the floor., Checkout of the entire assembly is then possible, and the floor assem-
bly with the racks attached will be shipped as an integral unit. Figure 3-52 presents the
total sequence, which is the longest of all the mini-center flows.

Centralized Site Waterfalls

The waterfalls of level IV integration activities are identical for comparable lead
center and KSC options. That is, the B-1 option sequence is identical to the C-1, B-3,
C-3, and B4 fo C—4. In addition, the only difference beiween the B-1/C-1 options and
the B-3/C-3 options is the combined payload checkout activities associated with the lafte
two options. The waterfall for these four options is shown in Figure 3-53. Note the last
seven operations are applicable fo options B~3 and C~3 only, This waterfall reflects the

paralleling/integrating of the eight distributed site activities (previously described) to
minimize GSE requirements and maximize personnel utilization.

. 3-98
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el li ? 20 ? 30 ‘} 4p : 5 : & q 70 ? g0
T
HOURS| b t ) P P |
I |RECEIVE AND INSPECT END ITEMS (15.0)

- [T INSTALL MIXING CHAMBER (EXP, 75 £.1. 2) IN RACK 4A (2,0}

r——l INSTALL SIGNAL HARNESS FROM RACK 4A INTERCONNECT PANEL TO EXP 75 E.1, 1,2 & 3, EXP 58 E.|. 3, & EXP, 49 E,l, 7 (10,0}

INSTALL FLOW CONTROL UNIT (EXP, 75 E.4. 1} IN RACK 4A (1.0)
INSTALL RADIOISOTOPE METER & LIQUID SCINTILLATION COUNTER (EXP, 68 E. I, 4) IN RACK 4A (1.0)
INSTALL BLOOD PRESS, MEASURING SYSTEM (EXP, 49 E. I, 7) IM RACK 4A) (1,0)

INSTALL SPIROMETER (EXP. 75 E,1, 5) IN RACK 4A (1,0}
INSTALL FLOW/VOLUME ELECTRONICS PANEL (EXP, 58 E.), 3) IN RACK 4A (1.0)

INSTALL CPU POWER SUPPLY (EXP. 75 E,I. 4} IN RACK 4A (1,0)
INSTALL CPU DATA DISPLAY UNIT (EXP, 75 £.1, 3) IN RACK 4A (1,0)

INSTALL RADIO {SOTOFPE AiR MONITOR {(EXP, 76E.1, 28} IN RACK 4B (1.0)

INSTALL INTERFACE ELECTRONICS PANEL (EXP. 58 E.§, 4) IN RACK 4B {1.0)

INSTALL MASS SPECTR. /PNEUMOTACHOMETER ASSEMBLY (EXP. 58 E.1. 1 & 2) IN RACK 4B {1.0)
INSTALL STRIP CHART RECORDER (EXP. 58 E,[, 5) IN RACK 4B {1.0)

INSTALL URINE ELECTR. ANALYSIS UNIT (EXP, 77 E.I. 1}4N RACK 4B (1,0)

INSTALL GAS SUPPLY RACK AND GAS CYLINDERS (EXP, 58 E, |, &) in RACK 4B {1.0)

I INSTALL SIGNAL HARNESS FROM RACK 4B INTERCONNECT PANEL TO EXP. SR E.J, 1, 4 & 5 (8.0)

J INSTALL POWER HARNESS FROM RACK 4 EPSP TO EXP, 75 E,i, 1 THRU 4, EXP, 77E.1. 1, EXe, 58 E.), 1,2,3,5,

-

VERIFICATION

MAIN PFOWER APPLICATION TO ALL
END ITEMS (12 ITEMS)

MASS SPEC, VACUUM PRESSURE ON
EXP, 58 E.1, 1

VOLUME FLOW DATA ON EXP. 58
E.[. 5 AND CDMS SIMULATOR

MASS SPEC, DATA OMN EXP, 58E,!, §
AND CDMS SIMULATOR

BLOOD PRESSURE SYSTEM OPERATIONS
ONEXP, 75 E.}, 3 PRINTER

RADIOISOTOPE AIR MONITOR OPERATION

VERIFY SPIROMETER OPERATION ON
EXP, 75 E,}, 3 PRINTER

' ) I INSTALL 5 GAS LINES FROM EXP 58 E, 1, 4 O EXP, 58 E,1, 2 (10,0}

EXP, 76 E.1, 28, EXP 49EI 7,
. 6B E,I, 4 (8.0

INSTALL 2 GAS LINES FROM EXP, 58 E.), 6 TO EXP, 58 E.1, 3 (6.0}

[ INSTALL 5 GAS LINES FROM EXP, 58 E,l, 6 TO EXP, 58E,I, 4 (8.0)
INSTALL 2 GAS LINES FROM EXP, 75 E,1. 1 TO EXP, 58 E.L, 2 (4.0)
INSTALL 2 VACUUM LINES TO EXP. 58 E.I. 1 (6.0}

LEAK CHECK ALL LINE INSTALLATION (4.0}
ONNECT GSE POWER CABLE FROM GROUND SOURCE TO RACK 4 EPSP (1,0}

CONNECT CDMS SIMULATION TO RACK 4A INTERCONNECT PANEL (1,0}

CONNECT VACUUM PUMP TO EXP 58 E.1. 1 {1.0)

CONNECT FACE MASK & AIR HOSE TO EXP. 75E.1, 1 & 2 (0.5)

CONNECT BLOOD PRESSURE TRAINSDUCER TO EXP, 49E. 1, 7 {0.5)

TURN ON GAS SUPPLY FROM EXP, 58 E.l. & {0.5)

ATTACH FACE MASK AND BLOOD PRESSURE TRANSDUCER TO TEST SUBJECT (0,5)
VERIFICATION TESTS (SEE TABLE) (4.0)
SECURE TEST SETUP (2,0}

DISCONNECT GSE AND STORE (4,0)

, PREP RACK FOR SHIPPING (6.0)

Figure 3-46, Life Science Distributed Site #2 Installation & Test Sequence
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I | RECEIVE AND |INSPECT END ITEMS (RACKS 5 & 6) {5.0)

INSTALL RODENT HOLDING FACILITY (EXP. 10 E.1. 1} IN RACK 5 {2.0)

INSTALL RODENT HOLD|NG FACILITY C/D PANEL (EXP, 10 E.1. 2) INRACK 5 {1.0)
INSTALL RODENT WATER SUPPLY ASSY (EXP, 10 E.i, 3) INRACK 5 {2,0)
INSTALL WATER LINE FROM EXP. 10 E.1. 3TO EXP. 10E.1, 2 (4,0)
INSTALL WATER LINE FROM EXP, 10 E,l, 2 TO EXP, 10E.1. 1 {4.0)

INSTALL POWER HARNESS FROM RACK 5 EDPB TO EXP. 10E.1. 1 AND EXP. 10E,I. 2 (8.0)
INSTALL SIGNAL HARNESS FROM RACK 5 INTERCONNECT PANEL TO EXP, 10E,1, 1 AND EXP, 10 E,1. 2 (8.0)

CONNECT AIR VENT TO EXP, 10E,1. 1 (3.0)

CONNMECT GSE POWER CABLES (2) TO RACK 5 EPSP (2,0)
INSTALL RAT SIMULATOR FOR BIOTELEMETRY (2.0)

, VERIFICATION TESTS {SEE TABLE} (3.0}

T] INSTALL RODENT HOLDING FACILITY (EXP. 3 E. 1. 6) IN RACK 6 (2,0)

VERIFY

INSTALL RODENT HOLDING FACILITY C/D PANEL {EXP, 3E.l. 7) IN RACK 6 {1.0)
INSTALL RODENT WATER SUPPLY ASSY {EXP. 3 E.I. 5) IN RACK & (2,0)
INSTALL WATER LINE FROM EXP, 3E.I. 5 TO EXP, 3E.I, 7 {4,0)
INSTALL WATER LINE FROM EXP. 3 E.I. 7TO EXP, 3E.L. 6 (4.0)

INSTALL POWER HARMNESS FROM RACK 6 EPSP TO EXP, 3 E.I, 6 AND EXP, 3E.I. 7 (8.0}
INSTALL SIGNAL HARNESS FROM RACK 4 INTERCONNECT PANEL TO EXP. 3 E.1. 6 AND EXP, 3E.I, 7((8;1)

Np FLOW ON

MAIN POWER ON
ENVIRONMENTAL CONTROL ON
ILLUMINATION SYSTEM

BLOWER ON

WATER LEVEL ON

BIOTELEMETRY OPERATION

CONNECT AIR VENT TO EXP. 3 E.I. 6 (3.0}

CONNECT GSE POWER CABLES (2) TO RACK 6 EPSP (2,0)

VERIFICATION TESTS (SEE TABLE) (3., 0)

DRAIN WATER SUPPLY AND SECURE GSE AND SIMULATOR {4.0)
l PREP RACKS 5 AND & FOR TRANSPORT (8.0)

Figure 3-47, Life Science Distributed Site #3 Installation & Test Sequence
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HOURS ?

.

RECEIVE AND INSPECT END ITEMS {5.0)

INSTALL MONKEY POD STOWAGE AREA {EXP, 76 E. 1. 26) IN RACK 7A (1.0)

e 8600 0 »

INSTALL PRIMATE HOLDING FACILITY {(EXP. 15 E.1. 7) (2.0)
| {NSTALL BSHF PRIMATE/RODEMNT WATER SUPPLY ASSY. (EXP, 3E.1. 3) INRACK 7A (1.0}
JINSTALL PRIMATE HOLDING FACILITY C/D PANEL (EXP, 15 E,1, 8} IN RACK 7B (1.0)

oo INSTALL AC INVERTER (EXP. 15 E.l. 12 ) IN RACK 7B (1,0)

INSTALL WATER LINE FROM EXF, 3 E.I. 5 TO EXP. 15 E.i. 8 (4.0)
INSTALL WATER LINE FROM EXP, 15 E.l. 8 TO EXP, 15 El, 7 (4.0)
INSTALL Ng SUPPLY LINE (4.0)
INSTALL POWER HARNESS FROM RACK 7 EPSP TO EXP, 15E,1. 8 AND EXP. 15E,1. 7 (8.0)
INSTALL SIGNAL HARNESS FROM RACK 7 INTERCOMNECT PANEL TO EXP, 15E.1. 8 AND EXP, 15E,l, 7 (8.0)
] CONNECT AIR VENT TO £XP. 15 E.L. 7 (3.0}

T ] INSTALL GSE POWER CABLES (2) TO RACK 6 EPSP (2.0)
’ VERIFICATICON TESTS {SEE TABLE) {2.0)

DRAIN WATER SUPPLY AND SECURE GSE (3.0)

] PREP RACK FOR TRANSPORT (4, 0)

VERIFY

Ng FLOW ON
MAIN POWER ON
ENVIRONMENTAL CONTROL ON
ILLUMINATION SYSTEM ON
BLOWER ON

WATER LEVEL INDICATOR ON

Figure 348, Life Science Distributed Site #4 Installation & Test Sequence
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| 1NSTALL SURGICAL WORK BENCH ASSY {EXP. &8 E.I. 3) (2,0)

INSTALL RADIOISOTOPE SAMPLE STOWAGE {EXP. 48 £,1. 11) INRACK BA (1.0)
INSTALL BLOOD ACQUISITION KITS STOWAGE (EXP, 68 E.1, 11} IN RACK 8A (1.0)
INSTALL INSTRUMENT AND SUPPLY STOWAGE (EXP. 3 E.I, 3) IN RACK BA (1.0}

| RECEIVE AND [INSPECT END {FEMS {4,0)

INSTALL WASTE STOWAGE (EXP, 68 E, |, 11) IN RACK 8B (1.0}
INSTALL RADIOACTIVE WASTE STOWAGE (EXP, 3 E.1. 2) IN RACK 8B (1.0)
INSTALL BALANCE PAN STOWAGE (EXP. 23 E.1, 1) N RACK 8B (1,0}

INSTALL POWER HARNESS FROM RACK B EPSP TO EXP, 68 E, 1, 3 (4.0)
INSTALL VACUUM LINE TO EXP. 68 E.1. 3 (4,0)
| ] INSTALL AIR LINE FROM EXP. 68 E. 1, 3 TO RACK B AIR DUCT (2.0)

CONNECT GSE AIR FLOW CONTROL SYSTEM TO S/L AIR FLOW DUCT (2,0)

CONNECT GSE VACUUM PUMP TO EXP, 48 E, 1. 3 VACUUM LINE (2,0)
VERIFY EXP, &8 E, |, 3 SEE TABLE (2,0)

J SECURE TEST SETUP AND GSE (3.0)

F CONNECT GSE POWER CABLE FROM GROUND POWER TO RACK 8 EPSE {2,0)

|:| PREP RACK FOR SHIPPING {4.0)

VERIFY

MAIN POWER ON AT INDICATOR
POWER APPLICATION TO BLOWER (3)
VACUUM LINE PRESSURE

AIR LINE PRESSURE

Figure 3-49, Life Science Disiributed Site #5 Installation & Test Sequence
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’ J RECEIVE AND INSPECT END |TEMS (15, 0)

[ INSTALL FREEZER (EXP. 8 E.1. 5) (2.0)
INSTALL RAT FOOD REFRIGERATOR (EXP, 3 E.I. 4} (1.0)
] INSTALL STOWAGE AREA (EXP, 42 E, I, 1) {1.0}
:IV INSTALL DIGITAL TAPE RECORDER (EXP, 75 E, 1, &) (1,0)
INSTALL SIGNAL HARNESS FROM EXP, 75,1, 6 TO RACK 98 INTERCONNECT PANEL (7.0}

q:INSTALL ELECTROMETER | {EXP. 13 £.1, 4) (1.0)

NSTALL ELECTROMETER 11 (EXP. 13 £.1, 5) (1.0}
INSTALL RESPIRATION CAGES (EXP, 13 E.). 3} {1.0)
INSTALL IR ANALYZER AND 14(:02 STORAGE TANK (EXP. 13 E, 1. 3) (1,0)
INSTALL IR ANALYZER AND QUTPUT MONITOR (EXP, 13E.1. 2) (1,0}
INSTALL OSCILLOSCOPE (EXP. 15 E, 1. 5) (1.0)
INSTALL AC POWER FILTER (EXP, 15 E.1, 6} (1.0)
INSTALL SCOPE SELECTOR (EXP, 15 E,1, 4) (1.0)
INSTALL STRAIN GAUGE AND POWER AMPLIFIER (EXP, 15 E.1. 2) (1.0)
INSTALL SIGNAL CONDITIONER {EXP, 15 E, 1, 3} (1.0)

INSTALL ISOLATION AMPLIFIER (EXP, 13 E,L, &) (1.0}
I INSTALL POWER HARNESS FROM 60 Hz POWER PANEL TO END ITEMS (14.0)

INSTALL SIGNAL HARNESS FROM RAU TO RACK A END ITEMS {15, 0)

INSTALL RADIOACTIVE GAS LINES BETWEEN £XP, 13 E.1, | &EXP, 13 E.1, 3 (2 LINES) (5.0)

| INSTALL RADIOACTIVE GAS LINES BETWEEN EXP, 13,1, 1 & EXP, 13 E.1, 3 (2 LINES) (6.0}
CONNECT COMS STIMULATOR TO RACK 98 RAU (2.0)

T ] CONNECT GSE POWER SUPPLY TO RACK 9§ 60 Hz POWER PANEL AT THE INTERCONNECT PANEL(1, 0}
"T1CONNECT OCULOGRAPHIC SIMULATOR & ACCELEROMETERS TO EXP,15(El 2 (1,0)

VERIFICATION TESTS (SEE TABLE) (3.0}

SECURE TEST SETUP (2,0)

DISCOMNMNECT AND STORE GSE {4,0)

VERIFY l

MAIN POWER APPLICATION TO EXP, 3 E.1, 4,
EXp, 8E.Il. 5, EXP, 13E,1.52,3,4,5,6, EXP.
15E.1,53,5,6, EXP.BEL, &

CAl.. GAS VALVE ON EXP, 13 E.I, 3 OPEN
CALJBRATION GAS LEAK TEST

ANALYZER QUTPUT OF BOTH SAMPLES A & 8
ONEXP, 13 E.i, 2 & 3 AND CDMS 5IMULATOR

£-6000-35-84 AS

ELECTROMETER SIGNAL AT EXP, 13E,1, 4 &5
CAL. GAS VALVE ON EXP. 13 E, I, 3 CLOSED
ACCELEROMETER DATA OUTPUT AT EXP, 15
£.1. 5 AND AT CDMS SIMULATOR AND AT
OUTPUT TO ANALOG RECORDER
QCULOGRAPHIC SIMULATOR OUTPUT AT
EXP, 15E,1, 5 AND AT CDMS SIMULATOR
AND AT OUTPUT TO ANALOG RECORDER

Figure 3-50,

I PREP FOR TRANSPORTATION (4.0}

Life Science Disiributed Site #6 Installation & Test Sequence
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4 ’ ' 40 . 70 80
DAYS 1 P %o 30 0 50 \ i

[ | RECEIVE AND INSPECT END ITEMS (13,0}
[T TRSTALL DRIERITE & CAGE CONTROL UNIT (EXP. 59 E.1. 12) (2.0)
INSTALL METABOLIC CAGES (EXP, 59 E.1. 7) (1.0)
INSTALL AIR/GAS ANALYZER EXP. S9E.1, 5) (1.0)
[INSTALL OSCILLOSCOPE (EXP, 59 E.I. 14) {1.0)
INSTALL WATER SUPPLY & Ny SUPPLY (EXP. 59 E.1, %) (1.0)

[ INSTALL POWER SUPPLY (EXP. 59E.1, 8) (1.0} |

INSTALL CAGE AIR FLOW CONTROL (EXP, 59E.1. &} (1.0}

{INSTALL METABOLISM FLOW METERS (EXP. E.|, 3) 1.0)

INSTALL TORSION BALANCE UNIT (EXP. 23 E.I, 2} (1.0)

INSTALL ANALOG RECORDER (EXP. 59 E.1, 2) (1.0)

INSTALL DATA LOGGER (EXP, 52 E.1. 1) (1.0}

INSTALL OSCILLOSCOPE SELECTOR (EXP. 59 E.I. 10) {1.0)

JNSTALL METABOLIC RECEIVER/PYROGEN TUNING ASSY (EXP. 59E.1. 4) (1.0)
{NSTALL RAT CAGE AIR FILTERS (EXP, 59 E,1, 11) {i.0)

7oi-¢

I l ENSTALL SIG NAL HARNESS FROM RACK 10B INTERCONNECT PAMNEL TO EXP, 59 E.1.'5 1,2,3,4 & 14 (11.0)
l INSTALL SIGMNAL HARNESS FROM RACK 10A INTERCONNECT PANEL TO EXP, 59 E_1.'5 (12.0)

INSTALL POWER HARNESS FROM EPSP TQ EXP. 59 £.1. 8 AND TO ALL OTHER END iTEMS (16.0)
INSTALL WATER LINE FROM EXP, 59 E,1, ? TO EXP, 59 E,. 7 (4.0}

INSTALL AIR LINE FROM EXP, 59 £.1, 11 TO EXP. 59 E.i. 6 (6.0}

INSTALL AIR LINE FROM EXP, 59 E, 1. 3 TO EXP, 59E.|. 5 (6.0)

INSTALL AIR LIME FROM EXP. 59 E,1. 3 TO EXP. 59 E, I, 11 AND TO THE OUTLET OF EXP, 59 E,l, 5 (4,0}
INSTALL AIR LINE FROM EXP, 59 E,1, 3 TO EXP. 59 E. 1, 12 (6.0}

F INSTALL AIR LINE FROM EXP, 59 E,b. 6 TO EXP, 59 E,1, 7 {6.0)

INSTALL AIR LINE FROM EXP, 59 E.1, 7 TO EXP. 59 E.1, 12 {6.0)

VERIFY

o NO LEAKAGE, ALL WATER LINES
o MAIN POWER APPLICATION TO ALL END ITEMS
o TEMPERATURE SIMULATOR RECEPTION AT EXP, 59

E.L. 10/14 (6 SIGNALS) CONNECT MASS SPECT, ANALOG DATA SIMULATION (1.0}
o OUTPUT OF CAGE TEMPERATURES AT EXP, 59 E.I, FILL WATER SUPPLY TANK (EXP. 59 E.1. 9) (1,0)
1 &2 AND SIM, (6 SIGNALS) CONNECT GSE POWER CABLE TO RACK 10 EPSP AND TO EXP, 59 E.L. 8 (1.0}

o AIRFLOW AT EXP, 59E.1, 1,2,3 (6 SIGNALS)

CONNECT 6 R PERAT SIMULATORS (2.0
o EXP. 59 E.l. 5 QUTPUT AT EXP. 59E,1, 1 &2 N 6 RAT TEM URE QUTPUT SIM @.9)

LEAK CHECK ALL PRESSURE CONNECTIONS (4,0}

VERIFICATION TESTS (3.0) (EE TABLE FOR DETAILS)
SECURE TEST SETUP (3.0)

DISCONNECT GSE AND STORE (3.0)
I PREP FOR TRANSPORTATION (5.0) -~ ~

Figure 3-51, Life Science Distributed Site #7 Installation & Test Sequence
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MCENT & INSPECT FLOOR SEGMENT AND RACKS (3,0}
MOUNE FLOOR SEGMENT TO GSE SUPPOIT STAND (1,09
ASSEMBLE RACKS 11 & 12 TO FLOOR SEGMENT 5,08

RECEIVE & INSPECT RACK 11 END IVEMS (3,08

[NSTALL UPPER FOD FLOW CONTROL PANEL, AOD B EXP, 74 E,1, 11) (2,00
INSTALL DEMODULATOR, POD A EXP, 75 £,.), 17 (1.0}

INSTALL TELEMETRY RECEIVER, POD A EXP, 75 E,I, 16) 01,0)

INSTALL UPPER POD FLOW CONTROL PANEL, POD A {EXP, 76 E. I, 308 (1,08
INSTALL DEMODULATOR, FOD B, {Exr, P4 E.1, 5) {104

|BSTALL TELEMETRY RECEIVER, POD B {EXE, 78 E, I, 4) (1,0

INSTALL DEMODULATOR PATCH PANEL (EXP, 75 E,1, 4) {300
INSTALL OSCILLOSCOPE SWITCH SELECTOR {EXP, 76 E,1. 71 (1.0
INSTALL DROSOPHILA CAMERA STOWAGE [EXP, 32 E.1. 2} {1.0)
INSTALL PERFUSION PUMP STOWAGE (EXP, 21 £,1, 1} (1.0)

RECEIVE & |NSPECT RACK 12 END fTEMS (11,0}

)NSTALL PARTIAL PRESSURE RATIO NETWORK (EXP, 75 .1, 24) (2.0)

INSTALL BARAFRON AMPLIFIER (EXP, 76 E,1, 23} (1.0)

INSTALL LOWER BODY NEGATIVE PPESSURE PANEL (EXP, 76 E. 1, 40} (1.0}
INSTALL MASS SPECTROMETER CONTROLS EXP, 76 K., 21} (10}
IMETALL MASY SRECTROMETER (EXP, 76 F. 1, 20} {1, 1)

INSTALL DIFFERENTIAL BUFFER, POD 4 (EXP, 7S E,1, 19) {1.0)
{NSTALL DIFFEREMNTIAL BUFFER, POD 8 {EXP, 74 E,1, 8) {1,0)

NSTALL CALIA. GAS CONTROL PANEL (EXP, 76 E, ). 18] (1,0}

TNETALL POWER HARNESS FROM EPSP TO ALL EMD ITEMS {14.0%
_:l INSTALL SIGMNAL HARNESS FROM RACK 11 INTERCONMECT PANEL SO ALL ENG ITEMS (13.0)

INSTALL 20 CHANNEL SIGNAL CONDITIONER (EXP, 76 E.1, 2) (1,00

MERFY.

MAIN FOWER APPLICATION

WATER STORAGE DRAWER OPERATION EXP 74 F) 14) VISUALLY & OHN CDMS SIMUATOR

MONKEY FOOD SUPPLY OFERATION EXP 74 El 1) VISUALLY & ON COMS SIMULATOR

FOD A & B TEMPERATURE SEMSORS OPERATIHON AT CDMS SIMUXATOR & TEMP MUX MEAS,
PAMEL (EXP 76 E} 13)

BARATRON {IXP 75 EI 23) OPERATION AY COMS SAMULATOR AMD ON THE TEMP MUX MEAS,
PAMEL (EXF 76 El 13)

MONKEY SIMULATOR SIGNAL RECEIFT AT CDMS SIMULATOR & OSCILLOSCOPE

ECG SIGMNAL AT HEART RATE PANEL (EXP 75 £1 9) AND CDMS SHMULATCR

PUMP CONTROLS AT Exp 76 E1 10, 11 &13,

GAS/AYACUUM SYSTEM AT EXP 76 EI 10, 11 & 18 & COMS SIMULATOR

OPERATION OF LBNP FOR PODS A & 8 ON LBNP PANEL EX# 74 E 10}

POWER APPLICATION TO MASS SPECTROMETER IOMN PUMP FROM EXP 76 €1 21

MASS SPECTROMETER (EXP 75 EI 20) CPERATION AT EXP 74 E) 9 & CDMS SIMULATOR

MASS SPECTROMETER S5YMNCH QUTPUT AT CDME SIAULATOR

POD A & 8 UFFER POD FLOW ALARMS & RESET AT EXP 76 &1 11

LINE PRESSURE REGULATION AT MASS SPEC, CAL, GAS PANEL (EXP 74 EI 13)

evace

LI A I A )

INSTALL HEAKT RATE, DIFFERENTIAL PRESS, MASS SPEC, DVM PANEL (EXP, 76 E,1, 91 (1,00 -

SOL-¢

INSTALL CALIBATION GAS CONTALMERS {4) (EXP. 74E.1, 25) {1,0)
“"I INSTALL SIGNAL HARMESS FROM RACK 12 |NTERCONNECT PANEL TO ALL UMD REMS (15,8)

INSTALL POWER HARNESS FROM EPSP FO ALL END ITEMS (148.0)
INSTALL PLUMBLNG MTWEEN EXP, 76 £,), M AMNDRD, 75 E,1, W (4 LME .00
i

NSTALL PLUMBING BETWEEN EXP, 74 E,1, 18 AND EXP, M E.|, 20 (5,08

RECEIVE & IMSPECT PUMP ASSY {EXP, 76 E.1, 33) AND MONKEY POD ASSY EXP, Z5 E,1,°S 1,,12,13,14,15,22,37, 39,30 & 91} (4,0}
IMSTALL EXP, 74,1, 33 ON FLOOR SEGMEMT (4,0}
INSTALL MONKEY POD A5SY ON FLOOR SEGMENT (6,09
INSTALL SIGINAL HARNESS JETWEEN MONKEY POD ASSY, EXP, 78 E, |, 33, AND RACKS 11 & 12 (.04
IMSTALL POWER HARNESS BETWEEN EPDY, MONKEY FOD ASSY, AEXP. 74 E,(, 33 (3.0)
INSTALL 20 VDC CABLE SETWEEN RACK 11 INFERCONMECT PANEL & MONKEY POD ASSY |NFEAFACE MMEL (1.0)
INSTALL 26 VDG CABLE BETWEEN RACK 12 INTERCONNECT PANEL ANO MONKEY POD ASSY | NTERSACE PANEY (3,0)

INSTALL PLUMBING BETWEEN EXP, 76 E,1, 11, EXP, 76 €,1, 33, & MONKEY POD ASSY INTEGPACE PANEL (10,00
INSTALL PLUMBING SETWEEN EXP, 76 F,1, 21, EXP, 78 E,1, 33, & EXP, 26 £,1, 38 (12,00 (CAP, OLNLET TO RACK 1)
ENSTALL PLUMBING BETWEENEXP, 78 E.l, 21 & MONKEY POD ASSY |INTERFACE PANEL .0
INSTALL PLUMBING BETWEEN EXP, 76 E.), 20 & EXP, 74 E,, 23 {5, 04

ALI'TVAD Y00 40
SI HOVd TVNIOIEO

(] aoedg
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Figure 3~52,

| INSTALL PLUMBING BETWEEN EXP, 76 E.f, 10 & EXP, 78 E, 1, 33 (2 LINES) (9,00

| [4NSTALL PLUMBING BETWEEN EXP, 76 E,4, 10 & MODIKEY POD ASSY INTESZAGE PANGS 8 UNER 235, &8

CONNECT GSE POWER CABLE TO SA. POWER LUS (1,0
CONNECT CDMS SIMULATOR TO RAU (RACK 12) (1,09

CONNECT MONKE ¥ PHYSIOLOGICAL SIWMULATORS TO PODS A & 8 (1.3
VERIFICATION TESTS (SEE TARLE) (7.0)

SECURE TEST SETUP {3,0)

REMQIVE AND STORE GSE U4, 0)

PREPARE RACK/FLOOR ASSY FOR SHIPMENT (5,0

Life Science Distributed Site ¥8 Installation & Test Sequence
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I l RECEIVE & INHMCT RACK S END m.ms [Il.d

RECEIVE A INSPELT RALX

T ANSTALL €HO ITEMS IN RACK 3 4.0
[ . JHSTALL 5IG MAL NARKESSES IN 2ACK B (21,0

4 EHD [TEMS {1500

INSTALL END ITEMS IN RACK 4 (13,00
INSTAEL SIGHAL HARNESSES I RACK 4 {10}

CENVE & |NSPECT BACK 3 END ITEMS (3.08

RE !
PHSTALL WALER LINE!

