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INTRODUCTION

The Space Transportation System will provide
easier access to space for a wider range of users
than ever before. This handbook is the beginning of a
concentrated effort by NASA to explain and provide
routine space operations.

As you need additional information in selected
areas, you will find references to applicable docu-
ments and organizations to support your inquiries. In
the United States, initial contacts for planning and
questions of a general nature should be addressed to
the Space Transportation System (STS) Utilization
Office, Mail Code OT, National Aeronautics and
Space Administration, Washington, D.C. 20546;
telephone (202) 755-2350, Federal telecommunica-
tions system 755-2350. Users outside the United
States should address initial inquiries to the Office of
External Relations, International Affairs Division, Mail
Code LI-15, National Aeronautics and Space Admin-
istration, Washington, D.C. 20546.



THE USER INTERFACE

Users of space in the Space Transportation
System (STS) operations era will come from many
sources. Within the United States, the NASA Centers
will sponsor programs using the Space Transporta-
tion System. Other civilian governmental agencies
and the Department of Defense will conduct continu-
ing space programs. International participation will
come both from individual experimenters and from
organizations such as the European Space Agency
and other various foreign government agencies.
Commercial activities of a domestic and international
nature will be prevalent.

The commercial utilization of space is being en-
couraged and commercial firms are also expected to
become user representatives for single investiga-
tors.

The NASA use of the STS to conduct investiga-
tions in space will be programed by NASA Headquar-
ters. General program projections will be published,
followed by proposal solicitations for investigations
on future flights. Universities, nonprofit organizations,

and industrial firms are encouraged to respond to the
specific solicitations published in NASA announce-
ments of opportunities. Current common contractual
arrangements with organizations and principal in-
vestigators will apply (rather than user charges).
The prospective user’s first act (see fig. 1-1)
should be to call the STS Utilization Office at NASA
Headquarters to obtain assistance. This office will
provide advice on how to proceed to the next step.
Experimenters will work with a key organization that
interfaces with the STS organization; therefore, the
individuals can devote their total energies to their
own experiments. Major commercial, defense, and
other similar users will interface directly with STS
operations. European Space Agency (ESA) member
states should first contact that organization (Euro-
pean Space Agency, 8-10, Rue Mario Nikis, 75738
Paris Cedex 15, France) regarding ESA-funded ex-
periments. See appendix A for information about the
ESA Spacelab Payload Accommodation Handbook.



STEP 1 STEPS Y

CALL NASA HEADQUARTERS SUBMIT STS 100 FORM (OR HAVE YOUR PART

STS UTILIZATION OFFICE INCORPORATED INTO THE KEY
(202) 755-2344 ORGANIZATION SUBMITTAL) AND SUBMIT
FTS 755-2344 EARNEST MONEY AS REQUIRED
STEP 2 STEP 6 ¥
PROCEED WiTH INFORMAL DISCUSSIONS PARTICIPATE IN OR BE
WITH STS UTILIZATION OFFICE AND REPRESENTED IN THE

CARGO INTEGRATION REVIEW

KEY ORGANIZATIONS, SUCH AS:
TO OBTAIN FIRM FLIGHT

NASA HEADQUARTERS OFFICES ASSIGNMENT
NASACENTERS | | | e e e e e e = -
EUROPEAN SPACE A?:ENCY e CARGO INTEGRATION REVIEW
DEPARTMENT OF DEFENSE WITH THIS REVIEW, THE FLIGHT
COMMERCIAL CENTERS MANIFEST, COST PER FLIGHT,
INTERNATIONAL CENTERS AND BILLING SCHEDULE ARE
ESTABLISHED, INCLUDING A
] TASK SCHEDUL E THROUGH
TELEPHONE CONVER bl

SATIONS AND SMALL
MEETINGS WITH THE
STS UTILIZATION PER-
SONNEL WILL SUP-
PORT THE USER’S

PREPARATIONS FOR
SERIOUS DIALOGUE
STS 100 FORM | STS FLIGHT
ASSIGNMENT
STEP 3 \ : UPDATE BASELINE
WRITE FOR OTHER USERS GUIDES, ETC. (SEE ) OUTPUT
STS USER HANDBOOK, APPENDIX A, OR STS ® REQUEST FIRM

FLIGHT DATE.
REQUIREMENTS
CHARACTERISTICS
CONFIGURATION

USER INFORMATION SERVICES (BLUE FLYER})}

¢ PRELIMINARY
FLIGHT MANIFEST

STEP 4 4

PREPARE FOR SERIOUS DIALOGUE,
WORKING WITH STS UTILIZATION OFFICE,
KEY ORGANIZATIONS, OR BOTH

STEP 7 4

FOLLOW STANDARD PROCESS THROUGH
FLIGHT (SEE JSC-14363, SHUTTLE/PAYLOAD
INTEGRATION ACTIVITIES PLAN)

Figure 1-1.— Basic procedures for prospective users of the STS.




