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ABSTRACT

This report summarizes the study of the KSC launch site accommodation
for Spacelab payloads. Four payloads were considered: Spacelab III (Strawman),
OA Mission 83-2, Dedicated Life=Sciencés and Combined Astronomy. Anomalies
between accommodations described and requirements are noted. Recommendations
for revision of the accommodations handbook were made to KSC and are summarized
here.
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SUMMARY

The overall purpose of this study was to compare the KSC launch
site accommodations with Spacelab payload requirements. The KSC accom-
modations were defined, for the purpose of this study, by the KSC Launch
Site Accommodations Handbook for STS Payloads. The study had three goals:

¢ Assess KSC accommodations versus requirements of four

selected Spacelab payloads

8 Provide a critical review of the KSC accommodations
handbook

¢ Define the provisions for payload checkout at KSC.

In order to meet the goals of this study, several tasks were under-
taken. First criteria for evaluation of the experiment accommodations
described in the handbook were developed. These criteria consist of
basic questions a payload planner or instrument developer would ask
about ground operations. A detailed description of the ground process
flow was also defined to show all the operational functions the payload
would be subjected to at KSC. The questions and flow functions were
combined in a matrix for rapid identification of accommodations versus
procaess flow functions.

The second task was to develop the ground processing requirements
for the Spacelab III (Strawman), Office of Applications Mission 83-2,
Dedicated Life Sciences and Combined Astronomy payloads. From the basic
payload definitions supplied, instrument requirements were collected into
payload requirements. The payload requiremenis were delineated using
the same matrix developed for accommodation assessment.

By comparing the payload requirements with the stated KSC accom-
modations, a number of anomalies were identified. In attempting to
resolve the anomalies both KSC and experiment cognizant people were
contacted. In some cases, the handbook could be clarified to show
accommodation for a reguirement. In other cases, the lack of accommo-
dation was flagged to the experimenter. This resulted in clarification
and elimination of several experiments requirements which were not
critical, but which would have created problems in making the accommo-
dations available.



Two significant resulits of this study were the flagging of
unaccommodated requirements to experimenters and the development of
constructive suggestions which have been given to KSC for revision of
the handbook. A summary of the study findings is given in Table 1,
Anomalies of Spacelab Payload Requirements Versus KSC Launch Site
Accommodations.

Several ground rules for payload accommodation at KSC became
apparent in the course of this study that should be stated in the handbook
in its revision. These are Tisted in Table 2, Payload Accommodation
Ground Rules.

It was not possible, in the time frame of this study, to define
the payload checkout provisions at KSC. This was because the basic
requirements for checkout are not agreed upon by KSC and other NASA
centers. Until agreement is reached KSC cannot define the checkout
hardware capability.

Xi



TABLE 1. ANOMALIES OF SPACELAB PAYLOAD REQUIREMENTS VERSUS KSC
LAUNCH SITE ACCOMMODATIONS

ANOMALY

® * Cryogenic servicing with LN, and LHe required at
04T for LIMS, CIMATS AND SIRTF instruments.

s * Class 100 clean area required for offline
seryice of Medium Energy Gamma Ray Telescope

¢ * Class 10 K cleanliness required by MAPS and
Passive Microwave instruments

® * 40 percent Maximum Relative Humidity required
by Passive Microwave

¢ * Continuous power required by payleoad during
ground operations by LFC, SIRTF and UY
Photometer/Telescope

# * large offline Taboratory reguired for care
and testing of specimens

s * Ne replenishment required at landing site
by Medium Energy Gamma Ray Telescope

# Time and access required for payload
operations (VFR requires post landing
testing; SIRTF reaquires 24 hours chill
down during Levels III/II integration)

¢ Payload bay may require venting because
of cryogen boiloff.

¢ C(ryogen LHe top off required at pad

8 * Continuous dry Na purge required by
SIRTF and UV Schmidt Camera

¢ ATHOS to module airlock alignment
method is TBD

* Anomaly resolved, no longer a problen.

PAYLOAD

0A 83-2
Combined
Astronomy

Combined
Astronomy

OA 83-2

0A 83-2

0A 83-2
Combined
Astronomy

Life
Sciences

Combined
Astronomy

SL-3
Combined
Astronomy

0A 83-2
Combined
Astronomy

Combined
Astronomy

Combined
Astronomy

SL-3

=l
-y

COMMENTS

Cryogenic servicing not available at 04C
accprding to manual, Requirement can be
met by portable Dewar. Change in manual
suggested to define capabiiity.

KSC normally suppiies Class 100 ¥ facility.
Experiment developer contacted. He will
supply a "clean tent" for use in Class 100 K
facility.

Passive Microwave deleted from payload
after OA contacted. Reguirement deleted
after experimenter contacted.

KSC provides 50 percent maximum relative
humidity - requirement deleted after
experimenter contacted.

Power not normally available to payload on a
continuoys basis, LFC dropped recuirement.
SIRTF and UV Photometer Telescope will provide
own battery supply.

Laboratory under consideration by KSC. i1l
be defined in revision.

Access to payload not available at landing
site. Instrument capacity is sufficient
to cover period from 1anding to fnstrument
removal at 0&C per experimenter.

Time required for special payload operations

not clearly available according to handbook.

KSC 15 reviewing time allocations for process
functions.

Quantity of cryogen boiled off is still to
be determined. This depends mainly on
operational times which are still TBD.

Access through payload bay doors is required
UmbiTical interface unacceptable for topping
of'f.

KSC cannot provide continuous Np purge from
Levels III/II integration on through Taunch.
Experimenter will provide capability as part
of instrument.

Alignment method may cause a time of access
problem in Levels ITI/I1 integration.



TABLE 2. PAYLOAD ACCOMMODATION GROUND RULES
INSTRUMENT PERFORMANCE WILL NOT NORMALLY BE VERIFIED AT LAUNCH SITE.

TIME FOR CARGO INTEGRATION WITH ORBITER IS LIMITED 7O 12 HOURS
ENDING AT T-78 HOURS.

AFTER PAYLOAD CLOSE QUT AT OPF
NO PERSONNEL ACCESS TO MODULE AT VAB OR PAD.
PAD ACCESS TO PALLETS COST PAYLOADS & HOURS PLUS ACTION TIME.

PURGE AIR NOT AVAILABLE AFTER LEAVING OPF UNTIL ORBITER IS MATED
TO MLP (APPROXIMATELY 12 HOURS}.

PAYLOAD POWER NOT AVAILABLE FROM OPF POWER-DOWN UNTIL MLP IS MATED
TO PAD (APPROXIMATELY 50 HOURS).

LAST CRYOGEN SERVICING AT PAD MUST BE THROUGH MIDBODY UMBILICAL.

SPECIMENS TO BE REMOVED AT LANDING SITE MUST BE IN ORBITER MID DECK
OR AFD ON RETURN. NO ACCESS TO PAYLOAD BAY OR MODULE AT LANDING SITE.

xidii



1. INTRODUCTION

Predefinition of accommodations to a sufficient level of detail
will influence instrument design and payload planning to prevent the
occurrence of STS launch site requirements/accommodation incompatibilities
which could be costly and require time consuming work-arounds. The
purpose of this study is to contribute to three related activities
regarding KSC launch site accommnodations for payloads.

¢ A review and assessment of selected Spacelab payload require-

ments versus KSC ground operations accommodations.

¢ Definition of requirements for and critical review of the
KSC Launch Site Accommodations Handbook for STS Payloads
(Reference 1) and current revisions from the point of view
of the Spacelab experiment developer/payload planner.

¢ Definition of provisions for pavlcad checkout at KSC to
include end-to-end communication checks, quality checks on
data, and Payload Operations Control Center (POCC) verifi-

cation.

This study considers the requirements for KSC accommodations of
four Spacelab missions. The requirements for KSC accommodations includes
the entire process flow from unloading the payload elements at KSC
through Taunch, Tanding and shipment back to the payload user. The
study compares those requirements against the KSC accommodations as
outlined in the current and proposed revisions of the KSC handbook. The
analysis considers what will be done and what will not be done for
payloads at the launch site. The study considers available and allocated
resources such as power, purge, environmental control and checkout
provisions versus the functional flow through the launch facilities.

The current issue of the KSC handbook is being revised by KSC.
TBE was furnished a marked-up copy and current revision notes. The goal
was to compare launch site operations requirements of four missions with
the handbook. Expected results were the clarification of launch site
accommodations descriptions in terms easily understood by the pay?bad
user and the identification of anomalies in launch site accommodations.
If the problem was one of clarification, it was worked with KSC directly.
If it was a problem of accommodations, it was flagaed for resolution by



the parties involved., Discussions with experiment/payload sponsors or
other cognizant personnel were used to clarify payload requirements
and/or resolved several accommodation anomalies. Recommendations were
forwarded to KSC as they were generated.

Four missions were considered: Mission 83-2 for 0A, a Spacelab
III Strawman mission including a pallet, a combined astronomy mission
including the Shuttle Infrared Telescope Facility (SIRTF), and a dedi-
cated 1ife sciences mission from JSC. OFT-2 was eliminated from
consideration because of a lack of timely information on its Tlaunch site
requirements. Information on launch site operations requirements were
solicited through contact with the cognizant payload sponsors/principal
investigators. Data for the first two missions were presented on
November 8, 1977. This document covers those two missions with revisions
made since the November report and our findings on the combined astronomy
and Tife sciences payloads. Section 2 of this report outlines the
methodology we used to apply payload requirements to the KSC accommoda-
tions for certain resources {review criteria) as a function of the
operations performed on the payload at the launch site. Sections 3
through 6 describe the payloads individually, their apparent launch site
accommodation problem, and their requirements for resources as a function
of the process flow. Section 7 summarizes the comments and recommen-
dations for the KSC Launch Site Accommodations Handbook for STS Payloads
that have already been communicated to KSC.



2, METHODOLOGY

This section outlines the method used tc compare payload taunch
site requirements with launch site accommodations and to evaluate the
description of those accommodations contained in the proposed revisions
to the KSC Launch Site Accommodations Handbook for STS Payloads (Ref. 1).
The analysis was limited to Spacelab payloads. The method involved three
steps: Definition of review criteria for resources and capability, definition
of applicable functional flow operations for Spacelab payloads, and an
assessment of payload reguirements using a matrix of review criteria for
each functional operation.

The first step was to develop a Tist of review criteria or questions
Tikely to be asked by an experiment developer or payload planner concerning
the ground processing of his equipment at KSC. Twenty review criteria
were defined and then developed into a series of questions.

The second step was to define all of the functions which are likely
to occur to a Spacelab payload during its normal processing flow at Levels III/II
and I integration, during prelaunch, and through post landing activities
until the payload is removed from the Spacelab in the 0&C Building. The
method used to define these activities was to expand all of the ground
operations, as listed in the KSC handbook (Ref. 1) and also in the
Spacelab Level II Ground Operations Requirements Document (Ref. 2} into
a detailed 1ist of process functions. The final Tist containad
100 specific process functions.

The third step, an assessment was performed comparing each of the
process functions with the review criteria for specific payloads. To
facilitate this process, a matrix was constructed with the process functions

as the horizontz1 element and the review criteria as the vertical element.
It should be pointed out that the process functions do not represent a

timeline of flow, but rather, repreéent specific individual tasks. A1l
of the functions will not necessarily apply to each payload. The list
of functions is also quite detailed except where complete definitions
of the overall tasks to be performed were not available. The completec
matrix shows:



@ Those areas where the accommodations document is not clear
or specific

e Those areas where payload requirements may not be
satisfied

o Which functions are not applicable to the payload.

Using this matrix, four payloads have been analyzed in sufficient detail
to develop their ground processing flow requirements. These require-
ments have been compared with the applicable review criteria. The
results of this comparison indicate accommodation anomalies for resolu-
tion by clarification through the handbook or by negotiation with the
experiment/payload sponsors.

2.1 REVIEW CRITERIA

The review criteria are presented in the order of their appearance
in the matrix and are identified with the same alphabetic symbol.