INTTALL END ITEMS 1N XACK 3 (S 1}

INSTALL POWER HARNESS 1N RACK £ (18,8
. ANSTALL HLUMEING LINES 3N RACK 4 (14,04
VENFICATIOH TESTS (18,4
5 1M RACK 3 8.0

RSTALL 515 NAL HAZNESS JN LACK 5 (1,00
INSTALL POWER HARNESS IN RACK 5 00,00

RECEIVE R INSHECT RACK & END ITEMS (.04
INSTALL END 1TEMS IN RACK & (3,0
LINSTALL WATER LINES [N RACK & (3.0}

NNSTALL $1G NAL HAKNESS [N RACK & 8,04
THSTALL POWER HARNESS [N RACK & {0 &

VELFICATION TESTS (13,08

FECEWVE & INSPECT RACK P END ITEMS 3,04
1814 END TTEMS |1 RACK 7 (4,00

INSTALL FLW)

] RELEIVE & INSHECT RACK # LNOD ITEMS (4 )

———

HRSTALL €MD 1TEMS IN RACK 8 (8,0}
ENSTALL POWER BIARMNESS IN BACK B (4.6
INSTALL PLUMBING LINES [N 2ACK & (4,00
VERFICANION TLSTS {7,0)
| RLCEIVE & INSPECT RACK $ END ITEMS (15.0)

VERUFICATION TEsT3 (1,08

WALNG LINES IN RACK 7 (1100

IHSTALL HGNAL HARNESS |N BACK 7 (0. 1§

ENSTALL POWER HARNESS {N JACK 7 (L8
VERFICATION TETTS (7.0

D ¥00d 40
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| INSTALL END 1TEMS EN RAGK # (14.0)

I Se—

ENSTALL SIGHAL HAANESS IN KACK # (12,00
LNSTALE POWER HARMESS (N RACK 7 (15,0}

TANSTALL RADIOACTIVE GAS CINES IM RACK # (12 €

VERFICATION TESTS (13,0

| l RECEIVE & INSPECT RACK 10 EMD ITEMS (13,4
|

] IrISTALL END JTEMS TN RACK 10 (15 O

INSTALL 33G MAL HARNESSES IN RACK 10 (17,00
(NSTALL POWER HARMNESS 1M RACK 13 (14,44
[ ] 1HSTALL PUMIING LINES [N RACK 10 (18,90
WVERNICATHOM TRSTS (14,8

CEIVE & IMSPECT RACK |} END TEMS (8 49
LNSTALE END 17EMS IN RACK 11 (11,00

INSTALL S1GMAL HARMNESS IN RACK 1) [H.C4

BNSTALL POWER HARNESS |N RACK 18 {1000

o —

CEIVE & FNSPECT RACK 12 END ITEMS (11,1}

INSTALL END IEEMS 1N RACK 12 {12,08

ANSTALL SIGNAL HARNESS IH RACK 12 {11.9%
{MSTALL POWEK HARNESS IN RACK 12 (19,00

INSTALL PLUMBILNG LINES (N RACK 12 90
FECENVE & INSPECE FLOOR MOUNTED END ITEMS (708

t

LINSEALL END ITEMS OM FLOCE ASSY {16.0)

Figure 3-53.

| INSTALL FOWER HARNESS N RACK 3 {185

PERFORM INTERFACE VERIFICATIOH TEST (20,9

WIES (19.0)

[HBTALL EXF 75 B EXP 49 DIECTHCAL CABLEY IN FLOOK ASEA
L

INSTALL EXP 74 FEUMBING LINES IN FLDZ ASSY PG

VERFICATLOH TESTS (17,04

Life Sciences Integration Sequence
for Centralized Site Options B-1, B-3,
C-1, C-3

COMNECT GSE POWER C.uBLES TO S/ POWER JUS (.93
1 CONNICT EXPURIZENT AELAYED GSE (3,5
CONIEET & CUECKOUT OMMIRAS roNsCe! @R
CORUNED PAYIGAD CHICKOUT {14,0)
SECLIRE TEST feTL4 & G5C 02,4

“§—Applicable to B-3
and C-3 Options
Only

AL GV CASLIS TD SIMJLAI" REMAIE LING FUTOR MOUNTED HATNESSES {7 CARER (1.9,

LR DR TRATERON (13,00

[euoyBUIBI| ([SMIO0Y
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The waterfall for centralized site integration of the Life Sciences payload in the com-
bined rack/floor configuration is shown in Figure 3-54, Note the portion of the waterfall
that is applicable only to the B-5 option. The remainder of the waterfall is applicable to
- dll three options (B-4, B-5, C~4), The unique B-5 activities pertain to the disassembly/
disconnection of the core module porfion from the experiment module portion of the con-
figuration to facilitate over-the-road transportation with less than a twelve (12) foot
width, This particular option (B-5) also imposes a requirement for reassembly in the level
i1l stand at KSC, In the case of the B4 or C-4 options, the Life Science payload con be
infroduced into KSC-STS operations in the level 1/l main stand.

- Post-Flight Rack-Floor-Experiment Deintegration Waterfall

One additional detailed waterfall was developed to establish overall hardware util -
ization fimes and manpower levels, This is the sequence for the post-flight deintegration
of the racks, floors, experiment modules, wiring, and plumbing as shown in Figure 3-55,
The deintegration time bars are simplified, but are based on the more detailed analyses per-
formed for buildup operations. The deintegration activities are performed at KSC and are
defined fo ferminate with configuration of all Spacelab racks and floors in a-configuration
ready for inifiation: of staging for the next payload,

Life Sciences Payload Ground Processing Cycles

in order to define the total involvement time of the Spacelab flight hardware and the
manpower supporf requirement during non-level IV integration-activities, time-flow dia-
grams for the entire cycle of ground operations were prepared. These diagrams are initiated
at staging (af KSC) and encompass level 1V activities, applicable KSC-STS operations, a
reference mission of seven (7) calendar days, post-flight STS operations, and finally fevel
1V deintegration,

Flows for distributed site operations are shown in Figure 3-56. The number in the
blocks refer to the functional activities defined in Section 2, The sixteen day duration
for the experiment installation and verification activity (S&G) reflects the maximum time
required at a distribued site, The only difference between the two distributed site op-
tions is the combined payload checkout activity in an off-line area at KSC in the A-3
option,

Lead center cycle summations are presented in Figure 3-57.. Options B-1 and B-3
are comparcble to the A-1 and A-3 options. A minor difference exists in functional activ-
ities 5 and 6 because of the sharing/scheduling of GSE. The difference between the B4
and B-5 options can be attributed to the addition payload disassembly (Block 9) and re-
assembly (Block 10) of the B-5 option,

. KSC ground processing cycle summations are presented in Figure 3-58. The only
difference between comparcble lead center and KSC options is the required fransporfation
times,
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T | RECEMVE & INGPECT RACK 3 LD (TEMS {140}

I |LIt3ALL ENO STEMS I RACK 3 (M.0)
FNSTALL SIGHAL HARNESSES 1N RACK 3 (21,0}

INSTALL POWER HAZNESS [N RACK 3 {13.0)
[ | RECEIVE A INSPECT RACK 4 £190 JTEMS (13,0}
IAITALL KD STEMS N BACK 4 (15,08
INSTALL SIGINAL RARNESSES IN RACK 4 {110}
INSTALL POWER HANNESS INIACK 4 {18,0)
INSTALL HUMAING LINKS IN RACK 4 {14,

KECEIVE ANO [NSPECT AACK § END ITEMS (3,0}
INSTALL END ITEMS IN RACK 3. (3 0}
INSTALL WATER LINES IN BACK § {8,0)
ENSTARL SIGNAL HARNESS 1N JACK 3 (0.0
INSTALL FOWER HANNESS IN RACK 4 (8 0}
BECEIVE & INSHCT RACK & ENO TTEMS (3,0)
INSTALL END ITENS INRACK & 15 0)
INSTALL WATER LINES [ RACK & 8 0}
THSTALL SIGHAL HARNESS IN RACK 4 (8,0}
TNSTALL FOWER SIARNESS IN RACK & (8,9
RECEIVE AND INSPECT RACK 7 END ITENS {5 0)
IHSTALL ENG: LTEMS 1N RAGK, 7 (5.0}
, INSTALE PLUMBING LERES 1N RACK 7 {i2,0}
NSTALL SKGMAL HARNESS IM RACK 7 (9,0
INSTALL POWER HARNESS 1N RACK 7 (0.0

l IMSTALL £M0 KTEMS {N RACK # (9,0}
MCEIVE & INSPECT RACK & END ITEMS {4 £}

INSTALL POWER HANNESS IN RACK 8 (4,04
NSTALL FLUMEING LLNES IN MACK 8 (& 0)
L RECTIVE & INGFECT RACK P ENG BEMS {83,8)

| INSTALL END IEEMS 1N RACK 9 (14,0}

T ] INSTAEL SIGMAL HARNESSES IN RACK ¥ (22.0)
M | 1 INSTALL POWER FEARNESS IN RACK. # {15,0)

o
INSTALL EAGIOACTIVE GAS LINES [N RACK 9 (12,0}
RECEIVE & INSPECT RACK 10 €MD 1TEMS (13 0
INSTALL ENO ITEMS IN BACK 10 {15,0)

| ] INSTALL SIGINAL HARNESSES IN RACK 10 (17,0) '
[l T ErcTALL POWER HARNESSES [N RACK 10 {1600
b INSTALL PLUMBING LINES [N RACK 10 (10,0}

! MECHVE & {NSPECT RACK 11 END 1TEMS (8,0)
INSTALL EMD STEMS TN RACK 1 (11,8)
ENSTALL POV ER HARNESS [N RACK 11 {4 0)
IESTALL MG HAL HAAMESS EM RACK 1L (13,00

—— ] RECEVE LINSPECT RACK 12 EMD LIEMS {110}
i

INSTALL £]40 IDEMS N RACK 12 (12,0}

INTALL SIGHAL HARNESS IN BACK 12 {13,0)
I ] KNSTALL POWER HARNESS IN #ACK 12 {13 o)
L JaNsTAuL HUSSING LMES INRACK 12 (0,0)
L1 mMcEIVE & INSHECT FLOOR MOUNTED ENO HEMS (3,0}

] INSYALL FLOOR MOUNTED £IND ITEMS OM FLOOR ASSY {13 4]
{

§ INSTALL ELECTAICAL CABLES ON FLOOK ASSY {44,0)

I'TVO® 9004 40
ST @DV TVNISTHO

INSTALL EXP 78 PLUMBING INTC FLOOR ASSEMALY (40,0

Figure 3-54.

[ BALANCE RACK COOLING SYSTEM AIR FLOW {14.0)
CONMNECT AND CHECKOUT OPERATORS CONSQLE {1604

I CONMNECT EXP RELATED GIE (0.0)

} EXPERIMENT INTENACE VERKFICATION TESTS (34,0

COMUNED FAYLOAD CHECKOUT (14,89

Life Sciences Combined Payload Integration Sequence

FAER FOR TRANSPORT {12.04

! SECURE VEST SETUP & GSE (0.0)

\

1g eoedg
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| T I N Y'Y L
; 7 % 3 B %

| | REMOVE POWER HARNESS FROM RACK 3 (4.0)
REMOVE SIGNAL HARNESSES FROM RACK 3 (4,0)
. | REMOVE END ITEMS FROM RACK 3 (4.0)

I | REMOVE PLUMBIING LINES FROM RACK 4 (3.0}
REMOVE POWER HARNESS FROM RACK 4 {4.0)
REMOVE SIGNAL HARNESSES FROM RACK 4 (2.0)

REMOVE END ITEM5 FROM RACK 4 (12.0)

REMCOWVE WATER LINES FROM RACK 5 {2.0)

REMOVE POWE R HARNESS FROM RACK 5 (2.0}

REMOVE SIGNAL HARNESS FROM RACK 5 {2.0)

‘ REMOVE END ITEMS FROM RACK 5 {4.0) .

E REMOVE WATER LINES FROM RACK 6 (2.0)
REMOVE POWER HARNESS FROM RACK & (2,0)

REMOVE SIGINAL HARNESS FROM RACK 6 (2,0)
| REMOVE END ITEMS FROM RACK & (4. 0)

I_ REMOVE PLUMBING LINES FROM RACK 7 (2.0)

REMOVE POWER HARNESS FROM RACK 7 (2,0)

REMOVE SIGNAL HARNESS FROM RACK 7 (2,0)
1 REMOVE END [TEMS FROM RACK 7 (5.0)

REMOVE PLUMBING LINES FROM RACK 8 (1.0)
REMOVE POWER HARNESS FROM RACK 8 (1.0}

‘ I REMOVE END ITEMS FROM RACK 8 (7,0)

[} REMOVE RADIOACTIVE GAS LINES FROM RACK 9 (2.0)
REMOVE POWER HARNESS FROM RACK 9 (3.0)
REMOVE SIGINAL HARNESSES FROM RACK 9 (5.0)
| REMOVE END ITEMS FROM RACK 9 (13.0)

[ REMOVE PLUMBING LINES FROM RACK 10 {4.0)
REMOVE POWER HARNESS FROM RACK 10 (2.0}
REMOVE 51GNAL HARNESS FROM RACK 10 (3.0)

I REMOVE END ITEMS FROM RACK 10 (12.()

I REMOVE POWER HARNESS FROM RACK 11 (3.0)
REMOVE SIGNAL HARMNESS FROM RACK 11 {3.0)

N [ REMOVE EMND ITEMS FROM RACK 11 (5.0}

r— REMOVE PLUMBING LINES FROM RACK 12 (2,0}
REMOVE POWER HARNESS FROM RACK 12 (4.0)
REMOVE SIGINAL HARNESS FROM RACK 12 (3.0)

REMOVE END ITEMS FROM RACK 12 (10.0)

[ | REMOVE FLOOR MOUNTED END ITEMS (.o
REMOVE UMNDER FLOOR ELECT, CABLES (6,0)

REMOVE UNDER FLOOR PLUMBING (EXP 76) (11.0)

D_ SECURE S/L SUBSYSTEM INTERFACES (2.0)

Figure 3-55.  Life Sciences Deintegration
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LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW

5 J10 s 120 |2 J30 |3 J40 |45 | 50 [ 55 160 | é& | 70 |75 T80 | WORKING DAVS
k KSC N

K[~ JeMNICENTERS —3] k
2} STAGING (2,0)
TRANSPORT TO MINICENTERS (5.0) - OPTION Al
586 EXPERIMENT INSTL & VERIF. (16.0)
TRANSPORT TO KSC (5.0)
LEVEL 11 MECH, ASSEMBLY (3,0)
11 & 12| LEVEL 1iI/1t INTEGRATION {O&C) (9. 6)
13 LEVEL § INTEGRATION (OFF) (9.1)
14 | MISsION (5. 0)
15 LEVEL 1/i1/i1] DEINTEGRATION (9.9)
16 L LEVEL IV DEINTEGRATION (3.8)
8.4
LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW
[-5s {10 |15 J20 f25 T30 [ 35 40 [ 45 ] 50 | 55 [ é0 | &5 1 70 |75 ] 80 ] WORKING DAYS
lKl I(—MINICENTERS—)I ke KSG 5}
2] STAGING {2.0) ]
TRANSPORT TO MiNICENTERS {5.0) OPTION A3
584 EXPERIMENT INSTL & VERIF. (16,0}

TRANSPORT TO KSC {5.0)
7 | INTERIM PAYLOAD CONNECT {3.5)
8 | PAYLOAD CHECKOUT (3,0)

| PAYLOAD DISASSEMBLY (3.0)
TRANSPORT TO O&C (1)
10 ] LEVEL 11l MECH, ASSEMBLY {3.0)
11 & 12 LEVEL [1I/1 INTEGRATION O &C) (9. 4)
13 LEVEL | INTEGRATION (OFPF) (9.1)
14 | MISSION {5.0)
15 LEVEL I/1L/11] DEINTEGRATION (9.9)

il1é I LEVEL iV DEINTEGRATION (3.8)
76,%

Figure 3-56.  Life Sciences Distributed Site
Ground Processing Cycles
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LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW

5 J1o [ 15 |20 J25 |30 |35 |40 |45 |50 [55 Jeo fes [70 |75 [e0 | WORKING DAYS

K {c— LEAD CENTER < KSC
21 STAGING (2.0)
OPTION B1
TRANSPORT TO LEAD.CENTER (5.0)
586 EXPERIMENT INSTL AND VERIF. (17.8)
TRANSPORT TO KSC {5.0)
10 LEVEL HI MECH. ASSEMBLY (3.0)
11 812§ LEVEL NI/l INTEGRATION (O&C) (9.6)
13 { LEVEL | INTEGRATION (OFF) {9.1)
14 | MISSION (5.0)
15 LEVEL [/1/11l DEINTEGRATION (9,9)
[ 16 | LEVEL IV DEINTEGRATION (3.8)

70.2

LIFE SCIEMNCES

I 5 o [ 15|20 f25 Jso J35 [40 J45 50 [55 Jeo | &5 |70 |75 |80 | WORKING DAYS
k]  JeLEAD CENTER ) e KsC |
STAGING (2.0) )
TRANSPORT TO LEAD CENTER (5.0)

586 JEXPERIMENT INSTL AND VERIE, {17.8)

7] INTERIM PAYLOAD CONNECT (3.5)

8 | PAYLOAD CHECKOUT (3.0)
PAYLOAD DISASSEMBLY {1, 0):
TRANSPORT TO KSC {5.0)
10 | LEVEL Il MECH, ASSEMBLY (3.0}
11 & 12 |} LEVEL Ili/Il INTEGRATION (O&C) (9.6)
13 LEVEL | INTEGRATION [OPF} (9. 1)
14} MISSION (5.0)
15 LEVEL 1/11/11) DEINTEGRATION (9.9)
| 16 | LEVEL IV DEINTEGRATION (3.8)

757

3]

OPTICN B3

Figure 3-57, Life Sciences Payload Lead Center Life Cycle B-1, B-3, B-4 & B-5
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_K' |<_ LEAD CENTER

s Lo [s [ 20 [ 25 [0 Jas Jao [4s [s0 Js5s [eo0 [ es | 70 7j|80| WORKING DAYS

T2} stAciNG (2.0)

TRANSPORT TO LEAD CENTER {5,0)

334

I’
,IJ e KSG 5|
" OPFTION B4

PAYLOAD |NSTL & VERIF. (19.4)

8 | PAYLOAD CHECKOUT {3.0)

d PAYLOAD DISASSEMSLY (1,5)
TRANSPORT TO KSC (5.0)

11&12 | LEVEL1I/H INTEGRATION {O&C) (9.6)

13 LEVEL | INTEGRATION (OPF} (9. 1)
14_| MISSION {5.0)

15 LEVEL I/ 11/il} DEINTEGRATION (9, 9)
18] LEVEL IV DEINTEGRATION (3.8)
73.3-

LIFE SCIENCES -~ TOTAL GROQUND PROCESSING FLOW

s {10 [is Jaofasd

30 035 [ 4045 {50] 55]¢e0 {5 | 70] 75 80 | WORKING DAYS

[2] stacinG (2.0)

384

_15] Ic——— LEAD CENTER—)I 'lc KsSC - :;;

TRANSPORT TO LEAD CENTER (5,0)

OPTION B5
PAYLOAD INSTL & VERIF (19.4)
8 |_PAYLOAD CHECKOUT (3,0)
?] PAYLOAD DISASSEMBLY (2.5)
TRANSPORT TO KSC (5.0)
10] LEVEL t1l MECH. ASSEMBLY (3.0)
11 812 | LEVEL ill/Il INTEGRATION (O8C) (9. 6)
13___ | LEVEL 1 INFEGRATION (OPF) (9,1),
14 | MISSION (5.0)
15 LEVEL I/11/11l DEINTEGRATION (9.9)
| 16 | LEVEL 1V DEENTEGRATION (3,8)
77:3

Figure 3-57. Life Sciences Payload Lead Center Life Cycle Flow B-1, B-3, B-4 & B-5 (Cont'd)
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LIFE SCIENCES - TOTAL GROUND PROCESSING FLOW

5 10 1is J20 25 fao Jas Jao J45 Jso Jss Jeo &5 oo |

o~

2 | STAGING (2.0

5&6

TRANSPORT TO PAYLOAD FACIL, (1)

=]
KsC =
OPTION C1
EXPERIMENT [INSTL & VERIF (17.9) N
TRANSPORT TO Q&C (1.0)
10| LEVEL 11§ MECH, ASSEMBLY (3.0)
11 & 12| LEVEL UI/IT INTEGRATION {O&C) {9.6)
ia LEVEL | INTEGRATION (OFF} (9. 1)
- {14 | MISSION (5 0) ,
15 LEVEL 1/11/111 DEINTEGRATION (2,9)
16 ] LEVEL IV DEINTEGRATION (3.8)
62,2

LiFE SCIENCES

L 5 f50 Jos {20 [25 Tao §35 [40 45 Js0 |55 |0 ] es] 0] 75 ] 0] WORING DAYV
e
1€ KSC >
2 | STAGING (2.0) OFTION <3
TRANSPORT TO PAYLOAD FACIL. (1)
546 EXPERIMENT INSTL & VERIF (17.8)
7_| INTERIM PAYLOAD CONNECT (3.5)
8 | PAYLOAD CHECKOUT (3.0)
1l pAvLOAD DIsASsEMBLY (1.0)
TRANSPORT TO ORC (1.0)
10] LEVEL 11 MECH. ASSEMBLY (3.0)
11812 ] LEVEL 1114} INTEGRATION (OAC) (9.6)
13| LEVEL I INTEGRATION (OFF) (9. 1)
14 ] MISSION (5. 0)
15 LEVEL 1/11/11! DEINTCGRATION (9,9)
16 ] LEVEL IV DEINTECRATION (3.8)
&7.7
5 o [ [20 |25 Jao Jas J40 Jas [s0 [55 Jeo [&s [0 |
KSC : ,.
2 | STAGING (2.'0) OPTION C4

384

TRANSPORT TO PAYLOAD FACIL, (1.0)

PAYLOAD INSTL & VERIF, (19.4)

8

PAYLOAD CHECKOUT (3.0)

Figure 3-58.’

[o

PAYLOAD DISASSEMBLY (1.5)
TRANSPORT TO O&C {1.0)
11 & 12_| LEVEL 11/l INTEGRATION {O&C) {9.6)
13 LEVEL | INTEGRATION (OPF) (2.1}
14 | MISSION (5.0)
15 LEVEL i/11/111 DEINTEGRATION (9.9}
[ 78] LEVEL IV DEINTEGRATION (3.8)

65,3

Life Sciences Payload Total Life Cycle Flow ~
Lead Center Concept (KSC), C-1 and C-3 and C-4

3-113
SD 78-SR-0009-2



§£% Rockwell International

Space Division
ATL PAYLOAD INSTALLATION & TEST REQUIREMENTS

The ATL paylodd consists of shorf module rack mounted equipment, pallet mounted
equipment, cradle mounted equipment, and Orbiter AFD equipment. The general con-
figuration of the payload is shown in Figure 3-59,

5T-16 BASIC STRUCTURAL .
ASIC STRL ST-20 SPACE MEAS./SOLAR CELLS

ST-3 LASER HEFERODYMNE

SPECTROMETER
ST-10 MICROWAVE .
RADIOMETER X-2 ATT. REF,
SYSTEM

ST-5 COLUMN DENSITY
MONITOR

5T-2 INDUCED ENVIRONMENT
CONTAMINATION MONITOR {IECM)

SF-2 SHORT MANIPULATOR
Figure 3-59.  General Arrangement ~ ATL Payload

Figure 3-59 illustrates the overall arrangement of the ATL payload. As noted, this pay-
load: 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 suppert structure forward of the module over the crew tunnel, Five
experiments ~- Microwave Radiometer (ST-10), Space Measurement/Solar Cells (ST-20),
Laser Specirometer (ST-3), Column Density Monitor {§T-5), and Induced Environment
Contamination Monitor (ST-2) -~ are shown mounted on the two pallets, The Attitude
Reference .System (X-2), which supports ST=3, is also shown,

The phantom lines forward of the module and shown surrounding SF-2 represent the:
fully assembled ST-16 sfructure as it is refumed to earth for laboratory inspection.
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The Spacelab module arrangement of the ATL payload, including the rack mounted
equipment, is detailed in Figure 3-60.

ST-20 SPACE MEAS, /SOLAR CELLS
ST-10 MICROWAVE RADIOMETER
ST-26 GEOPHYS FLUID FLOW
ST-1 DROP DYN, MODULE

ST-3 LASER HETERODYNE
SPECTROMETER

SF-2 SHORT
MANIPULATOR

T ST-21 TWO-PHASE
. !y"‘\ HEAT TRANSFER
. , %E\\
X\\ /4 SN
- 2> A T Red > Yy R
d ) v (( ) oI ; ]EJ];% ’p
Y. | 4 S A ji‘-
i ’» ) T
~ %y Tl -
/ \ ) e

O
- -
$T.25 COMBUSTION EXPMT FACILITY ~2asiel="

@ CONTROLS FOR ST-2 INDUCED ENVIRONMENT CONTAMINATION MONITOR (IECMI,
ST-16 BASIC STRUCTURAL ELEMENTS, AND SF-1 LASER GYRO AT PSS

Figure 3-60,  Spacelab Module Arrangement - ATL Payload

This figure illustrates the arrangement of the experiments in the Spacelab module as
well as the controls/displays for those mounted extemally (shown in the previous figure).
In the experiment racks, on the right-hand side of the module, are shown the controls/
displays for SF-2, ST-3, ST-20, ond ST-10, ond the Laser Beam portion of ST-25, A

video recorder is also located in the upper portion of the forward experiment rack.

The leff-hand experiment racks contain ST-26 (Ceophysical Fluid Flow), ST-1
(Drop Dynamies), and ST-21 (Two-Phase Heat Transfer) experiments. Also on this side
are the photomultiplier tubes of ST-25, The major portion of ST-25 (Combustion Facility)
is mounted on the Spacelab module floor. The chamber is vented to space by the Space-
lab high-vacuum vent facility, mounted on the aft cone cover plate. Also shown are the

chamber's oxygen, nitrogen, and methane gas fill lines which connect to the containers
mounted on the first pallet.

Film and tapes are stored in the containers immediately forward of ST-25 combustion

chamber on the module floor, in the storage compartmenis over the module's workbench
and in the right~hand experiment racks,
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The ATL Orbiter Aff Flight Deck arrangement of controls and displays and the instal-
- lation of the Laser Gyro experiments are illustrated in Figure 3-41,

MISC C/D (REF) SPACELAB CRT & KEYBOARD (REF)

INPUT/OUTPUT CONTROLLER & DISPLAY

COMPUTER
DIGITAL TAPE RECORDER

STRAPDOWN 1MU

IMU INTERFACE
ELECTRONICS

Figure 3-61,  Orbiter Aft Flight Deck Arrangement -
ATL Payload

The installation of SF-1 (Laser Gyro) on the Orbiter oft flight deck at the payload
specialist station (PSS) is shown on this figure. As this experiment is intended to operate
throughout the entire mission, at times when the Spacelab is deactivated, its installation
at the PSS was necessary. The input/output coniroller, display, and tape recorder are
mounted on the upper face of the PSS module, accessible to the crew, while the strap-
down IMU, power supply, and interface electronics are mounted inside the module,

Spacelab CRT, keyboard, and miscellansous recorder and video camera controls are
also shown on’ this figure. The miscellaneous controls associated with the other experi-

ments (ST~2 and ST-16) are also provided.

Applicable CGround Processing Options

All but three of the ground processing options defined in Section 2 are applicable to
the ATL payload, The three exceptions are A-2, B-2, and C-2, These three options are
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not epplicakle because level 11l assembly is required during KSC-STS operations, if mul -
tiple/decoupled experiment/integration operations are conducted. Racks must be assembled
to floor segments and pallef segments must be assembled into pallet trains in the Level 11!
assembly stand af KSC. This constitutes Block 10 activity during KSC operations. Ground
processing requirements were developed for all of the remaining nine options.

Distributed site options A=1 and A-3 reflect level IV integration at geographically
separated sifes, Option A-3 incorporafes on off-line combined payload checkout activity
at KSC prior to installation of KSC-STS operations., Options B-1 and C~1, and B-3 and

IC—3 are comparable to the A-1 and A-3 options respectively except that the integration
occurs af one geographical location - either af a [ead cenfer (for the "B" options) or KSC
(for the "C" options). Combined payload buildup options B-4, B-5, and C-4 are also
applicable, The only difference in the integration activities of the B-4 and C~4 options
is the location, Minimization of GSE requirements-and maxjmization of personnel use is
reflected in this option, The B-5 option is identical to the B-4 option except for the prep~
arafion for shipment activities. I order to [imit the width of the over-the-road load to
fess than twelve (12) feet, the twe pallet train is disassembled af the lead center and re-
assembled in the level I stand atf KSC,

Instal lation/Integration Constraints

The ATL payload experiment complement and configuration was assessed to defermine
vidble subdivisions of integration activities, Four Spacelab racks and two pallet segments
are the primary Spacelab mounting elements. Theoretically, six decoupled integration
activities could be synthesized, However, neither pallet segment can be decoupled from
rack mounted equipment and still achieve effective/efficient level IV integration. Alsc,
the combustion facility experiment requires two facing racks and an assembly mounted on
the interconnecting floor segment, Thus, rack-floor and rack-pallet segment combinations
were determined to be the only practical combinations for decoupled level IV integration
activities. ’

The selected combinations of experiments and Spacelab mounting elements for de
coupled integration activities are listed in Table 3-14, Each experiment can be fotally
integrated end verified at a site. In no case are end items of an experiment required at
more than one sitfe,
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Table 3«14,  Mini-Center Experiment and Spacelab
’ Hardware Distribution

E}‘gf' Title

Spacelab Rack No, 5
Spacelab Rack No. 6

Mini-Center Experiment Floor Segment

No. 1 Pallet No, 1
ST-10 Microwave Radiometer Measurements
§T-25 Combustion Facility
ST-26 Geophysical Fluid Fiow
Mini-Center ST-1 Spacelab Rack No., 3
No. 2 ST-21 Drop Dynamics Module

Two-Phase Heat Transfer Facility

Spacelab Rack No. 4

Pallet No., 2
Forward Support Sfructure
Mini—C SF-2 Space Teleoperator Demonstration Unit
ini=-Lenter N __—
No. 3 ST-2 External Contamination Monitoring
* ST-3 Tunable Lasers For Resolution Atmospheric
Constituents and Pollutants
ST-5 Adv, Tech, Radiometer/Column Density
ST-1éb Basic Structural Elements (Erectable)
ST-20 ’ Space Calibration of Solar Cells
X2 Precision Attitude Reference

Determination System

Ground Process ing Equipment Requirements

Level IV integration activities are initiated upon receipt of all equipment necessary
for installation and verification. Equipment considered essential includes experiment
equipment, Spacelab interfacing equipment, Spaceldab oriented GSE, and experiment
unique special fest equipment.

