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PREFACE

This document was prepared by the McDonnell Douglas Astronautics Company
for the NASA Johnson Space Center, Life Sciences Directorate, under
Contract NAS 9-14589 and presents the Integration Facility Survey Results
(Task 2) of the Life Science Payloads (LSP) Planning Study.

The documentation produced under Task 2 of the contract consists of this

document and McDonnell Douglas Astronautics Company report MDC G6275,
Integration Facility Survey Results, November 1976,

The LSP Planning Study develops planning data that covers overall acquisi-
tion, staging, and integration of payload elements, and provides information

on program implementation, mi:sion support and data disposition for Life
Science Payloads,

Questions regarding the material presented in this report or the overall
study activity should be directed to:

] Mr. G. W. McCollum
Mail Code DE5
NASA Johnson Space Center
Houston, Texas 77058
Telephone 713/483-5031

° Mr. W. G. Nelson
Group AAJO, Mail Station 13-3

McDonnell Douglas Astronautics Company
5301 Bolsa Avenue

Huntington Beach, California 92647
Telephone 714/896-5267
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Section 1
INTRODUCTION

Purgose

Analyses of proposed Life Science Shuttle era payload operations have
indicated, and ground based tests verified, thot plans to perform integra-
tion, checkout, mission development testing, and in-flight monitoring of
Life Science Payloads at NASA-JSC are feasible, and that the scientific
return will be cost effectively increased with this method of operation
(see References 1 throuah 5),.

This document presents a summary of results from a survey conducted to:
(A) examine facility and equipment resources needed for Life Science
Pavload integration, checkout, test and mission support activities; (B)
identify presently available resources; and (C) determine methods by
which operational era status may be implemented based on currently avail-
able resources.

The term "Integration Facility" as used in this report refers to the
primary facility and equipment resources necessary to conduct Life Science
Payload (LSP) operations at NASA-JSC.

Supporting data and additional information concerning the requirements and
concepts described in this summary document may be found in the Life Science
Payloads Planning Study Integration Survey Results, MDC G6275, dated
November 1976, and in the Inteqration Facility Survey Data Sheets, MDC G6578,
ﬁ dated November 1976.

Scope

The Life Science Payload Integration Facility Survey was conducted to deter-
mine accommodations needed and those presently available for the development,

-3

test, inteqration, checkout, and flight support of Life Science Carry-on Labs,
Minilabs (shared Spacelab payloads), and Dedicated Labs (Spacelab payloads
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in which all experiments aboard are in the discipline of Life Science).
Primary emphasis was placed on those integration and flight support
activities to be conducted in NASA-JSC Building 36, However, additional
JSC facilities identified as capable of providing direct support to Life
Science Payload activities were also examined and documented.

Guidelines and Assumptions

The major guidelines and assumptions used for the Integration Facility
survey are listed below. A discussion of the rationale used in the formu-
lation of assumptions and of the sources for the guidelines is included

in Reference 6.

0 The 30 November 1975 Dunning Life Science Traffic Model reflects
the processing load to be accommodated (see Figure 1-1 and
Reference 7). Impacts of other traffic rates were not investi-
gated,

0 Individual experiments as well as full racks must be combined
into flight-ready packages at the facility. A composite of
Integration Facility activities is shown in Figure 1-2,

0 Interfaces connected in the Integration Facility will remain
connected, wherever practical, through flight.

0 Most experiments processed will not require extensive fabrication
capability at the Integration Facility.

0 In-building transporters will be used as both a means of moving
elements within the facility and as integration stands.