STANDARD SYSTEMS

The key to opening this new era of routine space
operations—both on the ground and in orbit—is the
Space Shuttle system (figs. 1-2 to 1-4). The Orbiter
vehicle can accommodate many standard or unigue
payloads in its large cargo bay; it will also deliver
into orbit other elements of the Space Transportation
System.

Two kinds of upper stages will be used to deliver
satellites beyond the Orbiter’s Earth orbit. Satellites
headed for geosynchronous, elliptic, and higher cir-
cular orbits or destined for deep space can use the
large, solid inertial upper stage (IUS). Satellites of
the Delta or Altas-Centaur weight and volume class
can use the payload assist module (PAM) to effect a
smooth transition from existing expendable launch
vehicles.

The Spacelab is an international project being un-
dertaken by the European Space Agency. lts hard-
ware components are a pressurized module (with a
shirt-sleeve working environment) and open equip-
ment pallets (exposed to the space vacuum). For any
one flight, the Spacelab hardware can be arranged as
a module only, a module with pallet, or pallets only.
The single-pallet mode (without a module) will also
share flights with other payloads.

Free-flying standard spacecraft now include the
Multimission Modular Spacecraft and the Long Dura-
tion Exposure Facility. These satellites, designed to
be reused, will be able to support a wide variety of
operational or research instruments. See appendix A
for reference documents.

TDRS

s -
. SPACE SHUTTLE -

PAYLOAD ASSIST MODULE
(ATLAS-CENTAUR CLASS)
COMPACT PAYLOAD CARRIER

INERTIAL UPPER STAGE -
MULTIMISSION MODULAR

SPACECRAFT
LONG DURATION

EXPOSURE FACILITY

TRAGKING AND DATA RELAY.

SATELLITE

Figure 1-2.— STS elements.




SPACE SHUTTLE SYSTEM

OVERALL LENGTH
HEIGHT
SYSTEM WEIGHT
— DUE EAST
- 104°
PAYLOAD WEIGHT
— DUE EAST
— 1084°

184.2 FT (56.1 m)
76.6 FT (23.3 m}

4 490 800 LB (2037 Mg)
4 449 000 LB (2018 Mg)

65 000 LB {29 483 kg)
32 000 LB (14 515 ka)

EXTERNAL TANK

DIAMETER
LENGTH
WEIGHT
— LAUNCH
— INERT

27.8 FT (85 m}
154.4 FT (47.1 m)

1 649 600 LB (748 242 kg)
71 000 LB (32 205 kg)

SOLID ROCKET BOOSTER

DIAMETER
HEIGHT :
WEIGHT (EACH)
— LAUNCH
— INERT
THRUST (EACH)
— LAUNCH
SEPARATION MOTORS
{EACH SRB)
— 4 AFT 4 FORWARD
— THRUST (EACH)

12.2 FT (3.7 m}
149.1 FT (45.4 m)

1 292 600 LB (586 310 kg)
183 800 LB (83 370 ka)

2 700 000 LB {12 010 140 N}

22 000 LB (97 860 N}

ORBITER
LENGTH 122.2 FT (37.2 m)
WINGSPAN 78.1 FT (23.8 m)

TAXI HEIGHT
PAYLOAD BAY

CROSS RANGE ;

MAIN ENGINES (3} >
— VACUUM THRUST EACH

OMS ENGINES (2)

— VACUUM THRUST EACH -

RCS
— 38 ENGINES

VACUUM THRUST EACH

— 6 VERNIER ENGINES

VACUUM THRUST EACH

WEIGHT
— INERT
— LANDING
WITH PAYLOAD
WITHOUT PAYLOAD

~57 FT (~17 m)

15 FT DIAM BY 60 FT LONG
(4.6 m BY 18.3 m)

1100 N. Ml. (2037 km)

470 000 LB {2090.7 kN)

6000 LB (26.7 kN)

870 LB (3869.9 N}

.25 1B (1112 N)

162 000 LB {73 482 ka)

~211 000 LB (95 707 ka}
~179 000 LB {81 193 kg)

osejels peyun

.
R IED

880

Figure 1-3.— Space Shuttle system.




SATELLITE
ATLAS-CENTAUR CLASA
PAYLOAD ASSIST
MODULE

SATELLITES

INERTIAL
UPPER STAGE

DELTA CLASS
PAYLOAD ASSIST
MODULE

MULTIMISSION
MODULAR
SPACECRAFT

SUPPORT SYSTEM

EXPERIMENTS

SPACELAB
PALLETS

SPACELAB MODULE

Figure 1-4.— Shuttle satellite configurations.



STS UTILIZATION

In the user’s planning for STS operations, the key
words are “standard” and “optional.” Standard plans
and equipment (using standardized interfaces, both
human.and hardware), a few basic types of flights,
and a stock set of flight phases are the foundation of
the Space Transportation System.