2.1.1 Time .- A

For those activities during which payload services are not pro-
vided, is the Tength of time clearly specified? Are there fixed time
Timitations on any activities involving payloads and, if so, are they
specified?

2.1.2 On Site Transportation - B

If transportation to KSC terminates at a commercial facility
which is "off site" can transportation be arranged through KSC? What
types of transportation are availabie to move the payload from the
receiving point to the 0&C Building or to a storage area? How are
arrangements made to utilize this transportation? Are there any size,
weight, or other restrictions on any of the available modes of trans-
portation?

2.1.3 Experiment Transportation/Storage Environment Status
Monitoring - C

Is there a device or equipment available to monitor, record, and
display temperature, humidity, and acceleration to which experiment or
payload equipment is subjected while it is in storage, in transit from



one KSC location to another, or being processed? Can this equipment be
used while Spacelab payload equipment is in a container? While it is not
in a container? Are there any times when this equipment is not available
or cannot be used? In what form is the data output (strip chart,
magnetic tape, etc.)? Are there any payload developer transducer instal-
lations required to use this equipment?

2.1.4 Thermal Control - D

What is the range over which the environment temperature can be
controlled? What is the tolerance or regulation to which any set temperature
can be maintained? At what times or places during the normal payload flow
is regulated temperature control not available?

2.1.5 Humidity - E

Over what range can relative humidity be controlied? To what degree
of accuracy can any Tevel of relative humidity be maintained? At what points
during the normal flow will relative humidity control not be availabie?

2.1.6 Cleanliness - F

What classes of cleanliness are available and where? What are the
time and space restrictions on its use? At what times or places during
the normal flow is cleanliness control not available or maintained? Are
facilities available for cleaning equipment which may become contaminated?

2.1.7 ATE Support - G

What types 6f tests wiil be done using the ATE (or EGSE)? Will it
be interface verification, will it be operational testing of Spacelab CDMS
equipment, or will it be testing of individual experiments?

To what extent will the payload owner/operator or the experiment
developer participate in this testing?

What special interfaces are required on the experiment equipment

or its associated GSE for use with the ATE (EGSE) and what special software
if any is required?



2.1.8 Data Processing - H

What are the available data processing equipment and services at
KSC? Can they be utilized in a "real time" test environment or are they
available only for post test data reduction? What types of data can be
processed and in what format will the output be?

What data recording capabilities are available over and above those
provided by the Spacelab EGSE? What steps must be taken to utilize this
equipment or services?

2.1.9 Experiment Testing - I

What type testing, interface verification, experiment operation,
or simulated missions will be performed at each location? At what points
will payload peculiar GSE be required to support testing and to what level
will the payload owner or experiment developer be required or allowed to
participate?

2.1.10 Experiment Calibration - J

Is any time provided in the normal online flow for recalibration
or adjustment of experiment equipment? Is time allocated for final align-
ment checks or adjustments?

2.1.11 0Offline Lab Space - K

What offline Tab space is available? What is its size (area
and volume)? What type of environmental and cleanliness control does
it have? What type of power is available? Are there any special
features, provisions or Timitations such as access Timitations or
entry limitations? Are special labs such as a screen room available?
How is use of special areas or labs arranged for?

2.1.12 Physical Access - L

‘What are the restrictions on physical access to the experiment
equipment and its related GSE at each phase of the ground operations? At
what times is access prohibited?



2.1.13 Electrical Power - M

What types of electrical power are available for use at each of
the ground processing stations or other areas which may be used by the
payload owner or experiment developer?

What are the characteristics of the available power such as:
regulation, current capacity, frequency for ac power, number of phases,

and EMI characteristics? What are the Tocations where the various types
of power are available, when is it available, and when is it not available?

2.1.14 Spacelab Standard GSE -~ N

What standard Spacelab or facility mechanical or electrical GSE
is available for use by the payload owner/operator Or the experiment
developer? What are its functional capabilities and limitations? When
and where is it available and when and where is it not available?

2.1.15 Mechanical Servicing - 0

What tools and equipment are available for making alignment
adjustments? Are special tools such as optical transits, laser transits,
etc., available on an as needed basis? What type cranes or other fixed
1ifting devices are available and where? What portable Tifting or handling
devices are available? When are they not available? Are there any
constraints on using this equipment in a clean room? What special purpose
tools such as calibrated torque wrenches or measuring devices are
available?

2.1.16 Cryogenic Servicing - P

What common cryogenics are available--LNo, LHe, LOp, LH2? Are
any others available? Can provisions be made to obtain special types if
required?

For those available, how is it supplied--from a portable service
cart or a fixed tank? What are the restrictions on the use or movement
of portable service carts and/or where are the fixed service points
Tocated? What quantity of normally stocked cryogenics is available?



2,1.17 Pneumatic Servicing -

What gases are normally available (NZ’ He, 0,, air)? Are any other
special gases available? In what type containers (portable tank, facility
supply, etc.) are the normally supplied gases available? What are the
quantities, delivery pressures, and flow rates? Is the delivery pressure
regulated? Where are the gas supply interfaces located? What is the quality
of the supplied gas (moisture, contamination, etc.)? What is the total
available quantity? Are any facilities available for storing payload provided
gases in high pressure containers? Are there any special precautions
relating to the use and storage of high pressure gas containers?

2.1.18 Liquid/Hydraulic Servicing - R

What types of liquids are normally available (water, hydraulic oil)?
Are any other special types available? What is the quality of the available
Tiquids? Is it distilled, filtered, etc.?

How is it available? Is it in portable tanks, fixed tanks, or is
it available from a facility supply system? Where are the supply interfaces
located and what are the flow rates, pressures, and temperature of available
liquids? What are the normally available quantities for 1iquids? Is there
a purge capability for hydraulic systems such as a portable hydraulic servicer?

2.1.19 Pyrctechnic Servicing - §

What are the special safety precautions for the handling and storage
of pyrotechnic devices? 1s the necessary handling and grounding equipment
available for use with pyrotechnic devices? What are the operational restric-
tions on other activities during pyrotechnic servicing?

2.1.20 Specimen Servicing {Live/Perishable) - T

Is there an offline lab or storage/maintenance area for use with
live or perishable specimens? What are the physical boundaries and constraints
of this area? What type environmental control does it have? What type
waste control does it have?

At what time during the online processing is access to Spacelab

available for carrying onboard Tive or perishable specimens or for securing
same?



2.2 PAYLOAD PROCESS FUNCTIONS

Spacelab payloads will arrive from the Level IV integration site
as individually packaged and completely integrated racks and pallets,
except where additional experimental equipment may arrive independently
because of characteristics prohibiting integration and shipment with the
other Level IV assemblies. The shipments are received at the 0&C Building
and the first function is to unload the carrier. Functions 1 through 47
cover the receiving and Level III/II integration at the 0&C Building and
the transportation to the OPF. Functions 48 through 59 cover integration
operations at the OPF and the move to the VAB, function 60 is at the VAB,
functions 61 through 72 cover the move to the pad and the pad operations.
After the Orbiter lands from its flight, functions 73 through 76 cover
the payleoad landing site operations and the move back to the OPF,
functions 77 through 87 cover the OPF paylead operations and the subsequent
move to the 0&C, and functions 88 through 100 cover the 0&C payload dis-
assembly operations. The matrix is shown in Figure 1, parts A & B.
Part A covers functions from receipt of the payload through its move to
the OPF. Part B covers OPF, VAB, pad, and post landing functions. A
solid bar on the matrix shows that the requirement would be met by the
accommodations described in the KSC handbook. A broken bar shows that the
handbook does not indicate that a regquirement would be met. In some cases,
this means that the handbook does not adequately describe available accom-
modations; in other cases, that the accommodations are lacking or that there
is some problem in accommodating the requirement. A thin 1ine indicates that
the function is not applicable to the payload. A blank indicates
criteria not applicable to a function. In the discussions on each
payload (Sections 3 through 6), the nature of the problem is indicated
with the action taken to negotiate its resolution. A1l 100 functions
are described in the foilowing subparagraphs in function number order.

2.2.1 0Offload the Carrier - 1

Racks and pallets in the Intersite Transportation Equipment (ITE)
shipped by air or barge are transferred to a low boy truck. Portable
crane(s), slings and 1ifting adapters are required. Environmental control
and monitor equipment must be deactivated before offiocading and then
reactivated after securing the load to the low hoy.



2.2.2 Transport to the 0&C Building - 2

The Intersite Transportation Equipment container can be split in
two sections each of which can hold one pallet or two racks. Transportation
is by air or barge if the container is shipped as one unit as when a two
pallet train is shipped. A low boy truck {also ITE) can transport the
container to the 0&C. A single pallet or rack is shipped in. one segment
of the container by road directly to the 0&C Buiiding. Racks and paliets
are shipped using the low boy to the 0&C Building after function 1.

2.2.3 Clean and Remove Covers - 3

At the receiving dock, the exterior packaging will be cleaned to
prevent contaimination of the class 100,000 clean area of the 0&C Building.

The dust protection will be removed to prepare for the attachment of
handling GSE.

2.2.4 Transfer to Assembly Area - 4

Pallets will be 1ifted and translated from the ITE container and
placed on the transfer dolly. Two cranes will be used in the Tifting

operation. The transfer dolly will be used to transport the paliets to
the assembly workstand area.

2.2.5 Mount Racks on Rack Flgor - 5

The experiment racks will be 1ifted and translated into position
to mate with the rack floor plates. Mounting hardware will be installed.

2.2.6 Join Pallets in Trains - 6

Where two or more pallets are required for the mission, individual

“pallets will be joined to form a train. This is an offline function from

the Spacelab processing. Flexible functional interfaces, e.g., electrical
and fluid will be mated as part of this function.

2.2.7 Remove Xport Instrumentation - 7

Transportation instrumentation for monitoring shock and vibration
will be removed in parallel with functions 3 and 4.

10
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2.2.8 Install Shipshort Equipment - 8

Certain oversize or transportation sensitive experiment equipment
will be shipped separately from the racks or pallets to KSC. This equip-
ment must be installed and the functional interfaces mated and verified
before integrating the major assembly with the Spacelab.

2.2.9 Join Rack Floors - 9

The individual rack floor plates are connected to form a complete
floor set.

2.2.10 Install Interconnecting Lines - 10

The service lines, e.g., data, power, and fluid, between racks are
connected and verified in this function.

2.2.17 Attach Handling GSE - 11

The integrated rack and floor assembly is handled with an overhead
crane through a “"rack and floor installation kit." Using the overhead
crane, the kit is secured to the rack and floor assembly. The GSE to
handle the pallet and aft end cone is &lso installed.

2.2.12 Transfer to Workstand - 12

The rack assembly, installed in the installation kit,.is moved onto the
workstand support structure.

2.2.13 1Install Rack Set on Workstand - 13

The rack floor set is secured to the workstand support
structure.

2.2.14 Remove Handling GSE - 14

The transport kit is disconnected from the rack set. The crane is
used to 1ift and translate the transportation kit from the racks and return
the kit to storage.

2.2.15 1Install Rack Set in Module - 15

The complete rack assembly is translated into the module on rollers.
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2.2.16 Connect and Verify Interface - 16

The power, data, and fluid interfaces between the complete experiments
rack assembly and the Spacelab subsystems will be mated. Electrical tests
for {1) bonding and (2) signal and power isolation will be performed. Leak
tests will be performed on gas and fluid interfaces.

2.2.17 Install Aft End Cone on the Workstand - 17

The aft end cone will be 1ifted and translated into position for
mating with the Spacelab module.

2.2.18 Mate the Aft End Cone to Module - 18

Mechanical alignment GSE will be used to mate the end cone with the
open end of the module. The mechanical -fasteners will be installed and the -
multilayer insulation replaced over the interface.

2.2.19 Connect and Verify Interfaces - 19

This function mates and functionally verifies the mechanical
interface between the module and the aft end cone. The interface includes
fluid, gas and electrical connections.