0 Mock-ups of the Spaceiab pressurized module, and the Orbieer mid-deck
and aft flight deck will be required for payload tests. Subsystem
functions in the mock-ups may be performed by lower cost non-flight
hardware,

0 Components underqoing final integration, test, and checkout must be
maintained in a class 100,000 cleanliness level environment (see
References 8 and 9),
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CALENDAR YEAR 1980 1981 1962 1963 1084 =
MINILAB A Al A AlA AlA A
CARRY—ON LABS A A A |A A 1A A
DEDICATED LABS
7 DAY A A A
30 DAY A A A A A

* 1985 through 1991 same ps 1984,

FIGURE 1-1: LIFE SCIENCE PAYLOADS TRAFFIC MODEL (REFERENCE 7. BESS FLIGHTS
NOT SHOWM) :

Approach

Based on the above major guidelines and assumptions, the Integration Facility
survey was carried out in a nine-step process,

These nine tasks are shown
in the flow diagram of Figure 1-3,
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Section 2

INTEGRATION FACILITY PROCESSING REQUIREMENTS

Processing Area Characteristics and Requirements

Initial efforts of the LSP Integration Facility survey were conducted to
determine the top level operations which must be conducted in the JSC

Life Science Payload processing area. As a result, twelve major sub-
facilities composed of 30 lower level processing areas were ijdentified.

An assessment of the major facility characteristics and requirements of
each of the 30 processing areas was made, based on the assumptions and
guidelines used and on processing rate information developed in Reference 2.

Summation of the individual processing area requirements indicated that
primary integration and checkout activities would require 1,385 m2

{14,900 ftz) of which about 700 m? (7,500 ftz) should be er.vironmentally
controlled to the class 100K cleanliness level. An overali area of slightly
over 2,040 m2 (22,000 ftz) was projected for support laboratory activities of
the integration facility, and 420 e (4,500 ftz) were estimated as required
for outside dock and storage activities. A total of 5,072 e (54,600 ftz)

was estimated to be required for all Integration Facility activities.

Equipment Requirements

In addition to facility space requirements, the support equipment requirements
were also cvaluated in the same survey phase. GSE items presently on NASA/ESA
GSE listings (References 10 and 11) were reviewed for applicability to the
Integration Facility operations, and 25 items whose capabilities corresponded
with those necessary for LSP activities were identified. An additional

list of 39 items was also prepared which specified items providing flight
hardware support that NASA/ESA GSE items were not cost effectively capable

of providing. Other support equipment required for use in the Integration
Facility was also defined on an area by area basis. Preliminary rough
order-of-magnitude (ROM) costs were estimated for these support equipment
items and for the GSE items.

-6-
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r Section 3
SURVEY OF EXISTING JSC FACILITIES

Building 8, 36, and 37

A review was conducted to document the capabilities of existing JSC
facilities and equipment having possible applicability to LSP processing.
This effort defined the presently available nucleus about which LSP
operations may be most economically implemented. The review documented
the arrangement, floor space, door sizes, utility services, and existing
support equipment available. Results were condensed and are presented in

tabular form in Reference 6. Detailed data sheets may be found in Referw
ence 12,

Building 36, considered the most favorable location for the majority o

LSP processing operations, received the survey emphasis; however, two other
buildings at JSC, identified as having applicable unique capabilities, were
also examined, These additional sites included:

a) Building 8, found to have medical examination capabilities which

will be useful in collecting baseline data from crewmembers and
other test subjects.

b) Building 37, presently being reconfigured to provide a common site
for most Life Sciences scientific laboratories, This capability
will be required to support tests and analyses required by experi-
ments during integration/test activities as well as during pre-
and post-flight activities.

A summary of the usable space in the facilities surveyed is indicated in
Tab]e 3-].

© o "



Table 3-1
FACILITY AREA SUMMARY

LOCATION AREA ,
m2 (ft 2) l
BUILDING 36
NORTH WING - OFFICE AREA 540 (5,800)
SOUTH WING - FIRST FLOOR USABLE AREA 1,860 (20,000)
- SECOND FLOOR USABLE AREA 810 (8,700)
- THIRD FLOOR QFFICE AREA 490 (5,300)

3,700 (39,800)
[BUILDING 8

FIRST FLOOR MEDICAL DISPENSARY AREA 670 (7,200)

IBUIDLING 37

FIRST FLOOR - LABORATORIES AREA 2,000 (21,500)
- OFFICE AREA 1,630 (17,500)

SECOND FLOOR - ARCHIVAL AREA 300 (3,200)

THIRD FLOOR - LABORATORY AREA 130 (1,400)

4,060 (43,600)
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Section 4
IMPLEMENTATION OF REQUIREMENTS