The user can select among several options in
equipment, thereby tailoring a flight to his own needs.
The experiment hardware (together with its unique
support equipment) interfaces with a total hardware
and procedural system. On orbit, many operational
adaptations of standard procedures and techniques
are possible.

The payload carriers (Spacelab and upper
stages) plus the Orbiter form the basic inventory of

STS hardware. Each has its own set of established:

interfaces to accommodate experiments.

A variety of support equipment is available to
payloads as needed. Users are encouraged and
helped to design payioads that are compatible with
this in-stock equipment. This hardware is more fully
explained in part 2. Provisions also exist for a com-
mercial user to lease or purchase equipment.

The standardized flight types (or purposes) are
payload deployment, on-orbit servicing of satellites,
payload retrieval, and on-orbit operations with an at-
tached payload. At times, more than one flight pur-
pose may be combined in a single flight, depending

on the combination of payloads. The user will be
assigned a flight that fits his defined purpose.

The routine flight phases are prelaunch, launch,
on-orbit, deorbit, entry and landing, and postianding.
Specific flight phases that are adaptable to payload
needs on each flight are various orbital maneuvers,
rendezvous, deployment, retrieval, and on-orbit
servicing. )

Standard orbit inclinations are offered to users for
flights originating from the NASA John F. Kennedy
Space Center (KSC) and from Vandenberg Air Force
Base (VAFB). These inclinations and the correspond-
ing weight capabilities are listed below.

Launch Inclination, Altitude, Weight
site deg a. mi. (km) capability,
ib (kg)
KSC 285 160 (296) 65 000 (28 484)
KSC 57 160 (296) 56 000 (25401)
VAFB TBD T8BD T8D

Because of the standardized concepts, users are
now able to plan and concentrate on the design and
effectiveness of their own payloads, assured that
those payloads will be compatible with the chosen
element of the Space Transportation System.




FLIGHT ASSIGNMENT

The basic steps in finalizing a firm flight assign-
ment are summarized in figure 1-5. The necessary
form (STS 100) is included in appendix B.

The NASA Headquarters STS Utilization Office in
Washington, D.C., after being contacted by an in-
terested potential user, will assist user preparations
for serious dialogue with one of its staff, with other
NASA Headquarters personnel, or with personnel
from a NASA field installation. ,

With the completion of the first formal review, the

user becomes part of a standard planning and imple-
mentation process. This gives the user insight into
how his needs will be met, who his operating inter-
faces will be along the way, and what inputs from him
will be necessary during the implementation
process.

In many cases, small users will be assisted or
represented by management or engineering
organizations (commercial, government, etc.) in
dialogue with the STS operations personnel.

HEADQUARTERS
REQUIREMENTS
PAYLOAD
STS DATA
DATA | FirmPAYLOAD DAL
| PLanNED PAYLOAD

| conFicuraTiON
| WEIGHT AND c.g.
| constrAINTS

|  capaBiLITY

r_.____aI_.__.___

CONSTRAINTS

I CONFIGURATION

l WEIGHT AND c.g.

REQUIREMENTS

| consTranTs
| ReEQuIREMENTS

syl

FLIGHT ASSIGNMENT
WORKING GROUP

FLIGHT I

ASSIGNMENT
MANIFEST

Y

FLIGHT KITS ]

CARGO
PLANNING
DATA
sTS
lCONHGURAHON
COMPUTED

GROUND FLOW
ON-LINE

GROUND FLOW
OFF-LINE

MASTER
SCHEDULE

I
I
I
I
I
I
I
I

WEIGHT c.g.
PERFORMANCE

LAUNCH
WINDOWS

UNUSED
CAPABILITY

c.g. — CENTER OF GRAVITY

SHUTTLE OPERATIONAL

MISSIONS WEIGHT
AND PERFORMANCE
(STS-5 AND SUB)

JSC-16059-X

Figure 1-5.— Flight assignment process.

STS PIP — PAYLOAD iINTEGRATION
FLIGHT o PLAN
ASSIGNMENT
BASELINE \
JSC-13000-X KSC STS
OPERATIONS
PLANNING
SUMMARY
K-STSM-00.8




USER CHARGES

A pricing policy has been established that defines
the user charges for STS services. A key part of this
policy is establishing a fixed price (to be adjusted for
inflation) during the early years of STS operations.
NASA offers this fixed price in current-year dollars
for the first 3 years of STS operation. After that,
prices will be adjusted annually.

Additionally, the policy resuits in a price that per-
mits economical transition from existing expendable
launch vehicles to the STS. Finaily, the STS pricing
policy will reimburse NASA the cost to operate the
STS.

User charges for a specific flight will be negoti-
ated within a fixed-price schedule for all NASA-pro-
vided flight hardware and services. The price will be
based on the projected cost of both flight operations
and use of hardware. (The price schedule will be ad-
justed at the time payments are made to account for
inflation; the Bureau of Labor Statistics index for
compensation per hour, total private, will be the
escalator used to escalate the price to the year of
payment.)