2.2.20 1Install Paliet on the Workstand - 20

The 1ifting cradie was attached to the pallet train in function 11.
In this function, a crane is used to 1ift and translate the pailets into
position on the workstand. ' ‘

2.2.21 Remove Handiing GSE - 21

The interface hardware between the GSE and the pallet structure is
removed. The crane is used to 1ift and translate the GSE to a storage area.

2.2.22 Connect and Yerify Interfaces - 22

The pallet is mechanically secured to the workstand structure.
The services interfaces, e.q., data, power and fluid between the paliet

and the module are also connected in this function. For pallet only
missions the igloo is installed in this function.

2.2.23 Install Aft Deck Payload Peculiar Hardware - 23

Fayload peculiar hardware is installed in the racks provided in
the simulated aft deck.
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2.2.24 Install Experiment Peculiar GSE - 24

Experiment peculiar GSE is jnstalled for use in the checkout and
servicing of individual experiments. )

2.2.25 Verify Experiment Peculiar GSE Interface - 25

Functional and physical interfaces between the experiments, the GSE
and the Spacelab will be verified.

2.2.26 Prepower "On" Bus Isolation Test - 26

Prior to power turn on, this test will be performed. It is used to

assure that the power bus is isolated from ground. GSE required is a resistance
meter with a high resistance scale.

2.2.27 Power Up and Verify Coolant System - 27

After interface connections have been made to the payload cooling
lToop, the GSE Freon Cooling Unit will be powered up and readings of temperature,
pressure and flow rates will be taken at the inlet and outiet of the payload
cooling loocp to verify proper operation. -

2.2.28 Verify S/L to GSE I/F - 28

The Spacelab is connected, mechanically and electrically; to the
Orbiter Interface Adapter (0IA) which duplicates all S/L to Orbiter interfaces.
The 0IA, part of the Integration Workstand, includes the Aft Fiight Deck
Simulator. A1l connections are made and verified. The Automatic Test
Equipment is also connected to the 5/L and connections verified.

2.2.29 Load S/W and Verify Routines - 29

The mission_f1ight software will be Toaded onto the mass memory
unit. Then the flight software from the mass memeory unit is loaded into the
computer memory. A check sum will bé obtained from a computer readout
verifying that the routine has been loaded successfully. For certain payloads
there may be a requirement for validation of the flight software by confirming
its operational acceptability.

2.2.30 Power Up and Functionally VYerify I/F - 30

A1l fluid and electrical interface connections are checked under
load conditions. Mechanical interfaces will have been checked previously.
These tests involve module/pailet/rack interfaces with Spacelab and Shuttle.

15



2.2.31 Functional Test and Calibration of Experiment - 31

The user (experimenter) is responsible for a final functional
test and calibration of his experiment at this point, if required.
Normally, this is the last station at which the user has access to his
equipment.

2.2.32 §/L to Sim Orbiter I/F Test - 32

The Spacelab was connected to the simulated Orbiter (0IA) in function
28. The I/F test will consist of inspection and test of the S/L to OIA power
connections, the S/L to OIA signa]/command electrical interfaces and the
S/L to OIA fluid/gas line connections. Any mismatches or other problems

must be corrected on the S/L side of the interface as the Orbiter side is
inviclable.

2.2.33 Mission Sequence Test - 33

This test is used to determine that the peak demands of the payload
are compatible with Spacelab services. The mission sequence test will assure
that the maximum (1) data rate, (2) power consumption and (3) heat loads
are compatible with Spacelab.

2.2.34 Man/Machine Interface Test - 34

At this point, the Payload Specialists assigned to the payload being
processed will simulate all dialing, switching, readout operations and other
human activities required for experiment performance to assure that such
activities can be performed in space in an efficient manner.

2.2.35 Payload/POCC Command Response Test - 35

This test is a closed loop evaluation of the POCC ability to
command the payload. Commands are initiated in the POCC, travel by the
NASCOM network to the Spacelab through automatic test equipment and
activate elements of the payload. Payload response data from the high
rate multiplexer is routed through NASCOM to the POCC.

2.2.36 Stow Non Time~Critical Items - 36

A11 stowage items that are not time-critical will be stowed
aboard the Spacelab at this time. A stowage chart will be maintained
showing all stowage items, time stowed, location and purpose.
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2.2.37 Remove AFD P/L Peculiar Hardware - 37

The Payload Peculiar Hardware which was installed in the Aft Flight
Deck simulator of the Orbiter Interface Adapter (OIA} for the 0&C tests will
be removed in preparation for the P/L move to the OPF.

2.2.38 Payload Service as Required - 38

The required servicing of the payload in preparation for the move
to the OPF will be performed at this point.

2.2.39 Disconnect GSE and Orbiter Simulator - 39

GSE electrical and mechanical connections between the payload and
GSE and the payload and Orbiter simulator (0IA) will be broken. Action will
be taken to ensure that the disconnected ends are protected and tagged prior
to movement to the QOPF.

2.2.40 Shakedown Inspection - 40

A complete top-to-bottom inventory check of the payload will be made
to ensure that all experimental equipment, connectors, bracketry, stowage
items, etc., are present and have undergone required tests. Tags will be
checked on all interface items to be mated at final assembly in the OPF.

2.2.47 MWeight and C.G. Test (if required) - 41

With the strongback installed a weight and center of gravity test
can be conducted for the x and y axis of the payload using the horizontal
sling kit and the vertical sling kit available jn the 0&C Building. These
kits utilize movabie "eyes" to locate the c.g. exactly. )

2.2.42° Payload Preparation for Move - 42

The strongback and crane will be moved into position. The GSE
transporter loaded with the empty canister will be moved alongside the
Spacelab Assembly Stand. A1l Toose material, tools, etc., will be
removed from the payload and assembly stand. Cabling and fluid 1ines and
connectors will be secured for the move. Installed experimental equip-
ment will be in the Taunch position. Cleaning and bagging of equipment
requiring cleaner than Class 100 K will be accomplished at this time.

17



2.2.43 1Install Strongback - 43

The strongback is moved into position over the Spacelab Assembly
Stand by cranes, Towered into position above the paylcad and attached to
the payload. '

2.2.44 1Install Payload In Canister - 44

The strongback, with payload attached, is lifted from the Spacelab
Assembly Stand by the crane, positioned above the canister, and Towered
into position.

2.2.45 Remove Strongback - 45

The strongback is disconnected from the payload, 1ifted to clear
any obstructions, and moved away from the payload. The crane slings are
detached and removed from the strongback.

2.2.46 C]oseLCanister - 46

After the strongback has been moved away, shock and vibration
monitors are installed. The canister doors are then closed, sealing
the payload in a Class 100 K clean environment.

2.2.47 Transport to OPF - 47

The transporter carrying the canister is driven to the OPF.
Environmental conditioning is provided to the payload during this move
using a trailer mounted Environmental Control Unit (ECU) pulled by the
transporter.

2.2.48 QOpen Canister - 48

A crane with hook and sling is positioned over the canister,
connected to the door handles and the doors are opened. The ECU is
disconnected.

2.2.49 1Install Strongback - 49

An identical strongback to the one used in the 0&C is positioned
via crane and sling over the canister, lowered to the payload and
strongback/payload connections secured.
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2.2.50 Remove P/L and Install in Orbiter - 50

The payload is 1ifted from the canister, moved above the payload
bay in the Orbiter and Towered into position.

2.2.51 Remove Strongback - 51

The strongback is disconnected from the payload, raised via the
crane to clear all obstructions, and moved to its holding area.

2.2.52 1Install Tunnel in Orbiter - 52

The tunnel, which has arrjved at the OPF inside a canister, is
transferred from the canister to its position in the Orbiter payload
bay utilizing the available crane and stings. After lowering into
pasition, the slings are detached and removed. The tunnel is now
connected to the opening in the Orbiter crew compartment rear bulkhead

and to the tunnel opening in the module. A leak test is conducted to
check the interfaces.

2.2.53 Matie Spacelab _tfo Orbiter - 53

The Spacelab (connected tunnel, module, and pallets) is now
mated electrically (cable connectors) and mechanically (hard point
connections, fluid lines, braces) to the Orbiter. Interface connectors
on the Spaceilab side will have been previously tagged for quick identi-
fication and connection to the Orbiter side.

2.2.54 Install AFD P/L Peculiar Hardware - 54

The payload peculiar hardware will be installed in predesignated

racks in the Orbiter Aft Flight Deck. MNecessary interface connections
will be made.

2.2.55 I/F VYerification Test - 565

This test verifies the power and data lines which cross over the
Orbiter/Spacelab interface. It also verifies the mechanical interfaces
between the tunnel and the Orbiter and between the tunnel and Spacelab.

2.2.56 Integrated Orbiter/SL Test - 56

This test functionally verifies the interfaces between the Orbiter
and Spacelab. Testing will consist of operating and monitoring the
Spacelab CDMS and selected experiment equipment through the Orbiter
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Avionics System. An open loop end-to-end test invelving the .COMS,
Orbiter Avionics, TDRSS RF Tinks and the MCC/POCC will be conducted.

2.2.57 Payload Final Servicing {as required) - 57

Payload fluids and gases may have to be topped off at this point
if testing or Teakage has brought consumption down to critical values.
This is normally the last processing point to service the payload.

2.2.58 Payload Bay Closeout - 58

A final inspection of the payload bay is conducted for observahle
deficiencies. GSE, test equipment, tools, and debris are removed.
Equipment requiring a 10 K clean environment are bagged after maintaining
this cleanliness using a portable clean facility (ECU). Finally, the
Orbiter payload bay doors are closed. There will be no planned access

to the payload after Orbiter doors are closed in the OPF (up to 10 days
before launch).

2.2.59 Tow to VAB - 59

The Orbiter, st%11 in the horizontal position, is towed from the
OPF to the VAB using the KSC provided tow vehicle. Power or environmental
conditioning will not be provided to the payload during this transit.

2.2.60 VAB QOperations - 60

There are no payload operations or access planned at the VAB.
The Orbiter is oriented to the vertical position for mating with the ET
and SRBs. The Spacelab will be in the vertical position up to 9 days.
The payload will remain in this vertical orientation until after Taunch.
A cargo bay purge is in continuous operation after mating of the
Orbiter with the ET. No power is sppp]ied to the paylead, however,

2.2.61 Transport from VAB to Pad - 61

The integrated Shuttle is transported on the mobile Taunch plat-
form (MLP) from the VAB to the launch pad. During this move there is
cargo bay purge to provide environmental conditioning. No power fis
supplied to the payload.
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2.2.62 Mate MLP to Pad - 62

While the mobile Taunch platform is being mated to pad the cargo
bay will receive environmental conditioning, but no external power will
be suppiied to the payload until mating has been completed (approximately
7 hours). Activities include connection and verification of pad-to~MLP
and tower-to-vehicle interfaces .and access provisions.

2.263 Extend PCR - 63

The Payload Changeout Room (PCR) will be wmoved on its rails to
a position next to the Orbiter. The PCR provides certain services to
the Orbiter during final checkout. 1t also is in readiness in case
access to Spacelab is required. The PCR's prime function is installation
of vertically assembled payloads into the Orbiter cargo bay and for fast
changeout of payloads if required.

2.2.64 OQOpen Payload Bay Doors - 64

If access to the payload is reguired, the Orbiter cargo doors are
opened using the PCR equipment installed for this purpose. Three hours
must be aliowed for opening the doors.

2.2.65 QOrbiter Power On - 65

The Orbiter power is turned on as the ground supplied power
servicing the Orbiter is turned off.