Development of Facility Concepts

A comparison of the facility review results with the subfacility require-
ments verified that the most logical location for equipment receiving and
shipping, integration, test, checkout, test monitoring and in-flight
science support for Life Science Payloads was the Building 36 south wing
area, Previous SMS II activities conducted in a portion of this area have
also demonstrated that operations similar to those projected for Life
Science flight payloads are well suited to this location,

Two plans were developed by which LSP Integration Facility activities may

be cost effectively implemented at JSC. The first of the two designs is

for an Integration Facility in which the Biocengineering and Test Support
Facility (Building 36) is shared between Life Sciences and other disciplines.
In this concept the Building 36 space assigned to LSP operations will approxi-
mate that presently assigned to Life l:iences. Floor space for PI and
contractor office areas, equipment storage, and additional required functions
must be made available in other JSC facilities.

The second design illustrates a configuration in which as many LSP functions
as possible are co-located in Building 36. This concept will result in
reduced transit time between activity sites for personnel, reduced equip-
ment movement, and improved communications. However, it does require

that Building 36 be dedicated only to operations associated with Life
Science Payloads.

Summary descriptions of layouts for both the shared and dedicated LSP
Integration Facility concepts are provided in the following text.

-9-
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LSP Shared Facility Description

The shared facility concept defines a functional LSP supporting arrangement
in which areas and equipment in Building 36 are used jointly with other
JSC Directorates. The arrangement limits Life Sciences to portions of
levels one and two of the facility, and with this concept several LSP
functions must be located in other JSC buildings. Specific buildings
needed and the availability of the necessary areas within these buildings
have not yet been determined. The shared facility concept allocates
approximately 1,580 m2 (17,000 ftz) within Building 36 for Life Science
functions, housing only the mandatory payload integration/checkout operations
and directly supporting equipment. It was assumed in the development of
this concept that no portion of the third floor of Building 36 would be
utilized by Life Sciences. Subfacilities were combined wherever possible
in the formulation of layouts for this concept; the resulting payload
processing facility will require precise coordination and scheduling of
activities to support the full operational era traffic model,

Building 36 layouts for the shared facility mode are depicted in Figures
4-1 and 4-2, Circled numbers on the figures refer to required modifications
to the facility as described in Table 4-1,

With the arrangements shown in Figures 4-1 and 4-2, individual racks, experi-
ments, and equipment will be removed from over-the-road transport vehicles
and placed on in-building GSE transport dollies for movement to receiving,
inspection, storage and processing areas. Shipping and receiving areas

are located in rooms with existing cargo doors to facilitate equipment move-
ment; however, several smaller doors within the facility must be enlarged to
allow passéaé of Spacelab racks in the upright position.

Complete rack/floor sets and other large items arriving at the facility by

truck will be handled in a different manner. The doors from Room 1010
to the clean room will be operationally held closed, and the exterior cargo

~10-
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. Table 4-1
- DESCRIPTION OF FACILITY MODIFICATIONS

IDENTIFICATION
CODING DESCRIPTION

1 Remove existing doors and install 3.0m (118 in.) high by 2,4 m
(96 in.) wide ?doub]e) doors to allow inbuilding transport of
racks on GSE carts.

2 Relocate existing entranceway to corridor walk, fabricate 3.66m
12.0 ft) by 2.99m (9.8 ft.) airlock and install second 3.0 X 2.4 m
118 x 96 in.) deer to maintain cleanliness during personnel and
small equipment item ingress/egress.

P E “ : A i 3 N

3 Install 9 x 103 Kg (10 ton) traveling crane full length (north-south)
of clean room. It is anticipated that the existing crane mechanism
controls and trackage in room 1010 could be utilized. Facility
prints indicate that the building structure will be able to support
the crane loads.[7.6m (25 ft) hook height required.]

L_._._,;

- 4 Extend s1iding door track structure/mechanism on west side of large
door opening; remove smaller (east) sliding door. Door may be stowed
. for possible future reinstallation.