Additional information on STS prices and services
is included in the Space Transportation System
Reimbursement Guide (JSC-11802).

Basic charges

The price for dedicated use of an entire Orbiter
{excluding Spacelab, IUS, etc.) depends on the class
of users. The price ranges are shown in table 1-1.

The price charged non-U.S. Government users
(domestic or foreign) is designed to recover a fair
share of the total operations costs and of the U.S.
Government’'s investment in fleet, facilities, and
equipment. The pricing structure is consistent with
current U.S. policy on launch services to foreign
countries and international organizations. The price
charged to civilian agencies of the U.S. Government
and participating foreign government users is
designed to recover a fair share of total operations
costs. -

The price charged the Department of Defense
(DOD) class takes into consideration an exchange of
costs between NASA and the DOD for each providing
accommodations to the other at their respective
launch sites.

Users with an exceptional new use of space or a
first-time application of great value to the public are
placed in a separate classification. The price
charged these users for a dedicated, standard Shut-

Table 1-1.— Prices for STS launch services

User class Price, million doliars
Dedicated-flight | Launch abort | Dedicated-flight | Total dedicated- Shared-fiight
operations charge, premium, use fee, flight price, price,®
1975 dollars 1975 dollars | real-year dollars 1981 dollars® 1981 dollars?
U.S. civil govemnment 18 0 0 303 673 perft
or
7 621 per lbm
Non-U.S. Government 18 : 0.27 4208 350 778 per ft
or
¢ Foreign government 718 per ibm
+ Foreign commercial
= Domestic commercial

3sing Bureau of Labor Statistics (BLS) data through January 31, 1980. Escalation factor 1.683 for midpoint of calendar

year 1980.
bThousand dollars.




tle flight will be the cost of conducting one additional
flight during the overall STS program. The STS Ex-
ceptional Program selection process will determine
which payloads qualify for this classification. In all in-
stances, the NASA Administrator will be the selection
official with final authority on the selection and price.

Certain prospective users must pay NASA
$100 000 earnest money before contract negotia-
tions for a flight begin. This nonrefundable earnest
money will be applied to the user’s first payment.

The basic billing schedule for most users begins
33 months before the planned launch date. Users who
contract for Shuttle services on shorter notice (1)
will pay a higher total cost and (2) will pay on an ac-
celerated schedule. This accelerated payment
schedule will be used for short-notice contracts
unless some offsetting advantages accrue to the U.S.
Government in an accelerated launch schedule. (In
that instance, the Government may waive some or all
requirements.) The schedule for both normal and ac-
celerated payments is shown in table 1-2.

A request for Shuttle services made less than 1
year before a flight is handled on a space-available
basis or as a short-term callup option. The short-term
callup option will be made available at the discretion
of the NASA Administrator and is dependent upon the
ability of the flight schedule tc support such an op-
tion. Users are therefore encouraged to include
future payloads in their early flight requests and/or

design future payloads for on-orbit storage rather
than expect to be able to successfully obtain a short-
term callup option.
NASA will make no charges after the flight except
those negotiated in the contract as extra services.
Some price and schedule options are available to
users for a fee.

1. Fixed-price options for flights in a given year
beyond the 3-year fixed-price period may be made
available by NASA. These fixed-price options, when
offered, will be negotiated separately with the user.

2. Users can contract for a guaranteed launch date
within a specified 90-day period by paying an addi-
tional fee of $100 000, payable at the time the
$100 000 earnest money is paid. This $200 000 will
be applied to the user’s first payment.

Users can postpone a flight one time at no addi-
tional cost if the notification is made more than 1 year
before the scheduled flight date. Subsequent
postponements or postponements occurring less
than 1 year before the planned launch will cost 5 per-
cent of the flight price plus an occupancy fee (ex-
plained in the next section). Any time a user cancels
a flight, the cost is 10 percent of the flight price plus
an occupancy fee. The occupancy fee affects only
users of shared flights (described in the next sec-

Table 1-2.— Payment schedule

Payment due, percent
Contract Total
initiation Months before launch percent
33 27 21 15 9 3
Nominal schedule (more 10 10 17 17 23 23 100
than 33 months before
launch date)
Accelerated schedule
(months before launch
date)
27 to 32 21 17 17 23 23 101
21 to 26 40 17 23 23 103
15 to 20 61 23 23 107
9to 14 90 23 113
3to8 122 122




tion). If postponement causes a payload to be
lauriched in a year when a higher price ‘has been es-
tablished, the new price will apply.

Optional services avalilable to users at a negotia-
ble addmonal charge include payload revisit, use of
Spacelab or other special equipment, use of flight
- kits to éxtend the basic Shuttle capability, use of up-
per stages, extravehicular activity by the flightcrew,
unique payload/Orbiter integration and testing,
payload mission planning (other than for launch,
deployment, and reentry phases), additional days of
STS support, payload data processmg, payioad
specialist training, and unique user services at the
launch site.