2.2.66 Launch Readiness Verification - 66

The Launch Readiness Verification test is conducted to assure
that all Shuttle launch systems are in the "GO" posture. No payload
checks are made during this test. The LRV test verifies (1) newly
connected MLP-to-1.PS interfaces, (2) Shuttle launch-critical functional
paths, and (3) Shuttle Taunch readiness. The Shuttle is committed to
launch after successful completion of the Launch Readiness Verification
test,

2.2.67 Cabin Closeout - 67

Payload carry-ons are stowed in the cabin at this point and the
crew enters. The cabhin door is closed and the crew prepares for liftoff.
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2.2.68 Payload Servicing (if required) - 68

If the cargo doors were opened after the PCR was positioned
adjacent to the Orbiter, final payload servicing requirements are
completed. '

2.2.69 Vehicle Closeout and Secure GSE - 69

Laoding of hypergolic propellant and high pressure gases is
completed and servicing interfaces are disconnected. All other servicing

GSE required at the pad is removed to the storage areas provided in
the PCR.

2.270 Close Payload Bay Doors - 70

The Orbiter cargo doors are closed using PCR facilities. Allow-
ance of 3 hours must be made for this operation. While 6 hours are
budgeted for opening and closing the payload bay doors only, additional
hours are used in servicing payload equipment, changeout, etc. ATl such
hours are charged to the payload equipment users.

2.2.71 Retract PCR - 71

After disconnecting all interfaces between PCR-to-Orbiter and
PCR-to-Pad, the PCR is moved back to.initial Taunch pad position.

2.2.72 Launch Countdown - 72

After the PCR has been retracted from the Orbiter, the Shuttle
prelaunch countdown continues until 1iftoff. Payload bay purging and
power requirements are furnished by the Orbiter. No other payload
operations are involved. Main propellant loading is completed, remaining
pad/Shuttle interfaces are disconnected, and {inal sequencing and status
checks are conducted.

2.2.73 Deactivate and Secure the Orbiter - 73

The Orbiter will be deactivated by {1} a shutdown of all flight

systems and (2) removal of the residual consumables from the propulsion
system.

2.2.74 Exchange Crew - 74

This function occurs immediately after landing. The flight crew
departs and is replaced with a ground crew which will move the Orbiter
to the OPF.
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2.2.75 Remove Time-Critical Items - 75

Carry-off specimens will have been stored on the mid deck. These
will be removed at crew egress.

2.2.76 Tow to OPF - 76

This function includes (1) connection of the towing equipment,
{2) connection and activation of support equipment (e.g., electrical
power source, ECLSS coclant, and communications) and the towing of the
Orbiter to the OPF.

2.2.77 Transfer to Facility Services - 77

The services provided by mobile support equipment in function 76
are transferred to facility systems in the OPF.

2.2.78 Safe the Spacelab - 78

A11 Spacelab subsystems will be deactivated through the mission
specialist station in the Orbiter.

2.2.79 0Open Payload Bay Doors. - 79

The payioad bay doors will be opened using two cranes. The
facility services listed in function 76 will be maintained. This function
includes (1) removal of locks from payload bay doors, (2) attachment of
door opening GSE, and (3) unlatching of the doors.

2.2.80 Install Access QSE - 80

The horizontal payload bay access stands are installed. Two
cranes are required to 1ift and transiate the sections of the access
stands into position. The mechanical fasteners which secure the sections
together and secure the stand to the payload are installed.

2.2.81 Remove or Cover Experiments (as required) - 81

Consumables including cryogens are removed. Individual sensitive
instruments or data which may be damaged will be protected or remcved
before proceeding with further OPF operations.

2.2.82 Demate and Remove Tunnel - 82

The tunnel is removed from the payload bay and placed in the
transport canister for shipment to the 0&C Building.
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2.2.83 Install the Strongback - 83

The strongback is secured to the Spacelab using two overhead
cranes with slings and adapters.

2.2.84 Remove Spacelab from the Orbiter and Put in Canister - 84

The mechanical fasteners which tie elements of the Spacelab to the
Orbiter are removed. The Spacelab is put into the transportation canister
and secured to the canister support structure.

The payload horizontal access kit provides access to the tie
points. After the Spacelab is secured to the canister the horizontal
access platforms are removed.

2.2.85 Remove the Strongback - 85

The strongback is removed from the Spacelab and put in the
storage area.

2.2.86 Close Canister - 86

The canister doors will be closed using two cranes. The canister
will be resting on the horizontal transporter structure during this
function. After the doors are closed the Environmental Conditioning
Unit and the Transportation Instrumentation Set will be activated in
preparation for transportation to the 0&C Building.

2.2.87 Move to the 0&C Building - 87

The Spacelab in the payload canister is moved by canister
transporter to the Q&C Building. Provisions for environmental control
and the monitoring of shock and vibration are provided during this
function. ‘

2.2.88 Open Canister and Instail Strongback - 88

Two overhead cranes are used to open the canister doors. The
canister horizontal access kit is installed. The strongback is 1ifted
and translated into position over the Spacelab assembly and attached to
the payload. '
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2.2.89 Move the Spacelab to the Workstand - 89

Using the canister horizontal access kit, the interface between
the Spacelab and the canister is demated. The Spacelab and strongback
are 1ifted and positioned in the workstand. The strongback is removed
and returned to storage in the 0&C Building.

2.2.90 Install Protective GSE - 90

The GSE necessary to protect the Spacelab from damage during subsequent
operations is installed.

2.2.91 Interior Inspection - 91

A complete inspection of the interior of the Spacelab module is
performed. Damage is identified and scheduled for correction during
maintenance.

2.2.92 Complete Destow - 92

A1l items which were stowed during the flight mission are removed.
Included are portable mission support equipment, some experiment hardware,
and human waste products.

2.2.93 Core Segment GSE Hook-Up - 93

The GSE necessary to perform post-flight checkout of the Core Segment
is installed. This includes power, data, and fluid sources and Automatic
Test Equipment (ATE).

2.2.94 Post-Flight Checkout - 94

The purpose of this function is to identify maintenance and refur-
bishment functions necessary to return the core segment to flight readiness.
Flight data on the performance of the Spacelab subsystems will be evaluated
to isolate failures. Supplemental tests with portable or inline test equipment '
Wwill be conducted to complete the evaluation of the core segment status.

2.2.95 Remove Pallets - 95

Overhead cranes will be attached to the pallets through slings
and adapters. The mechanical interface of the pallets to the workstand
and Spacelab will be broken. The pallets will be Tifted, translated,
and lowered to the pallet disassembly area.
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2.2.96 Demate Aft Cone Bulkhead - 96

The mechanical fasteners holding the buikhead to the module
cylinder will be removed. The aft end cone will be translated and
1ifted to the refurbishment area.

2.2.97 Install GSE for Rack Removal - 97

The fasteners securing the rack floor set to the module will be
removed. The rack floor set will be translated to the workstand support
structure.

2.2.98 Remove the Experiment Racks - 98

The rack floor sets will be moved to the payload processing area
with overhead cranes. The individual experiment racks will be removed
from the fioor.

2.2.99 Remove the Experiment Hardware - 99

Rack and pallet experiment handling equipment will be used to remove
the individual experiments from the racks and pallets. The hardware will
be segregated in preparation for return to each owner.

2.2.100 Prepare Experiments for Storage/Shipment - 100

The experiment hardware will be packaged for storage/shipment per
MIL-P-116 to protect against the storage/transportation environments.

2.3 ASSESSMENT OF PAYLOAD REQUIREMENTS

The requirements for two of the payloads, SL-3 Strawman and QA 83-2,
were furnished in the form of preliminary experiment requirements descriptions
and payload concept layouts. For these two payloads, it was necessary to
analyze the individual experiment regquirements and then synthesize integrated
payload Taunch site ground operation requirements prior to evaluating
requirements versus accommodations using the matrix of Figure 1.

For the remaining two payloads considered, Dedicated Life Sciences
and Combined Astronomy, both experiment descriptions and some payload ground
operations requirements were furnished (Reference 3)}. Some synthesis
of launch site ground operations requirements was required to complete the
comparison with accommodations.
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As anomalies in accommodation descriptions and/or accommodations
were discovered, an attempt was made to classify the anomalies in terms
of accommodation descriptions, accommodation discrepancies, or understand-
ing of payload requirement. Accommodation description anomalies were
noted in -our comments to KSC on the handbook. Accommodation discrepancies
were brought to the attention of payload data source and to KSC. In
several cases, feedback to payload data sources led to clarification and/or
elimination of unaccommodated requirements. Specific anomalies and action
taken are discussed in the sections on each individual payload.

2.4 HANDBOOK ASSESSMENT

Using results of payload requirements reviews, the functional
flows for Spacelab payloads at the launch site and the review criteria
for evaluating resources, we assessed the existing KSC Launch Site
Accommodation Handbook for STS Payloads (Ref. 1) contents for clarity,
completeness, and pertinence. The handbook sections were reviewed in
order of technical importance to the payload user. Specific suggestions
for changes were made wherever possible. In some cases, suggested text
and illustrations were provided to KSC.
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3.0 SPACELAB III (STRAWMAN)

3.1 PAYLOAD DEFINITION

The payload presented in this section is one of several "strawmen"
versions for Spacelab III (SL-3). The payload is a long module with a
single three meter pallet as shown in Figure 2.

There are three Office of Applications (0A) instruments on the pailet
and seven OA instruments in the module. The module also contains two non-
OA instruments, and a single spare rack. The instruments, their location
and source of instrument definition data are Tisted in Table 3. It should
be noted that the Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS)
experiment was added and the Materials Experiments Assembly deleted per
NASA direction. In the drawing of Figure 2, the ATMOS is shown in what was
a spare rack and is not necessarily the true location. Also not shown is

an N2 sphere located on the pallet which supports the ATMOS sensor when it is
in the airlock.

3.2 SUMMARY OF SPACELAB 111 (STRAWMAN) ANOMALIES

It should be noted that data were not available for three experiments
due to their status of "out of bid". These three are (1) Polymer Reaction,
(2) Unique Bio. System, and (3) Unique Two-Zone Low Temperature Furnace.

Data were used from a three-zone furnace experiment in place of (3). The
extraordinary requirements of this payload mainly involve time of access.

The Vestibular Function Research (VFR) experiment requires inter-
mittent testing for five days prior to launch. Since the flight equipment
will be integrated into the Spacelab module during this time, access to

it will not be available. The data source states that this problem has
not been addressed at this time but that the back-up set of equipment will

probably be utilized for this testing at KSC.

The specimens for the VFR experiment (four instrumented, constrained
froas) will have to be a "carry on" item just prior to launch due to the
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TABLE 3. SPACELAB III STRAWMAN INSTRUMENTS

INSTRUMENTS

LARGE FORMAT CAMERA (LFC)

HALOGEN OCCULTATION EXPERIMENT (HALOE)
LASER RANGING

MULTIFLUIDS PROCESSING FACILITY

FLOAT ZONE REFINING SYSTEM

POLYMER REACTION
UNIQUE BIOLOGICAL SYSTEM
UNIQUE 2-ZONE L.OW TEMP. FURNACE

ATMOSPHERIC CLOUB PHYSICS LAB. (ACPL)
VESTIBULAR FUNCTION RESEARCH (VFR)
DROP DYNAMICS MODULE (DDM)

ATMOSPHERIC TRACE MOLECULES
OBSEREED BY SPECTROSCOPY (ATMOS)

LOCATION

PALLET
PALLET
PALLET
MODULE
MODULE

MODULE
MODULE
MODULE

MODULE
MODULE
MODULE

MODULE

DATA SOURCE

JSC PROPOSAL 0136 FOR OFT-2, 29 NOV 76
HALOE PROJECT PLAN, JULY 1977 |
EVAL MISSION REQUIREMENTS, MAY 1976
SL-3-ERD-3NAG02, MARCH 1977

SPACE PROCESSING P/L EQUIPMENT STUDY
(GE), APRIL 1977

NONE
NONE

SPACE PROCESSING P/L EQUIPMENT STUDY
(GE), APRIL 1977

SL-3-ERD-3NAGO3, MARCH 1977
SL-3-ERD-3NS005, JUNE 1977

SL-3-ERD-3NAOO4, JUNE 1977

ERD-INAGO9, JULY 1, 1977
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requirements that they remain belly down. Also specimen testing or data
taking is performed for 30 minutes just before launch, through injection
into orbit, during descent and upon touchdown {10 minutes before and 30
minutes after touchdown ).