Experiment Equipment

A compilation of experiment equipment and interconnection equipment is presented
in Teble 3-15, The table identifies those end items that will be installed ot each distrib-
uted site. All of the listed equipment is required at a centralized site, The F5S equipment
which cannot be installed until level | integration was included in the inventory of mini-
site 3 equipment because of the associated controls that will be mounted in rack No. 4,
The AFD experiment, X-2, was arbifrarily included in the inventory of mini-site 3.
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Teble 3-15.  Experiment End ltem Equipment

DISTRIBUTED (}1NI) CENTERS
SIE A1 | SITE #2 | SIE 43

ITEM DESIGMNATION

RACK INSTALLED EXPERIMENT END 1TEMS 1 (SET) | 1 (SET) 1 (SET)
PALLET INSTALLED END ITEMS 1 (SET) 11 (SET) 1 {SET)
RACK CABLE SETS

PALLET CABLE SETS
INTER-RACK CABLE SETS
FILM VAULTS

OPTICAL BENCH TRUNNION
OREITER INSTALLATION (AFD) (EEVEL 1I)

o

COOANM
Q- O 00N
oODWOoO NN

Spacelab Flight Hardware
The required complement of Spacelab provided flight hardwire for the ATL payload

is listed in Table 3-16, Note the transition cables across the first pallet of the two pallet
train {for functions on the second pallet) are also identified a5 Spacelab provided,

Table 3~16,  Spacelab Unique Flight Hardware

DISTRIBUTED (MINI} CENTERS
SITE 71 SITE #2 § SHE 43

ITEM DESIG NATION

PALLETS
RACKS, SPACELAB, DOUBLE
RACKS, SPACELAE, SINGLE
FLOOR SEGMENT (RACK), DOUBLE
COLD PLATE ASSEMBLY
EXPERIMEINT POWER DISTRIBUTION BOX (EPDB)
REMOTE ACCESS UNITS (RAU'S)
POWER HARNESS, PALLET
SIGNAL HARNESS, PALLET
TILITY BRIDGE, CONN, BRACKET, FEEDTHRU

o000 QO O
—t ] ot ) D ) wma wed

vt d b ] ot B D =
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Table 3-17 provides a list of the required Spacelab related GSE.
each item of GSE. are presented- in-Appendix E.
requitements are identified. A significant reduction in GSE requirements for the central -

ized site. approach can be noted,

Table 3-17,

Descriptions of

Both distributed site and centralized site

Ground Suppart Equipment

ITEM DESIGNATION

LEAD CEMTER
" REQMTS.

DISTRIBUTED (MINI) CENTERS

SITE 71

SITE °2

SITE 3

DOUBLE RACK HANDLING KIT
VERTICAL SLING KIT

FECD THRUPROT. COVERS
PALLET SEG. FLOOR COVERS
PALLET SEGMENT SUPPORT
RACK/FLOOR SHIPPING COVER
RACK/FLOOR TRAMSPORT PLATFORM
RACK/FLOOR SUPFORT BRACES
PALLET COVER

PALLET PLATFORM ‘
DESICCANT CANISTER LARGE .
DESICCANT CANISTER MEDIUM
ACTIVE ENVIRONMENT CART
ROAD TIEDOWN KIT
HORIZONTAL SLING KiT
TRUNNION HANDLING FITTINGS
REFRIGERATION UNIT

RACK COOLING UNIT
CLEANING KIT

DESICCANT DRYING OVEN
GROUNDING,/BONDING TESTER
PORTABLE LEAK DETECTOR .
FREON SERVICER

FREON LEAK DETECTCR .
OPTICAL ALIGNMENT KIT _
TRANSPORT INSTRUMENTATION
OPERATOR'S CONSOLE

+ 613050

6120064
612008

612010° °

612013

1

b,

812047 .-

612048

5120479 .-

612059
412060
612067

s

612068

S12071A .

612104
612110

s12113 * ©

612115

SIZXXK .

612114
514002

613039~

612080
612084
612086
612040 .
S14XXX

SI2XXX -

£y
.

W,

-
x

ey

L

+
o [ -
ot il ot otk et vt et a1 A — B R o — ot B =
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r

Tt et
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Special Test Equipment

In addition to the Spaceldb related GSE, experiment unique GSE is also required,
These items are identified in Table 3-18, The items are considered to be provided by the
experimenter and are only for handling, msfqilchon, end verification of interfaces estab-

lished during. level 1V integration.
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Table 3-18,  Special Test Equipment

LEAD CEMTER § DISTRIBUTED (MINI) CENTERS
ITEM DESIGNATION REQMTS. SHE 71 SITE 72 1SIE 73

CABLE SETS & ADAPTERS S P 1 v
OPTICAL BENCH SUPPORT CART
INERT GAS CART

FSS HOLDING JIG & COVER
BROAD BRAND ILL.UMI NATOR
ANTENNA SUPPORT CART

(1) EXPERIMENTER GSE — NOT PRORATED

\.
cceeoe
B
— e O = O
(== N B
OO ot ot

Installation and Test Procedures

The basic tasks of installaiion and test are essentially the same regardless of the pro-
cessing option used, Tasks required at each mini-center may be conducted serially or in
parcallel to the other mini-centers which will vaiy GSE, Manpower, and serial processing
times, Buf the basic requirements remain the same. Thus, generic installation and test
requirements were developed for the ATL payload that formed the basis for tailoring the
activities to the parficular sequence of activities of a processing optien.,

Assembly Procedures

A pictorial presentation of the installation activities of level IV integration is shown
in Figure 3-62, The activities depicted in this figure provided the basis for development
of the step-by-step sequence of activities. Also, the scenario was used as a check/balance
that all required GSE was identified,

Test Procedures

The design configuration of the ATL payload/experiments requires a significant man-
machine interface. Manual activation, control, and monitoring of the experiments is in-
herent in the design. Also, each experiment consists of numerous end items thai are inter-
connected and interact with each other, Therefore, interface verification for this payload
is extensive.

Verification test requirements were established for each experiment to establish the
integrity of the installed configuration. It was assumed that all equipment was operational
and within performance/specification limits, Therefore, the tests were prescribed only to
verify proper response to a command. Acceptable responses included light indicators,
meter readings, and CRT waveform, and status lists, Use of the PCM data stream via an
interfacing RAU and CDMS simulator was included. Table 3-19 consists of a synopsis of
the verification tests required for each experiment of the ATL payload after installation in
the flight configuration, These fest requiremenis were the basis for time and manpower esti-
mates in the development of the ground processing flows.

3-121
SD 78-5R-0009-2



‘i‘ Rockwell International

Space Division

Ry

Table 319, ATL Experiment Verification Tests

Mini-Center 1 Verification
ST-10
Verify:

Main power on indicator and status panel of C/D

Antenna assy eleciromagnetic latch disconnect

Antenna assy motion off drive motor activation

Scan motor power on at indicator of C/D

Position lock disconnect of C/D

Scan drive activation from antenna scan

Scan position read out

On L/S, C/X, and K bands

Aux. control unit power on at C/D indicator

In mode manual observe digital temp R.O, from freq, variation
In channels 1,2, & 3 observe effect of calib, controls on digital temp.
VR1 & VRo of digital voltmeter

To, TA1, Tpo af digital voltmeter

Change in digital voltmeter from temp, setf variation
Repeat previous five steps in mode aufo sweep

ST-26

Verify:
System control power on
Use waveform record and CRT at signal amplifiers of tape recorder
to verify:
Modes in calibrate and operate fest controls, set points, and sphere
conditions for experiments 1-10
Experiment numbér
System status
Test status _
Tape recorder power on
Tape recorder operations

ST-25

Verify:

Main power on af indicator of C/D

System status at light panel

Chamber combust fest position and pressure in positions 1,2, &3
note changes in pressure R.O. at digital display
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Table 3-19, ATL Experiment Verification Tests (Cont'd)
ST-25 (Corit'd)

Chamber combust in test position and temperafure in positions 1, 2, &
3 note changes in temperature R, O, at digital display
Chamber combustion using simulafed signal at pressure and temperature
position

Vent open and close at indicafor

Purge monifor using simulated signals ‘

Spark igniter circuit using simulated signals

Test control power on and start

Droplet fest power on

Syringe position in forward & reverse on digital display
Electrostatic field on

Drop deploy on

Limit test power on

Limit test inertial part deploy

Particle cloud test power on

Fuel particle deploy

Vibrator on .

Liquid pool test power on

Pan fill on

Carbon test power on

Spectrometer on

Scan rate in fast, med, and low

Position rate in fast, med, and low

Temperature change in test and calibrate

Camera power on -

Shutter operation in auto and fast forward modes

Frame rate selection (use film lead)

Gas mix fill power on

Regulator controls (3) off digital R. O,

Vent open and close

Combustion chamber on

Test chamber on

Pre mix valves (3) open and close

Oreface-tank switch (operation of valves)
Photomultiplier powe r on (1 and 2)

Sensitivity adjust 1 and 2 ot digital R. O, using Output Selector and
sensitivity select,

Dota handling power and sequencer selection .

Leak test plumbing

3-126
SD 78-5R-0009-2



§£§ Rockwell International

Space Division
Table 3-19,  ATL Experiment Verificafion Tests (Coni-'dj

Mini-Center 2 Verifications
ST-1

Verify:

Verify at panel of power conditioning equipment, 28 VDC output.

ST-21

Verify:

Main power on at C/D indicator and system status
Pressurization ethanol valve open at C/D indicator
Pressurization methanol valve open af C/D indicator
Pressurization water valve open at C/D indicator
Boiler inlet ethanol valve open af C/D indicator
Boiler inlet methanol valve open at C/D indicator
Boiler inlet water valve open at C/D indicator

Boiler vent valve open at C/D indicator

Receiver inlet valve open at C/D indicator

Receiver dump valve open at C/D indicator

Bulk poweron ot C/D indicator

Test power on at C/D indicator

Radiant power on at C/D indicator

Flow tube power on at C/D indicator

Source selector in BH through voltage & current range
Source selector in TH through voltage & current range
Source selector in RH through voltage: & current range
Source selector in FTH through voltage & current range
Digital R, O, of temperature & pressure af source selector Ng thru TH
Cine camera power on af camera and indicator

Lights on at fight indicator

Shutter operation in auto and fast forward

Film remaining (use film lead)

"Data handling power on

Sequence selector af C/D indicator 1thru 5
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Table 3-19.  ATL Experiment Verification Tests (Cont'd)

Mini-Center 3 Verification
SF-2

Verify:

Main power on at indicator of ‘C/D

Cradle latch open at indicator of C/D

Manipulator power in auto and manual positions on C/D

Manipulator arm in deploy/retract to defent positions on indicators

on C/D and by arm observation

Lamp in test and status at indicator of C/D

End effector in closed, hold, and open position on indicators on C/D
and by observation

Translation ratio readouts in high, medium and low on C/D and by

observation

Force readouts using simulated signals to manipulator

Torque readouts using simulated signals to manipulator

Manipulator brake positions 1,2,3,4,5 and 6 using light panel of C/D

Heaters for arm on indicator of C/D

Force and moment in X,Y and Z on meters of C/D

Docking power on at indicator of C/D

Docking probe deployment and retraction at C/D and observation

Docking spin rate using simulated signal

Docking motor power fo detent at C/D indicator

Docking laich open by observation and indicator of C/D

Docking despin grip open using simulated signal

Docking despin clutch using-detent and indicator at C/D

Power on af cameras A and B on C/D indicator

Status af built in test of cameras A and B

Zoom by observation and on display of C/D cameras A and B

Positioning in deploy/retract/auto track/indicators and manual track

by on C/D .

Pointing positions in up/down and L/R by observation

Tilt position up/down by observation

Task board power on by indicator on C/D

Task board test on by indicator on C/D

Status of task board on built-in test

Voltages on task board on indicator of C/D

Hand controller rotational control by observation

Hand controller franslafion control by observation

Video recorder power on and observation using playback and eraser.
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Table 3-19.  ATL Experimeni- Verification Tests (Cont'd)

ST-2

Verify:

Verify power fo integrated environmental confamination monitor
(OEM and AAM) at unit.

ST-3

Verify:

Main power on at C/D indicator

Refrigerator power on at C/D indicator

Detector poweron at C/D indicator

Experiment power on at C/D indicator

Signal processor on at C/D indicator

Programmed power on at C/D indicator

System status at [ight panel

Optical bench and base unlock at C/D indicator and by observation
Optical bench and base covers open at C/D indicator and by observation
Refrigerator unlock af C/D indicator

Refrigerator change in temperature at digital display

Detector cooler valve open af C/D indicator

Detector change in temperature at digital display

Black body power on at C/D indicator

Temperature indication at C/D indicator

Scan track controller for simulated coordinafes, the computer per-
formance in test, standby, and run for modes nadir, horizon, and
offset 1 and 2,

Dual telescope in horizon, nadir, and blackbody by cbserving focal
plane movement,

Scan mirror mode for standby and track at C/D indicator

Scan mirror position in azimuth and elevation for track using increase
and decrease drives af digital display

Progremmed power at 8 positions of laser diode at indicator of C/D
Programmed power at 8 positions of gas cell at indicator of C/D
CCTV camera on at C/D indicator . . -

Auto lite,. and gamma in three positions using video display

Zoom using video display and camera observation

Recorder power on at C/D indicator

Signals af amplifiers of signal processor

Inert gas leak test
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Table 3-19,  ATL Experiment Verification Tests (Cont'd)

ST-5

Verify:

Drive motor operation of sun sensor forward o position 1
Drive motor operation of sun sensor reverse to position 2
Drive motor return to operational position

Solar cell amplifier oufpuf

Temperature sensor output at the primary

Temperature sensor outpuf af the detector array
Temperature sensor output af the secondary

Temperature sensor outpuf ai the electronics
Temperature sensor output ai the Cormell spectrometer
Temperature sensor output at the filter spectrometer
Internal pressure sensor output of radiometer

Sun Sensor Electromagnetic latch current amplitude

Sun Sensor Electromagnetic latch deoperate current
Cover closed contact switch output

Filter wheel electromagnetic lock output at disconnect
Filter wheel drive motor at positions 1,2,3,4,5,6,7,8 and 9 output
Filter wheel electromagnetic lock output

Detector readout (w/o calibration) (36)

Detector preamp readout (w/o calibration) (36)

Internal calibration unif output

Detecior readout (w/calibration) (36)

Detector preamp readout (w/calibration) (36)

Chopper electromagnetic lock release

Chopper motor operation (verify chopper movement) and lock
Cornell specirometer readout (w/o calibration) (100 pos.)
Comell spectrometer readout (w/calibration) (100 pos.)
Filter spectrometer readout {w/o calibration) (100 pos,}
Filter spectrometer readout (w/calibration) (100 pos.)
Phase lock amplifier readout (9)

Power conditioner output (64 lines)

Primary mirror heater output

Data inferface buffer output

Data interface amplifier output

Data interface formater output

Tape recorder input to audio amplifiers (sample only)
Tape recorder tape advance

Inert gas leak test
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Table 3-19.  ATL Experiment Verification Tests (Cont'd)

ST-16B

Verify:

Instrument element B power on af indicator

ST-20

Remove Solar Celt Test Plate cover and illuminate with a sun simulator
or strong broadband light source,

Verify: .

Main power af indicator

Voltage outputs of solar cells, channels 1-50
Temperature of thermocouples, channels 1-10
Boom extend until indicated

Boom reiract until indicated

Boom refurn fo launch position

Sun sensor sun acquisition

Track lock

Track mode drive (automatic)

Track mode X and -X

Track mode Y and =Y

Sun shade drive (automatic)
Replace Solar Cell Test Plate cover and remove sun simulator.

Verify:

=

(at system status) ¥
Multiplexer function
Processor formating
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Table 3-19,  ATL Experiment Verification Tests (Cont'd)

X-2

Verify:

Power to IEU ot C/D indicator

Gyro heaters on at C/D indicator

Gyro heater temperature normal af C/D light panel
Computer power at C/D indicator

Gyro 1-4 in attitude and bias at C/D digital R, O,
Gyro 14 disable of digital R.O,

Gyro restart of digital display

Star tracker 1 and 2 power on at C/D indicator
Star tracker 1 and 2 track mode ot C/D digital R, O,
Dark sun sensor output at C/D indicator

Power to sun shade drive motor

Although ATL experiments do interface/share common recording equipments (Table
3-20), there is no experiment unique applications program resident in the CDMS computer,
Verification of operational CDMS/ATL experiment software is required but this software
only perfains to RAU/experiment interfaces for command initiation and data fransfer = not
dafa formatting, manipulation, or reduction. Thus, a CDMS simulator will be required to
inferface with the RAU's associated with some of the ATL experiments.

Toble 3-20,  Shared Equipments (Experiment & End ltem
Hlustrated)

Digital Recorder Video Recorder

X-2 (E.1, 6)

ST-10 E.1. 13)
ST-3 (E.1. 15)
SF-2 (E.1. 12) SF-2 (E.1. 11)
ST-21 (E.1. 7)

ST-25 (E.1. 11q)
ST-16B (E.I, 8) ST-16B (E.I. 10)
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Installation and Test Sequences (Waterfalls)

Level 1V installation and test sequences were parepared for each mini center and
lead center concept applicable to the ATL payload. Mini-center sequences are presentedin Figures
3-63 to 3-65.  Each flow was developed fo reflect the minimum time required to com-
plete the level IV activiiy.

Mini-Center No, 1

Items processed through mini-center 1 consists of Pallet 1, Spacelab racks 5 and 6,
and the floor segment to support the combustion chamber of Exp. ST-25, The combustion
chamber must be aligned with Exp, end items located in racks 5 and 6 prior o verification,
Because of the size and location of the ST~10 antenna assembly, installation is deferred
until all other Pallet #1 end items and hamess and fluid lines are installed. See Figure 3-63,

Mini-Center No, 2

Rack 3, assembled af mini center 2, consists entirely of experiment ST-21 end items,
It can be assembled and verified independently of other racks and pallefs. If mini-centers
were fo be minimized, this activity could be combined with another mini center with mini-
mum impact. However, it was considered separately to reflect a more representative ATL
type of payload. See Figure 3-64,

Mini-Center No. 3

Rack 4 along with pallet 2, and the FSS, are mated with the appropriate end items
af this mini center. Prior_to verification, the rack, FSS and pallet 2 must be mated elec-
trically. This is accomplished where possible with flight harnesses, but in most cases is
done with GSE wiring. The inter-pallet hamnesses which are installed in pallet T are sim-
ulated on pallet 2 by GSE cables. See Figure 3-65.

Centralized Site Sequences

Two centralized site sequences were developed. The first sequence (See Figure 3-66.)
reflecss the tevel IV integration activities associated with individual/decoupled experi-
ment/mounting element integrafion. Applicable options are B-1, B-3, C-1and C-3. In
options B-1 and C-1 (shown in Figure. 3-66 } , the level IV activity is completed
upon completion of individual experiment/mounting element verification tests (comparable
to the A-1 option), In the case of the B-3 and C-3 options (nof shown), the additional
combined payload checkout activity is applicable (comparable to the A-3 option).
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RECEIVE & IHSPECT 5T-25 END ITEMS & ASSOC, S/L EQUIPHENT (8)
RECEIVE & [NSPECT ST-10 END ITEMS & ASSOC. 5/L EQUIPMENT (8)
RECEIVE & INSPECT ST-26 END ITEMS & ASSOC. 5/L EQUIPHENT (8)

INSTALL 5T-25, E1 8 INTO RACK 5 {2)
INSTALL 5T-25, EI 1ib FHTO RACK 6 (2)

INSTALL ST-25 EI's 4§ & 10 INTO RMK 5 (2)
THSTALL ST-25, EI 7 DN RACK 6 (1)

INSTALL ST-25, EI 3 ON RACK 6 (i}

INSTALL 57-25, EI 2 ON E1 1 (2)

TNSTALL ST-26, EI 1 ON RACK 6 {1}
INSYALL 571-26, E1 2 OK RACK 6 {1)
LHSTALL ST-10, €1 14 0N RACK 6 (1)
INSTALL RACKS 5 & 6 ON FLIGAT FLOOR {6)
INSTALL §7-25, £1 ¥ ON FLOOR & ALIGH WITH El 7 & 8 (4)
INSTALL POWER IRNESS O RACK 5 (12)
TASTALL POHER HARMESS ON RACK % (12)

THSTALL SEGHAL HARHESS QN RACK é (i2)
INSTALL SIGHAL HARKESS OR RACK & {12)

. HSTALL 5T-25, E1's 4 & 5 ON PALLFY {4)
INSTALL SY-10, E1 8 OK COLD PLATE (#)
[A) INSTALL ST-10, 1 & ON COLD PLATE {4)
L INSTALL $T-10, EL 71 OK COLD PLATE {4)
) INSTALL $7-10, EL 10 OH COLD PLATE {4)
P INSTALL ST-19, EI 12 OK COLD PLATE (&)
__J ENSTALL ST=10, £1 7 ON COLD PLATE (4)
I IHSTALL §T-10, EI*s Y through 6 & 15 OH SUPPCRT STRUCTURE & SYORE (4)
INSTALL FILL & VENT LINES FOR 57-25, EI 4 & TERAINATE AF UTILITY TRAY (4}
] IHSTALL PALLET POWER HARNESS {36} {DO HOT CONNCCT TO ANTENNA ASSY)
| ] INSTALL PALLET EXPERIMENT STGMAL HARMESS {36) {DD HOT COMMECT TO ANTENNA ASSY)
CONNECY 0z, N2 & CH4 SUPPLY LINES RETWEEW ST-26, EI 1 & YHE AFT END CONE SUPPLY LINE COKKECTOR (6)
CONKECT VENT LINE EETWEEN ST-25, EI 1 & RACK YEWT LINE CONNECTOR PANEL (6}
COMNECT FREQN SERYICER A REFRIGERATION UNIT TO THF 5/5 FREON 100P Q/D's
INSTALL ST=10 ANTENHA ASSEMALY & COMNECT HARMESSES (4}
INSTALL CABLING TO POWER & 65E (4)
VERIFY ST-10 {SEE TABLE 3-9) (8)
VERIFY 51-25 ($EC TASLE 3.5) (m
VERIFY $T-26 (SEE TADLE 3-9} (4}

o= DISCONNECT & STOM ST-25, EI 2 (1)
Fx E DISCOKHECT CABLING TO POMER & GSE, & ALR FLOM GSE {1)
e G2 SECURE ALL EQUIPHENT FOR SHIPPING {8}
QB
=B
=

fop]
% = Figure 3-63 , ATL Mini-Center #1, Pallet 1, Racks 5 & 6.

uoisig soeds

[EUOLELISIL] [[SAMMOOY QT@



Z~6000-4S-8L dS

gel-¢

wl 5[ 2] o a0 3] 4o as] sol ss] e  as]

RECEIVE & INSPECT £ND ITEMS (8)

INSTALL 5T-21 HEAT TRAMSFER ASSEMBLY INTO RACK 3A (2)

INSTALL 5T=1, EI 7 INTO RACK 38 (2}

IMSTALL ST-21, € 11 INTO RACK 34 {1}

INSTALL §T-21, El B INTO RACK 34 (1}

INSTALL 5T-21, EI 9 INTO RACK 3A {1} \

INSTALL & ADJUST ST-21, EI 10 INTO RACK 3A TO ILLUMINATE ST-21, Et 1 {POS, 1) & 5T-21, EI § {POS, 2} (2)

~3

B INSTALL POWER HARNESSES IN RACK 24 & 3B {10)
) INSTALL SIGNAL HARNESS IN RACK 3A {10)
10 CONNECT 5T-21, EI 6 VENT 8 DUM LINE TO 571 VENT RACK CONNECTOR PANEL {8)
- f M. |  CONNECT GSE EQUIPMENT (4)
12 VERIFICATION {4) (SEE TABLE 3-10)
13| DISCONNECT CABLING TO POWER & GSE & AIR FLOW GSE (2)
] 14 SECURE ALL EQUIPMENT FOR SHIPPING (g}

Figure 3-64 , ATL Mini-Center ¥2, Racks 3A & 3B
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RECEIVE & INSPECT ST-5 EWD ITEMS (R)
RECEIVE & I4SPECT $T-3 EWD [Teis (4)
RECEIVE & INSPECT ST-20 SHD ITENS {4}
RECEIVE & INSPECT X-2 EXNO ITENS (4)
RECEIVE & [NSPECT S.2 ERD iTEMS (G)
RECELVE & INSPECT ST-16 EMD ITEHS (3)

DRECE]VE & INSPECT 5T-2 END JVEMS (2)

INSTALL $F-2, EI 13 INTO RACK 4a (2)
INSTALL SF=2, ET 9 & EI 10 IRTO RACK -da (2}
IHSTALL SF2, Et § INTC RACK  4b (1)

[] msva st-a, €1 10 tvo ace -sa (1)

INSTALL 5T-20, EI 5 INTO RACK -4b (1)
I:hhtsml %=2, EI 7 INTO RACK -4b (1}
INSTALL POMER KARNESS ON RACK  -43 (10)
INSTALL SEQNAL MARNESS O% RACK =42 {10) ’
IHSTALL POWER HAAMESS OH PACK -4b (6)
TASTALL SIGKAL HARHESS GH RACK -4b (6)

INSTALL SF-2, E1 7 ON FSS (2)

INSTALL SF-2, STOU (EI 1-§} OM FSS (2)

INSTALL ST-16B, EL 5 08 FS§ (5)

THSTALL POWER HARNESS FOR F55 (10}

I JINSTALL EXPERTMENT SISMA. HARNESS FOR FSS {10)

IRSTALL §T-3. Ef 2 THAOUGH 6 70 EI 1
ATTACH ST-3, EL 1 THADUGH 6 ASSEMBLY TO TRUNSION SUPPORE {4}

A'iTACH 5T-3, €1's 9. 10, IZ._, 1,3_8 14 TO BASEPLATE OF ST-3 EI/TAUNNION ASSY & STORC {#)
TNSTALL X2, EI 1 QN EI 5 {2)

INSTALL X=2, E1 2 & 3 ON EL § (2}

INSTALL X2, EI 4 ON EI 5 (¥}

YTTACH %+2 Et § THROUGH 5 ASSY & KESTORE {5) (OPYICAL BENCH ASSY)

INSTALL ST-2 El's 1 & 2 ON PALLET 2 {4)
INSTALL ST-5, EI 1 & E1 8 OA SUPPORY ORACKET (4}
INSTALL ST-5 EE's 2 THROUGH & ON PALLEY 2 (2)
INSTALL $%-5, €1 7 0N PALLET 2 {2)
I4STALL 5T-5, E1 1/8 ASSY ON PALLET 2 (4}

%usmt ST=20, E1 7 ON PALLEY 2 (2}
INSTALL §T-20, EL's | THROUGH 4 ON PALLET 2 (4)
THSTALL §T-20, EL & ON PALLET 2 {1)

] IHSTALL PALLET T #7 (2R HARNESS (28) 90 NOT CGNNECT TO OPYICAL SENCH AsSY
] [4STALL PALLET 2 EXPERIMENT SIGNAL HARNESS (28). DO WOT COWMECT TO OFTICAL BENCH ASSY
IHSTALL ST-3 GPEICAL BENCH ASSY ON PALLET 2 AXD ALIGH (8)
INSTALL SHe FILL/VERT LINE BETWEEN ST-5, €1 & & AFT PALLET 2 ATTACH FOINT (6)
INSTALL SHe DVERGOARL BLEED LINE BETWEER ST-5, EL 1 & AFT PALLET 2 ATTACH POINT (6}
COHNECT FACELLTY POMER & GSE (4)

VEMFICATION (40} (SEE TABLE 3-17) [

DISCONNECT CABLES TD PCUER & GSE & A1 CART {2)

SECURE EQUTPMENT FOR SHIPPING (B)

Figure 3-65 , ATL Mini-Center #3, Pallet 2, Racks 4A & 4B, & Special (SF-2 & STI6B)

qaoeds
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5]

RECEIVE AND JSPECT RACK 3 3N 1TEMS (8,0}

INSTALL END WS IN RACK 3 (7.0}

TRSTALL POWER BARNESS (M RACK X 10,00

IPGTALL SIGNAL HARNESS IN RACK 3 {10.0)

SMSTALL CUMP LINE FROM 5T=21 £1 4 TO RACK J& INTERCOMMECT PANEL (8,0}
CONMNECT FACILITY POWER AN G3E {4.8)

VEREICATION {5,0)

FEOURE TEST SETUP (2,00

RECEIVE ANO INSPECT BACK 5 AMD & ENO ITEMS [B.0)

FMSTALL EMD ITEIAS 1M RACK 5 {601

INSTALL ENG ITEMS I RACK 88,00

NSTALL THE COMEUSTION CHAMBER (EXF 57-25 £ 1) ON THE PLGOR SEQMENT {4.0)

INSTALL PEAWER HARNMESS IN RACK 5 12,00

IMSTALL SIGNAL HARNESS INRACK 5 (12.0)

INSTALL POWER HARNESS IH SACK 6 (12.0)

INSTALL SIGMAL HARRESS 1N RACK & (12,6]

INSTALL PLUMERMG LIEES TO Exp ST95E1 | (12.00

BECEIVE & IMSPECT PALLET 1 IMSTALLED EMD ITERS (8.0}

TRSTALL ENO ITEMS ON PATLET 1

pTALL FILL & VENT LINES {4,
INSTALL POWER HARMESSES O PALLET 1 (34,0}

l INSTALL SLGNAL HARMESSES O PALLET | (63,0}

FHSTALL 5T-10 £ ¢ OM PALUY § (8,0

POSTION & CONNECT RAGCKS 5 & § T3 PALLET | & commel] G358 H.0)
NERFICATION (20.0)

SECURE TEST SETUF 2.0

BECENE & INSPECT RACK 4 EXD ITEMS (3,00

INSTALL EN FTEMS TN hCK A8 14,00

LNITALL EMD TEMS [N RACK 44 (6,0}

IHETALL POWER HATHESS IN RACK 43 (8.0}

INSTALL SIGINAL HAXNESS IN RACK 48 1.1

INSTALL POWER HARNETS 10 RACK 44 (4.0}

IMETALL SIGHAL HARMESS LM RACK & (108

ORIGINAL PAGE I8
OF POOR QUALITY

RECEIVE & IMGFECT F53 IMBTALLED END MEMS (1.0

IPSTASL £4P 552 D ITEM 7 ON 53 2.0

IHSTALL EX? 5F=2 END ITEMS 1-¢ DN FSS (2.0}

INSTALL EXP ST_263 END 1TEM 5 & 10 ONFSS (4.0} .
TNSTALL POWER HAXNESS ON F55 (8.0

INSTALL SHGHAL HARNESSES ON Fss (10,5)
CONMECT G5E BETWEEN RACK 4 AMD Fs5 [6,0)

ASSEMBLE & IHSTALL EXF ST-3 EMD [TEMS ON TRUMHIOH SUPRCRT BASE GF OFTICAL BENCH ASSY (14,0}
ASKEMBE EXP X-2 EMND ITEMS (5,0}
IPSTALL EXP -3 END [TEMS G TRUNAION SUPPORT BASE GF GFTITAL BESCH ASSY 4,0
FECEIVE & SMSPECT PALLET 2 IMSTALLED €64 [FEMS 012,01
RSTALL ENO HEMS ON PALLET 2 {K,0)
T | INSTALL POWER HARHESTES DN PALLET 2 (28,0
I INSTALL SHGTGAL, QM PALLET 2 4.0
INSTALL CPTICAL BEMCH ASS'Y ON PALLET 2 @.5)
IRSTALL SH, VENT LIMES (4.0}
HHSTALL St CVER BOARD BLEED LIES (.08
COMMRGT PALLET G5E CABLES T RACK 4 K.6)
CONNECT FACILIFY POWER & 653 CAILES 44,6}

FOLDOUT FRAME ;2

| VELFKATIGN TESTS (4,01

SECURE TEST SETUF (2.8) ;
’ INSTALL RACKS J &£ ON FLOCR ALSY {4,0 b
- IFSTALL DI FLOOR HARNESSES F2.0)

FOLDOUT FRAME /

FICURE 1 - 8% AL LEAD SINTER/XEC PROCISUNG TLOW, OFTIONS Bal, D-d. G-l & G-3

Figure 366, ATL Lead Center/KSC Processing Flow, Options B-1, B-3, C-1 &C-3

SD 78-5R-0009-2

FOSTIIOH PAYLOAD SUAASSEMELIES FGR COMEINED PAYOAD CHECKOUT (2.0)
[ | cotecr inqeeeautst oi casits 4.0
[ 1 COMMECEFS5 T PALLET AND RACKAFLOOR ASSY (5.0}

[ ] ioohECE PALLET TO RACK,/FLOOR A35Y {4,0)
[ ] CONNECT RACILITY G5 CAMES (5,0)

COMMNED PATLOAD GHECKOUT (7609

|| sECURE TEST ECUIFRENT 0.0)
BECONNECT PAYLOARD SUBASSEASLIES 8,00
PRZP EOR TRANSPORT (15.03

2.137,3-138
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In all four of these options, individual racks and pallet segments are received af the
integration site except racks 5 and 6 which are mounted to the floor segment. Regardless
- of wh ich of the four options used the Spacelab mounting element {with the experiment
equipment installed and verified) are returned to KSC for 5TS integration activities af the
same level of assembly. That is, level 11l assembly in the O&C building is required,

The second detailed installation and test sequence (Figure 3-67 ) is applic-
able to the B~4, B-5 and C-4 options. In these options, the rack/floor assembly and
pallet train are received at the level IV integration site. Other than alignment and
grounding tests, all experiment equipment is installed in racks/on floors and pallets prior
fo verification tesfing.