5 Install ceiling and interior wall surfaces to maintain 100K clean
room level. .

. 6 Remove existing room 1010A walls and ceiling.

| 7 Install wall at designated location and finish both sides to maintain
- 100K class clean level.. Install ductwork and blowers to connect room

{ 1010 and mock-up areas to clean room air filtration system.

8 Replace existing 9 x 103Kg (10 ton) traveling crane with 18 x 103 Kg
(20 ton) unit. Hook height of 9.2m (30 ft.) required.

9 Install two truck docking pits including safety rails for cargo handling.

. 10 Remove existing wall between rooms 1003A and 1005A (between 1009 and
1005A for dedicated facility configuration).

| n Install 38.1m (125 ft.) long by 4.0m (13 ft.) canopy over loading area.
) 12 Install 1.8 x 103 Kg (2 ton) traveling crane full length of Spacelab

’ - mock-up area [approx. 35m (115 ft.)]. Hook height of 6.7m (22 ft.)

’ required.

13 Refurbish/reactivate Building 36 clean room

NOTE: The above list includes only the top level modifications required in
each subfacility. Alternate routing of electrical utilities, minor
structural modifications, air-conditioning ductwork relocation,
suspended ceiling changes, etc., will be required at various locations
dependent on the final facility design. A1l modifications will require
detailed designs prior to execution,

«]3-
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door opened, The shipment will be backed into Room 1010 and lifted off
the transporter by a 18 x 103 Kg (20 ton) overhead crane. The transport
vehicle will then be driven out of the building and the cargo door closed.
The shipment will remain inside the sealed shipping container until the
environment in Room 1010 can be returned to a class 100K cleanliness level
by means of duct-work added to connect this area with the clean room
environmental conditioning equipment. The shipping canister may then be
opened and the cargo positioned on an in-building GSE transport dolly.

The dolly with its cargo may be moved into the clean room through the
existing interior cargo door.

A layout of the clean room area in which most integration and checkout
test activities will be accomplished is indicated in Figure 4-3, Life
Science processing will require approximately 2/3 of the clean room area
during shared operations. Figure 4-3 also shows an added non-load bearing
partition across Room 1010. This wall, in conjunction with ducts added to
the clean room air handling system, allows the clean room area to be
increased without major building structural changes,

Floor space requirements for LSP operations developed as outlined in
Section 2 are shown alongside the accommodations provided by the shared
facility concept in Table 4-2.

The LSP supporting subfacilities which would be located in other areas

if the shared facility concept is implemented include: (1) facility
maintenance, (2) flammability testing, and (3) portions of experiment
development, shipping, receiving, storage and PI offices. Floor space
requirements for these remotely located areas have been defined, but the
preparation of area layouts has been deferred until available space within
specific buildings is designated.

-14-
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INTEGRATION AREA

RACK/FLOOR TRANSPORTER

AND LOADING UNIT

(Carry-on and mini-labs}—\\i

e csrsoma.

-l

-

 PALLET |-

PALLET INTEGRATION AREA

ADDED NON-LOAD BEARING WALL

1=

SPACELAB
MOCKUP

—
TUNNEL

PERFORMANCE TEST AREAS
(Carry-on and individual experiments)

FIGURE 4-3: Conceptual Layout of Life Sciences Payload Checkout Test Area,

Shared Facility Operations
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LSP Dedicated Facility Description

The dedicated Integration Facility concept described in the following para-
graphs provides a "full-up" capability within Building 36 for supporting
all currently defined JSC LSP operations. The three levels of the Building
36 south wing contain approximately 3,160 e (34,000 ftz) of usable floor
area and can meet primary JSC Life Science payload integration and testing
requirements based on the Dunning traffic model (Reference 7). As in the
shared facility concept, the one story 960 m2 (10,300 ftz) north wing of
the building would be used chiefly to provide office space for NASA
personnel,

e

A central location contains all subfacilities required for LSP processing
within the dedicated Integration Facility concept, with the exception of the
\-isral purpose laboratories currently existing in Building 37, and a portion
of the LSP associated storage areas.