The ATMOS sensor will be instalied in the module airlock for
experimentation during orbital operation., The instrument must be extended
from the airlock and boresighted during ground operations. The airlock
experiment table deployment mechanism is not designed for 1-g operation.
Since the table will require depioyment into the module for equipment
mounting prior to boresighting, a user supplied 1-g table support kit (GSE)
will be utilized. This function should be performed prior to mating the
module aft end cone for ease of access with the GSE.

3.3 SPACELAB TIT REQUIREMENTS VERSUS PROCESS FUNCTIONS

Figure 3A is a matrix showing the payload requirements versus the
process functions from receipt of the instruments at KSC from the Level IV
integration facility through towing the integrated Spacelab to the OPF.
This includes instrument integration and testing with the Spacelab in the
0&C Building.

A1l requirements are met by the KSC faci1ities/ﬁesources as indicated
by the solid bars.

The bars of A-8 and J-8 pertain to the boresighting in the airlock
for the ATMOS experiment. This is not considered a true anomaly since this
requirement can be met by proper coordination of time of access.

Figure 3B is a matrix showing the payload requirements versus the
process functions from arrival of the integrated Spacelab at the OPF through
launch and subsequent Spacelab return to the 0&C after landing. Note that
no payload operations are planned during VAB operations .which include rotating
the Orbiter from horizontal to vertical and subsequent mating to other Shuttie
elements and the mobile Taunch platform.

-

The anomalies indicated by the dashed Tines starting at I-48 are
not tied to a specific function, but are for intermittent off-Tine testing
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for approximately five days prior to Taunch. The dashed 1ine of T-72
indicates the case of specimen carry on as late in the count as possible
and stowed in the Orbiter. Should an extended hold occur after specimen
installation, it may be necessary to remove them for care and maintenance.

The solid bars indicate requirements which the KSC facilities/
resources met.

It appears that with proper coordination of time of access this
payload will present no major problems for integration at KSC.
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4, OFFICE OF APPLICATION MISSION 83-2

4.1 PAYLOAD DEFINITION

The 16 earth pointing instruments of the OA 83-2 mission are mounted
on five standard 3-m pallets as shown in Figure 4, OA Mission 83-2 Payload
Configuration. Originally the Passive Microwave instrument which attached
directly to the Orbiter at the forward end of the payload bay was included
in the payload. The Passive Microwave was later deleted and the Standard
Ozone Sounding Unit {(SOSU), Shuttle Geodynamics Ranging System (SGRS),
Temperature Humidity Infrared Radiometer (THIR) and Vertical Temperature
Profile Radiometer (VTPR) instruments were added. These were assumed to
be pallet mounted in the forward end of the payload bay. These experiments
controlled from the aft flight deck, are semi-automatic in their operation,
i.e. little more than on-off commands are required. Both the AMPA and
TETHER are deployed beyond the payload bay envelope during operation. The
Tist of experiments, acronyms, and sources of experiment data are given
in Table 4, OA Mission 83-2 Instruments.

The paucity of information on some of the experiments demanded
the synthesis of integrated paylcad requirements. These experiments are
indicated in Table 4 with an asterisk. A1l experiments needed some synthesis
of requirements for ground operations since even the most detailed experiment
definitions did not sufficiently detail the ground operations. Some confusion
was caused by the Limb Scanning Radiometer being called LIMS II, LACATE,

and advanced LIMS,

4.2 SUMMARY OF OA 83-2 ANOMALIES

Since both AMPA and TETHER are deployed beyond the payload bay envelope,
they must be provided with release devices to allow emergency jettisoning.
These release devices were assumed to be pyrotechnic. However, they may not
be pyrotechnic in the final design.
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TABLE 4. OA MISSION 83~2 INSTRUMENTS

INSTRUMENT ACRONYM DATA SOURCE

Shuttle Imaging Radar-B SIR-8 Eval Mission Requirements,
765054284, 27 Dec 76

Tethered Satellite TETHER Shuttle/Tethered Satellite
System Conceptual Design
Study., TMX-73365, Dec 76

Adaptive Multibeam Phased AMPA Eval Mission Requirements,
Array* 765054227, 7 May 76
Measurement of Air Poliution MAPS _ LaRC Proposal, 3 Dec 76
from Satellites
Correlation Interferometric CIMATS Eval Mission Requirements,
Measurements of Atmospheric 765054227, 7 May 76
Trace Species*
Halogen Occultation Experiment HALOE Haioe Project Plan, July 1977
Solar Extinction Radiometer SER Eval System Concept Definition-
Partial Payload, 765DS4269,
30 Sept 76
Advanced Limb IR Monitoring LIMS II Eval System Concept Definition-
of Stratosphere* (use infor- Partial Payload, 76SDS4269,
mation from lower atmospheric 30 Sept 76

compositicn and temperature
experiment )

Ocean Color Experiment 0ce A Proposal for an Ocean Color
Experiment for Orbital Flight
Test 2, GSFC

Shuttle Multispectral IR SMIRR Shuttle Multispectral IR
Radiometer Experiment Radiometer Experiment Proposal
for OFT-2 Mission, JPL 3 Dec 76
Large Format Camera LFC JSC Proposal 0136 for OFT-2,
29 Nov 76 .
Lidar Measurement of Cirrus ATMOS Lidar Measurement of Cirrus Clouds
Clouds and Aerosols LIDAR and Aerosols on the Spacelab 2
Mission, ERU-76-280, 2 Dec 76
Shuttle Geodynamics SGRS GSFC X-734-75-307, November 1975
Ranging System*
Standard Ozone Sounding Unit* 50sU Eval Report 765054269, Sept. 30, 1978
Temperature Humidity Infrared THIR MSFC Contact
Radiometer
Vertical Temperature Profile VTPR MSEC Contact
Radiometer*

*Experiment Requirements Synthesized
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Both CIMATS and LIMS use LNp. This use generated the requirements
for cryogenic servicing at function 31 and again at function 81. LN2
servicing was not indicated as being normally availabie in the 0&C. It
was assumed that pre-flight cryogenic filling occurred at function 31 to
permit testing at Level II and post-flight unloading occurred at function 81.
Post-flight servicing of the LFC at function 81 is required to-vent the
high pressure GNo tank.

4.3 0A 83-2 REQUIREMENTS VERSUS PROCESS FUNCTIONS

The ground operations requirements for the OA 83-2 payload versus
process functions are shown in Figure 5. Generally, this payload's require-
ments are met by KSC's ground accommodations except for-the cryogenic
servicing.
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5. DEDICATED LIFE SCIENCES

5.1 PAYLOAD DEFINITION

The Dedicated Life Sciences payload consists of a Tong module
containing instruments to carryout 24 experiments in the 1ife sciences
discipline. As shown in Figure 6, racks 1 and 2 contain Spacelab equipment
and all remaining racks are dedicated to life sciences. Additional instruments
are mounted in the center isle of the module, and in the Orbiter. The
matrices of Tables 5, 6 and 7.T1ist the location, name, and the experiments
on which the instruments are used. Table 8 1ists the 24 life sciences
experiments.

The specimens utilized for experimentation in this payload consist
of approximately 500 fruit fiies, 98 rats, 39 mice, 6 frogs, 3 monkeys,
and the crew members. The data source for this analysis is the Ground
Processing Requirements (GPR) Experiment Definition Package prepared by
Rockwell International Space Division under contract to NASA, dated July 1977
(Ref. 3).

5.2 SUMMARY OF DEDICATED LIFE SCIENCES ANOMALIES

The extraordinary requirements of this payload mainly involve the
handling of the specimens. Considerable space and resources will be required
in a KSC laboratory to maintain the many specimens in a flight worthy condition
prior to launch. Periodic testing, injections, and surgery are carried. out
prior to launch and after landing. The KSC Handbook (Ref. 1) does not
clearly define capabilities of this type off-Tine laboratory. This praobiem
has been coordinated with KSC.

The live specimens used must be put on as late as possible prior
to launch and removed as soon as possible after landing respectively. This
indicates that they must be carried on and off by the crew. The KSC Handbook
does not treat the cases in which items are carried on and stored in the
Orbiter for launch and reentry. This is also a problem in quick removal
of 1ive or frozen specimens after landing. This type of problem requires

41



Ay

- FWD —
STARBORD

FIGURE 6.

DEDICATED LIFE SCIENCES PAYLOAD CONFIGURATION.



ORIGINAL PAGE Iy
OF POOR QUAI:%TE

TABLE 5. MATRIX, LIFE SCIENCES .EQUIPMENT - PORT RACK INSTALLATION

RACK o 1O € EXPERIMENT NGO,
t |0
00t iTEm r 1 568 74175 7 77
{ £ 2 s oftosr 2] is nfm 27 354z 49 5145 39wl ss
n 1 STOWAGE - PERFUSION AINMP  ° 2.1 x
CROSOFHILA STOWAGE 42.2 - x
QSCILLOSCOPE {PODY SELECTOR - 767 X
Ao o] —f.pemoouLatorparcrrargl | _{2ss | Jille te e m e et erm e m e a e = |- X -
TELEMETRY TUNE, RECEIVER 7 X
CEMODULATOR 76-5 X
UPPER POD A FLOW CONTIOL 7630
TELEMETRY TUNE/RECEIVER 78414 X
DEMOOULATOR 76=17 X
UPPER POD B FLOW CONTACL 7611 X
{SPACELAS . EPSP) -
T % | 5OLATIGN ameLiFIER Tigs | x x
SIGNAL COMDITIONER 15-3 X
STRAIN GAUGE FWR SUPPLY 15.2 X .
$COPE SELECTOR 154 x
I TOR I XAy o)1 231013, SR N N WU SN SRR, DI UR I SURpESpI IR PRI SEP
OCHLOSCOPE 15-5 X
12 ANALYZER/QUTPUT MOMITOR 13-2 X
. = /GASFLOW TALIN, 13-3 3
RESPIRATORY CAGES 1341 X
VIBRATION REED ELECTROMETER 134 X
- - - 13-3 X
i STOWAGE -
DIGITAL TAPE RECORDER PN x
DIOSOPHILA CAMERA {STOW) 42-1 X )
REFRIGERATOR - RAT FOCO 14 I XX xix X[x % XX X
sucssr:m.r_ - «
FREEZ -5 X XX X X |X xR Xix XX X
4 (SPACELAD - EPSP & 2ALH -
7 4 BSHF WATER SUPPLY 15.13 X X
STOWAGE = MONKEY PODS 75-25 X
&/% ] PAMATE HOLDING UNIT . 1.7 |wts X X
1 ALANKE -
Ao [NVERTER « SQHZ 15.12 X x| Xx X X x XX X X XX
PRIMATE H,F, CTRLS/DISPL. . 15-3 X X
4 [SPACELAY « ICRS = ~ EFSP) -
s ¢ RODEMT WAIER SUPPLY 10-3 X X X X x
RODENT H, 7, CTRLS/DISPLAY 10-2 X X x X X
RODENT HOWDING FACILITY 101 W8 -] 6 o [ 1
{SPACELAS . EPSP) -
3 7 | rvmaniror 98 X
. . 1 _|oscuogaamcsecoroer ez | f o) |- o fem e made Bao i o C el
’ TIME CODE GEREFATOR 88} %
AUDIO MONITOR &2 X
MICRQORIVE &3 x
POWER MOGULE & STRIP . &Sy X
OSCILLOSCOPE &5-5 x
KEERIGERATED CENTRIF, 8-2.1 X xix X xx
REFMGERATOR 3=t X x xx X X|xx Ix X X X X
[ 3 CARDIOTACH, FLOW MIR_ PR, VISR, 493 x
- ] o [ECHCCAROIOGRAM STV CAMERA o1 | 1 L. PPN R MIPNPEUS DU SO SN PP R,
1SOLATION AMPLIFIER 54-10 b4 X
EOTATING BASE COMTAOL CQNSOLE ] X X x
OSC. RECOPD & CHAIR CTAL o3 |- X X x
CENTRIF, XEFRIG, & GAS SHUT, 2-3,2 X xix x g X
L (SPACELAR ~EPSF & LAY -