The B-4 and C-4 activities are identical, However, a delfa activity for the B-5
option is indicated in Figure 3-66. This activity pertains to the disassembly of the pallet
train to facilitate over-the-road fransportation with load widths less than twelve (12) feet.

Post Flight Experiment Deintegration Waterfall

Post flight deintegration of racks, floors, pallets and associcted wiring and plumbing
is shown in Figure 3-68. The deintegration time bars'are simplified, but are based on the

more detailed analysis performed for buildup operations. The deintegration activity occurs
at KSC,

ATL Payload Ground Processing Cycles

In order to define total flight hardware involvement time, and support manpower re-
quirements, flow diagrams were prepared to show the full cycle of installation and test
activities which are required from start of staging fo complefion of post-flight deintegration,
The diagrams illustrate the serial processing times required to accomplish the level IV effort
associated with the preparations for and installation of experiment equipment, interface
verification testing, and subsequent shipments, Applicable KSC~STS operations are in-
cluded and reflect current time allocations. A reference mission time of seven (7) calen=~
dar days is also included,

Figure 3-69 summarizes the cycle for the applicable distributed options A-1 and A-3.
The only difference is due to the off-line combined payload checkout activity (Function
blocks 7, 8 and 9) at KSC prior to KSC~STS operations. Applicable lead center cycles
are presented in Figure 3-70, Cycles for KSC options are summarized in Figuré 3-71.
Transporfation times are the only differences between comparable lead center and KSC
options.

3-139
SD 78-SR-0009-2
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. L I 1 1 1 i L i 1 i O 1 1 i | 1 1 3 1 1 1 i 1 1 | Lt L 1 it i : 1 L]
T g
MICENVE 4 |NSPECT RACK 5 & 8 END TEMS (2,00 :
INSTALL END ITEMS. 464 RACK 5 (5,10 i
THSTALL EHD ITEMS [N RACK & (6.0)
[HSTALL THE COMBISTION CHAMBER [EXP ST.25 ENG TEM 1) ON THE FLOKN SEGMEMT (8,03
INSTALL POWER HASRESS ON RACK 5 (12,0}
IMETALL 515 MAL HARNESS OM PATE § {12,0)
INSTALL POWER HARNESS IN RACK & {12,0)
THETALL $1G NAL HARMESS 1 RACK & (12,1]
INSTALL PLUMBIMS LINGS TO COMMITTION CHAMER (12.0}
FECELVE & INSFECT RATK 3 EMD ITEM3 (6.0)
INSTALL END [TEMS IN RACK 3 (.0)
INSTALL POWER HARNESS IN RACK 3 (10.0}
IHSTALL SIGHRAL HARMNEES IN RACK 3 (10,00
IRSTALL DUIMAF LINE FROM EXF, ST-2T END HTEM & T0 LACK 3A INTERCONNECT FAMNEL (8.0) !
AECEIVE & (MSPECT RACK 4 ENG TTEWS (3.0)
IHSTALL THD ITEMS 1N RAGK 48 (4.0}
JISTALL END [TEMS IN RACK 4A (8,00 .
INSTALL POWER, HASNESS IN RACK 42 {6.0)
INSTALL $IGHAL HARNESS I RACE 48 (10.0} ORIGINAL PAGE 3 '
INSTALL POTWER HARNESS I RACK 4A (4,0} O POOR QUALITY '
IHSTALL SIGHAL KARNESS TN RACK 44 (10,0}
IKSTALL ATR COOLING ASSY (2.0)
BALANCE RACK LOGUNG SYSTEM (5.0)
C § INSTALL UMOER FUSCIR HARRESSES (32,00 .
FECEIVE & INSPECT FALLET | INSTALLER ERD ITEMS {6.0}
INSTALL ENQ (TEMS SN PALLET § (8,0}
"] temraws pL 2 venn Libes (aa) '
] INSTALL POWER HARMESSES ON PALLET 1 (35,01 .
INSTALL 5KG HAL HARHESSES DN PALLET | (28,0) 1
ASTALL EXP ST-10 ANTENIMA ASSY DRPALLET ¥ (3.0)
AECEIVE & SHEPECT 55 (NSTALLED END ITEMS {8.1) ! FOLDOUT FRAM@ 2/
FMSTALL EXP 5F-2 EMD ITEM 7 ON FIS (2.0) i
INSTALL EXP S5 25N 1TENS. |6 OM FSS {2,0)
INSTOLL C20 ST.200 EMD JTENS 5 & 1COM PSS (4,0
HSTALL POWER, HARNESS QN TS5 (8.0) i
R IHSTALL SIGHAL HAINESSES TN FSS (0.0} ¢
ASSEMBLE A {MSTALL EXP ST-) END 1TEMS DM TRUNNKOM SUPFORT BASE OF GFTKCAL IENCH ASSY {I4,0) N
ASSEMALY EXP X-2 END ITEMS 15.0} '
FGTALL EXP X-2 END (TEMS ON TRUNMICH SUFPOET BASE OF GITICAL BEHCH ASSY .0}
RECEIVE & INSPECT PALLET 2 INSTALLED END MTEMS (124
INSTALL END [TEMS QN PALLET 2 (14,00
IRSTALL POWER HAKNESSES O PALLET 2 (29, )
- INSTALL SIGNAL O PALLET Z{52,0)
THSTALL OFTICAL SEMCH ASSY ON PALLET 2 (6.0}
INSTALL SH, VEMT LiMES {8, 0}
INSTALL SHy, OVER BOARD BLEED LINES .0}
- oA IB5 FOR TESTS (3,0}

CONMNECT G5E PLUMBING (4,0}
CORMECT F$5 TO RACKFLOOE ASSY Bt}

CONKECT I5E POWER CARLES {2-0)

CONMECT PALLETS TO RACK/FLOOR AS5 Y40}

22QUT FRANE i L

"] vEnsicanioN TESTS (5.0

-

Figure 3-67, ATL Lead Cenier/KSC Processing Flow, Options B~4 and C-4

SD 78-5R-0009-2

COMNED FAYLOAD CHECKQUT {15,8
SECURE TZET EQAIPMENT [3,0)

DSCONMECT PAYLDAD A1E ASSEMBUES (5.0)
PRER FCOR TRAMNSPORT (10,0,

BPRECEDING PAUE BUANK NOT EILMED

3-141, 3-142
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DAYS

1 ] 2 T 3

wours| s [ we F s [ 20 [ 2

[ | REMOVE SIGINAL HARNESSES ON THE FORWARD SUPPORT STRUCTURE {FSS) (4)

SEECIAL
SF-2
ST-188

' REMOVE POWER HARMESS ON THE FSS (2)
REMGVE ST-148 END ITEMS FROM THE FSS (1)
REMOVE SF-2 END ITEMS FROM THE FSS (1)

REMOVE THE FORWARD SUPPORT STRUCTURE {2)
10 HOURS

t REMOVE POWER HARNESS FROM RACKS R-4A & 4B (4)

RAGKS
R—4A 2 4B

REMOVE SIGMNAL HARNESS FROM RACKS R—4A & 48 (4)

I REMOVE EXPERIMENT END ITEMS (X-2, 5T-20, ST} & 5F-2) FROM RACKS R-4A & 4B {5)
14 HOURS
REMOVE EXPERIMENT $T-21 VENT AND DUMP LINES FROM RACK £-3 VENT COMNECTOR PANEL {2}

RACKS
L3A 3 3B

]

REMOVE POWER HARNESS FROM RACKS L-3A & 38 (4)

REMOVE SIGNAL HARMESS FROM RACKS L-3A & 3B (4}
REMOVE EXPERIMENT $T-21 END ITEMS FROM RACK L-3A (2)

REMOVE EXPERIMENT 57-1 END ITEMS FROM RACK L-3B (2)
14 HOURS

REMOWE EXPERIMENT 5T-25 GAS SUPFLY LINES FROM AFT END COMNE SUPPLY LINE CONNECTOR (2)

REMOVE EXPERIMENT ST»25 VENT LINE FROM RACK VENT LINE CONNECTOR PANEL (2)

RACKS
L-5, R4
3 FLOOR

O

REMOVE POWER HARNESSES FROM RACKS L5 AND k-6 (3}
REMOVE SIGMNAL HARNESSES FROM RACKS L-5 AND R4 (3)
REMOVE EXPERIMENTS 5T-25 & 3T-10 END ITEMS FROM RACK' R-& AND FROM FLGOR (4}

u REMOVE EXPERIMEINTS ST-25 & ST-26 END ITEMS FROM RACK L-5 (2}
14 HOURS

DISCONNECT EXPERIMENT $7-5 OVERBOARD SH, BLEED LINE {2)

DISCONNECT EXPERIMEMT ST-5 SH, VENT LINES (2)

PALLET 2

M

REMOVE EXPERIMENT ST-3 OFTICAL BENCH ASSEMBLY FROM PALLET 2 (4}
REMOVE PALLET 2 POWER HARNESS (7)
REMOWVE PALLET 2 SIGNAL HARMESS (7)

REMOWVE EXPEREMENT ST-2 END [TEMS FROM PALLET 2 {1}
REMOVE EXPERIMENT X2 END ITEMS FROM PALLET 242)
REMOVE EXPERIMENT 5T-20 END IHFEMS FROM PALLET 2 {2)

|_[ REMQVE EXPERIMENT 57-3 END ITEM5 FROM PALLET 2 {2}
22 HOURS

REMOVE EXPERIMENT 5T-25 FILL & VENT LINES (2)

REMOVE PALLET | POWER HARINESS (8)

REMOVE PALLET 1 SIGNAL HARNESS (8)

BALLET 1

REMOVE EXPERTMENT ST-10 ANTENNA ASSEMBLY (2)
REMOVE EXPERIMENT ST-10 END STEMS FROM COLD FLATES OF PALLET 1 (5}
_1 REMOVE EXFERIMENT ST-25 END ITEMS (2)

20 HOURS

[:[ SECURE S/L.SUBSYSTEM NNTERFAGES (2)
TOTAL = 24 HOURS

Figure 3-68, ATL Level IV Deintegration

3
ORIGINAL PAGE IS
OF POOR QUALITY
3-143
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5 1o {15 P20 {25 |0 !35 [40 f45 |50 |55 ERE [70 |75 ['s0 o5 | working pavs

K| Ja=MINICENTER | KsC 5]
[2] sTAGING (2.0) “OPTION Al

TRANSPORT TO MINICENTERS (5.0)

3856 EXPERIMENT INSTL AND VERIF. {16, 3)

TRANSPORT TO KSC (5.0)
10} LEVEL i1l MECH, ASSEMBLY (3.0}

11.& 121 LEVEL 111/|1 INTEGRATION (O&C) (11.0)
13 . | LEVEL } INTEGRATION {OFF) (9.2)
14 | MISSION (5.0)
15 LEVEL 1/11/11t DEINTEGRATION (10.8)

16 l LEVEL 1V DEINTEGRATION {3,0)
70,3

5 J1o Ji5 F20 25 Fao {35 Fao a5 (5055 Jeofes [70]s |ao ] WORKING DAYS

K

2

| fe—mnicenreres] | Ksc =

STAGING (2.0}

TRANSPORT TO MINICENTERS (5,0}
5846 EXPERIMENT ENSTL & VERIF, {16.3}
TRANSPORT TO KSC (5.0}
7 TNTERIM PAYLOAD CONNECT {4.8)
PAYLOAD CHECKOUT (2.4)
PAYLOAD DISASSEMBLY (1.3)

TRANSPORT TO O&C-1,0)
11 812 LEVEL 111/11 INTEGRATION {O&C) (11,0}

13 LEVEL | INTEGRATION (OPF) (9.2}
14 | MISSION (5.0
15

OPTION AZ’

8

LEVEL I/11/111 DEINTEGRATION (10.8)
16 | LEVEL 1V DEINTEGRATION (3.0)
76.8

5 b0 J1s J20 |25 30 |35 Vio [45 |so |5 Jeo Jes |70 |75 Jeo |

2]

J

KSC

|eM1N1CENTERs——>|

STAGING (2,0} OPTION A3

TRANSPORT TO MINICENTERS (5,0)

586 EXPERIMENT TINSTL & VERIF, {16,3)
TRANSPORT TO K5C (5.0)

7 | INTERIM PAYLOAD CONNECT (4.8)
6] PAYLOAD CHECKOUT (2.4}
] PAYLOAD DISASSEMBLY (1.3)
"B TRANSPORT 7O O&C (1.0)
10} LEVEL 11l MECH, ASSEMBLY (3.0)
11412} LEVEL 111/1] INTEGRATION (O&C) (11.0)
13 LEVEL | INTEGRATION (OPF) (9.2)
14| MISSION (5. 0)

15

16 | LEVEL IV DEINTEGRATION (34
79,8

ATL Total Ground Processing Flow
Concepts A-1, A-2, A-3

3-144

®
Figure 3-69.
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5 {0 15 J20] 25 ﬁolasl40l45l§o|55lso[.sslmlrsIsolwonxlNGnAvs

rof

STAGING (2.0}

Je=LEAD CENTER———»]

5&6

'z

KsC

TRANSPORT TO LEAD CENTER {5,0)
EXPERIMENT TNSTL & VERIF, (21.9)

11&12

TRANSPORT TO K5C (5.0)
10| LEVEL i1 MECH, ASSEMBLY (3.0)

—'|

OPTION B

LEVEL 1J1/11 INTEGRATION (O&C) (11.0)

13

LEVEL | INTEGRATION (OPF) (9.2}

14 MISSION (5,0)

15 LEVEL I/1l/111 DEINTEGRATION {10.8)
L1& | LEVEL IV DEINTEGRATION (3.0)
75.9 )

sllm [5 {20 {25 |30

35 |4o ]45 150 155 Jeo |es {70 }75 |s0o |85 | workiNG pAYs

E STAGING (2,0)

»nN

K fe—— LEAD CENTER

S f

S

3

“t

4

8

r\

TRANSPORT TO LEAD CENTER (5.0)
PAYLOAD [NSTALLATION (13.5)
PAYLOAD VERIFICATION (9.3)

KSC

PAYLOAD CHECKOUT (2.4}

)

PAYLOAD DISASSEMBLY {1.3)
TRANSPORT TO KSC (5.0)

-
OPTION B4

LEVEL 113/11 INTEGRATION (cacy{11.0) .

11 812
i3 LEVEL | INTEGRATION (OPF) (9.2)
14 | MISSION {5.0)
15 LEVEL 1/11/11F DEINTEGRATION {10.8)
L\_] LEVEL IV DEINTEGRATION (3. 0)
77.5

[z] sTAGING (2.0)

3

TRANSPORT TO LEAD CENTER (5. 0}

PAYLOAD INSTALLATION (11.5)

4

5 {10 J15 20 25 J30 [35 J40 [45 Js0 [55 Jeo fes ]70 175 | aol
i<

K egummim e [ EAD CENTER ———3] KsC

PAYLOAD VERIFICATION (10.1)

Figure 3-70.

8] P

?

AYLOAD CHECKOUT (2,4}
PAYLOAD DISASSEMBLY {2.3)

TRANSPORT TO KSC (5.0)
10} LEVEL 1Il MECH, ASSEMBLY (3.0)

11.&12

"I

OPTION B5.

LEVEL 111/ INTEGRATION {O&C) {11.0)

13

Concepts B-1,

3-145

LEVEL | INTEGRATION (OPF) (9.2)
14 | MISSION (5,0)
15 ] LEVEL 1/11/111 DEINTEGRATION (IC 4
; i! LEVEL IV DEINTEGRATION (3.5}
0.3

ATL Total Ground Processing Flow
B4, B-5

SD 78-R-0009-2
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5 [ 10 ] 15 J20 J25 J30 |35 [40 J45 |50 |55 Jeo |es |70 | workiNG pAYS
- T

KsC >
|2 STAGING (2.0) ) OFTION CT
TRANSPORT TO PAYLOAD FACILITY {1.0)
586 EXPERIMENT INSTL, & VERIF (21.9)

TRANSPORT TO C2C (1.0}
10| LEVEL I MECH, ‘ASSEMBLY (3.0)
11 &12 LEVEL 113/11 iINTEGRATION (O&C) (11.0)

13 LEVEL | INTEGRATION (OFF) (9.2)
14} MISSION (5.0) .
15 LEVEL [/11/1] DEINTEGRATION (10.8)
| 16] LEVEL IV DEINTEGRATION (3.0)
67.9

5 110 [15 20 J25 Jao |35 |40 |45 |50 |55 Jeo |65 J70 J7s {eo Jes | working pavs
p KsC

2| STAGING {2.0) -
TRANSPORT TO PAYLOAD FACILITY (1.0)

3 PAYLOAD INSTL (13.5) _ OPTIONC4
4 PAYLOAD VERIFICATION (9.3}
8| PAYLOAD CHECKOUT (2.4)
bl PAYLOAD DISASSEMBLY (1.3}
TRANSPORT TO Q&C (1.0) '
| 11 LEVEL 11/ INTEGRATION (O8C) (11.0)
13 LEVEL | INTEGRATION (OFF) (9.2)
14_{ MISSION (5.0)
15 LEVEL I/11/11] DEINTEGRATION {10,8)
&”J LEVEL 1V DEINTEGRATION (3.0}
69.5

5 190 [ 15 |20 {25 ]30 ]35 |40 |45 ]s0 |35 Jeo Jes [70 | woRKiNG pAvs
»

K5C !
[zl stacinG (2.0) : OPTIONC3
"Bl TRANSPORT TO PAYLOAD FACILITY (1.0} .
584 EXPERIMENT INSTL, & VERIF (31.9)

7 | INTERIM PAYLOAD CONNECT (4,8)
5] PAYLOAD CHECKOUT {2.4)

Pl PAYLOAD DISASSEMSLY (1.3}
i IRANSPORT TO ©&C (1.0)
10 | LEVEL 11§-MECH. ASSEMBLY (3.0}
11 & 12 | LEVEL lI1/1f INTEGRATION (O&C) (1.0}

13 LEVEL | INTEGRATION (OPF) (9.2)
14 | MISSION (5.0) .
15 LEVEL 1/11/Ill DEINTEGRATION (10,8}
| 16] LEVEL IV DEINTEGRATION (3.0)
76.4

Figure 3-71,  ATL Total Ground Processing Flow
Concepts C-1, C-3, C- 4
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4,0 LEVEL [V INTEGRATION RESOURCE REQUIREMENTS

Estimates of the resources required for each of the applicable ground processing options
for the four representative payloads were developed, The resources addressed were per-
sonnel, femporary relocation (TDY), transportation, GSE, and Spacelab flight hardware,
The waterfalls presented in Section 3 for each of the options were the basis for the defini-
tion of the tasks, the required manpower, and the involvement times of the GSE ond flight
hardware. Transportation estimates reflect the variations of inter/infra-site shipments for
the various opfions.

PERSONNEL REQUIREMENTS

Three categories of personnel were considered, hands-on personnel, host-center sup-
port, and STS operafions support. The hands-on personnel estimates reflect the engineers,
technicians and quality assurance personnel that perform the installation, checkout, inte-
gration, inspection, etc, with the experiment and Spacelab hardware. Host-center sup-
port personnel estimates reflect those engineers and technicians 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-~
sonne! estimates reflect the on-~site support of the Level IV 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.

Hands-On Personnel Requirements

These estimates were based upon the specific tasks of Level IV integration delineated
in the waterfalls for each option for each payload presented in Section 3. Each task was
analyzed to establish the engineer, technician and quality assurance personnel required.
Both the scope of the task as well as the accessibility of the equipment and the time esti-
mates were considered in developing realistic manpower estimates,

Estimating Methodology

Initially, the manhours required (by skill level) for each task were estimated. As
paratlel activities frequently occured during the ground processing cycle, manpower esti-
mates were summed as o function of the processing times. These summations were con-
verted to personnel requirements, which resulted in a slight increase in available manpower,

Where appropriate, a weighted personnel requirement was established for each phase
of the infegration activity. For an example, during installation activities technicion sup=~
port requirements could vary significantly from day to day. It would be unrealistic fo
assume that personnel would be available on a sparodic need basis, Therefore, the total
man-days of technical support for the installation activity was divided by the days of the
activity to obtain the average requirement. This average personnel level was then compared
to the peak requirement, Activities preceding and following the peak activity were assessed
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to determine if the task could be extended in duration and thus reduce the peak manpower re~
quirement. The net result of these analyses was an increase in the personnel requirements of
about 10% above the absolute manpower estimates for each individual task. It is noted that
a more detailed frade—off should be conducted to select a final method of averaging. If the
overall ground processing sequence times were extended these new times were included as the
final hardware involvement times.

Personnel Estimates

Personnel estimaies were summarized by the functional adivities {functional blocks)
defined in Section 2. These estimates cre summarized in Tables 4-1 thru 4-4 forthe four
representative poyloads, For cost estimating purposes mechanical, elecirical, and logistics
engineers were grouped into one heading. A similar grouping of technicians and inspectors
was made, The personnel required for each activity and the total number of working days
for that activity are shown in the tables for each applicable option.

Host Center Support Requirements

During the course of the Spacelab program, numerous experiment sponsor/principal
investigators/integrators will be involved in the ground processing cycle. It would be
misleading to assume that all experiments integrated af a site were sponsored by that site/
center. Some of the experimenters/Level IV integrators will be unfamiliar with the equip-
ments and procedures of the host integration site, Therefore, a [imited cadre of personnel
at the host site will be required to support the visiting experimenters during integration
activifies,

The host center support requirements vary as a function of the payload and the pro-
cessing option. For example, in the case of the distributed site options, host center sup-
porf is minimal because it is assumed that the distributed site would be af the sponsor/
experimenter's facility/laboratory, In the case of KSC options, it was assumed that none
of the experimenfers were normally stationed ot KSC; and thus, host center support would
be maximum,

The estimated host center support requirements for each applicable option for each
payload are summarized in Tables 4-5 thru 4-8. Note that the estimates for lead center
options are significantly less than for KSC options but more than for distributed site options.
The rationale was that limited support from experimenters normally stationed at the lead
center could be utilized,

STS Operations Support

Although the actual hands-on work during STS operatfions will be performed by KSC
personnel experimenter personnel will be required during these activities, Experiment
-unique inferfaces including servicing, test, and launch prepararion activities will require
experimenter expertise. The estimates of the operations support requirements for each pay-
load are summarized in Tables 4-9 thru 4-12, The variations between options for a payload
reflect the inclusion/exclusion of the level 111 assembly activities in the O&C building.
Time estimates reflect the current KSC operational planning flows.
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Table 4-1, Space Processing Table 4~2,  Combined Astronomy
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Table 4-9, Space Processing STS Table 4-10, Combined Astronomy STS Operations Support
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Personne| Cost Requirements

Nominal yearly salaries of $70K and $60K were assumed for engineers and tech-
nicians skill levels respectively, These salaries reflect consideration of ovérhead/insti-
tutional base support as well as direct wages. As all time estimates were based upon work-
ing days personnel costs were developed as a function of the available working days per
year, The nominal number of available working days per year is 250 ofter consideration
of weekends, holidays, vacations, and sick leave.

Personnel costs for the four categories are summarized in Tobles 4-13 thru 4-16 for
the four payloads,

Table 4-13, Space Processing Summary Table 4-14, Combined Astronomy Summary

Personnel Costs Personnel Costs

Option Acl B2 B4 c-2 c4 Cption | A-l A-2 B-1 B-2 Bd ca1 c.3 cu
Level v | § 85K $ a5k $ 89K sk | sk level IV | 3125k [ $1sgk | 12k | siszc | sieek | stzsk | siedk | s1zak
KSC Opa- | 34 34 34 34 3 KSCOps | 39 39 19
Suppart Suppost e 39 3 39 9
Host Center ? 5 “ 1 Host Cr | 3 ? 1 1o ¢ 1 10 15
To¥ 2 = = “ “ Lid 2 32 2 2 7 82 & &

TOTAL | $140K $156K $156K $178K $173K TOTAL | $187K | s239k | s200k | $236k | Sao7k | s24zx | smox | szex

"Table 4-15. Life Sciences Summary Personnel Costs

Option A-l A3 B-1 B-3 B4 B-5 C-1 cs C

Level Iv | $121K $136K | $ 89K $103K 3 92K 5 9K $ 89K $103K $ 92K

KsCom| 70 70 70 o & 70 70 7 &0
Support

Host Civ 2 & 4 5 & ) to 14 16
07 22 ) M 16 35 B | = 57 56

TOTAL | $215K $243K | $197K $214K $193K $202K $222K $2HK $24K

Table 4-16, ATL Summary Personnel Costs

Optien A=l A3 B-1 B-3 B4 B-5 C-1 c-3 C4

tevel IV $128K $153K $128K $134K 138K $1doK $128K $149K $138K

KSC Ops 63 & &3 &3 53 53 63 & 53
Support

Host Cir 3 B 9 10 10 10 15 17 18
T0Y 3 41 39 40 4% 50 58 &0 76

TOTAL | $225K $265K $239K $249K $251K $262K $284K §$283K | $z285K
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TEMPORARY RELOCATION REQUIREMENTS (TDY)

Travel and subsistance costs for personnel to support Level IV integration activities
at remote site and to support STS operations at KSC are a significant factor, Average
costs for TDY are about $75 per day. Tables 4-17 thru 4-20 summarize the TDY require-
ments for the applicable options for the four payloads, All Level [V integration personnel
were assumed to be on TDY in the KSC options. One-half of the personnel required for
Level IV integration activities af a [ead center are assumed to be on TDY. If multiple
experiments were integrated at o distributed sife, it wes assumed the most complex/maxi-
mum suppori experiment was sponsored by the disiributed site. The personnel associated
with the other experiments af a distribufed sife were assumed fo be on TDY status.