See the Space Transportation System Reimburse-
ment Guide for details.

Shared-flight charges

For a payload that will not require an entire flight
capability and that can share the cargo bay with
others, the cost to the user will be a fraction of the

_ dedicated-flight price, calculated as follows (see ta-

ble 1-3).

1. The payload weight is divided by the Shuttle
payload weight capability at the desired inclination
to find the weight load factor. The figures shown are
for the standard 160-nautical-mile (296-kilometer)
orbit, with launch from KSC.

2. The payload length (including 6 inches (15 cen-
timeters) for dynamic clearance) is divided by the
length of the cargo bay, 60 feet (18.29 meters), to
find the length load factor.

3. The load factor (length or weight, whichever
is greater) is divided by 0.75 to determine the cost
factor.

4. The calculated cost factor is multiplied by the
price of a dedicated Shuttle flight (for the user's
class) to determine the price for that payload.

- For comparison, the fractions of a dedicated-flight
price for payloads that currently are flying on
expendable launch vehicles are as follows: Delta
class payloads, one-fourth; Atlas-Centaur class
payloads, one-half; and T:tan class payloads, full
flight price.

Users of shared flights who cancel or postpone a
fiight will be required to compensate a fair share of
the risk to NASA if they are unable to find other suita-
ble payloads to complete the cargo. The user pays
any additional cost caused by schedule changes re-
quested by the user. However, the user will not be
penalized if NASA can recover those costs by
manifesting other payloads on the same flight.
Shared-flight users who require a short-term callup
(or an accelerated launch schedule of less than 1
year) must pay a load factor recovery fee, which de-
pends on how long before launch the option is exer-
cised and on the availability of other payloads for the

Table 1-3.— Shared-flight price example

User/conditions Required hardware Launch weight, Shared-flight price, million dollars,

Ibm 1881 dollars®

Non-U.S. Government user

Communications satellite Satellite with

apogee motor
2.5° inclination orbit Upper stage
Weight critical Cradie

2700
4700 9700 Ibm X 718 per lbm = 6.96

2300
9700

2Jsing BLS data through January 31, 1980. Escalation factor 1.683 for midpoint of calendar year 1980.




flight. A user paying this fee will still be flying for less
than a dedicated flight would cost. Similarly, the oc-
cupancy fee for delayed or canceied flights depends
on the time remaining before launch and on the
availability of substitute payloads. In the event that
substitute payloads cannot be found, the occupancy
fees can be substantial. Therefore, users should
make every effort to plan payload programs so that a
launch need not be postponed or canceled less than
a year before launch.

Shared-flight users who have paid fees in excess
of the first payment due will receive credit on later
payments.

A 20-percent discount will be given to shared-
flight users who agree to fly on a space-available
(standby) basis. NASA will provide launch services
within a prenegotiated period of 1 year and the user
will be notified 60 days before launch.

User charges do not apply to investigations con-
ducted under contracts awarded in response to
NASA solicitations for experiments or, when ap-
propriate, awards based on unsolicited proposals.
Potential users who wish to be placed on the mailing
list for announcements of opportunities for submitting
proposals for experiments or investigations in space
should contact the Space Transportation Systems
Utilization Office, Mail Code OT-6, National Aero-
nautics and Space Administration, Washington, D.C.
20546.

Small self-contained payloads

Shuttle services may be provided to a user for
small (200 pounds (91 kilograms) or less and 5 cubic
feet (0.14 cubic meter) or less) scientific research
and development payloads that are flown on a space-
available basis in a NASA-supplied container. The
price ranges are as follows.

Maximum Maximum Cost,
weight, volume, dollars
Ib (kg) fts (m3)

200 (91) 5 (0.14) 10 000
100 (45) 2.5 (.07) 5000
60 (27) 25 (.07) 3000



TERMS AND CONDITIONS

Use of the Space Transportation System involves
certain terms and conditions imposed on both the
user and NASA. Some of the more important ones are
summarized here.

1. Reflight guarantee. For non-U.S. Government
users, a reflight guarantee is included in the flight
price. Other users can buy reflight insurance. The
following services are provided under this
guarantee.

a. The launch and deployment of a free-fiying
payload into a Shuttle-compatible mission orbit if the
first attempt is unsuccessful through no fault of the
user, if the payload returns safely to Earth or a sec-
ond payload is provided by the user.

b. The launch of an attached payload into its
mission orbit if the first attempt is unsuccessful
through no fault of the user, if the payload is still in
launch condition or a second payload is provided by
the user.

c. The launch of a Shuttle into 2 payload mis-
sion orbit for the purpose of retrieving a payload if
the first retrieval attempt is unsuccessful (this
guarantee applies only if the payload is in a safe
retrievable condition).

This reflight guarantee will not be applicable to

payloads or upper stages required to place payloads
into orbits other than the Shuttie mission orbit.