Assignment of all other LSP subfacilities into an area of the south wing of
Building 36 is shown in Fiqures 4-4 through 4-6. Circled numbers on

Figure 4-4 correspond to the similarly numbered descriptions of required
modifications to the existing facility listed in Table 4-1,

D A

Payload processing tasks within Building 36 for the dedicated facility concept
include operations as previously described, plus additional activities which

would be relegated to remote areas with the shared Integration Facility

concept, (Examples of additional areas !¢zated within the facility for the

dedicated facility concep% include PI office space located on the third floor,
portions of the experiment development and component test areas, and a large
percentage of the total required Integration Facility storage space.) ]

A candidate layout of the clean room areas .or this approach is shown in
Figure 4-7. Modifications to expand the clean room area into Room 1010
would be performed similarly to those required by the shared facility concept.

-18-
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A comparison of the floor space accommodations provided by the dedicated
Integration Facility design versus the postulated requirements developed
as outlined in Section 2 is shown in Table 4-3. The dedicated Integration
Facility design utilizes approximately eight percent more total floor area
than indicated from a summation of the individual theoretical subfacility
requirements. Inspection of Table 4-3 shows that all subfacility area

allocations are reasonably well matched to the theoretical area require-
ments to which they correspond.

Implementation Schedule

Network flow charts for LSP processing operations were analyzed and charts
indicating the time-phased processing requirements of key subfacilities
in the Integration Facility were prepared. An example of this procedure
showing the processing load build-up and steady state level of effort
required for the Receiving and Shipping Subfacility is indicated in
Figure 4-8. Examination of similar charts prepared for other major sub-
facilities determined that the Integration Facility should be capable of
performing initial payload processing operations as early as late 1978.
From this point a near linear increase in payload processing capebility
is required until full facility capability is reached by mid-1981. The
recommended Integration Facility implementation schedule with signifi-
cant milestones is indicated in Figure 4-9.

Costing

Cost estimates for the major Building 36 facility modifications are shown
in Table 4-4. No significant modification cost differential was identified
for either the shared or dedicated Integration Facility concept. Cost
estimates are limited to Building 36 modifications, as modifications to
other buildings are expected to be minor in comparison.

-23-
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Figure 4-8. Receiving and Shipping Subfacility Processing Requirements for Integrated LSP Facility
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Table 4-4

INTEGRATION FACILITY ROUGH ORDER OF
MAGNITUDE COST DATA (1)

MODIFICATIONS TO BUILDING 36

e Enlarge Interior Doors $ 2.3K
e Add Airlock to Room 1010 4.5K
e Install 9 x 103 Ka (10 Ton) Crane 10.5K
e Remove Door and Track 4,0K
e Refurbish Room 10170 13.0K
o Remove walls 2.4K
e Install wall and modify room 1010 14.0K
e Install 18 x 103 Ka (20 Ton) Crane  12.0K
e Build Truck Cargo Pits 31.0K
e Install Canopy over Pits 12.5K
e Install 1.8 x 103 Ka (2 Ton) Crane 7.5K
e Refurbish Clean Room 21.0K

$134.7K

EQUIPMENT COSTS (2)

o NASA/ESA GSE $ 0.77 million
o Other GSE 0.94 million
o Other Support Equipment .33 million

$ 2.04 million

TOTAL $ 2.17 million

NOTE

(1) See Reference 6 for conditions and assumptions used in determining
ROM cost estimates.

(2) Development costs, where applicable, not included.
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Also included in Table 4-4 are equipment costs developed as described in

Section 2.

A11 costs shown in the table are non-firm, rough order-of-

magnitude, preliminary engineering estimates. The following conditions
and assumptions were used to arrive at the cost figures:

a)

b)

c)

d)

e)

Excluding
total ROM

Orbiter/Spacelab mockups and subsystems, and automated test
equipment costs are not included as these items will require
additional preliminary design engineering analyses of functions
to be provided prior to costing, Data lab computer equipment is
assuned to be leased.

Cargo 1ift trailers (transport aircraft GSE), vans, forklivts,
and movable cranes are available at no cost from existing
government equipment.,

No costs are assessed for the use of scientific lab equipment,

Certain experiment dependent specimen related costs are not
included. Examples are waste/dead animal disposal facilities,
data monitoring equipment, and holding units.