43


http:P~fMA.TE

ORIGINAL P
OF POOR

AGE )
QU ALITY

TABLE 6. MATRIX, LIFE SCIENCES EQUIPMENT - STARBOARD RACK INSTALLATION
X o [0 | & EXPERIMENT
¥y NAve mem | 7|
v 3 w JE J3 53110 1112013 15 21|23 27 39042 4y 31058 39 s0les A TAITS A 7
4 13} CPU DATA REDUCT, & PRINTER Uina X X
{GAS SOTTLE ASSY] < REHIND RACK 584 . x X
CPU FOWER SUPPLY 754 1 x x
0 S B BLLCol A LR TS )= S &L~ U U SR IVURDIN PO SR (AN £ DU ISP k.S
SPIRQOMETER 5.5 |1 X X
TLOOD PRESS, MEAS, SYST, (BPMS) 49.7 11 X
FADIO ISOTOPRE Sury, MET, LIQ, SCIN, | 484 X X
FLOW CONTROL UNIT . O ] X
MIXING CHAMBER 152 X
14 RADIO 1SOTOPE Al MONITOR 75.28 X X X X 4
INTERFACE PAREL 354 |1 % X
{SPACELAR ITRS) -
MASS SPECT2OMETER 18-1 X X
PREUMOTACHOMETER 5.2 X
SIRIP CHART RECORDER 58.5 x x
URINE SLECTAOLITE ANALYZER 7721 - x
{SPACILAB £25 & RALY -
I 15 | BODENT wATEX SupeLY 1.8 X X X %X X%
.1.--}_. XCOENT HE CONTZOSMAY | 37 L X (XX X res |ece e jenaaframn|me an
RGN RELOING FACILITY ¥ 4 20 X
[1 14 | INGTRUME NI S. SUPPLIES 3o X
3 STCWAGE 3LO0D ACQ, KITS 8.1 Xix X X
RADIO ISOTDPE SAMPLES 4841 X x
167171 SURG AL WORKALRCH 3.1 X X xix xix xx lx X X
17 | STOWAGE ANGIO, & ALARNCE FAN 731 L4
STOWAGE - RADIOACTIVE WASTE 32 b x
STOWACE - WALTE 39-13 X x
(FPACELAS-EFS2] -
10 15 | METASOLIC CAGE AR FILTERS 5911 i X
METAROUIC ACVR/PYROGEN TUNING 594 ¥ x
4 = e | DEWVICORE SNFCIOR | L, e LS00 .5 DN
DATA LOGC ER 59-1 ) X x
TAPE RECORDER-ANALOG 59-2 x X X xIx x
TORSION BALANCE {SLIDE) 232 %
METABOLISIA FLOW METERS 593 % x X
CAGE AIR FLOW CONTIOL i9-6 X X x '
POWER SUPPLY £9-8 X %
[12 RAL WALTER SUPPLY ACCESS 9.9 X
OSCILLOSCOPE 59-14 X x
AR IGASH ANALYZER/M, S, SEG, 59-5 X
(SPACELAS - ICR - - I R FR P S
B D B 3 P Y T Telred ¥ 1 Sttt % 2l il it i EFTITTTIXT b3
DPIESITE COLUMNS & CAGE CTRL, 59-12 x
fETACEY AR _FoeR) ol
12 &% [CIkL CALIBP, GASES prasyy X
M5, CALISSATION CONTROL 75-18 x
SIG AL CONDITIONER 78.2 x
SUFFER AMPLIFIER 748
Lo o JWERRAIRER . et S U NUVNIUPS SRV MEDpI MU EE S S
HEAFT RATE,'DIFFER, PRESSURE 74-9 X
MASS SPECTROM, & SAMPLE VALVES 74620 x X
MASS SPECTROMETER CONTROLS 7e-1 x x
LINP CONTZOLS 75-10 X
LARATROMN-AMP, PRESSURE bl ) X
PART, PRESS. RATIO COMPUTER 762 x
9 v roacniarFror) -

44




TABLE 7. MATRIX, LIFE SCIENCES EQUIPMENT, NON-RACK INSTALLED

BILOW FLOCR

LOCATHON NAME
BND $10G GINBAL MATEGRM (STOW)
AlSLE MONKEY PODS (ASS)
- X135 FLOOR MOUNT
. ROTATING JASE ASSEMBLY
OMD AODENT TPANSPORTERS
. PRIMALE TRANSPORIERS
OVHD HEMATOCRIT CENTRIFUGE {STOW) .
KEFRIG, FROG-HOLDING FACILIFY X
AISLE MICROSCOPE-APM MOUNT {STOWED) x
- MONKEY OSCILL, PLAT, & ACCEL (STOW
QAFD RESPIRATION RATE MODULE X
. GALVARNIC SKIN FESPONSE MQD, X
- ELECTFOMYOGRAPH MODULE X
. BLOCD YOLUME PULSE ELEX, *
. HEART RATE MODULE X
- STOWAGE DRAWER X
ONB, MID-BK | ULTRASQINIC (COPPLER) FLOW METER
sTOW MICROSCOPE X
- MATING CAGE x
POD ASSY { TEMPERATURE MULTIPLEXER X
. BASE, POC A X
. BASE, POO B X
. PODS INTEPFACE PAMNEL *
. MONEEY POD FOOD DRAWER x
. H30 COLLECTION/FILTER ASSY X
. FEEDLRAVATER SUPL, SIGN, CONDIY, x
. CAMERA DRAWER, MONKEY OD 2
- WATEX STOPAGE DRAWER X
stow HAND HELD VOIGE RECORDER x
STOW ELECTRODLS & AMELIFIER.STOWED
SToW TILT TATLEALITIER CHAR a8
ITOW TILT ANGLE TRANSDUGCER X

PUMP ASSENBLY

EXPERIMENT NO,

a0y




9¥

EXPi_NO,
X3
x5
X8
x10
x11
x12

x13
x15
x21

X23

x27

X59

TABLE 8.

TITLE
RAT COLLAGEN TURNOVER
BIOFEEDBACK
INSULIN RESISTANCE
RAT PLASMA SOMATOMEDIN CONCENTRATION

RAT URINARY EXCRETION OF 3-METHYL
HISTIDINE

RAT PROTEOLYTIC CONCENTRATION IN
MUSCLE

IN VIVO MUSCLE PROTEIN DEGRADATION

LIFE SCIENCES EXPERIMENTS

EXP. HO
x42

x49
x51
x58
x59
x60

X66

MONKEY STATIC-OTOLITH ACTIVITY CHANGE X068

MICE VESTIBULO-CEREBELLUM-VOMITING
CENTER & HYPOTHALAMIC-PITUITARY-
ENDOCRINE AXIS

x/74
X/5

RAT BRAIN AND RENAL RENIN-ANGIOTENSIN X/6

FUNCTION

RAT LYMPHOID TISSUE HISTOPATHOLOGICAL x77

CHANGES

MONKEY RESORPTION RATE CHANGES

TITLE
DROSOPHILA DEVELOPMENT AND AGING
HUMAN CARDIOVASCULAR ALTERATION
MOTION SICKNESS FACTORS
HUMAN PULMONARY FUNCTION
RAT METABOLISM AND HEAT BALANCE

RATS PYROGENIC FEVER--SALICYLATE/
INTERACTION

OTOLITH RESPONSE ADAPTATION AS A
FUNCTION OF CNS OUTPUT

ERYTHROK-INETICS IN MAN

CELLULAR TMMUNE RESPONSE IN MAN
BASAL AND LIGHT ACTIVITY METABOLISM
MONKEY CARDIOVASCULAR DYNAMICS,

HEMOLYSIS, METABOLIC CARDIOVASCULAR

ADAFTATION
URINE ELECTROLYTE DETERMINATION



coordination with Orbiter flow such that the specimen holding facility can
be "bolted in" without affecting the Orbiter scheduled flow. The specimen

transporters are then carried on and installed into the specimen holding
facility at the Taunch pad.

An LNy flask of the LN, unit/freezer requires precooling, then emptying
of the LN, just prior to installation in the Spacelab module. This must
be complieted prior to Spacelab closeout for access. Upon being contacted,
the data source stated that it is acceptable to perform this task at the
latest module interior access time in the OPF.

5.3 DEDICATED LIFE SCIENCES REQUIREMENTS VERSUS PROCESS FUNCTIONS

Figure 7A is a matrix showing the payload requirements versus the
process functions from receipt of the instruments at KSC from the Level IV
integration facility through towing of the integrated Spacelab to the OPF.
This inciudes instrument integration and testing with the Spacelab in the 0&C
Building.

A1l requirements are met by the KSC facilities/resources as indicated
by the solid bars.

Figure 7B is a matrix showing the payload requirements versus the
process functions from arrival of the integrated Spacelab at the OPF through
Taunch and subsequent Spacelab return to the 0&C after landing. Note that
no payload operations are planned during VAB operations, which include rotating
the Orbiter from horizontal to vertical and subsequent mating to other Shuttle
elements and the mobile Taunch platform.

The anomalies indicated by the broken bar all involve the care and
handling of specimens. The specimens are delivered to KSC at various times.
The broken bars starting at K-60 and T-60 are not tied to function 60 but
rather indicate the need for off-1ine specimen testing. Considerable space
and resources are required in an off-1ine bio Tab for maintaining, servicing
and testing the specimens prior to launch.

Broken bars A-72 and B-72 indicate the non-nominal case of the specimens
being carried on as late in the count as possible and stowed in the Orbiter
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mid-deck. Unattended time should be not more than two hours. Should an
extended hold occur after specimen installation, it may be necessary to
remove them for care and maintenance.

Items A-75, B-75, I-75, K-75, L-75, T-75 and K-100 indicate the
probTlem of removal of the returned live and frozen specimens and transporting
them to the off-line bio-lab for subsequent testing. Frozen samples must
be maintained in a frozen state, and specimens packaged for return to the
experimenter facility.

The broken bar at L-57 indicates that the chilled LNo flask must be
installed prior to closing the module; yet it should be done as late as
interior access will allow.

The solid bars indicate requirements which the KSC facilities/
resources met.

Conversations with KSC contacts indicate that a laboratory being
planned would be dedicated to the needs of the life sciences discipline.
This may alleviate the major portion of the anomalies stated herein, but
would require further study when the capabilities of the Taboratory are
more defined.
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6. COMBINED ASTRONOMY

6.1 PAYLOAD DEFINITION

The Combined Astronomy payload consists of five standard 3-m pallets
as shown in Figure 8. The instruments mounted on the pallets are listed in
Table 9. There is no Spacelab module involved in this payload and no planned
EVA's. The Medium Energy Gamma-Ray Detector utilizes a single pallet. The
Shuttle Infrared Telescope Facility uses a two paliet train. The Instrument
Pointing System utilizes a single pallet. The Far UV Schwidi Camera/Spectro-
graph and UV Photometer/Telescope are contained in separate Small Instrument
Pointing System (SIPS) canisters. These canisters are mounted on the SIPS
pedestal which in turn is mounted on a single pallet.

6.2 SUMMARY OF COMBINED ASTRONOMY ANOMALIES

Many of the anomalies were solved by coordination with the experimenter.
These anomalies and subsequent comments are Tisted in Table 1 of this report.
The remaining definable anomalies follow.

Timelines for cryogenic chilldown and subsequent fill and topoff for
SIRTF are not yet defined. Current thinking is that chilldown with LNy
will be initiated approximately T-70 to 80 hours and will continue until
approximately T-24 hours at which time supercritical helium chilldown and
loading starts. Topoff will require access to the LHe tank, thus the payload
bay doors will have to be opened at the pad. Use of an umbilical from the
Orbiter midbody panel for topoff is not feasible due to the inherent instability
of supercritical helium and its handling problems. Cryogenic boiloff from
the tank may require that the payload bay vents be opened on the pad to
prevent overpressure. Amount of boiloff is not known but the tank is being
considered for redesign {triple wall) which should alleviate this problem.