2. Damage to payload. The price does not include
a contingency or premium for damage that may be

caused to a payload through no fault of the U.S.
Government or its contractors. The U.S. Government,
therefore, will assume no risk for damage or loss of
the user’s payload; the users will assume that risk or
obtain insurance protecting themselves against such
risk.

3. Patent and data rights. NASA will not acquire
rights to a non-U.S. Government user's inventions,
patents, or proprietary data that are privately funded
or that arise from activities for which a user has prop-
erly reimbursed NASA. However, in certain in-
stances, NASA may obtain assurances that the user
will make available the results to the public on terms
and conditions reasonable under the circumstances.
The user will be required to furnish NASA sufficient
information to verify peaceful purposes and to ensure
Shuttle safety and compliance with the law and the
Government’s obligations.

4. Launch schedule. For users of a dedicated
flight, 3 years before the desired launch data NASA
will identify a launch time within a 3-month period.
One year before the flight, firm payload delivery and
launch dates will be negotiated with NASA. For
shared-flight users, 3 years before the flight the
desired launch date will be identified within a 90-day
period. One year before the flight, a payload delivery
date and a desired launch date will be coordinated
among the shared-flight users and negotiated with

NASA.




SHUTTLE SYSTEM

Shuttle system hardware and capabilities of im-
portance to the user are summarized in this section.
Induced environments and payload accommodations
such as attachments, the remote manipulator system,
electirical power availability, fluid and gas utilities,
environmental control, communications links, data
handling and displays, guidance and navigation
systems, flight kits, and extravehicular activity (EVA)
provisions are explained.

Users who expect to fly their experiments on a
payload carrier (Spacelab, a propulsion stage, or a

free-flying satellite) should refer to the section for
that carrier. In those instances, the experiment will
be integrated with the payload carrier and will not
have a primary interface with the Space Shuttle
Orbiter.

Possible design and accommodations updates
will be made available to users as soon as is practi-
cal. See appendix A, Shuttle Orbiter/Cargo Standard
Interfaces (ICD-2-19001). Any resulting payload
modifications are the responsibility of the user.



Performance capability

Launch limits

Operational flights will be launched from KSC in -

Fiorida beginning in late 1982 (fig. 2-1). Orbital in-
clinations of 28.5° to 57° can be obtained for circular
and elliptic orbits.

Volume XIV of the Space Shuttle System Payload

Accommodations (JSC-07700) contains individual

figures concerning circular orbits for both delivery-
only missions and missions in which delivery and on-
orbit rendezvous are needed for retrieving or servic-
ing a payload; aititudes and weights for elliptic or-
bits; and orbital maneuvering systems. As many as
three orbital maneuvering system (OMS) kits can be
installed in the cargo bay for increased operational

. flexibility.
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High-inclination orbits from Vandenberg
Launch Site

Operational flights will also be launched from Van-
denberg Launch Site (VLS) at Vandenberg Air Force
Base (VAFB) in California beginning in 1984. Higher
orbital inclinations (56° to 104°) (fig. 2-2) than from
KSC can be obtained for circular and elliptic orbits.
For circular orbits, both delivery-only flights and
those in which delivery and on-orbit rendezvous are

needed can be accomplished. Elliptic orbits at a
maximum inclination of 104° provide delivery only.
Propellant loading with delta-V reserves are the
same as for circular delivery-only flights.

The Shuttle cargo weight capability decreases
rapidly as the inclinations become greater. Sun-syn-
chronous orbital inclinations, for example, will re-
quire one or more OMS kits, depending on the
desired orbital altitude and cargo weight.
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Figure 2-2.— Launch azimuth and inclination limits from VLS in California.



Free-drift Orbiter mode

Estimates of the on-orbit acceleration levels,
velocity increment makeup, and altitude decrease
resulting from atmospheric drag on the Orbiter in a
free-drift mode of operation are shown in figure 2-3.
The drawings on the right show which axis of the
spacecraft is perpendicular to the orbit plane (POP)
in the three attitude orientations. The ballistic num-
bers (BN’s) are based on a 200 000-pound (30 700-
kilogram) Orbiter having a drag coefficient of 2.0.

Typical experiment observation times for two
possible free-drift modes are shown in figure 2-4 for
a set of sample assumptions and cases at an orbital
altitude of 250 nautical miles (465 kilometers). The
results assume a sensor clear fieid of view of 80°
cone (45° half cone) and a sensor interference limit
of 14° above the Earth line.
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Figure 2-4.— Observation parameters for selected free-drift modes.




On-orbit pointing and stabilization

The Orbiter is capable of attaining and maintaining
any specified inertial, celestial, or local (vertical)
Earth reference attitude. For payload pointing by use
of the vernier thrusters, the Orbiter flight control
system provides a stability (deadband) of =+0.1
deg/axis and a stability rate (maximum limit cycie
rate) of +0.01 deg/sec/axis. When using the primary
thrusters, the Orbiter provides a stability of +0.1
deg/axis and a stability rate of +0.2 deg/sec/axis.