Design development, set-up, and interface connection and verifi-
cation costs are not included.

the items mentioned above, and based on the listed assumptions, a
cost of approximately $2.17 million will be required to implement

Integration Facility operations., About $100,000 of thi: amount is accounted

for by off

ice furniture, storage cabinets, workbenches, and similar equipment

which may be available from within NASA,

-29.
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Section 5

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Current JSC facility accommodations are suitable for use as a Life Science
Payloads Integration Facility with relatively minor modifications. Building
36, the Bicengineering and Test Support Facility, is well suited for use as
either a shared payload processing facility or as a facility dedicated to
operations involving only Life Science payloads. Operations involving re-
ceiving and shipping, integration, test and checkout, test monitoring and
in-flight science support may be accomplished within the building for either
mode of operation. Life Science laboratories, which are currently being
centrally located into Building 37, should be capable of supporting the
laboratory requirements of the Integration Facility, and crewmember and test
subject medical examination support can be provided by existing accommodations
in Building 8.

The dedicated Integration Facility concept was found t¢ oe capable of pro-
viding slightly more cost effective payload processing and of providing
more flexibility in scheduling of operations when Life Science reeds were
considered independently from the requirements of other JSC disciplines.
However, an overview of JSC center-wide payload processing requirements
with an evaluation of the various possible tradeoff decisions should be
conducted to indicate the most cost effective overall Integration Facility
approach. Final selection of the shared or dedicated mode of operations
should be made based on visibility of the total long range payload processing
requirements to be conducted by all disciplines at JSC, and on projected
resource availability at the center during the entire STS era. An effort
of this magnitude was outside the scope of the contractual tasks described
in this report.

.
oty

The preliminary, rough order-of-magnitude cost estimates for facility modifi-
cations to convert Building 36 for LSP operations are $135,000. Costs of

=30-




GSE needed to process experiment and Spacelab flight hardware are projected

to be slightly in excess of $1.7 million. Other Integration Facility

support equipment costs are estimated at $0.3 million. Costs for design,
development, verification, utility support and equipment interface connections
are not included in these figures. Costs for mock-up structures and sub-
systems, computerized test monitoring equipment, and specialized items of
specimen holding equipment are also not included due to current lack of

design details (see Reference 6). These costs are not expected to be
significantly changed by the selection of either the shared or the dedicated
Integration Facility mode of operation.

The Integration Facility should be capable of performing initial receiving
and experiment processing activities as early as 1978, A phased build up

to full operational capability should be completed by 1981, Until that time,
with either payload processing concept, a portion of the sapce within the
Integration Facility will be available for operations other than those
directly involved with Life Scienze payload processing.

Recommendations

The following recommendations are made as a result of the facility survey:

(a) The JSC Life Sciences Directorate should take necessary steps
to ensure that the required facility areas as indicated in this

survey are made available for LSP processing in the Space Shuttle
era,

(b) The selected Integration Facility design should be submitted to
JSC Facilities Engineering personnel or to an Architectural and
Engineering (A&E) consultant for more detailed facility modification
design, costing and schedule information.

(c) Additional survey effort should be expended to determine the para-
metric impacts on Integration Facility requirements resulting
from an altered Life Science traffic model.

-31-
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(d)

(e)

\

The top level subfacility requirements identified by this survey
should be expanded to include an additional level of detail for
all subfacilities., Particular emphasis is needed to define t.ie
Spacelab and Orbiter structural configurations and subsystems
necessary to imitate the functions of flight hardware during
test, training, interface verification and checkout.

A make/buy cost effectiveness analysis should be performed for

each item of NASA/ESA GSE applicable to Integration Facility
activities, The specific capabilities of NASA/ESA GSE items

should be compared to more detailed Integration Facility wequire-
ments than was possibie within the scope of this survey. Particular
emphasis snould be placed on the characteristics of in-building
transporters, dollies, and flight hardware handling equipment,

For GSE components where a "make" decision is reached, preliminary
design of long lead time and high complexity items should be

initiated. Preliminary procurement actions should be initiated for
"buy" category GSE.

-32-
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