6.3 COMBINED ASTRONOMY REQUIREMENTS VERSUS PROCESS FUNCTIONS

Figure 9A is a matrix showing the payload requirements versus the
process functions from receipt of the instruments at KSC from the Level IV
integration facility through the towing of the integrated Spacelab to the
OPF.
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This includes instrument integration and testing with the Spacelab in the
0&C Buiiding. A1l requirements during this phase are met by the KSC
facilities/resources as indicated by the solid bars.

Figure 9B is a matrix showing the payload requirements versus the
process functions from arrival of the integrated Spacelab at the OPF through
launch and subsequent Spacelab return to the 0&C after landing. Note that
no payload operations are planned during VAB operations which include
rotating the Orbiter from horizontal to vertical and subsequent mating to
other Shuttle elements and the mobile Taunch platform.

The anomalies indicated by the broken bars mainly involve access
to the payload. The broken bar at P-57 indicates the problem of SIRTF
cooldown in the OPF. Also broken bars at L-68 and P-68 indicate the access
problem (i.e., opening payload bay doors) for topoff of the supercritical
helium tank of SIRTF.

A1l other requirements are met by the KSC facilities/resources
as indicated by the solid bars.

54



FOLBOUT FRAME 22—

FOLDOUT FRAME l

LEVEL LIL/IT THTEGRATION AT D & ¢

240 05 THeasNvYELl

YEISINYD AS0TD

MOVHONOULS HAOKI

WALSIAVD NI QROTAVA TIVESNI
HOVEONOELS TIVISRI

TAOR WOd HOTIVEVIAYA TVOTEVd
(C, 0T AT3 ISAE “9°0 % IHOTaH
HOT1DBdSHT Esgmm

‘RIS YELILEO ® 35D HUNZZ.OUmHa
TIYIODTE §V EDIANAS GVOTAVS
BOH MVITNDED T/ IV TAOHEN

SHELI TYDIITHND IWIL ROH MOIS

b e —

|

ISEZL ASHOETE T 1d/000d
ISTL HOVIHALRI INIHOVR-NVE
LsHL BIS ROISSIN YARITN 1/S
ISEL #/1 WALITYO "KIS O /S
TII F0 IO ¥ LSAL TRROTLONOA
AfL AIT9AA ..Huz.,nm T 40 u3amnod

SENIINOY EITHHA QNY MFS GWOT

28 20 3p 31 32 33 M 35'35 37 38 39 40 41 42 43 44 45 &6 47
1

4/1 359 0% I/S il
HALSAS INYT100D r‘.mH.mmb 7 a0 EAMOd
1531 ROIIVIOST Sng KO YaMOd-ddd
4/1 F89 WVITIDEd "dXT AATHEA

450 UVITMOAd "2 TIVIENT

MOH ¥¥YITADdS 1/4 9dy TTVISKNI

22 23 124 15 26 17

STOVANAINL ALTHIA T LOINKOD
252 DNITANVH TACHHD
INYLEXE0H #0 JETTVd TIVLENL
SAVVELLINL ALI¥FA ¥ LDUNNCD
TIRQOH QL ENOD EIVH

OETISINON HO ZROD aNT LI¥ TIVISHT

6 17 18 19 20 21

SAIVIYAINT AITUHA % 1OMmINOD

TI0A08 RI 1IS ADVE TIVISNI

La

259 DRITANVH - TAOHTR
ANYLSHEOM HO LES ADVH TIVISHI
AHVISTE0N 0L ¥a4SNVil

I5D DNLTONVE HOVILV

10 11 12 13 14

SANTT LOUNRODHHINI TIVISNI

S$YCOTI MOV WIOF

9

wif ,  LKEREIODE IAQOHSAIRS TIVASHI
~ ..zoﬂﬁzﬂﬁaﬁﬁ TH0X AONEY
o SNIVIL KI SIZTTVS WIOr
n SUOCTE MOVE ¥O SAIVE INOOW
~ VIAY ATEHESSY O WELSAVAL

o SEIAOD HACHEY 3 NVITID JTHEISCd

LESEND:

g
[
a
3] m
I [
q 7 B
_vm .—n "
a “M »d
[ -}
H o8 a5
oW ga o/
g o4 g g
[ B, & a6y
"R L g
. e
Eonog g
q6 5
H
I 4
g 0
[ ]
= |
= A

e 2 % 0 0L LE0LERWEL
- YITNIVD qQV0Ta0 .
’ = L= o [=] o = W = [l L, =] = = < [ L= L =
]
3w = -
By a € g o ¢ £ E
= H e o m = = =] =4 o 13
<] W o ®z =] =} [ER ~ = = - 1
Mmoo = =4 et 3 m = = m = [+] [] = o= -
o [ (=3l 2= 4 2 = L R - R < S ~C R o B B
= [ =N HowH =2 8 = = 2w owm 2O & B O oBOE H
g [ HE o exr = [ = ., = B 3 = H M B © i =
bl =0 = 2 o= oo . w g % m o oA o= W oW B B
I3 ooRL = Ll =) = o w = wr = = = [} e W v o (] =]
@ =N £ ~x © O @ & MW o~ & 5 0 2 I
- BEE E == (=] 2] [=4 (%} ] il M M (53 [+] B =
Ex& =z m g B 8B % 2w g & = B8 g o4 = = o=
= , == =1 o= | [ =] [ (=3 = m -3 = -2 = = [} =3 o =3
W = [ o=} =% (=4 = = = = = 3 o -3 = = = = = =
2 =] 5 M2 % B B ® = 5 g 8 2 8 8 % 5
= E=1r [2] w - B =] = . = . - ] (%} [F] FT] = = = = = 2
g £z 2 2 E 3 5 5 EEEESE 2 EEYEOZ
a =B HE A =Z B o=/ 4O B e E B w = © m 4 Bis
(¥

S TELEDYNE

55

COMBINED ASTRONOMY GROUND OPERATIONS REQUIREMENTS (FUNCTIONS 1-47)

FIGURE 9A.

BROWN ENGINEERING



D&t

IHERIIHS FI0VHOLS 904 “&XE .,muﬁm
SEATIVE § SHOVE N ~&iE JACHEY
SEOVY INAWI¥EAXE TACHTL

TVACHEZ J0VE '¥04 HSD TIVISNI ‘!
TPAIDITRE L1V BIVEED

SIATTVE TADREN

INONSHRD ILSASEAS IHOTTL 1804 —

=D

AMIOOH T&H IHAWOIS THQD
HOISAG ATATLAAD
NDLIJBJSHI YOTHILIHI i |

259 AATLDELI0Ud TIVLSNI

1 REQUIREMENT 1DT SATISF:

QHYLSM0N 0L 1/8 ZA0H

AR B3 90 91 82 93 04 95 95 07 94 g9 ipo

AIVINQULS “TISNI “URLSTRVD NI

rm—— REQUIREMERT SATISFIED

neF

FOLDOUT FRame 3

TIOR
56

~——— FUNCT30W CT APFLICAELE FOR TRIS PAYLOAD
KOT 4 NORMAL PROCESS FOR SPACFLAR PAYLOADS

BLaBE  CRTPERIA ¥OL APELICADLE EOR THI

8

s mmn w20 a0 O 2 TACH- | Ill_l.ur.nlli 2

YALSTMVD TE0TID

1
LEGEND=

AOVEDHOELE AACHAY

a5

WLISTAVD AT
10d % YAITHY0 HOUL 1§ HAOHER

AOVAONDEIE TIVISHY
TANHNL FACHAY RV AIVHED

Q037 Y 'I¥A YTAOD WO FAACKAY

FED S5IDDV TTVLISKI
SHOOQ AVH IVOTA¥A NAAO
HYTHOVAS HI¥S

SADLAEIS O¥a 01 FEASHVNL

77 Y8 79 B¢ 8L 82 A3 84

LANDIRG SITE

]

430 QL Mo _
SREIT TVDTLIED-GHTL FAQNIH

IORVHONT AT2D

[

73

HALIMIO TRANDES ° FIVALIOVA]

PR OPERATIMNS

" REOQINAGT ROV

7z

a4 LOVELEH

=BP0Q4 WD aVOTIAYd 3ASO1D

HSH MN0AS 9 INOTSOTI TTIOIHEA

68 6% 70 71

ALEEL]
ELTETTTY

»(E,0M8 A1} ONIDIANMS OVOTAYD
1003SQTY RIEED

ROTIVITAIYEA SSERLIUVEN HOMIYL

63 66 &7

HO WAN0A ¥BIILED
*S900d AV JVQIRV R3O
¥0d AMEINI

0ed DL T JIVR

62 03 b4

I¥d 0L VA HWORI TJO4SHTEL _ —

60 41

SHOTAVIIAC HVA AVA LV CINNVIZ SSEIOV U0 MOTLVEEED 1/d OH

33 534 53 SR 57 SR 59

LEVEL T TNTECRATION AT OPF

5L 52

5% 50

43

WA OL MOL

ZNCHSOTY AVI dvQTAwd

(0, DT 37} SKIOIANES TYHIA TVOTAVA
IFLE TS/ILLIMI0 CTIVRDALINY

LSTL HOLIVOIATHIA 4/1

FOH A9IIN0LL 1/d 4av TTYLSRI

AT 01 dv1IOVIE HITH

FOLDOUT FRAME

COMEINED ASTRONOHY

HIALIANO K1 TEHRAL TIVESKL
ADVEOHOELS ZAOHIW
311040 K1 TIYLSRI % “§/d 4A0NEd
ADVEOROALE TTVLSHI
YALSENYD RIZ0
« @ o A WM OB B M W om X G B o= o & oo
@
wu._ “ ] &2
o 2 B o =
o
m W m Y- P E] @ o =.2 2 W._
=12 - g8 . ow = 2 = 8 £ B 0 E
2 g2 g <& = . 2 g8 w £ £ = 5 g #
uR= oo B 23 B & = A BB s 5 = 2 2 OB
& [2E-2 e cm = o = B # 8 B B B & w
= =95 [=3 E = L B ¥ Zoa 48 2 v opod
LEAD S b E 8§ w o= ow = 2 O 5 2 @ =
258 E wEZ Z 2 9w o= £ & =2 4 2 4, g 4 &
i W H3 M oeD O 4 a8 o B oH 2 = g8 oz g
= = i EE 2 5O 9O @& o3 o 8 =B € 2 o
aEE a9 BE a2 5 R B 2 o o2 82 4 8 E & £ =
8L E £% ¥ E 4 3 A v §E § E 3 g 2 9§
ShR H R B 2 & =& 32 BE R E L E 2
Zne m W H B2 o5 - =5 - -7 w2 ¢ o= =2 =3 =
i = HE E 5 H B E B R ez 5 EE 2 E S
2 8 8% g 2 d B 5.8 8B B E & B E B E S

(FUNCTIONS 48-100)

COMBINED ASTRONOMY GROUND OPERATIONS REQUIREMENTS

FIGURE 9B.

§

SFRVICTHG
“ITTELEDYNE
EBROWN ENGINEERING

FYROTECHHTIC SERVICING

SPECTHEH




/. LAUNCH SITE ACCOMMODATIONS HANDBOOK ASSESSMENT

7.1 ASSESSMENT SUMMARY

The accommodations handbook should provide the payload owner/
instrument developer with a clear picture of the functional flow and
resource available for the ground operations. The normal or routine
processing capability for payload ground operations should be baselined.
Variations from this baseline which are allowable (usually at the expense
of the payload owner) must be identified. Aresas in the normal routine
where variations are not allowed under any circumstances must also be
described.