The Orbiter capability to point a vector defined in
its inertial measurement unit (IMU) navigation base
axes (using the Orbiter IMU for attitude information)

is summarized in figure 2-5. The duration of con-
tinuous pointing. within a specified accuracy is pri-
marily dependent on the IMU piatform drift. With aug-
mented pointing systems and procedures, however,
the pointing duration may be restricted by opera-
tional constraints such as thermal or communication
considerations. Typical Orbiter reaction control
system (RCS) maximum acceleration levels during
maneuvering and limit cycle pointing control are
shown in table 2-1. These figures are for single-axis
(one-degree-of-freedom) maneuvers, based on an
Orbiter with 32 000 pounds (14 515 kilograms) of
cargo. : ) .

Table 2-1.—Typical Orbiter RCS maximum acceleration levels

RCS system Translational acceleration, ft/sec? (m/sec?) Rotational acceleration, deg/sec?
Longitudinal Lateral Vertical
+X —X +=Y +Z =7 +Roll +Pitch —Pitch +Yaw
Primary thruster 0.6 0.5 0.7 13 1.1 1.2 1.4 1.5 08
; (.18) (.15) (21) (.40) (.34)
Vernier thruster 0] (0] .007 0 .008 04 .08 02 02 .
(.0021) (.0024)
REFERENCE HALF-CONE POINTING DURATION
ANGLE ACCURACY BETWEEN IMU
POINTING DEGRADATION ALINEMENTS,
ACCURACY RATE HR
{3 SIGMA]}, (3 SIGMA),
DEG? DEG/HR/AXIS
INERTIAL AND
LOCAL VERTICAL 0.5 0.105 1.0
AUGMENTED
INERTIAL +.44 4] NA
EARTH-SURFACE
FIXED TARGET +5 105 5

3BMECHANICAL AND THERMAL TOLERANCES MAY DEGRADE POINTING
ACCURACY AS MUCH As 2°.

Figure 2-5.— Total (haif-cone angle) pointing accuracy using the Orbiter IMU.
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Induced environments

Payload environments will vary for specific mis-
sions and will also depend on the spacecraft in-
volved (type of free-flying system or Spacelab con-
figuration, for example). Therefore, data in this sec-
tion are general in nature. The figures represent
recommended design qualification test levels.

Vibration caused by noise

The Orbiter is subjected to random vibration on its
exterior surfaces by acoustic noise (generated by
the engine exhaust) and by aerodynamic noise
(generated by airflow) during powered ascent
through the atmosphere. These fluctuating pressure

loads are the principal sources of structural vibra-
tion. Actual vibration input to payloads will depend
on the transmission characteristics of the mid-
fuselage payload support structure and interactions
with each payload’s weight, stifiness, and center of
gravity.

Vibration resulting from acoustic spectra is
generated in the cargo bay by the engine exhaust
and by aerodynamic noise during atmospheric flight.
These predicted maximums are illustrated in figure
2-6. The data presented are based on an empty
cargo bay and may be modified by the addition of
payloads, depending on their characteristics. Aero-
dynamic noise during entry is significantly less than
during ascent.
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Figure 2-6.— Analytical prediction of maximum Orbiter cargo bay acoustic spectra.



Thermal control

During ground operations, the thermal environ-
ment of the cargo bay is carefully controlled by purg-
ing. Air-conditioning and purge requirements are
defined by analysis for each launch.

During the ascent trajectory, the Orbiter construc-
tion and insulation limit the Orbiter-induced heat
loads on the payload.

In space, with the cargo bay doors open, heating
of payload components is based on the thermal, ther-
mophysical, and geometric characteristics of each
component. Additional factors influencing the inci-
dent thermal environment are launch date and hour,
vehicle orientation, and orbital altitude. For prelimi-
nary calculations, the optical properties of the cargo
bay liner, the Orbiter radiators, and the insulated for-
ward and aft bulkhead surfaces are.as follows; where
a is absorption and ¢ is emissivity.:

Cargo bay liner a/le <04
Radiator surface a/e = 0.10/0.76
Forward and aft bulkheads a/e < 0.4

The Orbiter is designed for attitude hold
capabilities. During the 3-hour thermal-conditioning
periods, the vehicle rolis at approximately 2 to 5
revolutions per hour (barbecue mode) about the X-
axis with the orientation of the X-axis perpendicular
to the Earth-Sun line within +20° or it can be
oriented at preferred thermal attitudes. On-orbit ther-
mal conditioning lasting as long as 12 hours (before
the deorbit maneuver) is allocated for missions on
which the thermal protection system temperatures
exceed the design limits associated with a single-
orbit mission.