TRANSPORTATION REQUIREMENTS

The costs of shipment of Spacelak flight and GSE hardware to/from Level IV inte-
gration sites other than ot KSC were predicated upon the tofal number of end ifems and
the width of the shipment, Shipments requiring on oufsized 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 complex were assumed to require one day and cost $1000,

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 ot a vendor, contractor, laboratory, uni-
versity, ete., and thus, shipment to the integration site would be required in all options.

In the development of fransportation costs partial shipments of equipment were avoided.
If a complement of end items was estimated fo require a complete truck-load, then a ship-
ment was assumed. But piece-meal shipment of end items as a function of specific need
times was not considered (see the subsequent GSE Requirements section).

Tables 4-21 thru 4-24 summarize the transportation/shipment requirements and costs
for each payload and their applicable processing options., Distributed site 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 elements contained in one shipment. As
expecied KSC shipment costs are minimal,

GSE REQUIREMENTS

The GSE end items required for Level |V integration with each of the processing op-
tions were identified in Section 3, The duration of use and prorated costs of these end
items is presented in this section,

4-7
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Table 4-17, Space Processing

Table 4~18. Combined Astronomy TDY Costs
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Table 4-20.  ATL TDY Costs

TDY Suppont

At ] AT | A | AS | AD | A2 R B 8 c-1 C
Foct, | AH T AL AT LA LA | acs |8 3 | s -5 ca | T+
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Table 4-21.  Space Processing Transportation Requirements

Payload P g Teensp Equip Unit Cost [Total Cost
oytea Option {To/From Level [V) 5K | 6K
Space A=2 2 Wide Locds 4.0 8.0
Processing 1 Staqdard Loods (Vans) 3.0 3.0
2 Portial 5td Loods (Vons} 2.0 4,0
15.0
B~ 2 Wide Loods 4.0 8.0
1 Stendard Loads (Vans} 3.0 3.0
2 Portial Std Loods {Vons) 2.0 4,0
5.0
34 2 Wide Loads 4,0 8.0
1 Stonderd Leads (Vens) 3.0 3.0
2 Portiol Std Loods {(Vons) 2.0 4.0
15.0
c-2 2 Wide Loods {KSC) 1.0 2.0
1 Stondard Loads (Vens) {KSC) 1.0 LG
2 Parsiol Std Loods (Vons) (KSC) a Lo
4.0
c4 2 Wide Leads (KSC) 1.0 2.0
1 Stondord loeds (Vens) (KSC) 1.0 1.0
2 Partial Std Loads (Vans) (KSC) .5 1o
4.0

4-9
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Table 4-22, Combined Astronomy Table 4-23, _Life Sciences
Transportation Requirements Transportation Requirements
P ing Trosportation Equipment Unit Cost [Totol Cott Processing Trensportotien Equipment Unit Cost[Total Ces
Parlesd |~ Opticn {To/From Level 1V) Bk § 0% Foylesd 1 Optien {To/Fram Level I¥) 5K | (5K
Combined Al & Wide Loods 4.0 .0 Life A=l 4 Wide Loods 5.0 0.0 _
Astronomy | & Stendard Loods (Vens} 3.0 o | “Sciences | 16 Stendord Loads (Vens) 3,0 48,0
42,0 2 Portral Std Loods (Vans) 1.0 2,0
. . 70.0
A2 & Wide Loods 4.0 f4.g
& $tendard Loods (Vans) 3.0 B, A3 £ Wide Locs s.0 | 200
2 Particl Wide Loods (KSC) 1.0 2,0 16 Stemdord Locds (Vens) 20 | e
1 Portinl Std Loods {Vans) (KSC} 1.0 _ie 2 Portiol 5td Loods (Vons) 10" 2.0
45,0 70,0
B-1 4 Wide Loods 4.0 16,0 B-1 2 Wide Loads 5.5 n.o
2 Stondord Loads (Vons) 30 | &0 2 Stondord Loods (Vens) 3.0 6.0
22,0 17.0
B-2 4 Wide Loods 4.0 16.0 B-3 2 Wide Loads 5.5 1.0
2 Standard Loads {Vans) 3.0 4.0 2 Standard Leads (Vons) 3.0 6.0
22.0 7.0
84 4 Wide Loods 4.0 16.0 Bd 2 Wide Loads 55 11,0
2 Stondard Loods (Vens) 3.0 5.0 2 Stondard Loods (Vans) 3.0 6.0
22.0 17.0
C-l 4 Partiol Wide Loods {K5C) .5 2.0 B-5 2 Wide Loods 5.5 1.0
2 Partie] Std Loods {Vens) (K3C) .5 H 2 Stonderd Looads (Vans) 3.0 6.0
3.0 7.0
c-2 4 Portinl Wide Loods (KSC) .5 2.0 ¢-1 1 Wide Lood {KSC) 3.0 3.0
2 Portial Std Loads (Vens} {KSC) .5 L0 -
3.0 3.0
C4 4 Partial Wide Loeds {KSC} .5 2,0 c-3 1 Wide Load (KSC) 3.0 3.0
2 Porteal Std Loads {Vans) (K5C) 5ol Lo 3.0
.0
3 c 1 Wide Load (K5C) 3.0 3.0
) .0
: Table 4-24, ATL Transportation Requirements
Payl Processing Transportation Equipment Unit Costfiotal Cost
ayload Opticn {To/From Level 1V) {5K) {3K)
ATL A1 4 Wide Loods 4,0 16.0
& $tendard Loods {(Vans) 3.0 18.0
- .0
A A Wide Loads 4,0 16.0
6 Stondord Loads (Vans) 3.0 18.0
4.0
B-1 2 Wide Loads 4,0 B.0
2 Stenderd Loads (Vans) 3.0 4.0
14,0
8.3 2 Wide Loads 4.0 8.0
2 Stondord Loads (Vians) a.0 4.0
14,0
Bud 2 Wide Leods 4,0 8.0
2 Stendard Loods (Vans) 3.0 4.0
14,0
B-5 2 Wide Loods 4.0 8.0
2 Stonderd Loads (Vons) 3.0 5.0
14,0
1 2 Wide Loods (KSC) 1.0 2.0
2 Stondard Loads (Vans) (KSC) 5 }_.2
3.0
. c3 2 Wide Loads (KSC) 1.0 2.0
2 Standord Loads {Vens) {KSC) 5 E
3.0
¥
. [o] 2 Wide Loods (KSC) 1.0 2,0
) 2 Standerd Loads {Vans) {K5C) .5 1.0
3.0
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End [tem Usage

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 times of each end item of
GSE encompassed pre-flight staging through delivery of the payload for STS operations (in
the O&C building) and post-flight deintegretion (removal of experiment equipment from
Spacelab mounting elements), GSE requirements during STS operations were not included
in this study.

The determination of GSE involvement times is illustrated in Figure 4-1,

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 left of the figure.
The duration of that particular usage is indicated by the length of the bar and also con-
tained in the parenthesis af the end of each usage. The triongles shown on each GSE end
item are the shipment times, both to and from KSC. These shipment times do not correlate
exactly to the end of the usage of a piece of equipment. They have been grouped info
logical units that represent a full (standard van) load that would be transported to KSC
for future assignment to another Level IV infegration activity., The figures containing the
involvement times for each item of GSE in all processing options are confained in Appendix

E.
The GSE requirements of each processing option were evaluated based on the following:

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

b. Actual GSE utilization time for each operction.

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. Quontity of each GSE item and unit cost.

e, Prorated cost per flight,

GSE Requirements Estimates

A summary of the GSE Utilization/Involvement Time charts which identified the GSE
prorated cost per flights are shown in Table 4-25 for the Space Processing payload, Tdble
4-26 covers the Combined Astronomy payload GSE requirements, Table 4-27 covers the
Life Science payload GSE requirements, and Table 4~28 covers the ATL payload G5E re-
quirements. .

a2
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Figure 4-1,

Determination of GSE Involvement Times

7 ] STAGING UNIT | INVOLVEMENT| PRORATED
3 TRANSPORTATION EQUIPMENT NAME Qry,| <ost TIME cosy
1 LEVEL IV {$K) {DAYS) s}
DAYS TRANSPORTATION| 5~ " ]
O2[31aT5 T4 7 T TS ol 3] w15 16| 7 [Te 19} 2621 [22[28[2A 28 [26)
. - )] ) A SLING, $IPS HANDLING xvz
L S & SLING, CANISTER HANDLING Rz
A5 51 1.5) wemoness (2} -.(-5) 4 SLING KIT, HORIZONTAL-SINGLE PALLET 5121304
4 weveem—————— {E) A RACK SIMULATED OAFD XYZ
A ——— ] & COMSOLE, OPERATOR xvz
A —3,5) A REFRIGERATION UNIT a5
A sttt s {4, 5) & OPTICAL ALIGNMENT KIT 412040
. AL m 4 GM2 SERVICE CART XYZ
[ S A e B | paLLET COVER 5120594
1S (10,5} N 7 PALLET PLATFORM, $INGLE PALLET $12060A
L0 mtes) wles) - (1} s {1} A TRUNNION HOLDING FITTINGS 8121124
| W e (%) | 13ANSPORTATION INSTRUMENTATION S14XKX
a (3.5 & FRECN SERVICER " er2084
A — (3.5) A FREOM LEAK DETECTOR 512086
L 219 | Freo THIOUGH PROTECTIVE COVER KITS $12008A
4 an A PALLET SEGMENT FLOOR COVERS £12010A
A B0 | paer SEGMENT SUPPORT 8120136
A ) e | peciccanT CANISTER, LARGE £12067A
S et 8) | £ TiEDOWN KIT, U.S. 8121664
A w 4 GROUMDING/BO NDING TESTER 13039
a @ 4 CABLE SETS & ADAPTERS S13XXX
L S ) @ & CLEANING KiT S1214A
A — (%) 4 DESICCANT DRYING OVEN £14022
| SE—T D e 8) | ACTIVE ENVIRONMENTAL CONTROL CART S13071A,
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Table 4-25, Space Pracessing GSE Requirements {Sheet 1 of 2)

. Lead
Lacation Cepfer Cption  B-4

. : Unit Cost| Invivm't | Prorated
Quentify Equipment Name .| (s} T?mel(Dn:va‘ﬂ Cosfr/F“HfS\
] Faedthru Covers 412008 3,210 41 53
1 Pallat Seg. Floor Covers 412010 3,440 38 52
1 Pallet Seg. Suppert 612013 44,950 41 770
1 Pailet Cover 512059 12,610 32 161
I Pallet Platferm 512050 24,050 41 354
3 LG Desiccont Cenister 612067 11,450 32 440
; Road Tiedown Kit 612106 10,700 32 137
i Horizental Sling 512110 53,500 29 421
4 Trunnion Hendling Fittings 412113 © 1,000 41 70
1 Trensport Instrumentaticn 20,000 32 256
1 CGround/Bond Tester 613039 30,920 29 136
6 Cchle Set cnd Adapters i,180 17 -
1 Portable Leak Detecter 512080 2,290 12 -
1 ‘Freon Servicer 612084 25,190 12 121
1 Freon Leak Detector 612084 1,144 12 5
I Refrig Unit 412115 181,370 12 871
i Cleaning Kit 512114 | 11,450 | 31 142
1 Cesiccant Oven . 5614022 27,480 é 66
1 Operator's Censole 80,000 27 928
! PSS Panel Rack 000 29 12
I Active ECS Cart 612071 33,210 | 32 425
5660

Toble 4-25, Spoce Processing GSE Requirements {Sheef 2 of 2) .

. Ledd
Locarion Center Option C—4

Quantity Equipment Name ™ b e o)
1 O
i Feadthru Caovers 412008 3,210 33 42
1 Pellet Seg. Floor Covers 812010 3,440 33 45
] Pallet Seg. Support . 4612013 46,950 ] 620
i Pallet Cover 612059 .| 12,810 24 121
1 Pallet Platform 612060 24,050 33 N7
3 LG Desiccent Canister 612067 11,450 24 330
1 Rocd Tiedown Kit 412106 10,700 24 17
1 Harizontal Sling 612110 53,500 26 556
4 Trunnion Hendling Fittings 612113 1,000 26 45
1 Trensport Instrumenfation 20,000 24 192
1 Ground/Bond Tester 413039 30,920 7 87
4 Cable Set cnd Adapters - 1,180 13 -
1 Portable Leak Detector 612080 2,290 2 -
1 Freon Servicer 612084 25,150 8 81
i Freen Leak Detecter 612084 1,144 2 !
] Refrig Unit 412115 181,370 8 580
1 Cleaning Kit s12114 11,450 25 15
I Desiccant Oven 614022 | 27,480 22 242
1 Operator’s Cansole 80, 000 14 448
1 PSS Panel Rack 1,000 14 6
1 Active ECS Carr 612071 | 33,210 24 319
4143
4-13
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Table 4-26, Combined Astronomy GSE Requiremenis (Sheet 1 of 8} Table 4-26, Combined Astronomy GSE Requirements (Sheat 2 of 8)

GSE REQUIREMENTS-COMBINED ASTRONOMY' Location Site 1 Option A<l GSE REQUIREMENTS-COMBINED ASTRCNOMY  Lacatien Sjte 72 Optien  A-1
. I Dpm [ L
Cluant ity Equipment MName Un }E]C[?s T[?njllel\(lgq\ffs} é;;{“g?gm Quentity Eauipment Mame Lm:%)cigs T’?;elrénc\ts] CP;sorrcFrlefd‘S)
0 Verticel Sling Kit 512006 10.5 - - 0 Vertical Sling Kit 412006 10.5 - -
1 Feed Thru Protective Covers 412008 3,0 21 25 2 feed Thru Protective Covers 412008 3.0 25 30
1 Paller Segment Floor Caovers 412010 3.5 21 29 3 allet Segment Fioor Covers 412010 3.5 25 105
1 Paller Segment Suppert-3ingle 612013 47,0 26 489 3 Pallet Segment Suppert-Single 412013 47.0 2% 1636
0 Pallat Segment Swpport ~-Double 412013 - - - 1] Patlet Segment Suppert -Double 612013 94,0 - -
j Pallet Cover 612059 12,5 14 70 3 Pallet Cover 512059 12,5 25 375
1 Paller Platform=3ingle 2allet 412040 24,0 24 250 1 Paller Plotfarm<Single Pollet 412040 24.0 29 278
0 Pallet Platform -Double Paller 512060 48.0 - - 1 Pallet Platform -Doyble Paltet 812040 48,0 29 557
0 Rack, PSS Panel a12XXX 2.0 - - 0 Rack, PS5 Penel 412XXX 2.0 - -
i Desiceent Canisrer-lerge 512047 1.5 21 97 3 Desiccent Canister-Large 412067 11,5 25 345
1 Active Environmenral Control Carr 312071 33.0 14 186 | Agrive Environmental Contrel Cart 612071 33.0 25 332
! Rged Transpert Tie Down Kit 412106 103 21 88 3 Read Trensport Tie Down Kit 41216 10.5 25 s
1 Horizental Sling Kit 812110 53.5 22 471 1 Herizenral Siing Kit 612110 53.5 2 524
4 Trunnien Hancling Fittings 4812113 1.0 26 42 8 Trunnion Handling Fiftings 4612113 1.0 26 33
I Trensoortetion Insirumentarion §14XXX 2.0 21 168 1 Trensportation fnsrrumentetion &14X XK 20.0 14 tz
| Qpgtical Alignment Kit 612040 4,0 15 36 1 Qotical Alignment it 412040 6,0 Ig 44
0 IPS Test end Checkout Kit slz208 | 120.0 - - 1 IPS Test znd Checkout Kit $i2208 | i20.0 24 1152
¢ Continuity Tesrer 613028 0.5, - - 0 Cantinuity Tesrer 613038 20.5 - -
1 Ground/Bonaing Tester 413029 3.0 13 186 1 Ground/Bonding Tester 613039 3.0 9 226
0 Parteble Leck Ceteersr - &12080 2,3 - - 0 Paortable Leck Detector ©12080 2,5 - -
1 Freon Serviger a12c84 2.0 15 150 1 Freon Servicer 412084 25.0 19 190
o Cable Sets and Adsprars S13XKX 1.5 - - i Caole Sets and Adapters . S13XXX 1.5 12 11
[ Freon Leak-Derector 512084 (] i5 o 1 Freon Leck Cetector 412085 1.0 19" 8
-l Operatar’s Console S12XXX 80.0 15 - 1 Ceperatar's Console &12XXX 80,0 9 -
i Refrigerction Unit 612113 101.1 15 606 i Refrigeration Untt §12115 1011 19 768
! GiN -2 Service Cart 512XXX 50.0 22 440 0 G2 Service Cart B12XXX 50,0 - -
1 “eeuum Pumping Unit &12XXX 25.0 15 150 1 Vaeuum Pumping Unit &12XXX 25.0 19 190
i Clegning Kit - 612XXX 1,5 21 97 1 teaning Kit S12XKX 11,5 26 120
1 Desiccant Drying Oven 614022 - 27.5 15 _163 1 Desiccenr Orying Oven 614022 27.5 18 _ls8
N 3751 7673
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Tuble 4-25.

GEE REQUIREMENTS-COMBINED ASTRONOMY

Combined Astronomy GSE Requirements (Sheet 3 of 8)

Lacation Site #3 Option A=l

Table 4-26,

REQUIREMENTS-COMBINED ASTRONOMY

Combined Astronomy GSE Reguirements (Sheet 4 of 8)

Lacaiion Site ¥1 Option A=2

. . Unit Cost Invivem't | Prorated . Unit Cast lnvlvm't | Prorgied
Quentity Equipment Name 15V [ime(CavsHCost FILS: Equtament Name VK [ ime (Davs) Ccs:?Fl:S\
0 Vertical Sling Kit 412006 10,5 - - 0 Vertical Siing Kit 812006 | 10.5 - -
1 Feed Thru Protective Covers 412008 3.0 18 22 1 Feed Thry Protective Covers 412008 3.0 21 25
1 Pallet Segment Floor Covers 212010 3.3 22 21 1 Pallet Segment Floor Covers 812010 3.3 21 29
i Pallet Segment Supcort-Single 412013 47.0 23 432 1 Pallet Segment Support-Single 4612013 47.0 2% 489,
0 Pallet Segment Support ~Dauble 512013 94.0 - - 0 Pallet Segment Support -Dauble 512013 94,0 - -
1 fallet Cover 612059 12.5 13 70 1 Pallet Cover 612059 12.5 14 70
1 Pallet Platform-Single Pallet 512060 24,0 22 n ) Pallet Platfarma-Single Paller 812060 24.0 26 . 250
4} Pollet Platform «Double Pallet 412040 48.0 - - 0 Pallet Platform-Counle Pallet 512060 48,0 - -
0 Rack, PS5 Penel E12X XX %.0 - - 0 Rack, 55 Panel 12X XX 7.0 - -
[ Desiccent Cenister-Large 612067 i.5 18 83 i Desiccent Canisfer-Large 612067 1.5 21 #7
i Active Envirenmentef Contrel Cart 612071 33.0 18 239 1 Active Envircnmental Contrel Cart 312071 33.0 14 186
i Roed Transport Tie'Down Kit $12106 10.5 13 76 I Rood Trensmort Tie Down Kit 412104 10,5 21 88
i Harizantal Sling Kir s12110 33.5 19 407 i Horizonral Sling Kit 212110 33.5 22 47
4 Trunnicn hanaling Zitings 412113 1.0 22 35 4 Trunnion fendling Firtings 412113 1.0 26 42
1 " ] Trenscorration Insrrumentetion 14XXX 20,0 18 144 l Trensportarion Insirumenration ST4XXX 20.0 21 148
1 Cptical Alignmanr Kit 412040 6.0 12 29 1 Oaptrgal Alignment Kit 512040 4.0 15 36
0 IPS Test end Checkout Kit 412208 20.0 - - 0 IPS Test end Checcout Kit 412208 120.0 - -
0 Centinwity Tester 613028 90.0 - - 0 Continuity Tester 613038 90.5 - -
1 Ground/ 3onding Tester 513039 3l.0 12 149 1 Ground/ Bonding Tester 613039 31.0 15 184
0 Porteble Leck Cetector 412080 2.5 - - 0 Portable Leck Derectsr 612080 2,5 - -
1 frecn Servicer 612084 2.0 12 120 i Freon Servicer 412084 25.0 15 150
1 Cable Sets end Adeorers S13XXX 1.5 12 7 0 Cable Zets end iceoters S13XXX 1.5 - -
1 frecn Leak Cetecter 4612086 1.0 12 5 i Frecn Lack Detectar 4120846 1.0 15 6
0 Qperator's Canscle S12XXX 20.0 - - 1 Operater’s Consele SIZAXA 80.0 15 -
1 Refrigeretion Unit 812115 01,1 12 485 i Refrigerarion Unit 412115 101.1 15 406
0 GMN-2 Service Cort s12xxx | 30.0 - - 1 GN-2 Zervice Cart §12XXX | 50.0 22 440
0 Vagyum Pumoing Unit S12XXXK 25.0 - - 1 Vacaym Pomping Unit S12XKK 25,0 15 250
1 Cleening Xif HI2XXX .5 7 8 i Cleaning it &12XXX 11.5 21 77
1 Desiceant Drying Oven 614022 27.5 12 132 1 Desiccant Drying Oven 514022 27.5 15 185
2773 3751
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Toble 4-26, Combined Astronomy GSE Requirements (Sheet 5 of 8) Toble 4-24, Combined Astronomy GSE Requirements (Sheer & of 8)
GSE REQUIREMENTS-COMBINED ASTRONOMY  Location  Site "2Cption A-2 GSE REQUIREMENTS-COMBINED ASTRONOMY  Locarion Site, ¥3 Option A2
. . Unit Cast Invilvm't | Prarated , . Unit Cosi Invlvm't | Prorated
CQluentity Equipment Nome "(S) k [FimelDave) [Cast -FitGh | [Ruentity Equipment Name (5)K_[Tire(Devs) |Cost F1t8)
0 Vaertical Sting Xit 412004 10.5 - - 0 vertical Sling Kit 612006 10,5 - -
2 Faed Thru Protective Covers 412008 3.0 25 40 1 Feed Thru Protective Cavers 412008 3.0 17 20
3 Pallet Segment Floor Covers 412010 3.5 27 113 1 Pallet Segment Floor Covers 612010 3.5 22 31
3 Pallet Segment Suprort-Singie 612013 47.9 30 1692 1 Pallet Segment Support-Single 412013 47.0 22 414
0 Pallet Segment Support -Dauble 812013 94,0 “ - 0 Pallet Segment Suppart Double 4812013 - - -
3 Pallet Caver £12059 12.3 25 373 1 Paller Caver 412059 12.5 17 85
1 Pallet Platferm-3ingle Psllet 612060 24,0 30 288 1 ?allet Platform=Single Pallet 612060 24.0 22 2N
1 Pallet Platform -Counle Poliet &12040 48,0 30 576 0 Pallet Platform-Dovbie Paller 612060 48.0 - -
0 Rack, 235 Panel 12X KX 2.0 - - 0 Rack, PSS Penel 12X KX 2.0 - -
3 Desiccant Cenister~Large 812067 1.5 25 345 1 Desiccant Cenister-Large 412047 1.5 17 78
I 4ctive Eavirenmental Centroi Cort 612071 33.0 25 330 1 Active Envirenmentsi Cantrol Cort 512071 33.0 20 266
3 Roac Trenspert Tie Down Kit 4121c6 10.5 23 315 i Roae Transpor: Tie Down Kit 512106 10.5 \7 7
1 Horizental Sling Kit &1211¢ 53.5 27 578 i Horizanral 3ling Kt 812110 53.5 22 47
g Trenaten Randling Fittings S12113 4.0 30 348 4 Trunnien Handling Fittings 412113 1.0 22 35
1 Trensportatien Instrumentation 514X XX 20.0 25 200 1 Trensoortaticn Instrumentation SIAXKK 20,9 20 160
1 Optiea! Alignment Kit 212040 6.0 24 58 1 Ogticel Alignmeat Kit 412040 6,0 11 26
1 IPS Test and Checkeour Xit 512208 120,0 25 1200 0 IPS Test end Checkout Kit 412208 120.0 - -
0 Continurty Tester 413038 90,5 - - 0 Cantinuity Tester 413038 $0.5 - -
1 Ground- Sonding Tester 613039 31,0 25 310 1 Ground/ Bonding Tester 413039 31,0 11 134
0 Porteble Leck Detactor 612080 2,5 - - 9 Portable Lack Cerecrar 612080 2,5 - -
1 freon Servicer 612084 25,0 19 190 1 Freon Servicer 612084 25,0 1 HO
1 Cable Sets and Adenters S13XXX 1.5 19 1 1 Cable Sets end Adapters S13XXX 1.5 11 7
1 fraon Leck Detector 512086 1.0 9 8 1 Freon Leak Detector 412084 1.0 1 4
1 Cperater's Console S123¢X 80,0 25 800 1 Qperatar's Console S12XXX 80.0 17 544
1 Refrigeration Unit &12115 101.1 19 767 1 Refrigeration Unit 412115 1011 I 444
0 GN-2 Service Cart S12XXX 50.0 - - 0 GiN=2 Service Cart 612XXX 50.0 - -
1 “acuum Pumping Unit &12XKX 25.0 19 190 0 Yacyum Pumping Unit S12XXXK 25.0 - -
1 Cleening Kit S12XXX 1.5 i? a7 ] Cleaning Kit 51 2%KK 11,5 n 136
1 Dasiceont Crying Oven 614022 27.5 19 87 [ Desiccent Crying Cven 414022 27.5 Ly _S1
2044 32]5
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Table 4-26,  Combined Astronomy GSE Requirements (Sheet 7 of 8) rable 4-26, Combined Astronomy GSE Regquiraments (Sheat & of 8)

Y

GSE REQUIREMENTS-COMBINED ASTRONOMY  Lacstion Cti?gr Option B4 GSE REGUIREMENTS-COMBINED ASTRONOMY  Lecotion KSC  Optron G4
. ' , Unit Cost Invlvm't | Prarat . o it Cas vt Prarat
Gluantity £avioment Name (5} K [Time{Davs} Casr-":?t%) Quentity Equipment Name Una{;\K T'!?mve](Da\f/s\ Corsf ,rgfrd&
0 Vertical Sling Kit 412006 10,5 - - 0 Vartical Sling Kit 512006 10,5 - -
4 Faed Theu Protective Covers 512008 3.0 28 134 4 Feed Thru Protective Cavers 412008 3,0 ¢ 120
3 Pailer Secment Floor Covers at2010 3.5 3 217 5 Pallet Segment Floor Caovers 512010 3.5 23 29
3 Pallet Segment Sunport-Single 312013 47.0 31 1748 3 Pallet Segment Suppert-3ingle 512013 47.0 23 1297
1 Pallet Segment Support -Deuble £12013 24.0 31 1166 1 Pallet Segment Suppert -Dauble 412013 94,0 22 845
5 Pallet Cover 512059 12.3 i7 425 5 Pallet Caver 412059 12.5 5 125
3 Pollet Platferm=3ingle Pallet 512C50 24.0 20 576 3 Pallet Plarform-Single Pallat 512040 24.0 12 346
1 Pallet Platform -Douiie Pallet 512040 48.0 14 269 1 Paliet Platform Double Poller 512060 48,0 12 230
0 Ragx, 793 Ponel S12XXX 7.0 - ~ 0 Rack, P55 Panel 12X XX 9.0 - -
5 Desiczznt Canisrer-Large 512067 1.5 8 184 5 Desiccant Canister-Large 412067 1.5 5 115
! Active Envirenmental Cantrol Cart 512071 33.0 8 104 1 Active Envirenmental Control Cart 512071 33.0 5 &6
4 Roea Trensoort Tie Down Kit 412106 10.5 8 L1134 4 Rzed Tronsnort Tie Down Kit 512106 10,5 5 84
2 Herizensal Siing <t 812110 33,5 3 1326 2 Horlzontel Sling Kit 412110 53.5 23 984
16 Trunnion Hondling ®ittings s12113 1.0 31 198 16 Trunniea Handling Fittings 512113 1.0 23 147
3 Trensporration Insirumentcrian ST4KXK +20,0 8 T 92 3 Transoortotion Instrumentation AT4XKX 20,0 3 120
1 Optical Alignmenr Kit 512040 6.0 13 31 i Cotieal Alignment Kir 612040 6,0 H 26
1 IPS Test cnd Checkaut Kit 312208 120,0 16 768 i iPS Test end Checkout Kit 412208 120.0 12 576
o Centinuity Tester 613038 90.5 - - 0 Cantinuity Tester 413038 90.5 - -
1 Grouna, Jonding Tasrer 513029 3.0 21 260 1 Ground/ Bonding Tesrer 513039 31.0 19 234
0 Portable Lagk Detector 412080 2.3 - - 0 Portcble Leck Detector 4i2C50 2,5 - -
1 Freon larvicer 612084 25.0 18 180 1 Freon Servicsr 512084 .25.0 i0 100
0 Cable Sets znd Adapters . 513XXX 1.5 - - 0 Cobie Sets and Adapters . B13XXX 1.5 - -
1 Freon Lagk Detectar 512084 1.0 18 72 1 Frecn Leck Detecter 412086 1,0 10 4
0 Cperater's Console elzxxx | 80.0 - - 0 Ogeratar's Cansole S12XXX | 80,0 - -
1 Refrigerction Lnit 412115 1011 19 768 1 Refrigeration Unit 612115 101, 1 17 687
1 GiN-2 Service Cart s12XXx | §0.0 20 400 1 3N-2 Service Capt gl2xxx | 0.0 18 360
1 Vacuum Pumpmng Unit 512XXX 25.0 19 190 1 \/eeuum Pumping Unit S12XXK 25,0 17 170
! Cleening Kit siaxxx | 113 3 143 i | Cleoning Kit §12XXX | 1.5 23 106
1 Ceasiccant Drying Oven . sl4022 27.5 1 Ja 1 Desiccant Brying Oven 414022 27,5 7 _77
7608 078
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Table 4-27.,

Life Sciences GSE Requirements (Sheet 1 of 16)

Table 4-27,

Life Sciences GSE Requirements {Sheet 2 of 18)