We have suggested a revision which puts more emphasis on the
payload processing while maintaining adequate treatment of the Shuttie
turn around process. We recommended that some information be eliminated
from the current issue of the handbook in favor of including information
of more concern to the payload user. This change would help shorten the
handbook and make it easjer to read. The manual referred to all non-KSC
organizations as the payload owner. The responsibilities of the experiment
developer and integrated payload owner/operator are distinctly different.
We have taken the integrated payload owner/operator to mean the payload
mission manager/sponsor or his delegated representative. The definition
of experiment developer is the principal investigator or other person
responsibie for the design and use of a single instrument and its associated
support equipment.

In areas where specific information could not be given in the
handbook, using the host concept, the experiment developer is directed
to coordinate with the Launch Site Support Manager (LSSM). Because in
the early planning stages there is no LSSM, the handbook should show
with clarity the launch site capability for non baselined accommodations.

To assess the handbook, a set of review criteria was developed.
Using these as a basis for handbook review, specific suggestions for
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revising the handbook were generated. These suggestions, which included
organization, content, and level of detail, were transmitted to KSC as
they were generated. The key recommendations for handbook revision were
to:

Reorganize to present material from user viewpoint.
Simplify to include only material pertinent to payload.
Clearly define payload flow and flow operations.

Be consistent and thorough in describing and noting
availability of resources at sach facility.

Specific suggestions were given to reorganize Section 3, Payload
Ground Operations at KSC of the handbook. These were to define two payload
functional fiow paths, one for horizontally integrated payloads and another
for vertically jntegrated payloads. A definite criteria for selection of
the path taken by particular payloads was recommended. The flow paths
should start at the payload arrival at KSC, continuing through integration,
launch, landing and ending with the return of the payload to the owner or
storage. Using the flow as an outline, the accommodations available and
operations performed at each of the process functions should be given.

Suggestions for revision of Section 4, Facilities and Launch Site
GSE of the handbook were given. These included simplification of the
figures showing facilities locations, combining payload, facility and
function information in a single matrix and standardizing the facility
accommodation descriptions.

7.2 KSC ACCOMMODATIONS HANDBOOK VERSUS REVIEW CRITERIA

The KSC accommodation handbook defines a set of resources for each
of the facilities which contribute to the processing of a Spacelab payload.
The resources were compared with the review criteria (the questions developed
in Section 2) to assess their adequacy. The results of the assessment for
the 0&C Building and the Orbiter Processing Facility are presented in Tables 10
and 11. The results of the assessment for the VAB and launch pad are presented
in the remainder of this paragraph. Criteria not discussed in connection
with a given facility were considered not applicable to that facility.
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TABLE 10,

ACCOMNODATIONS
REYIEW ¢RITERIA

Time

Onsite Transport

Experiment
Transpartation/
Storage
Environment
vonitor

Thermal Control
Humidity Control
Cleanlinass
ATE Support

Data Processing

Experiment
Testing

Experiment
Calibration

Qffline Lab
Space

Physical Access

Elfectrical Pouwer

Spacelazb
Standard GSE

Mecnanical
Servicing

Cryogenic
Servicing

Lrquid/Hydraulic
Servicing

Preumatic
Servicing

Pyrotachnic
Servicing

Specimen
Servicing

£5C ACCOMMODATIOHS HAHDBOOK

Tine constrawnts not defined.
Discussion of off-line processing
indicates time may be critical.

Canmister covered for use between
05C and OPF.

Environmental monitor for
transportation between 0AC
Buiiding and QPF,

0&C Building Listed 21°C :3°
70°F =57

030 Building Listed

R.H. 45% 25

100 K

Undefined

Gozl processing through CR4S
Para 5.3.2.43

Undefined

Flight sensor calibration

Ho Detai®

Biomedical Experimentation Lab
Power 120/208Y

Cleanliness 100 X

3210 2

Access to payload during inte-
gration w1th Spacelab.

Horizonta] cargo integration
equipment.

Access to rack and pafliets mwn
payioad assemhly area.

28 Vdc

480 ¥, 60 Hz
120 V, €0 Hz
208/230, &0 Hz

Six end 1tems of multiuse
mission support equipment are
discussed 1n Para 4.7 and 4 8.

A crane capacity of 27.5 tons
s listed in Table 4-10

Undefined

Payload sarvice equipment
contans portable hydravlic
carts Para 4.6

Hater glycol Table 4-10.

Table 4-10 mentions GYz, GHz,
and GO,.

Undefined

Undefined.

RECOMMENDED CHANGES

Add-Twe constraints
shoutd be identified.

Use of intersite transportation
equiprant between receiving area and
04C Building.

Transportation ¢oordination poeint i3
Jffice of Supply andé Transportation

Crares (overhead liftaing) at
receiving dock.

Expand to cover receiving dock to
0&C Building.

Hone
Change to R.H. 30% te 50%

Expand to-cover cleaning of
1R-process egquipmant

Add-Defrnition of ATE capability.
Uefine hardware and software
interface with Spacelab CDMS/
experiments interface.

Add-Inline data processing throuch
Spacelab/experiments hardware and
applications software.

Gefine software and hardware inter-
face with pest-test data processing
equIpient.

Befine data display capabilaty.

Define capability of KSC centrai
data pracessing facility equip-
ment.

Add-Experments qualified and
tfunctwnal testeé in Level IV
Integretion, nterface ver:fication,
and data quality testing reguired tn
Level TIE/II Integration {0C
Building).

Add-PayToad system levei cairbration.

Bench fest area for LAY calibration.

Befine acceptable utilization.

Lomplete defimition of power,
humidity, and thermal parameters.

Add-Recess platform for canister

Change to:

1207208 ¥, 60 Kz 2% 3 &
120 V, 60 Hz =2%, 1 ¢
120 V, 400 ¥z, 1 &

28 Vde

115/200, 400 Hz, 3 ¢

Spacelab standard GSE should be
agged Include HASA/ESA provided
GSE.

Ehange to 2 ¢ranes, 27.5 ton
capacity, Tow bay and high bay

Add-Defimition of aligament
equipment, and measuring devices.

LMy through facility interface
L0: and LHe through portabie
Dewars.

Add-Potable water, distilled
water, and Freon.

Add-Freons Avr, Pressures,
FTawr rates on all gases.

Safety, Chectout, and Installation
Limitation.

Biomedica] Experimentation Lab
may be used to service live
specimens (3210 f2).
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Spacelab Transportation
Plan, MDLG-68-22,

KS€ ST$ Transportation
Plan

Spacelab Transportation
Plan, MOCG-6822,

KSC STS Transportation
Plan

Payload test requirsrents
documant..

Payload test requireents
document.

ICD 2-5A-002 Sheet 10.

IcD 2-5A-001

ICD 2-5A-001

Sneet 17 ICD 2-5A-001.

ICD 2-5A~001 Sheet 17.



ORIGINA

Lp
_ QUALITY
TABLE 11. ORBITER PROCESSING FACILITY ASSESSMENT
ACCOMMODATIONS
REVIEW CRITERIA KSC ACCOMMODATIONS HANDBOOK RECOMMENDED CHANGES REFERENCE
Time o Time conétraints not defined Time constraints between the Payload test
o Direct interface with Orbiter payload/orbiter post mating requirements
Activities indicates that time activities needs to be defined.
constraints may be critical . Exampies are open loop end to
end test and payload servicing
functions.
Onsite Canister covered for use Use of intersite transportation Spacelab Transportation
Transportation between 0&C and OPF equipment between receiving area Plan, MDCG-68-22,
and 0&C Building. KSC STS Transportation
Plan
Transportation coordination point
is Office of Supply and Trans-
portation.
Cranes {overhead 1i¥ting) at
receiving dock.
Experiment Environmental monitor for None
Transportation/ transportation between 0&C
Storage Environ- Building and OPF
ment Monitor
Thermal 70° 5 F None
Contirol
Humidity Relative Humidity Relative Humidity
Control 489 + 5% 30% to 50%
Cleanliness 100 K Expand to cover cleaning of
in-process equipment
Data Goal processing through Define data processing
Processing COMS 5.3.2.4.3 capabiiity for end to end
open loop test
Physical Access to orbiter payload Add: Access platform for
Accass bay canister
Electrical 120 v, 480 Vv Change to:
Power 120 v/208 V 120/208 ¥V 60 Hz 22%, 3 ¢
120 v 60 Hz £2%, 1 ¢
120 ¥ 400 Hz, 1 ¢
28 voC
438 oY 60 Hz, 3 o
Mechanical Bridge Crane 40 Tons None
Servicing Hoist 5 Tons
Cryagenic LH; and LO; available Add: Defimition of avail-
Servicing in OPF ability to payload including
facility/GSE interface.
LHz and {He availabie
through Dewars.
Pneumatic GN. and GO, None
Servicing
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Vehicle Assembly Building

When mating of the Shuttle elements on the Mobile Launch PTatform
are complete, the Mobile Launch Platform will provide purge air to the
payload bay. This service will be maintained during transport to the
Taunch pad. The KSC accommodations handbook adequately describes this
purge air as Class 100 guaranteed Class 5000 air at 70° + 5°F with a
30 to 50 percent relative humididty.

The handbook states that contingency access is provided via the
Orbiter cabin through the transfer tunnel. This access statement should
be deleted. The Spacelab tunnel vertical access kit has been deleted.
No other payload operations are scheduled for the VAB.

Launch Pad

It is recommended that paragraph 3.3.4 ef the handbook is modified
to inciude the following data.

Payload operations on the pad are limited to (1) final servicing,
(2) introduction of Tive specimens and (3) contingency activities.

Fluid, electrical, and electronic service are provided to the
payload by ground support equipment through the T-0 launch umbilical
panels, the midbody umbilical panel, and the payload/OMS Delta V umbilical
as depicted in Figure 10. To utilize these services, the payload must
provide the connecting hardware from the umbilical interface to the payload.
Ambient Helium (He) and Tigquid oxygen can be supplied to the payload through
the T-0 Taunch umbilical panel. In addition, cooling water with a heat
rejection capacity of 50,000 BTU/hr is provided.

Until T-4 hours other servicing can be accomplished through the
midbody umbilical panel. Two cryogen lines and six gdseous fluid Tines
are provided. This panel also contains provisons for eight electrical
service connectors.

The payload/OMS Delta V umbilical can be used to provide fluid
service to the payload and OMS Delta V kits at T-4 hours.
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Live specimens will be introduced at crew ingress and stored in
the Orbiter mid deck area.

Access to the pallet area can be provided until T-11 hours. The
time required to open and close the payload doors is six hours. Because of the
time penalty and possible delay of launch, this operation should be avoided
whenever possible.

For normal pad operations, access to the module is prohibited.
Contingency access (emergency) can be provided through the 1.3 meter
cover of the portholes in the module ceiling. This operation requires
(1) the opening of the payload doors, {2) the installation of access equipment,
and (3) .the breaking of a man rated seal. This is not a normal operation
and may require a recycle to the VA3.
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8. REFERENCES

The references for this report are divided into two categories,
documents and cognizant people contacted.

8.1 DOCUMENTS

No. Title

1. KSC Launch. Site Accommodations Handbook for STS Payloads,
K-STSM-14.1, June 1976 (With Revisions)

2. Level II Spacelab Operations Requirements, Vol. II - Ground
Operations Requirements SL-0P-031, April 8, 1977

3. Rockwell International Report, GPR Experiment Definition Package
(July 1977)

4. ICD 2-5A002, Rev. B, 9/27/77, Spacelab Program Interface Control
Document, Kennedy Space Center Facilities to Spacelab GSE
{Electrical)

5. ICD 2-5A001, Rev. B, 9/27/77, Spacelab Program Interface Control

Document, Kennedy Space Center Facilities to Spacelab GSE
(Mechanical)

6. MDC-G 6822, Spacelab Transportation Plan (June 10, 1977)

7. Eval Mission Reguirements, 765DS4284, 27 December 1976

8. Shuttle/Tethered Satellite System Conceptual Design Study,
TMX-73365, December 1976

g. Eval Mission Requirements, 765DS4227, 7 May 1976

10. Haloe Project Plan, July 1977

17. Eval System Concept Definition-Partial Payload, 763D34269,
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