GSE REQUIREMENTS -LIFE SCIENCES Lecation Site #1  Qprion A-1/A-3 GSE REQUIREMENTS -LIFE SCIENCES Location Site ¥2 Option A-1/A-3
- L ni twm's 2 . Ini vlvm't Praratea
Quentity Squinmenr Name i [Fime Daye |cost sy | uantity Equipment Name ST i ays) IConsFis)

1 Trensoort Dolly, Rack & Flaor &12G02A 33.0 24 317 r Tronsport Oolly, Reck & Floor $12C02A 33,0 12 158
1 Vertieal Sling Kit, Rack & Floor 6120084 10.5 24 101 1 ‘Yertical Sking Kit, Rack & Floor  412C08A 10,5 1z 50
0 Horizental 3ling Kit, Rack & Floor 6121104 0 - - 0 Herizontal Shing Kit, Rack & Floor 41211CA 0 - -
1 Reck & Fioor Smioning Cover 412047A 8.0 18 58 0 Rack & Fioor Shipping Cover 612047A 8.0 - -
1 Rack & Floeor Transoerr Plarferm &612048A 24,0 24 230 0 Rack & Fieer Trenspert Platform 4120484 | 24.0 - -
i Reck & Floor Suncort 3races Kit &12049A 2.5 24 24 0 Raeck & Floor Supnort Brages it 4120494 2.5 - -
0 Deutle Rack Fndlg C/C & Tnspt Kt 61205CA $.0 - - 1 Double Rack Hndlg C-Q & Tnsot Kt 412050A 9.0 18 &5
] Single Reck Hndlg C.'C & Tnspt Kt 612043A 2,0 -0 - 0 Single Rock Hndlg C/O & Tnsot K& 6120654 2.0 - -
1 Desiceaont Canister, Mad, , Dbl Rack 6120634 2.0 19 4B 1 Desiccont Cenister, Med, , Dbl Rack 612C&3A 2.0 13 47
0 Desiceant Canuster, Small, Sngi Rk &1206%9A 7.0 - - 0 Desiccent Cenisrer, Small, Sngl Rk &12C4%A 7.0 - -
0 Active Znviron. Tontrof Cart 6E2071A 33,0 - - 0 Active Environ. Controi Cert 4120714 33.0 - -
1 Racd Tiedown Kit, U, &, &121C4A 0.5 18 76 1 Road Tiedown Xit, U.S, &121C6A | 10,5 13 55
] Cergg Lift Trailer, Rack & Floor 414013 0 - - 0 Carga Lift Trailer, Reck & Floor oi=Q13 0 - -
0 Adaprer Kit Cargo Lifr Trasier 414014 0 - - ¢ Adapter Kit Cargo Lift Trailer 512014 0 - -
1 Trenspertaticn lnstrumentarien STIXKK 20,0 19 152 1 Trenspertetion Instrementerien S14XXX | 20,0 13 104
] Cgerctors Checxout Consele 12X X 80.0 13 416 i Cperctars Cheskout Conscle 124X X 80,0 13 416

o COMS Simularer ¢ CDMS Simuiarer

¢ Ground Pwr Suoply Recks) o Ground Pwr Supoly (Rocks)
0 Zeripnargt Cheekout Ezuioment 12X XX 0 - - 0 Peripheral Checkaut Cquioment 412XXKK 0 - -

¢ Anclog Tape Recorcer Unit ¢ Analog Tarce Reczrder Unit

o Strip Chart, Jecoroer s Strie Chart, Recorder
0 Ooticzl Alignment Kit 412040 0 - - 0 Cphigel Alignment Kit 612040 0 - -~
1 Cantinuity Tester, Electriczl 513038 90,5 13 471 i Coantinyity Tester, Electrical 412038 0.5 13 471
1 Grounding/ enaing Tester &12039 31,0 13 161 1 Grounding/ ending Taster 413039 3.0 13 141
0 Parracle Lask Detection Unit 12080A 0 - - 0 fortebfe Leck Datsctica Unit 5120804 0 - =
0 Freon Leck Deracrorifeck Refrig ©  412XXX 0 - - 0 Freon Leak Detector{Rack Refrigs’  412XXX 0 - -

Freez=r Freszer

0 Yeeuum Pumping Unit S12XXX 25,0 - - i Vaeuum Pumping Unit S12X%X 25.0 13 130
1 Rack Cooling Unir tSupserr €. O)  812XXX 30.5 13 263 1 Rack Cooling Unit {Suopert C. O)  412XXX 50.5 13 263
1} Cas, Bottles, Supoly Unit S12RXX 50,0 - - 1 Gas, Sottles, Supsly Unit ST2XXX 50,0 19 380
v GMN-2 Service Set SHAXXX 30.5 - - 0 GN-2 Service Set §14xXXX | 50,0 . -
1 Cleaning Kit 4121144 1.5 18 83 1 Cleoning Kit &12114A | 1.5 12 53
0 Desiceant Deying Kit ‘Cven §14022 0 - - 0 Desiceont Drying Kit<'Cven 414022 0 - -
1 Humen Physiciogical Simulctor - 0 Q Humen Physiclegical Stmularar - 0 -
| Frag Srmuleter - 0 0 Freg Simulctor e Y -
¢ Rat Simulatrer — 0 - - 0 Ret Simularor — 0 - -
0 Ceulogrephic Simutator — 0 - - ¢ Qeuiogrephic Simulater — 0 - -
0 Mass Spec Anclog Sete Simulatar —— 0 - - 0 Mess Spec’ Analog Data Simulater —_ 0 - -
0 Rat Temperature Cutput Simulator  we 0 - - 0 Rat Temperature Output Simuleter — 0 - I
0 Monkey Physiclogres] Simuictor — 0 - 5220 0 Menkey Physiclogical Simulater —_ 0 - 2355
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Table 4-27,

G52 REQUIREMENTS-LIFE SCIENCES

Life Sciences GSE Requirements (Sheet 3 of 16}

Location Site 3 Ogtien A-1/A3

Toble 4-27,

G3E REQUIREMENTS-LIFE SCIENCES

Life Sciences GSE Requirements {Sheet 4 of 14)

Locction Site f4  Option A-1/A-3

Menkey Physiological $imuiator

! T’ 3 i
RQuantity Equioment Nome L?Isrlgm !F‘Tr::(ri;cfvs) C';?rr,::lg?rdé‘; vantity Equipmenr Name U??K():m 'Il'r:\::f?);ys) gi?r“’?ffe)
i Trensport Dolly, Rack & Floor 412¢02A 33.0 10 132 i Transport Dolly, Rack & Fleer 5120024 33,0 10 132
1 Vertical Sling Kit, Rack & Flcor  4i2006A | 10.5 10 42 ! Vertical Sling Kit, fack & Flasr  412006A 10.5 10 42
0 Harizontal Sling Kit, Rack & Floer 41211CA 0 - - 0 Harizeatal Sling Kit, Rack & Floor 4121104 0 - -
0 Rack & Floer Shipping Cover 512047A 8.0 - - o Rack & Fleer Shipping Caver $12047A 8.0 - -
0 Rack & Floor Transoart Platform 412048A 24,0 - - ¢ Reck & Floor Transoorr Platform &12048A 24.0 - -
0 Rack & Floor Supeort Sraces Xit Si2049A 2.5 - - 0 Rack & Floor Suonort 3reces Kit 512049A 2,5 - -
¢ Dauble Rock Hndlg £/ O & Tnset Kt 412050A 9.0 - - 1 Doucle Rack Hndlg CAO & Tnspr Kt 4120504 2.0 14 58
2 Single Rack Hadlg C,'C & Tnspt £ 412065A 9.0 16 116 0 Single Rack Hndlg €O & Taspr Kt 412045A 2.0 - -
0 Cesiccent Cenister, Med., Dbl Rack 412048A 9.0 - - ) Desiccant Canister, Mea, , Dbl 2eck 612043A 2.0 1 40
2 Oesiccent Cenister, Small, Sngl Rk 412056%A 7.0 1 62 0 Desiceant Cenister, Smail, Sngl Rk 612064 7.0 - -
0 Active Environ, Control Cert 412071A 33.0 - - 0 Active Enviren. Centrei Cart S12071A 33.0 - -
1 Racd Tiedown Kit, U.5, 8121064 | 10,3 1 46 ! Road Tiedown Kit, U.5, 8121064 [ 10,3 n 46
0 Cergo Lift Trailer, Rock & Fioor 614013 0 - - 0 Cargo Lift Trailer, Rack & Flaor 614012 0 - -
¢ Adapter Kit Cargo Lifr Tratler 414014 ¢ - - 0 Adapter Kit Cargo Lift Trailer 814014 0 - -
i Trensportcticn Instrumentaticn STAXKX 20,0 11 88 1 Trensporteticn Instrumentetion S14XKX 20,0 A a8
1 Operarars Checkour Consoie 8125 KX 80.0 H 352 1 Operarors Checkour Cansole S12XKK 80,0 n 352
¢ COMS Simulorer o CDMS Simuiatar
o Ground Pwr Suooly (Racks) e Graund Pwr Sueply (Raocks)
0 Perisherel Checkaut Scuipment SEZXXKX 0 - - G Peripneral Checkour Ssuioment S12XKX o - -
e Ancleg Tane Rzcarder Unit ¢ Ancleg Teoe Recerder Unit
s Strio Chert, Racarder e Stric Chert, Recoraer
0 Optical Alignment Kit 412040 0 - - 0 Cetical Alignment Kit 612040 Y - -
1 Continuity Tesrer, Electrical 612038 90.5 il 398 1 Centinuity Tester, Elecrrical 413038 90.5 1 398
1 Groundings Bending Tesrer 513039 31.0 il 136 I Grounding/Bending Tester 513039 3.0 il 134
0 Portoble Leak Cerecticn Unit 612080A 0 - - 0 Portakle Lesk Deteciion Unit 120804 0 - -
0 Freon Leak Detactor(Reck Refrig,”  &12XXXK Q - - 0 Freon Leck DetecrariReck Refrig”’  412XXX 0 - -
Freeder Freezer ’
0 Vacuum Pumping Unit 12X XX 25.0 - - 0 Vacuum Pumping Unit S12XXX 25,0 - -
1 7| Rack Caoling Unit (Support € 'OY  612XXX | 50.5 n 222 1 Rack Coeling Unit (Suogert €. ) &12XXX | 50,5 1 222
4 Gas, Jottles, Suooly Unit S12AXX 50.0 - - 0 Gas, Bottles, Supply Unit 612XXX 30,0 - -
0 GN-2 Service Set &14XXX 50,0 - - 1 GiN-2 Service Set S14XXX 50.0 it 220
1 Cleaning Kit &12114A 11.5 10 46 1 Cleening Kit S12114A 11,5 10 44
0 Desiceant Brying Kit/'Oven &14022 0 - - 0 Desiceant Drying Kit ‘Cven . 614022 0 - -
0 Humen Physiolagicst Simulctar - 0 - - 0 Humen Physiolegical Simulctor —_ 0 - -
0 Frog Simulctor —_ 0 - - 0 Frag Simulatar — 0 - -
1 Ret Simularor — 0 - - 0 Rat Simuiarer — 0 - -
¢ Qeutagrashic Simulator a— 0 - - o Qeulographic Simulator —— 0 - -
0 Mass Spec Anolog Date Simulator — ¢ - - 0 Mass Spee Analog Deta Simulater — 0 - -
0 Rat Temperature Output Simwlator. — 0 - T 0 Rat Temperatyre Qutput Simulator —_ 0 - -
0 Menkey Physiclogical Simulotor — 0 - 1640 0 — 0 - 1780
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Table 4-27,

Life Sciences GSE Requirements (Sheet 5 of 18)

Toble 4-27, Life Sciences GSE Requirements (Sheet 6 of 14),
G52 REQUIREMENTS-LIFE SCIENCES Location Site *5 Option A~1/A-3 GSE REQUIREMENTS-LIFE SCIENCES Location Site #6  Option A-1/A=3
. -, Init Cast vra't Prarat Unet Cosrllnvivm't Prorcted
RQuantity Equipment Nome l“r“erfs Iﬂfvnlefoays) Cost/Fiig) |  [Quentity fquioment Name (8K)  iTime{Davs) |Cast/Fit6)

1 Transoort Dolly, Rack & Flaor 412002A | 33.0 7 92 1 Trensport Delly, Reck & Floor 6120024 | 33.0 11 145
1 Vertieal Sling Kit, Rack & Flear 4120064 | 10.5 7 29 1 Vertical Sling Kit, Rack & Floor 8120064 | 10.5 1t 45
1] Horizenral Sling Kit, Rack & Floor 4121104 0 - - ¢ Harizentel Sling Kit, Reek & Floor 4121104 0 - -
o} Rack & Floor Shioping Cover 6120474 8.0 - - 0 Rack & Floer Smipping Cover 4120474 a.c - -
0 Rack & Floor Trensoort Plarfarm 6120484 | 24,0 - - o Rack & Floor Trensport Platfzem 612048A | 24,0 - -
0 Rack & Floor Support 3races Kit £12049A 2,5 - - 0 Rack & Floer Support Braces Kit 4120494 2.5 T -
] Doubie Rack Hndlg C/O & Tnspt Kt 4120504 9.0 13 47 1 Double Rack Hndlg C,'O & Tnspt Kt 612050A Q.0 17 61
o Singte Rack Hndlg C.'C & Tnspt Kt 6120854 | 9.0 - - 0 Gingle Rock Hndlg €, O & Tnspr Kt 412063A 2.0 - -
1 Desiceant Canister, Med.,lkl Reck 4120428A 2.0 8 29 1 Desiceant Conister, Med.,Dbi Rack 612068A 9.0 12 A3
0 Deaticeant Conister, Smail, Sngl Rk 612089A 7.0 - - 0 Desiccant Canister, Smell, Sngl Rk 4i2069A 7.0 - -
0 Active Environ, Centrel Cart &12071A | 33.0 - - 0 Active Eaviron. Tontrel Cert 412071A | 33.0 - -
1 Raad Tiedown Kit, UL 5. 612106A | 10,3 8 34 | Rocd Tiedewa Kit, U, 5. 8121064 | 10.5 12 50
1] Carga Lift Trailer, Rack & Floor 414012 0 - - ) Carge Lift Trailer, Rack & Floor 614013 0 - -
0 Adopter Kit Cargo Lift Traiier 814914 0 - - 0 Adepter Kit Carge Lift Trailer 414054 ] - -
1 Trensportation hstrumentetion E14XKK 20,0 8 o4 i Trensperretion 'nstrumentetian 314X KK 20,0 12 06
i Operarors Checkout Cznsole S12XXK | 80,0 8 256 1 Cpercrors Checkayt Cansale A12XXXK 50.0 12 384

s COMS Simyletor + CDMS Simulater

e Ground Pwr Suoply (Raeks) a Ground Pwr Suoply fRacks)
0 Paripheral Checksout Eauioment §12XKX 0 - - 0 Peripheral Checkaut Equinment S12XXX ¢ - -

¢ Analog Taoe Recorder Unit ¢ Anaicg Tcoe Recorder Unit

s Strio Chert, Recorder » Strio Chart, Recgrder
Y Cotical Alignment it 612040 0 - - 0 Coticel Alignment it 512040 0 - -
i Cenrmuity Tester, Elecrriesl 413008 20,5 8 250 1 Cantinuniy Yester, Zlectricsl 413033 90.3 12 434
1 Grounding Bending Tester 413039 H.0 8 99 1 Grounding, Sending Tesrer 413039 3o 12 149
0 Portable Leck Cetacrien Unit &laggcAa | 0 -3 - - 0 Pactable Leck Derection Unir 512C80A 0 - -
1] Freon Lack DetectariRack Refrig/ H12XXX 0 - - 0 Freon Leak DerecteriRack Qefn'g/‘ 512X XX 0 hd =

Freezar Freezer

1 ‘/acuum Pumping Unit S12¥XX | 25.C 8 80 0 Vacuum Pumoing Unit S1ZX XX 25.0 - -
1 Rack Caoling Unit 15ugsart C/CY  4i2XXX | 50.5 8 162 ] Rack Cocling Unit (Support C, ©F  §12XXX 30.5 12 242
0 Gas, Bottles, Suppiy Lnit §12XXX | 50.0 - - 1 Gas, Sottles, Sunply Unit &12XxX | 50.0 1t 220
0 GiN=2 Service Set 814XXX | 50,0 - - 0 GN-2 3ervice Set 614X XX 30.¢ - -
1 Cleaning Kit 6121144 11,5 32 1 Cleaning Kit S12114A 1.5 1 51
s} Desiccant Drying Kit/Oven 614022 0 - 0 Desiccant Drying Kit/Oven 414022 0 - -
0 Humen Physislagizal Simulatar — 0 - - ) Humon Physiologicel Simulator — 0 - -
0 Frog Simulator - 0 - - 0 Frog Simulater —_— 0 - -
0 Ret Simulator — 0 - - 0 Rat Simularer —_ Y - -
0 Oculographic Simulator — 0 - - 1 Qcuiograpnic Simulator - 0 - -
0 Mess Spec Analog Date Simulatar —_— 0 - - 0 Mass Spec Analog Data Simulater —_ 0 - -
0 Rot Temperature Qutput Simulator  — 0 - - 0 Rat Tempercrure Cutput Simulaior — 0 - -
0 Monkey Physiolegical Simulator _ Q - FIre 0 Menkey Physiological Simulater — 0 - 1977
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Table 4-27,

GSE REQUIREMEMNTS=LIFE SCIENCES

Life Sciences GSE Requirements (Sheet 7 of 14)

Lacation Site “7 Ootien A=1/A-3

Table 4-27,

G3E REGQUIREMENTS-LIFE SCIENCES

Life Sciences GSE Requirements (Sheet 8 of 16)

Locetion Site /8 Cphion A-1/4-3

. . Unit Casrffmvivm® Peorated . = Unit Casrilnvivm't Prorzred
[Qwantity Equipment Name 1SKY [Time(Davs) |Cast/E116) Quenticy tquinment Name (SKY . [Time{Days) |Cost/F1t6)
1 Trensaort Dolly, Reck & Floor 612C02A 33,0 12 158 1 Trensport Delly, Reck & Floor 4612002A 33.0 23 Jo4
1 Yertical Sling Kit, Rack & Fleor 412008A 10.5 12 50 | Vertical Sling Kit, Reck & Flcor 6120064 16.5 20 84

0 Herizontal Sling Kit, Reck & Floor 412110A 0 - - i Horizontal Shing Kit, Reck & Floer 412110A 0 - “
0 Rack & Floor Shioping Caver 412047A 3.0 - - 1 Rock & Floor Shipring Cover S12C47A 8.0 2 83
0 Rack & Floor Trensport #larform 6120484 24,0 - - 1 Rack & Floor Transport latform 8120484 24,0 28 269
0 Reck & Fioor Supmert 3races Kit 41204%A 2.5 - - i Rack & Floor Syoport 3races Kit 412049A 2.5 27 27
] Double Reck Hndlg C.°0 & Tnspt K1 6120504 2.0 8 65 0 Double Rack Hndlg C/C & Tnspt Kt 4120364 2.0 - -
0 Single Reck Hndlg C,"C & Tnspt Kt 612085A 2.0 - - 0 Single Rack Hndlg C.'O & Trsot Kt 612C65A 7.0 - -
1 Desiczent Cenister, Med.,Dbl Rock 4120468A 7.0 13 47 0 Desiccant Canister, Med., Dbl Rack 412048A 7.0 - -
0 Desicaent Canuster, Small, Sagl Rk 5120894 7.0 - - 2 Desiceanr Conster, Smail, Sagl Rk 41206%A 7.0 27 151
0 Active Environ, Ceniral Cart 412071A 33,6 - - Q Active Znviron, Centrel Cert &12071A 33.0 - -
1 Road Tiedown Kit, U,S, 412108~ 10,3 13, &5 1 Road Tiedown Xit, U.S. 812104A 10.5 27 113
0 Cargo Lift Trailer, Rack & Fioor &14013 0 - - 0 Cargo Lift Teeilee, Rack & Floor 614013 0 - -
0 Adcpter Kir Cargo Lift Trailer 614014 0 - - G Accpter Kit Cargo Lift Trailer 514014 ¢ - -
! Transporterien Instrumentatien 414XXX 20.0 13 104 ! Trensportation Instrumentation S14XKX 20.0 7 218
i Cperatars Cheexaur Console S12XXX 80,0 13 416 1 Cpererors Checksut Censole S12ZRKK 80.0 2] 472

s CDMS Simulater o CDMS Simulater

s Ground Pwr Supniy (Recks) s Ground Pwe Supoly (Recks)
0 Peripheral Checkout Eguioment GI2XKX G - - 0 ?ericherai Checkout Squioment S12XXK 0 - -

¢ Analog Tepe Recorcer Udit s Angicg Tape Recorder Unit

e Strip Chert, Recoraer e Smip Chert, Recorder
Q Cotical Alignment Kit 2i2040 0 - - 0 QOgptical Alignment Kit 412040 0 - -
i Continuity Tester, Stecimezl 613038 0.5 §¢] 471 ] Cantingity Tester, Electrical 413C28 90.5 21 70
i Grounding, 8ending Tester 613039 350 i3 161 t Grounding, Sending Tester 413039 31,0 21 260
0 Portable Leck Detecticn Unit 6120804 0 - - o Portable Lack Deteciion Unit 5120804 0 - -
0 Freon Lack Detector(Rack Refrig/  012XXX e - - 0 Fracn Laak Derector{Rock Refrig/  &12XXX ¢

Freezer Freezer

0 VYacuum Pumping Unit o1 2XXX 25.0 - - 1 Vecuum Pumping Unit S12XXX 25.0 21 210
H Rack Caeling Unit {Susport C/O)  612XXX 50,8 13 263 I Rack Cooling Unit (Suppeet C, Q) 412XXX 30.3 21 424
I Gas, 3oftles, Supply Unit S12XXX 50.0 12 240 0 Gas, Bottles, Supnly Lnit S12XKX 50.0 - -
1 GIN-2 Service Set S14XXX 50.0 13 260 0 GiN-2 Servige Set SHXXX 36.0 - -
1 teaning Kit &121144 1.5 12 35 i Cleening Kit 6121144 1.5 20 92
0 Cesiceant Drying Kit Oven 514022 ¢ - - 0 Desiceant Drying Kit ‘Cven 614022 . 0 - -
0 rluman Physizlegicet Simulerar —_ o - - 0 Human Physiologicel Simulater — 0 - -
0 Frog Simuiator — 0 - 0 Frag Simulctor — 0 - -
0 Rat Simulater — e - 0 Rat 3imulater —_ 0 - -
0 Qeuiegraphie Simuletar —_ 0 - - 9 Qeculegrasnic Simulator — 0 - -
1 Mass Spec Analog Deta Simulerer —_ o - - 0 Mass Spec Analeg Data Simulatar - - - -
1 Rat Temperaivre Qutput Simulatar — 0 - - 0 Rat Temperature Outpur Simulater — Y - -
0 Monkey Physiological Simulater —_ . 0 - T 1 Mankey Physiological Simuleter — ¢ - 5558
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Teble 4-27,

GSE REQUIREMENTS-LIFE SCIENCES

Life Sciences GSE Requirements (Sheet 9 of 18)
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Cption A-3 Delta *

Table 4-27,

Life Sciences GSE Requirements {Sheet 10 of 16)

Lacation Center GSE REQUIREMENTS <LIFE SCIENCES Locotion Lead Cir Optijon  B-1
- m't Prora . it Castllnviven's Prorcted
[Quantify Eguipment MName u?ng?m %—r::::mcys) C;?;/IEIGSG) KQuantity Equipment Name L'?'Stma !F.‘m:(Davs) Cast/FItS)

] Trensport Dolly, Rack & Fleor 412002a | 33.0 7 72 1 Trensport Colly, Rack & Fleor 5120024 | 33.0 3 409
0 Vertical Shing Kit, %cek & Flear 4120068 | 16.5 - - 1 Vertical Sling Kit, Rack & Floer 5120084 | 10.5 28 g
Q0 Harizontal Sling Kit, Rack & Floor 4121104 0 - - o] Harnzantal Sling Kit, Reek & Figor 512110A 0 = =
3 Rack & Floor Shipning Caover 5120474 8,0 1 3 | Rack & Fisor Ihipping Caver 412047A 8.C 25 80
1 Raek & Floor Trensoost Platform 012048A 24.0 L 10 1 Rack & Floer Tronsport Platform £72048A 24,0 31 298
! Rack & Floor Supoort Brages <it 4120494 2,5 7 7 1 Rack & Fleer Supoort 3races Kit 5120494 2.5 al 31
0 | Double Rack Hndlg C, O & Taspt Kt s12056A | 9.0 - - 0 | Double Rack Hndlg C/Q & Taspt Kt 6120504 | 9.0 - -
0 | Single Reck Hndlg C G & Tnset Kt 612045A 9.0 - - 0 Singie Reck Hndlg C/O & Taspk Kt 612065A 9,0 - -
é Desiccent Canister, Med.,Cbl Rack 6120484 2.0 7 151 é Desiccent Cenister, Med. , Dbl Rack 612068A 9.0 26 562
4 Desiccant Canstar, Small, Sngl Rk &12069A 7.0 7 78 4 Desiceant Canister, Small, Sngl Rk 612069A 7.0 26 291
1 Active Environ, Cenirol Cort 4120714 | 33.0 7 92 1 Active Enviran, Contret Cart 5120714 | 33.0 2 343
1 Road Tiedown Kir, U, 5, £12106A 0.5 1 4 i Rocd Tiedown Kit, U, 5. 5121064 10.5 25 105
2 Cargo Lift Treiler, Rock & Floor 614013 0 - - o Cergo Lifs Trailes, Reck & Floor 814013 ¢ - -
0 Adcpter <rt Cargo Lift Trailer 61401 9 - - 0 Adepter Kit Carge Lift Trailer shaoia 0 - -
1 Trensportction Instrumentation S14XXX 20,0 1 8 1 Trensperteticn Instrumentarien S14XXX 20.0 26 208
1 Cperatores Checksut Consate S12IXKX 80.0 a 192 1 Crperctors Cheexout Cansale BI12XXX 80,0 20 440

s CDMS Simulatze o COMS Simulater

« Ground Pwr Susply (Raeks) ¢ Ground Pwr Supply (Rocks)
0 Peripheral Checksur Eauipment S12XXX 0 - - 0 Pesioneral Checkout Equipment 412XXX 0 - -

* Analoy Tepe Recarder Unit s Anclog Teoe Recarder Unit

e Smip Chert, Recorcer o Strip Chart, Recorder
0 Cotical Alignment Kit 412040 0 ) a - o] Cagrieal Alignment it &12040 0 - -
1 Conrinuity Tester, Sleciricsl 513033 9¢.5 / 253 i Confrnuitv Tester, Electrienl 13038 $0.5 20 724
1 Grounding/Bending Tester 513039 31.0 7 87 1 Grounding Sanding Tester 513039 3.0 20 243
0 Porrcble Lack Detestien Unit 512080A 0 - - 0 Partciale Laak Detecticn Unit &12080A ¢ - -
0 Freon Leak Derectar(Reek Refrig/  §12XKX 0 - - 0 Fraon Leck DerectoriRock Refrig,”  $12XXX 0 - -

Freezer Freezer

1| Voeyum Pumoing Unit glaxxx | 25.0 6 60 1 Vacuum Pumping Unit SI2XXX | 25.0 20 200
i | Rack Coaling Unit {Support C'O)  612XXX [ 50.5 6 121 | Rack Cooline Unit (Support C.'O)  812XXX | 50.5 20 404
] Gas, Botiles, Suosly Unir SI2XKK 30,0 é 120 \ Ges, Bottles, Sunoly Unit S12ZAXX 30,0 28 560
i GN-2 Service Set S14XXX 50,0 é 120 I G2 Service Set S14XKX 50,0 20 400
1| Cleaning Kit 6121144 | 1.3 7 32 \ Cleaning Kit s121144 | 11.5 25 15
0 Desiceant Drying Kit/Cven 414022 0 - - 0 Desicsant Deying Kit ‘Oven 614022 Q - -
i Humen Physiclegical Simuletar —_ 0 - - 1 Human Physielogical Simuletor —_ 0-
1 Frog Simylator - 0 - - 1 Frog Simulctor — 0
1 Rat Simularar —_ 0 - = ] Ret Simuletor —_ o
] Qculcgreohic Simulstar — 0 - = i Oeulegrapnic $imulater — 0
1 Mass Spec Anclog Cate Simulatar — 0 - - i Mass Spec Analog Data Simulator —_ 0
i Rat Temperatura Output Simulatar —— 0 - - 1 Rat Temperature Quiput $imulotor — 0
i Monkey Physiologicai Simuiator —_ 0 - Ta30 1 Monkey Physiological Simulatér —_— 0 579

* These are the requirements for processing flew blocks 7, 8 cnd 9 as performed ot
KSC oftar Level IV cctivities at the 8 Distributed Sites,
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Toble 4-27, Life Sciences GSE Requirements (Sheet 11 of 1&)
GSE REQUIREMENTS-LIFE SCIENCES Location Lead Crr Cpticn B4 GSE REQUIREMENTS-LIFE SCIENCES Location Lead Cte Cption 8-3
- ., Unie Castllnvivm't Prorare . K Unir Caer{lnvivm't Prorctag
Quantity Equipment Nome B ™ Fimo(beys) Caming) | [Ruentity Ecuioment Name 5 Fime(eys) [CousErs)

i Trensport Doily, Rack & Flaor 412C02A 33.0 40 321 i Trenspart Dally, Rack & Fleor 4120024 33.0 38 495
i Vertical Sling Kit, Rack & Floor 4120044 10.5 32 134 i Vertical Sling Kit, Rack & Floor 4120084 10.5 28 118
0 Horizontei Sling Kit, Rack & Flaor 4121104 ¢ - - 0 Horizental $ting Rit, Reek & Floor &1211CA 0 - -
1 Rack & Floor Shipping Caver S12047A 3.0 30 % i Rack & Floor Shicping Cover 412047 A 8.0 26 a3
1 Reck & Fiser Trensporr Plerform $12048A 24,0 34 345 I Rack & Floor Transpert Plctform 5120484, 24.0 32 308
1 Reck & Floor Support Braces Kit 5120494 2.5 ). 40 40 1 Rack & Floor Swpporr Broces Kit 51204%A 2.5 38 38
0 Double Rack Hndlg C/O & Tazat Kt $12050A 9.0 - - 0 Double Roek Hndlg CO & Tnsot Kb 6120504 5.0 - -
0 Single Reek Hndlg C.'O & Tnspt Kt 6120634 9.0 - - 0 Single Rack Hndlg C/O & Tnsat Ki 4120634 9.0 - -
& Desiccant Canister, Med. , Dbl Rack £12C68A 2.0 35 745 & Desiccant Canister, Med,, Dbl Rack 4120484 2.0 33 702
4 Desiceant Cenuster, Smell, Sngl Rk 4120894 7.0 35 385 4 Desiccont Canister, Small, Sngl Rk 6120694 7.0 33 364
1 Active Envirsn, Contrel Cart 8120714 33.0 35 455 1 Active Environ. Centrel Cert $12071A 33.0 33 429
i Road Tiedown Kit, U.S. 4121084 10,5 30 E25 1 Rocd Tiedown Kit, U, 5, 512106A 10,5 28 109
0 Carge Lifr Tretler, Rock & Floer 414013 0 - - 0 Cargo Lift Treiler, Reck & Floor 414012 0 - -
0 Adepter Kit Cargo Lift Trailer 614014 0 - - 0 Adeoter &it Cargo Lift Trailer 414014 0 - -
! Trensportetion Instrumentetion $EAXXK 20.0 < 248 1 Trensporratien Instrumentoticn S1eXKK 20,0 27 216
i Operctors Checkout Cansole $12XXK 80.0 29 912 1 Operatars Cneckaut Console S12XKK 80,0 26 816

e« CDMS Simuiator o COMSE Simulater

e Crounc Pwr Suooly (Recks) e Ground Pwr Sucply {Recks)
0 Periphers| Checkour Sauipment E12XXX 0 - - 2 Peripheral Checkaut Equipment E12XXK o - -

s Anclog Tepe Recorder Unit . Anq'gg Tace Resarder Unit

e Sirip Chart, Recarder ¢ Strio Chart, Receorder
0 Cpticzel Alignment Kit 612040 ¢ - - ] Opotical Alignmenr Kit &l2040 ¢ - -
1 Cantinuity Tester, Slectricel £13038 20,5 29 1032 1 Continuity Tester, tiecrricat 612028 0.3 27 959
i Grounaing/3ending Tesrer 613039 3.0 29 354 ] Grounaing, Senaing Taster 413039 31,0 27 329
0 Portacie Leck Detecrion Unit &12080A 0 - - I Porteile Leok Detection Unit 4120804 0 - -
0 Freon Leak DetectartRack Refrig.”  &12XXX 0 - - 0 fraon Legk DetecroriRack leirig,”  &12XXX 0 - -

Freezer Freezer .

i Vacuum Pumoing Un it s12xxx | 25.0 29 285 1 Yacuum Pumping Unit s12¢¢x | 25.C 2 255
1 . Rack Caeling Unit (Suppert C/O)  61ZXXX 50.5 29 37 i Rack Caoling Unit {Supgor: C.'OY  612XXX 50,5 24 515
1 Gas, Sottles, Supply Lnit S12XXKK 50.0 37 730 | Cas, Bottles, Supply Unit BEZXX X 50.0 34 &70
1 GiMN-2 Service Set S14XXX 50.0 29 570 1 GMN=-2 Service Set 41X XX 30,0 26 510
) Cleaning Kit 6121144 1.5 34 154 1 Cleaning Kit &12T144 11.5 32 145
0 Desiceant Drying Kit-Cven £14022 ¢ - - 0 Desiccent Drying Kit/Cven ata0z2 0 - -
1 Humen Physiologicel Simulcror — 0 1 Humen Physiological Simulctor — 0 - -
1 Frog Simuleter — 0 1 Frog Simulctor - 0 - -
1 Rat Simulater — 0 1 Rat Simulafor —_ 0 - -
I Cculagrephic Simulatar _ 0 1 Qeylographic Simulstor — 0 - -
1 Mass Spec Anclog Cata Simulater — 0 1 Mass Spec Analog Date Simulcter —_ 0 - -
1 Rat Temperature Qutput Simulater — 0 . 1 Rat Temperature Quiput Simulater — 0 - -
! Monkey Physiological Simulatar —_ 0 AT 1 Monkey Physiologicat Simulator e 0 - =57
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Table 4-27,

Life Sciences GSE Requirements (Sheet 13 of 16)

Table 4-27,  Life Sciences GSE Requirements (Sheet 14 of 16}
GSE REQUIREMENTS-LIFE SCIENCES Lecarion Lead Ctr Cptien  B-5 - GSE REGQUIREMENTSALIFE SCIENCES Location KSC  Qphion -l
0 R . Unit Costibnvivm't Prararec . , Unit Costiindivm't Proratea
ventity Equipment Nome f5K)__ [Time(Days) [Cast/FTr6)|  Quentity Equipment Name {SK)  [Time(Cays) [Cost/Fit6)

! Trensport Dolly, Rack & Fioor 6120024 33.0 43 568 1 Trensoort Dolly, Rack & Floar 4120024 33.0 23 304
1 Vertical Shing Kit, Rack & Floor  412008A 10.3 35 147 1 Vertical Siing Kit, Rack & Floor  612006A 10,5 26 109
V] Harizental Sling Kit, Rack & Floer 4121104 Q - - 0 Horizental Sling £it, Rack & Floor 4121104 0 - -
1 Rack & Floor Shioping Cover 412047A 8.C 33 106 1 Rack & Floar Shipping Cover &12047A 8.0 17 54
1 Rack & Floor Tronsport Pletform &12048A 24,0 39 374 1 Raek & Fioar Trensport Platform 412048A 24.0 23 221
1 Rack & Floor Suooort Braces Kit 4120494 2.3 43 43 1 Rack & Floor Supoart Braces Kit 4120494 2,5 23 23
0 Double Reck Hndlg C/O & Taspt Kr 612050A 2.0 - - 0 Double Rack Hndlg €O & Tnspt Kt 4120504 9.0 - -
0 Single Rack Hndlg C,/'C & Tnspt Kt 4120454 2.0 - - 0 Single Reek Hndlg C/O & Taspt Kt 6120634 9.0 - -
& Desiccent Cenister, Med, , Dbl Rack 412048A 9.0 38 821 4 Desiceont Canister, Med,,Obl Rack 612C48A 2.0 18 389
4 Desiceant Canister, Small, Sngl Rk 6120694 7.0 38 426 4 Desiceant Canuster, Smail, Sngl %k 6120694 7.0 18 202
1 Active Environ, Centrol Cart S12071A 33-9 38 502 1 Active Enviren. Cantrel Cart 412071A 33,0 i8 238
1 Rocd Tiedown Kit, U, 5, 412106A 10.5 3 139 1 Road Tiedown Kit, U.S, 512106A 10,5 17 71
9 Cargo Lift Traiier, Rack & Floor 614013 ¢ - - 0 Cergo Lift Trailer, Reck & Figer . 414013 0 - -
0 Adepter Kit Carge Lift Trailer 414014 0 - - 0 Adepter Kit Cargo Lift Teciler 414014 0 - -
1 Trensporterssn Instrumentarion S14XKX 20.9 34 272 i Trensperéction Instrumentaticn L1AX XX 20.0 18 144
! Cperatars Checkout Cansole §12XXX 8c.0 3z 1024 . 1 Cperctors Checkout Console e12XXXK 80.0 18 576

¢ CDMS Simuictze s CDOMS Simuleter

¢ Ground Pwr Supply [Recks) s Ground Pwr Supply (Racks)
0 Peripherel Checkout Equioment H12XXX 0 - - 0 Parioherel Checkout Couioment 512X XX 0 - -

® Analeg Tace Recorder Unit » Analog Tape Recorder Unit

o Strip Chort, Recorder + Strip Chert, Recarder
o Cptical Alignment Kit 512040 0 - - 0 Cotical Alicnment Kit 612040 0 - -
1 Contlnuity Taster, Eleeirical 413028 0.5 32 1138 1 Cantinuity Tester, Electrical 613038 0.5 18 452
1 Grounding - Benaing Tester 813039 31,0 32 397 1 Groundings Bending Tester 513039 31.0 18 223
0 Portebie Legk Derecrion Unit 612080A 0 - - 0 Jorsaiie Lack Detecticn Unit S12080A 0 - -
0 Freon Leak Detrector(Rack lefrig/  612XXX 0 - - 0 Freon Leck DersctoriRack Refrig/  612XXX 0 - -

Freezer ' Freezer

1 Veguum Pumping Unit S12XXX 25.0 32 320 1 Yacuum Pumping Unit &12XXX 25,0 18 180
I Rack Cooling Unit {Support C. Q) §12XXX 50,5 32 646 i zack Caoling Unit fSuppert C/O)  412XXX 50,5 18 ?64
1 Gas, 3ottles, Supply Unit S12XXX 50.0 40 800 i Gas, Sottles, Supoly Unit S12XXX 50.0 26 520
1 GiN-2 Service Set 414XxXx | 50.0 32 40 1 GIN=2 Service Set slaxxx | s0.0 18 360
1 Cleaning Kit 51211848 | 113 37 170 1 Cleening Kit siz11aa | s 23 106
0 Desiccent Drying Kit/Cven 014022 0 - = ) Desiccent Drying &it/Cven 614022 0 - -
i Human Physiologicsl Simularor — 0 - - 1 Humen Physislegicel Simulator — 0 - -
| frog Simulator - 0 - - ] Frog Simulatar —_ 0
1 Ret Simulater —_ 0 - - ] Rat Simulator —_ 0
1 QOculegraphic Simulator - 0 - - 1 Oculogrennic Simulator —_ 0
1 Mass Spec Analag Cata Simulator — 0 - - i Mass Spec Analog Date Simulator -— 0
1 Rot Temperatyre Output Simylater — 0 - - i Rat Temperature Output Simulator  — 0
1 Menkey Physialegical Simulator — 0 - 8553 1 Menkey Physiological Simulator — 0 1736
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Table 4-27.

Life Sciences GSE Requirements (Sheet 16 of 16)

Table 427,

GSE REQUIREMENTS-LIFE SCIENCES

Life Sciences GSE Requirements (Sheet 15 of 16)

GSE REQUIREMENTS-LIFE SCIENCES Lzcation KSC  Option C4 Locarien KSC Cpticn  C-3
- = Uit Casr{lnvivm't frorared . = Lnit Cast{lnvivn't Prorated
Guentity Eauipment Mame {SKY  [Time(Davs) [Cost FItS) Quantity Equipment Name SK)  [Time(Days) {Cast, 'F116)

1 Trensoort Dolly, Rack & Floor 8120024 | 33.0 27 356 1 Trensoort Colly, Rack & Flaor &12002A 33.0 31 390
1 Yertical Shing Kit, Rock & Floor  4120C6A 10.5 30 126 1 Vertieal Sling Kit, Rack & Floor 4120064 10.5 28 118
¢ Horizental Siing Kit, 2eck & Floor 4121104 0 - - o Herizensal Siing Kit, Rack & Floor 4121104 0 - -
1 Rcck & Floor Shioping Caver 8120474 8.0 21 67 1 Raele & Floor Shinsing Cover &12047A 8.0 25 57
1 Reck & Fioer Transpert latform 6120484 { 4.0 4 259 1 Rack & Floer Tronspert Platform 6120484 24,0 31 23
1 Reck & Floor Supoort Sreces Kit $12049A 2.3 27 27 1 Rack & Ploor Support Areces Kit 412C49A 2.5 31 30
¢ Double Reck Hndlg C.'O & Tnsor Kt 412056A 2.0 - - 0 Doutle Rack Hndlg C,'C & Tnsot Kt 6120504 9.0 - -
o Single Reck Hndlg C,'C & Tnspr Kt 612045A 2.0 - - 0 Singie Rack Hndlg C. O & Tnsor Kt 412065A 9.0 - -
& Desiceant Canister, Med. Dbl Rack 4120484 9.0 22 475 & Desiceent Cenister, Med, Dbl Reck &12068A 2.0 26 329
4 Desiczant Canister, 3mall, Sngl Rk 412065A 7.0 22 245 4 Casiceznt Canister, Small, Sngl Rk &120489A 7.0 26 275
1 Active Environ, Centrol Cart 612071A § 33.0 22 290 i Active Enviren, Centrol Cert 612071A | 33,0 26 324
1 Road Tiedown Kit, U:S. 612106a | 10,5 2l 8 1 Road Tiedown Xit, U.S, $12106A | 10,5 25 75
0 Cergz Litt Tralier, Rack & Floor &14013 Y - - 0 Cergo Lift Trailer, lack & Floor 514013 0 - -
Y Aacpter Kit Cargo Lift Trailer 514014 0 - - 0 Adapter Kit Cargo Lift Trailer £14014 0 - -
1 Trensportetien Instrumentarion FETEY 0,94 20.0 22 175 i Teansporration Instrumenraticn ST4AXKX 20,0 26 152
1 Coerctars Chezkour Cansale §12XXK | 80.0 22 704 1 Coperarors Checwout Cansele &12XXX | 80.0 2% 752

o COMSE Simulerar + COMS Simulater

¢ Ground Pwr Supply (Racks) & Ground Pwr Sucply {Racks)
0 Paripneral Checkeour Eovioment Si2XXX 0 - - 0 Parioharal Checksoui cuisment S12XXX 0 - -

s Anclog Tape Reccrder Unit ¢ Ancicg Taoe Regarder Unit »

e Strio Chert, Recoraer s Srrip Chert, Recsrder
0 Copticsi Alignmenr Kir 612040 0 - - 0 Cotical Alignment it 412040 0 - -
1 Conrinuity Tester, Electriczl 613038 90.5 22 796 i Cantinuity Tester, Eleciricol 513008 0.5 26 887
1 Gravnging, 3encing Tester 413039 3l.0 22 73 § Grounding, ‘Sending Tesrer 513039 3.0 |, 2% 305
o Poricbie Leck Datecticn Unit 4120804 Q - 0 Parracle Leck Detecricn Unit 612080A 0 - -
Y Freon Leck Cetaztar(Rack Refrigs  &12XXX 0 - 0 Frecn Leck DetectorsBack Refrig”’  &12XXX ¢ - -

Freezer Freazer
1 Yecuum Pumoing Unit B¥2K KX 25,0 22 220 | Vecyum Pumoing Unit S12XXK 25.0 26 233
! Rack Cooling Unir (Suopert € 'CY  812XXX 50,3 22 444 1 Rack Cocling Unit (Supsort € 'C)  412XXX 50.5 26 475
i Gas, Sottlas, Suooly Unit 812X XX 50.0 30 00 1 Gas, 3ottles, Supply Unit S12X KX 50,0 34 630
1 GM -2 Service Set AlaXXX 50.0 22 440 1 GiN-2 Service Sef . 514XXX 50,0 24 470
1 Cleening Kit 8121144 1.5 27 124 1 Clecning Kit 512114A 1.5 3t 136
0 Desiczent Drving Kit/Cven 414022 0 - " 0 Desiczent Crying Kit ‘Oven 414022 0 - -
i Humen Physiolegiea] Srmulatsr — 0 1 Human Physiological 3imuleror — 0 - -
! Frog Simuictor — 0 1 ‘Frog Simulatar —- 0 - -

1 Rat Simuleror - L0 g . 1 Rat Simulzrer —_— Y - -
1 Qeulographic Simuletor —_ 0 1 Qeulogrephle Simularar —_ 0 - -
i * Mass Spec Analog Date Simulater —_ Y 1 Mass Spee Analog Data Simulcter — 0 - -
! Rat Tempercture Clutput Simulater  — 0 1 Rat Tempercture Qutput Simulatar 0 - -
1 Mankey Phvsiological Simuleter —_ 0 =TT 1 Menkey Physiological Simulator —_ 0 ~ 57
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Table 4-28,  ATL GSE Requirements {Sheet 1 of &)

Locaticn Site F1 Cption A=l

Table 4~28,  ATL GSE Requirements (Sheet 2 of 8)

Locoticn Site ¥2 Optisn A1)

i . Unit Cosq Invlvm't | Proroted , s Unit Costl fivlvm't | Prorated
Quantit Equisment Name (SK) | TimelDeys| Cost/Flt8) | Quantity Equipment Name 15K) | Time(Deys] Cost/FIts)

0 Double Rack Hendling Kit 613050 9.0 " - I Double Reck Mendling Kit 613050 2.0 17 41
1 Veartical Sling Kit &12C068A 16,5 28 118 0 Vartical Sling Kir & 200464 10.5 - -
1 Feed Thru Prot. Covers 612008 3.0 23 r 0 Feed Tnry Prot. Covers 612008 3.0 - -
1 Pallet Seg, Floor Covers 412010 3.5 28 39 ¢ Pzllet 3eg. Fioor Cavers 412010 3.5 - -
1 Pallet Segment Support 412013 47,0 3 583 0 Pallet Segment Suppart 412013 47.0 - -
1 Rack. Floor Shipping Cover 812047 8.0 26 83 ¢ Rack/Flear Shipping Cover 412047 8.0 - -
1 Rack/Flaor Transpart Platform 412048 1.0 3 12 0 Rack/Floor Trensport Platform 412048 1.0 - -
] RacksFlacr Support 3races 612049 2.5 31 3l ¢ Rack/Fleor Support Braces 412049 2.5 - -
1 Fallet Caver 412059 12,3 26 130 Y Fallet Cover 412059 12.5 - -
1 Aallet Platform 412080 24.9 26 230 0 Pallet Platform 612060 4.0 - -
1 Castccont Canister Large 512047 11,5 26 120 0 Desiccant Canister Large 412047 1.3 - -
1 Desicaent Cenister Medium 512068 2.0 26 P4 0 Cesiceant Canister Madium 412068 7.0 +7 61
1 Active Environment Cart 8120714 | 33,0 26 346 0 Active Environment Cart 812071A | 33,0 - -
1 Rocd Tiecown Rit 612104 10.5 26 109 0 Roed Tiedown Kit 412106 16.5 - -
! Horizontel Sting Kif &12110 53,5 27 578 0 Horizontal Sling Kit 412110 33.5 - -
K Trunnien Handling Fittings 612113 1.0 27 . 43 0 Trunnien Handling Fittings 412113 1.0 - -
1 Refrigeration Unit &12115 HOW 20 808 0 Refeigeration Unit 512115 101,1 =7 -
1 Rack Cooling Unit $12XXX | 50.5 20 404 1 Reck Coeling Unit B12XXX | 50,5 12 242
1 Cieaning Kit 812114 11,5 20 92 i Clegning Kit 812144 1.3 12 35
1 Desiceant Drying Cven 514002 27,5 20 220 0 Desicaant Drying Oven £14C02 27.5 T - -
1 Graunding."Scnding Tesrar 413039 31,0 20 248 i Grounding/Bonding Tester 413039 3.0 12 149
1 Coble Sets end Adaprers - - - 0 Cable Sets end Adepters - -
1 Pactable Laak Detector 512080 ] 20 20 | Portable Leak Detector 12080 2,5 12 i2
1 Freon Servicer 412084 25.0 20 200 0§ Freon Servicer 612084 25,0 - -
i Freen Leck Detactor 512086 1.0 20 8 o Freen Lzak Detector 512086 1.0 - -,
§ Cptical Alignment Kir 412040 4.0 20 48 ¢ Caotical Alignment Kit 412020 5.0 - -
1 Transport Instrumientation S14XKX 20.0 23 164 ¢ Trensoort Instrumentation $14XXX 20,0 - -
1 Cperctor's Console 412X XX 80.C 20 440 Y Operatar's Console S12XXX 30.0 - -
0 Optical Bench Support Cart 0 Ootical 8ench Support Cart
0 Inert Gas Cart ] hert Gaos Cart
o} FSS Holding Jig end Cover 3 FES Holding Jig and Cover
] Bread Bend llluminater 9 8raad Band |luminator
0 Antenna Support Cart 0 Anrenna Sunpert Cart
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Table 4-28,

ATL GSE Requirements (Sheet 3 of 6}

Locarion Site 73 Optiza A-l

Table 4-28.

ATL GSE Requirements (Sheet 4 of 6)

Location Lead CirQpticn B4

] \ ) Unif Cestl Invivm't | Prorated . . Unit Costl laviven's | Proroted
Quantit Equipment Name SK) | Time(Devsl Caprisy] [ Quentiny Equipment Name (SK) | Time(Bavs]| Cost/FitE)
1 Couble Rack Handling Kit 513050 2.0 34 123 0 Double Reck Hendling Kit 413050 ¢.0 - -
1 Vertical Sling Kit - 4120064 | 10.5 31 130 I Vertical Sling Kit §12006A | 10.5 36 151
1 Feed Thru Prot. Covers 412008 3.0 26 31 1 Feed Thry Prot, Covers 412008 3.0 31 37
1 Pallet Seg. Floor Covers 412010 3.5 31 43 2 Pallet Seg. Ficor Cavers 412010 3.3 36 101
1 Paollet Segment Suppert 412013 47,0 34 639 1 Pallet Segment Suppart 412013 47.0 39 733
¢ Rack/Floor Shipping Cover 412047 3.0 - - 1 Rack,Floor Shipping Cover 412047 8.0 34 109
¢ Rack/Floor Trensport Plattorm 4612048 1.¢ - - 1 Reck,Flaor Teanspert Platform 512048 1.0 39 16
¢ Rack, Floor Supgort Sraces 212049 2.5 “ - 1 Rack/Floor Support Braces 612049 2.3 39 39
! RPaller Cover 512039 12,5 29 145 2 Pallet Cover 812059 12,3 34 170
I Pallet Plafform 412050 24.0 29 278 2 Pallet Platform 412060 24,0 34 53
1 Deticcont Cenister Large c12087 11,5 29 134 1 Desiccont Canister Lorge 5612067 1.3 34 156
1 Desiccent Conisrer Medium 012048 7.0 29 104 1 Desiccant Canister Medium 612048 2.0 34 122
1 Agtive Eavirenment Cart &12071A | 33.0 29 383 2 Active Environment Cart 8120714 | 33.0 34 898
1 Road Tiedown Kit 612106 10,3 29 122 1 Raad Tiedown Kit 612106 10,3 34 143
1 Herizantal Sliag Kit 012110 53.3 N 663 i Herizontal §ling Kit 812110 « | 33.5 34 770
4 Trunnien Hendling Fittings 42113 .0 3 59 4 Trunnicn Handling Fittings 812113 1.0 36 58
0 Refrigeration Unit 512118 101, i - - f Refrigerction Unit 412115 161,1 28 13
i Raek Caoling Unit S12KXN 50,5 23 465 f Rack Caoling Unit 412AXKX 50,5 . 28 564
1 Cleaning Kit s12114 1.3 23 105 I Cleening Kit s12114 | 11,3 28" 129
1 Cesiceenr Drying Oven =14002 27,3 23, 253 | Desiccant Drying Oven 414002 27.3 28 308
1 Grounding-Bending Tester S13039 31.0 23 285 | Grounding/Bending Tester 413039 3. 28 347
0 Cabie Sets ond Adaprers - - 0 Capie Sets and Adcoters - -
i Porrabie legk Detector 412080 2.5 23 23 1 Paricble Lagk Detecter 412080 2,5 28 28
0 Fracn Servicer 612084 23,0 - - 1 Freon Servicer 12084 25,0 28 280
0 Freon Leak Derector 612084 1,0 - - ! Freon Leak Detector 412086 1.¢ 28 11
i Cptical aAlignmenr Kit 412040 4.0 23 35 | Chptical alignment Kit $12040 4.0 28 &7
1 Trensnort Instrumentation E14XXX 20.0 26 208 1 Transport Instrumentation SIAXKK 20,0 31 248
0 Operarer's Censole 412XXX 50,0 - - I Qoerctar's Console S1ZXXX 80.0 28 896
Q Coticzl| 3ench Support Cart ¢ Cptical Sench Suopert Cert -
0 lnert Ges Cert [ lnert Gas Cart
0 FES Holding Jig and Caver . ¢ FSS Holding Jig end Cover
0 droad 3end llluminator ¢ Broad Band lliyminatsr
£ - | Antenna Sueport Cart o ¢ Antenna Suenaert Cart ~
42280 ET67.
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Table 4-28, ATL GSE Requirements (Sheet 5 of &) Table 4-28. ATL GSE Requirements {Sheet & of &)

Locationkead Ctr Option B-5 Location, KSC Option C-4
. - Unit Cos Invilvm't | Prorated . . Unit Casr] Invivm't | Prorated
Quentit fquipment Neme (80 | Time(Days] Cogt/mirgy| | Quantity Eauipment MName ISK) 1 Time(Deys} Cost/Flt )
0 LCouble Rack Handling Kit 613050 9.0 - - 0 Double Rack Handling Kit 413050 2.0 - -
1 Vertical Sling Kif 5120064 | 10,5 35 151 1 Vertical Sling Kir 4120064 | 10.3 30 126
1 Feed Thru Prot. Covers 612008 3.0 31 37 } Feed Thru Pror, Govers 412008 3.0 25 30
2 Paliet Seg, Floar Cavers 412010 3.3 36 101 2 Pgllet Seg, “loor Covers 6120190 3.5 30 42
i Pallet Segment Suppert 812013 47,9 37 733 1 Pailet Segment Support 612012 47.0 31 528
1 Rack/Floor Shipping Cover 612047 8.0 34 109 I Rack.Floor Shipaing Caver 412047 8.0 26 83
1 RacksFloor Transpert Platform 412048 1.0 39 16 I Reek/sFloer Trensoort Pletferm 412048 1.0 31 12
I Rack/Flocr Support Braces 412049 2.5 39 39 1 RacksFioer Support Sreces 612049 2,5 31 3
2 .| Pallet Cover 612059 1251 170 2 | Pailer Cover 412059 i2.5 26 130
2 Pallet Platfaem 612040 24,0 34 453 2 Pallet Platform 4120580 24,0 26 230
| Desiccent Canister Large 812067 1,5 34 156 1 Sesiceant Canister-large 612067 1.5 26 120
1 Desiccent Canisrer Medium 612048 2.0 34 122 1 Desicacnt Canister Medium 412048 9.0 26 93
"2 Active Cnvironment Cart 412071A 33,0 34 898 2 Setive Environment Carr £12071A 33.0 26 243
| Road Tiedown Kit 412106 10.5 34 143 1 Rcca Tiedown Kir 512104 10.3 26 109
! Horizonrel Sling Kit 412110 53.3 36 770 1 Herizontal Sling Kit 512110 53.3 30 642
4 Trunnicn Hendling Fittings &12113 1,0 34 58 4 Teunnien Handling Fittings 612113 1.0 30 48
| Refrigeration Unit 6121135 loi,t 28 1131 i Refrigeraticn Unir 8121135 01,1 24 970
] Rack Cooling Unit 12X KX 50.3 28 566 1 Rack Caoling Unit S12XXX 30,5 24 485
i fecning Kit 812114 1.3 28 129 i Cleaning Kit 612114 1n.s 24 110
I Desiceant Drylng Oven 414002 27.5 28 308 i Desiccant Drying Cuvan 412002 27,5 24 264
1 Greunding/Sending Tester 413039 3.0 28 47 i Groundings Bending Tester 513039 31,0 24 298
0 Cable Sets end Adeprars - - o] Cabie Sets ond Adeprers - = -
! Portable Leak Detector 612080 2,5 28 28 i Portable Leck Detector 412080 2,5 24 24
i Freen Servicer 412084 25,0 28 280 1 Freon Servicer 412084 25.0 24 240
3 Fraen Leak Detector 4612086 1,0 23 1 H Fraon Lesk Detectar 612086 1,0 24 10
1 Optical Alignment Kit 412040 8.0 28 &7 1 Optical Alignment Kit 412040 4.6 24 58
1 Trensport Instrumentation SlXXX 20.0 3 248 1 Transocrt instrumentation 14XXX 20,0 25 %00
1 Operator's Consale &12¥XXX | 30.0 28 896 i Ogerator's Censole &12XXX | 80.0 24 768
0 Opticai Bench Support Cart 0 Cypricel Bench Suppert Cart
0 Inert Gos Cert Q fnert Cos Cart
0 F55 Holding Jig and Cover 0 £33 Holding Jig and Cover
0 Broad Bana |lluminater 9 Broad Sand flummatar
0 Antenna Supoort Cart [ Antenna Support Cart -
gi&7 G014

Y

S

t

(] aoed

UOISIAL

jeuoijewiaiu] fjeAooy



‘l‘ Rockwell International

Space Division

Since the GSE under consideration is only that GSE required to support the Level IV
operations, those activities associated with Level [1l/1l infegration through post-flight
operations for each flight are not considered, For GSE the total involvement time con-
sists of the total serial processing time from preparation of experiment and Spacelab equip~
ment through the completion of the Level IV activities and the readiness of the payload to
begin Level Il Functional block 11) plus the Leve! IV de~integration 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 .determination of the Spacelab flight
hardware requirements for each payload configuration is a-constant, The real variable is
the length of each processing flow. From the determination of total involvement time of
the Spacelab flight hardware, o prorated cost per flight was established. The prorated cost
per flight was defined by the Followmg

Prorated Cost/Flight = Involvement Time (days) x Unit Cost of Equip. ($) x Quontity *
250 days x 10 yr, life

The Spacelab flight hardware items evaluated were each payloads requirements for:

Racks {(Expmt) . Inverfers
. Pallet Segment . . Freon Pumps
. RAU's o . Expmt Heaf Exchangers
. EPDB's . EPSP%
. 1CS'% . Floor Segments
. Cold Plates
IPS
SIPS

The Spacelab flight hardware proration cost estimates for the four payloads and each
applicable option are shown in Tables 4-29 through 4-32,

PAYLOAD COST SUMMARIES

These summaries have been developed, for each viable option of the four design ref-
erence missions, by an accumulafion of the per flight costs in each of the four resource

categories:
Manpower . GSE
. Transportation : . Spacelab Flight Hardware

4.29
SD 78-5R-0009-2



Table 4-29.  Spoce Processing Flight Hardware Requirements Table 4-30, Combined Astronomy Flight Hardwere Requirements (Sheet 1 of 2)

Unit Cost | Days In~ |Prorated

H Unit Cost | Days In- | Prorated
Giuan Equipment Name t | Cost. Flt Quan Equipment Nome ly
3 t |Cost/Flt
(5K) vo%eqmzf R {5K) v?Dvdis en 0356
1 Processing Option A-] g
PALLET (Incl: 1 RAU, 1 EPDB, 4 Cold Plates, [$3,724.0 | -69.5 [5103,527 Pracessing Option A-1 Fwd Minj-center
1 Inverl’er, 1 Freon Pump & Accum, P i PALLETS, Smgle 1 ea . 3, 022.0 58 S 70,]'0
11C5, ond 1 Exp. Heat Exchenger) 5103.527 ] (Inci, i Freon Pump, 3 Cold Plates, 2 RAL -, 468,0 58 15,498
T
1 EPDB, 11CS, & 1 Inverter)
Processing Option A-2 | SMALL INSTRUMENT POINTING SUBSYS(SIPS){ 1,500 58 34,800
| PALLET {Incl: 1RAU, 1 EPDS, 4 Cald Pletes |53,724.0 | 9.5 |5103,527 “Inel 1-RAU ot OAFD C&D Panei 5120, 408

Llnverter, 1 Freon Pump & Accum,, Processing QOption A=l Mid Mini-center

0c-v¥

§,

FICS, and | Exp, Heat Exchencer) 5103, 527 I PALLETS, Single 1 ea 3,022,0 &1 $ 73,737
! 1 tinet, 1 Cold Plare, 1 EPDB, & 2 1CS) 21,0 & 2,952
Pracessing Option B-1 1 PALLETS, Doudle | eo 6,044.0 &1 147,474
1 PALLET {Inecl: 1 RAU, 1 EPDB, 4 Cold Plates, |53,724,0 9.3 5103,527 1 {lncl. 1 Cold Plate, 1 RAU, 1EPD8, 1ICS) 261 41 6,368
1 Inverter, | Freon Pump & Accum,, A - 1 INSTRUMENT POINTING SUBSYS (IS) 10,000.0 &1 244,000
11CS, & I Exp, Heat Exchanger) ST 5474,531
: i Processing Cotion A~ Aft Mini-center -
Pracessing Option B-2 1 PALLETS, Single | eo 3,022,0 34 65,275
1 PALLET ‘Incl: | RAU, 1EPDB, 4 Cold Plates, [53,724.0 | 49.5 [5103,527 ! {Incl, 1.Cold Plate, 1RAU, 1EPC8, 1 1CS) 261.0 54 3,638
| Inverter, | Freon Pump & Aceum., 570,913
T1CS, & 1 Exp. Heat Exchanger) s103,527 Processing Option A-2 Fwd Mini-center
i PALLETS, Single, 1 ea 3,022.0 &4 $77,363
Pracessing Cption B4 1 {Incl. 1 Freon Pump, 3 Cold Plates, 2 RAU™, 468.0 64 17,101
1 PALLET {Incl- 1 RAU, 1 EPDB, 4 Cold Plates, 153,724.0 59.5 $103,527 1 EPDB, 11CS, & 1 lnverten)
1 Inverter, 1 Freon Pump & Accum., 1 SMALL IINSTRUMENT POINTING SUBSYSISIPSY 1,500,0 44 38,400
i1CS, & 1 Exp, Heat Exchenger 15103,527 5132,884 |.

Processing Cotion A=2 tid Mini=center

Pracessing Cprion C-1 1 | PALLETS, Single, i | 3,022.0 7 94,786
1 | PALLET (Inci, 1RAU, 1EP08, 4 Cold Plates, [53,724.0 | 41.3 | 91,610 | (Incl. ,&ol';‘%,i‘fe, e,"mgl 2 1S 1210 - 3775
1 laverter, 1 Freon Pump & Acc.um., | PALLETS, Double, | ea 6,044,0 b 188,573
11CS, &1 Evp. Haat &cchenger 591,510 {incl. 1 Cold Plate, 1RAU, 1 EPDB, 1 ICS) 261.0 73 8,143
Pracemmg Omon 2 } INSTRUMENT POINTING SUBSYS (19S5 10, 000. 0 78 | _312,000
1 PALLET (incl: 1 RAU, 1 EPDB, 4 Cold Plates  |$3,724.0 | &1.5 | 591,610 5606, 778

| Inverter, 1 Fieon Pump & Accum,, - n :

. Processing Optien A«2 Aft AMini~center
h TTET0 g Op

11CS, & | Exp. Heat Exchonger 71,610 1| PALLETS, Single 1 ea 3,022.0 71 85,825
Processing Option & — 1 itel, | Cold 2lete, | RAU, 1 EPD3, 11C3) 261,0 71 7,412
i PALLET {lncl: 1 RAU, | EPDB, 4 Cold Plates 53,7240 | ol.5 | $%1,410 WY

1 Inverter, 1 Freon Pump & Accum,,
11CS, & | Exp. Heat Exchanger 591,610

ATFTVOD 400 g 000 ¥s78L a8

ST AOVA TYNESTHO

-

UOISIAL

[BUOLIRUIDIU| []DANO



Z~6000-95-82 AS

e~y

Toble 4-31.  Life Sciences Flight Hardware Requirements (Sheet 1 of 2}
Quan Equipment Nome Unit Cost | 200 et | CopeFir
(3K) Dervs) (5)
Processing Ootion A-1 Mini-center “I
1 RACK, DOUBLE, | eo
1 (lnel, 1 EPSP, I RAU, and 1 CACB) 434,0 60,2 510,500
] FLOOR SEGMENT, Triple, 1 ea
Processing Option A~1 Mini-center ¥2
1 RACK, DOUBLE, | eallncl. 1 EPSP, 1 RAU,TICS)  375.0] 54.6 . 3,200
Table 4-30, Combined Astronomy Flight Hordware Requirements (Sheet 2 of 2) | P‘?{fés;(nrgs?r\?gi%f\;'e:ﬂé?;:;r?nzr?ﬁg} 358.01 32,4 7,900
Unit Cast |Doys In= [ Prorated frocessing Option A-1 Mini-center "4
Quan Equipment Name (5K) valvement | Cost/Flt ] RACK, DOUBLE, | ec {ncl, 1 EPSP, 1 ICS) 232,0 s5z.4 4,700
{Days) ) Processing Cphion A-] Mini—center 5
Pracessing Option B-1 Lead Center ! 7 RACI?’ DgUBLE‘,AIIe::‘(lncl. ! EPS:) 229.0 49.6 4,300
i PALLETS, Single, 2 ea 9,066.0 &1 §221,210 rocessing Option A-1 Mini-center = . .
1| Uncl. 1 Frean Purmp, 5 Cald Plotes, 3 84U, 950.0 | 41 23,180 ! RACK, DOUBLE, 1 ea fincl, 1 EPSP, 1 RAU) 372.0f 33.¢ 8,000
3 EPDB, and 4 1C5) Processing Option A-l Mum-cente: 7 _ )
f PALLETS, Double, 1 ea . 6,044,0 41 147,474 i RACK, DOUBLE, 1 eg {Inci. | I:P;'iP, I ICS) 232.0 54,4 5,000
(lncl. 2 Cold Plates, } RAU, 1 EPDB, 1ICS) 288.0 81 7,027 Processing Untion A-1 Mini-center “8
1 INSTRUMENT POINTING SUBSYS (IPS) 10,000.0 | &1 36,000 ! RACK, SINGLE, 2 e (Incl, 2 EPSP, 1 CACS, )
1 SMALL [NSTRUMENT POINTING SUBSYS(SIPSY 1,500.0 [ &1 244,000 . 1 EPDB, 1RALY 631.01 68.4 17,800
3558 501 1 FLOOR SEGMENT, Triple, 1 eo
. ! Payload Assembly
Processing Option 8-2 Lead Center 1 FLOCR SEGMENT, Double, | ea 39.01 33.6 500
1 (Same as B-1 above) 27,848 78 $848,858 566, 900
Processing Ontion A-3 Mini-center 1
Processing Option 84 Lead Center 1 RACK, DOUBLE, 1 ea
1 {Some as B-1 chave) 27,848 43 5701,770 1 {Incl. 1 EPSP,1 RAL, and 1 CACS) 434G  66.7 51,800
1 FLCOR SEGMENT, Triple, | ec
Processing Optien C-1 KSC Processing Option A-3 Mini-center “2
1 {Same s B-1 ebave) 27,848 33 $5%0,378 1 RACH , DOUBLE, | ec tnel. 1 EPSP, 1RAU, 1 ICS] 375.0 41,1 9,200
Processing Ootion A-3, Mint-cenrer “3 - -
Processing Optron © -2 KSC I RACK, SINGLE, 2 ea tlncl. 2 £PSP) 358.0]  59.1 8,300
1 {Seme as B-i chove) 27,848 70 5779, 744 Processing Option A=3 Minr-center 74
1 RACK, DOUBLE, | ec (Incl. 1 EPSP, 11C3) 232,0] 38.9 3,300
Processing Cptien C-4 KSC Processing Cotion A-3 Mini-center 73
1 {Same s B- above) 27,848 55 5612,656 1 RACK, DOUBLE, 1 ea tlncl, 1 EPSPY 229,01 541 5,100
Processing Option A-3 Mini-center 76
1 RACK, DOUBLE,1 ea (lacl. 1 EPSP, 1 RALY 372.0 0.1 3, 900
Processing Cohion A-3 Mini~center 77
1 RACK, DOUBLE, 1 ea (Incl. 1 EPSP, 1 ICSY 232.0] 60.9 3,700
Processing Option A-3 Mini-center “8 "
1 RACK, SINGLE, 2 ea gncl. 2 EPSP, 1 CACS, .
i EPCB, 1 RAL) 451.0 74.9 19,500
1 FLOOR SEGMEMT, Triple, 1 ea |
Poz_:locd Assembly
1 LOOR SEGMENT, Doyble, 1 20 39.0 33.8 300
S74,400

*
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Teble 4-31,

Life Sciences Flight Hardware Requirements {Sheat 2 of 2}

Untt Cost | Deys In- | Prorated
Quan Equipment Neme (5K) vol{vemenr Cost /Flt
} {5
Processing Option B-I Loy : Table 4-32.  ATL Spacelab Flight Hardware Requirements (Slheer 1 of 2)
1 RACKS, DOUBLE, & EQIHSPCI{DIB 4 :npjr;,l?: SR)AU, $1,900,0f 70,2 | 553,352 ) Unit Cowt [oaps o= TFrorted
i RACKS, SINGLE, dea(lncl 4EPSP, 1RAU, &1CACS) 862,00 70.2 | 24,205 | [Quen Equipment Name {sK) V‘;‘E‘)’f\[’s";“* Cost/Flt
1 FLOOR SEGMENT, Triple, 2 ea 118.0| 70,2 3,313 _
1 FLOOR SEGMENT, Double, i ec 39.00 70.2 1,095 Prcéc:ésmg OoflgnFll’\-l 203 - 15 a4
T81,9635 1 KS 35,4 sor .0 2,
Processing Optian B-3 1 PALLET *1 (Elncl RAU,ICS,EPD8, Caid Plates) 3,418.0 70 95,704
1 RACKS,DOUBLE,%TC“MI E’) EPQSP'S gf’;gg 1,960 77.7 59,052 1 RACK 4 (Double) 372,0f 73 10, 862
s B, 1 EPDB en l 1 A x 5 7
| RACKS,SINGLE, 4eallncl.4 EPSP, 1 RAU & | CACH 862.0| 77.7 | 26,791 PALLET *2 (Incl E?D8, Cald Plarés) 3,137.00 73 92,389
| FLOOR SEGMENT, Triple, 2 ea 1g.of 7.7 31867 L RACK 3 372.0p 56 mﬁ.ﬁ;g.
1 FLOOR SEGMENT, Deuble, 1 ea 39,00 777 1,212 6,9
S50, 722 Processing Option A3
Processing Option Bt ] RACKS 5, 6 & Floer 703.0f 75 21,040
1 RACKS,Dclglélii-cEf3 6]eEP|lI)nBCI é EPSSF:& S\RAU' 1,900 73.3 55,708 i PALLET 1 {Incl RAU, ICS, EPDB, Cold Plates) 3,418,00 75 102, 540
an i RACK 4 {Dauble) .o 78 i1,606
| RACKS,SINGLE, 4 eallnc| 4 EPSP,IRAU, 1CACR)  se2.0| 72.3 25, 274 g oo® 372.00 ] 80
! 1 PALLET =2 (Incl EPDB, Cold Plates) 3,137.0f 78 98,717
1 ELOOR SEGMENT, Triple, 2 ea 18,0 73.3 3,460 :
| FLOOR SEGMENT, Dosble, 1 ea 39,0 73.3 [,143 I | RACKS3 3726 61 43'873
388,385 . .
Processing Cprion B3 Pracessing Optioa B-1 ]
i RACKS,D%UBLE, Iééac flanel & EPSg,S)S RAU, 1,900 77,3 538,748 1 RACKS 3, 6, & Flaor 703.0] 75 21,371
] CACB, | EPDB, ond 3 | PALLET 1 {lncl RAU, ICS,EPDB, Cald P 8, 10
1| RACKS,SINGLE.deafincl 4 EPSP, 1RAU & 1CACE) 862.0] 77.3 2,453 : RACKE{IIDQ(JLTL) U,IC5,EPD3, Cold Plates) 2418 I 5. 307
D] FES3R EEMENT Liele: 20 ot A I 1 || PALLET “2 inct €908, Cald Ploes 1379 78 75,368
550, 255 - . :
Pracessing Option C-i 52437
| RACKS, ?ggglés, lée?% éfncaln j gplscps,)a RAU, 1,560 42,2 | 847,272 Frossima Opran 353
. : . a 1 RACKS 3, 6, & Floor 703.0| 80 22,49
5 2 PSP,1RAU & | CACR 2.0 42,2 21,447 s 8 . /
] ﬁfégk'éé%%&?e%‘,';j;“z PIRALS ) geh 2.2 2936 i | PALLET 1 finci RAU, ICS,EPDB, Cold Plates) | 3,418.0] 80 109,376
| FLOOR SEGMENT, Deuble, 1 ea 39.0] 62.2 970 ! RACK 4 (Doyble) 372.00 80 11,904
STIETE | PALLET 2 (Inel EPDB, Csld Plates) 3,137.0{ 80 100, 384
Procesting Cpiion C-3 ] 2ACK 2 372,61 80 11,904
1 RACKS, DOUBLE, & es (lncl 6 EPSP, 3RAU, | ' 1,500 67,7 | 351,452 755,064
! CAcCg' s R L1CACE) 8 7 23,343 Piocessing Option B¢
1 RACKS,SINGLE, 4 eallnc 4 EPSP, | RAU & 1CAC 62,0  o7.7 ing _
1 FLOOR SEGMENT, Triple, 2 20 1us.ol 7.7 3,195 1 RACKS 5,6, & Floor 703.0[ 80 22,496
1 FLOCR SEGMENT! Doutle, | ea 39,00 <77 L05¢ 1 PALLET “1 fIncl AU, IC5, EPDB, Cold Plates) |  3,418,0{ €0 109,376
——— 579,047 1 RACK 4 Double) 372.0 80 t1,904
Processing Option C—4 i PALLET “2 iIncl EPDB, Cald Plates) 3,137.0¢ 80 100,384
i RACKS, DOUBLE, & ea (Inel, & EPSP, 3RAU | 1,900 $5.3 | 549,428 : RACK 3 37200 &b i 904
1 CACB, 1 EPDB, and 3 ICS) Y
i RACKS,SINGLE, 4ea (Ilnc| 4EPSP, 1RAU & 1 CACB) 862.0l  65.3 22,515 .
1 FLOOR SEGMENT, Triple, 2 ¢a 1.0 5,3 3,082
i FLOOR SEGMENT, Double, | eq 39.0]  45.3 1,019
578, 244
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GLQ Rockwell International

‘Space Division

Table 4-32,  ATL Spacelab Flight Hardware Reqmremenfs (Sheet 2 of 2)
Days In—~ | Prorated
Quan | - Equipment Name Ur1(|$fKC):osi' vo!)\:emem‘ Cost/Flt
i Days) (5)

1 Processing Option C-1 703.0 68 | 21,371
1 RACKS 5, 6, & Floor 703.0 68 $ 21,371
1 PALLET #1 (Incl RAU, ICS,EPDB, Cold P]ates) 3,418.0 | 48 103,907
1 RACK 4 (Double) 372.0 68 . 10,108
i PALLET #2 (Incl EPDB, Cold Plates) 3,137.0 | 48 85,236
1 RACK 3 372 68 10,108

$218,388

Processing C-3

1 RACKS 5, & & Floor 703.0 | 72 22,496
1 PALLET #1 (Incl RAU, ICS, EPDB, Cold Plates) | 3,418.0 | 72 109,376
i RACK 4 (Double) 372.0 72 10,714
I PALLET #2 (Inc| EPDB, Cold Plates) 3,137.0 72 - 90,346
1 RACK 3 372.0 72 10,714

$937, 235

Processing C+4

[ RACKS 5, 6 & Floor 703.0 72 22,496
1 PALLET ﬁ[] (Incl RAU, ICS,EPDB, Cold P]afes) 3,418.0 72 109,376
1 RACK 4 (Double) 372.0 72 10,714
1 PALLET #2 (Inc! EPDB, Cold Plates) 3,137.0 72 90,346
1 RACK 3 372.0 72 10,714

$231,235
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It should be noted that these following costs are prorated per flight costs and are rep-
resentative of the major groundrules and guidelines established in the previous sections of
this volume. They are infended fo 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 Volume Il Optimizations and Programmatics.

Space Processing Ground Processing Cost Summary

The ground processing costs (per mission)for the Space Processing payload {(hot includ-
ing KSC operational costs) from the initiation of Level IV processing through post-flight
deintegration are summarized in Table 4-33, as "Total Costs Per Flight",

The manpower difference, although slight, reflects the host center support variations,
This in turn is also reflected in TDY estimates. Transport and hardware proration estimates
for the distributed (A-X) and centralized (B-X) opticns are identical because only one
paliet segment is involved. The involvement time for the KSC (C-X) options are less be-
cause of shorfer fransportation times, Thus, prorated hardware costs are also correspondingly
less,

Table 4-33,  Space Processing Ground Processing Costs
(Costs in $K)

Total
Option Cost Category C‘;;’_s
M/P TDY | XPort GSE  }Flt Hdwe | por Flight
Al 119 21 15 6 104 265
A2 123 21 15 6 104 269
B1 124 28 15 6 104 277
B2 128 28 15 6 104 281
B4 128 28 15 6 104 281
| ———— — — ——
Cl 130 43 4 4 92 273
c2 134 44 4 4 92 277
C4 134 44 4 4 92 277
| = — — ——— e —— e - — s — e ——— |
4-34
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Combined Astronomy Ground Processing Cost Summary

The ground processing costs for the Combined Astronomy payload {not including KSC
operational costs) from initiation of level IV integration through post flight deintegration
are summarized in Table 4-34 as "Total Costs Per Flight”. The cost differences between
concepts and between options is relatively minor. Manpower estimates between compar-
able options are essentially the same as the variation is due almost entirely to variations
in host center support. The differences between the dash options (e.g. A-1, B-1, C-1)
and the other options is because of the lack of pre 11/l combined payloadicheckout.
Note that variations in TDY and fransporfu tion cosis between comparable options of the
concepts fend fo off-set each other,

Pro-rated hardware costs are proportional to the involvement times, Prorated GSE
costs do not appear to be a significant recurring cost factor. Variations between the dis-
fributed site (A-X) options and the other options reflect the requirement for multiple GSE
end items fo support distributed site activities. The primary cost factor is obviously the
flight hardware proration. Differences between comparable options and concepts are
primarily due to the frensportation time differences,

Table 434,  Combined Astronomy Ground Processing Cost Summary
(Costs in $K)

Tofol
Option Cost Category Costs
M/P TDY Xport GSE  |Fit Hdwr |[Per Flight
A-1 167 20 42 14 666 909
A-2 207 32 45 16 833 1133
=== e e ——————————{
B-1 174 26 22 8 679 909
B-2 201 35 22 12 869 1139
B4 170 37 22 10 702 941
e ——r———tnname
c-1 | 180 62 3 - 5 - 509 840
c-2 213 67 3 9 780 1072
C-4 176 60 T3 7 613 859
e — —
4-35-
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Life Science Ground Processing Cost Summary

The compilation of similar ground processing costs (illustrated in Table 4-35) for the
Life Science payload indicates thai manpower costs for the multiple (8" mini-centers)
distributed site approach will be higher than if individual experiments were integrated
at a centralized site, Improved efficiency in hands-on activities can be achieved af a
centralized site for rack/floor mounted equipment. Additional efficiency improvement can
be achieved if a combined payload integration approach (B~4, B-5, C-4) is used, The
inverse relationship of TDY and transportation costs is again evident,

GSE prorated costs are relatively low. Multiple GSE equipment requirements are
reflected in the A-X options. Flight hardware prorations again reflect variations in
involvement fimes.

Table 4-35.  Life Science Ground Processing Costs
{(Costs in $K)
Total
Option Cost Category Costs
M/P DY Xport GSE [Flf Hdwr | per Flight

A=l 193 22 70 17 67 369

A-3 212 31 70 19 74 406
—_—— —_—  —— —————————————————— ———————— |

B-1 163 34 17 6 82 302

B-3 178 36 17 7 91 329

B-4 158 35 17 8 86 304

B-5 169 33 17 9 90 318
f——————— —rrrr—rr ———

C-1 169 53 3 5 73 303

C-3 i87 57 3 6 79 332

C-4 168 56 3 6 76 309
—ee e o
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ATL Ground Processing Cost Summary

The  Advanced Technology Laboratory payload cosf'compilafion (shown in Table 4-36)
indicates characteristics very similar to.the Life Science payload compilation. Efficiencies
can be achieved by ceniralizing integration activities, end further improved by integrating
at the combined payload level, which for example requires only one GSE cannection/dis-

connection versus multiple connections with individual experiment verifications, TDY, trans-

portation, and hardware proration characteristics also parallel the Life Science payload
characteristics.

Table 4-36,  ATL Ground Processing Costs

O Cost Category E:Ofc’fl
i TDY | Xport GSE_ [Fit Hdwe [per Flight
A=l 194 31 34 10 297 496
A-3 224 41 34 10 243 552

— e e et r—— —— e —
B-1 200 39 14 7 243 503
B-3 209 40 14 8 256 | 527
B4 202 49 14 8 256 529
B-5 212 | 50 14 8 268 552
—— —— ——————— =
C-1 206 58 3 5 218 490
c-3 223 60 3 6 231 523
C4 209 76 3 6 231 525
| —— PP ]

Flight Hardware Involvement Time Summary

The summary of flight hardware involvement times (working days) reflects the dif -
ferences in fransportation times between KSC options and distributed site/lead center
options, additional serial processing time for pre-Level [11/1} combined payload check-
out, and the differences in efficiencies between individual experiment integration and
combined payload infegration. See Table 4-37. The involvement time (working days)
span befween options that include the same level of checkout {Level 111/11 checkout
versus pre-Level [11/11 checkout) are all less than two weeks. The pre-Level [11/1]
checkout adds about fwo additional weeks to the flows,

4-37
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Table 4-37.  Flight Hardware Ihvolvement Time Summary (Working Days)
Payload Option A<l [A-2.] A3 | B-1 | B-2 | B-3 | B4 |B-5 {C-1]C-2|C3 |C4
Working Days .
COMB. ASTRON, FWD 58 64
MID 61 78
AFT 54 71
Lead Center 6] 78 63
KSC 53 70 55
SPACE PROCESSING 70 70 70 | 70 70 62 62 62
ATL- Mini Site 1 70 75
Mini Site 2 1 56 61
Mini Site 3 73 78
Lead Center 76 80 80 83 ,
KSC 68 72} 72
LIFE SCIENCE MinitSite 1 1 60 b7
Mini Site 2 55 61
Mini Site 3 53 59
Mini Site 4 52 59
Mini Site 5 |l 50 56
Mini Site 6 . 54 60
Mini Site 7 54 61
Mini Site 8 68 75
Lead Center 70 78 1 73 | 77 o
68 65

KSC

62
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ACCEL
AFD
AMP
ANAL
ARC
ASSY
ATL
ATT
AVG

8/L
BLKHD
BRKT
BSHF
BUP

CA
CACB

cCTV
c/D
CDMS
cg
CITE

CMD
c/0
CNTR
COAX
CONN
CORE
CPU
CRT
CRYO
Cs
CTRL
Caw

Dbl
DC
Dbu
DED
BEMOD
DEP
DFP
DlA
DIFFER
DIST
DWG
-DYN

ECG
ECS
EDP

ACRONYMS AND ‘ABBREVIATIONS LIST

Angstrom

Ambient Air Monitor
Alternate Current
Acceleration

Aft Flight Deck
Amplifier

Analysis

Ames Research Center
Assembly

Advenced Technology Leboratory
Attitude

Average

Baseline

Bulkhead

Bracket

Bio Science Holding Facility
Buildup

Centigrade
Cembined Astronomy
Center Aisle Connector Brocket
Cenister Bracket

Closed Cireuit Televisien
Controls/Displays

Commend and Data Management System
Center of Gravity

Cargo Interface Test Equipment
Centimeter

Command

Checkout

Centrol

Coaxial

Cennector

Common Ogeraticnal Research Equipment
Control Processing Unit

Cathode Ray Tube

Cryogenics

Command/Centrol System

Control

Caution end Weming

Double

Direct Current
Data Display Unit
Dedicated
Demodulatar
Dependent
Dedicated Freon Pump
Diometer
Differential
Distribution
Brawing
Bynamics

Engineer

Electrocardiogram
Environment Control System
Experiment Definition Package

EGRET
El
EKG
EL

EMI
ECG
EPDB
EPSP
ES

EXP
EXPMT

FACL
FILT
FLT
Fov
FSS
FSS
FT
FUNCT
FURN
FWD
FZR

g

GE
GN2
GPR
GSE
GSR

HDWE
HDRM
HE
He
HF
Hr

Hz

ICRS
IMU

IND
INT
INVERT
INSTAL

INV/A

IRU
Yo
IPs
/5
VT

JC
JsC

51‘ Rockwell International

Space Division

£

Explore Gamma Ray Experiment Telescope
End ltem

Electrocardicgram

Electrolite

Electromegnetic Interference
Qculogrephic

Experiment Power Distribution Box
Experiment Power Switching Panel
Electrical/Environment Sysfem
Experiment

Experiment

Facility

Filter

Flight

Field of View

Flight Support System
Forward Support Structure
Foot, Feet

Function

Fumish

Forward

Freezer

Gravity

General Electric

Gasaous Nitrogen

Ground Processing Requirements
Ground Support Equipment
Ground Suppoert Requirements

Hardware

High Data Rate Multiplexer
Heat Exchanger

Helium

Holding Facility

Hour .

High Voltoge

Hertz

Intercomm Remote Station
Inertial Measuremeni Un it
Inch

Independent

Integrated

Inverter

Installation

Involvement

Infrared

Inertial Reference Unit
Input/Output

Instrument Pointing System
Interconnect Staticn
Intraventricular

Jeftison Cable
Johnson Spaceflight Center

5D 78-SR-0009-2



K
Kg.
KSC

LBNP
LG
LGHE
[He
LN2
L/s

m

MEAS
MECH
MEGRD
MET
Mey
MIC
MISC
mm
MQOD
M/P, MP
MPF
MS
MSS
MTRS

QAF
0&C
OEM
OFLA
ONLA
OPF
OPs
QsC
OsCILL

PC
PDB
PI
p/L
PMT
PNL
POS
PSS
PWR

RAD
RAU
RBC
RCS
RCVR
REC
Red
RESPIR
r.f.

R.O.

Kelvin
Kilegram- -
Kennedy Spaceflight Center

Lower Body Negative Pressure
Large

Liquig’Gas Heat Exchanger
Liquid Helium

Liquid Nitregen

Life Science

Meter

Measure

Mechenism, Mechanical
Medium Energy Gamma Ray Defecior
Metered

Million Electron Volts
Multiple Instrument Compartment
Miscellaneous

Milimeter

Module

Manpower

Multipurpose Fumace

Mass Specirometer

Mission Specialist Stotion
Meters

Ocbiter Aft Flight
Operaticns and Checkout
Orbital Environment Menitor
Off-line Assembly

On-line Assembly,

Orbiter Processing Facility
Operations

Qsciloscope

Oscilloscope

Pawer Cable

Power Distribution Box
Principal Investigator
Payload
Phofomultiplier Tube
Ponel

Pasition

Payload Special Station
Power

Radius

Remote Acquisition Unit
Red Blood Ceil

Reactien Control System

Receiver
\

Recorder
Reduction
Respiration
Radio Frequency
Read Out

sC
SCHNT
SEG
SHe
SIG
SIPS
SIRTE

Sp
SPAR
SPECT
S5US
STaD
§TS
sUB
SURY

TDY
TELE
TLM
TRANS

uv
VERIF
VAC
vbC

XMTR
XPORT

al% Rockweli International

Space Division

Signal Cable

Scintilator

Segment

Super Critical Helium

Signal

Small Instrument Peinting System
Shuttle Infrored Telescope Facility
Spacelub

Space Processing

Space Processing Application Rocket
Spectrometer

Solid Spinning Upper Stage
Starboard

Space Transportation System
Substitute

Survey

Technician
Temporory Duty
Telescope
Telemetry
Transportation

Ultraviolet

Verify, Verification
Voltage Alternating Current
Vaoltage Direct Current

Transmitter
Transport
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