Cargo temperatures for a typical flight, with
emphasis on the entry phase, are shown in figure 2-7.
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Figure 2-7.— Cargo bay thermal environment during the phases of a typical flight.



Payload limit load factors

The payload structure and substructure must be
designed with the appropriate margin of safety to
function during all expected loading conditions, both
in flight and during ground handling. The limit load
factors at the payload center of gravity are shown in
table 2-2. The recommended margin of safety to ap-
ply to these limit load factors is 1.4.

Cargo load factor/angular acceleration is defined
as the total externally applied force/moment on the
cargo or cargo component divided by the corre-
sponding total or component weight/moment of iner-
tia. It carries the sign of the externally applied
force/moment in accordance with the Orbiter coordi-
nate system.

The Orbiter vehicle is designed for safe crew
egress following emergency landing or water ditch-
ing. Hence, the mounting structures for equipment

and crew provisions in the Orbiter crew compartment
and for large equipment items, pressure vessels, and
payload attachments shall be designed to load fac-
tors equal to or greater than +20.0 to —3.3 along the
X-axis, =3.3 along the Y-axis, and +10.0 to —4.4
along the Z-axis.

Payload equipment inside the Orbiter crew com-
partment shall be designed to preclude hazards to
flight personnel after the application of emergency
landing loads. In addition, the attachment structures
(including fittings and fasteners) of the payloads
must be designed for emergency landing loads to
prevent failures that could result in injury to person-
nel or prevent egress from the emergency-landed
vehicle.

The emergency landing design accelerations are
considered ultimate; therefore, a 1.0 margin of safety
should be applied.

Table 2-2.—Limit load factors?@

Condition Load factor®
X-axis Y-axis Z-axis
Lift-off =0.2 +1.4 2.5
—3.2 =14 =25
Ascent =il +.40 .25
== 32 +.40 59
Entry 1.01 +.85 2.5
=15 +.85 -1.0
Landing 1.8 +1.5 4.2
=20 =15 =1.{0]

aFor 65 000 Ib (29 485 kg) up and 32 000 Ib (14 515 kg)
down.

bSix points on the cargo that are cantilevered or have
substantial internal flexibility may experience higher
loads than those reflected by this table.



Landing shock ;

Landing shock is another factor that must be con-
sidered in payload structure design. Rectangular
pulses of the following peak accelerations will be
experienced.

Acceleration, Duration, Applications
g-peak msec per 100 flights
0.23 170 22
.28 280 3T
35 330 32
43 360 20
.56 350 ' 9
72 320 4
1.50 260 1

125

Consideration should be given to analyzing the
landing shock environment in lieu of testing, because
the g-levels are relatively low in comparison to the
basic design shock. Testing must be performed only
on those items not covered in a static. structural

stress analysis. :

2-10

Contamination control

Contamination contro! systems as well as various
techniques to eliminate or minimize contamination
are provided by the Orbiter design and standard
flight plans. The sensitivity of most payloads to con-
tamination is recognized and each mission can be
tailored to meet specific requirements. Before lift-off
and after landing, the cargo bay is purged and condi-
tioned as specified in the description of thermal con-
trols. At launch and during early ascent, the cargo
bay vents are closed to prevent exhaust products
and debris from entering the bay. During final ascent
and through orbit insertion, the cargo bay is
depressurized and the payload is generally not sub-
jected to contaminants. On orbit there are three ma-
jor sources of contamination: RCS vernier firings,
dumping of potable water, and release of particulates
and outgassing.

During deorbit and descent, the cargo bay venis
are closed to minimize ingestion of contaminants
created by the Orbiter systems. During the final
phase of reentry, the vents must be opened to
repressurize the Orbiter. To help prevent contamina-
tion during this phase, the vents are located where
the possibility of ingestion is minimal.



Payload accommodations

The Orbiter systems are designed to support a
variety of payloads and payload functions (fig. 2-8).
The payload and mission stations on the flight deck
provide space for payload-provided command and
control equipment for payload operations required
by the user. Remote-control techniques can be man-
aged from the ground when desirable. When used,
the Spacelab provides additional command and data
management capability plus an additional pres-
surized work area for the payload specialists. The
following supporting subsystems are provided for
payloads.

Payload attachments

Remote manipulator handling system
Electrical power, fluids, and gas utilities
Wire harnesses

Control panels

Small self-contained payloads (SSCP’s)
Environmental control

Communications, data handling, and displays
Guidance and navigation

Flight kits

EVA capability when required

OMS/STORABLE PROPULSIVE
PAYLOAD OXIDIZER PANEL

CRYOGENIC PAYLOAD

FUEL PANELS /‘\ g

AFT BULKHEAD

CRYOGENIC PAYLOAD
OXIDIZER PANELS

LONGITUDINAL WIRE TRAYS
CARRYING SIGNAL AND
POWER INTERFACE CABLES
(PORT AND STARBOARD)

OMS/STORABLE PROPULSIVE
PAYLOAD FUEL PANEL

\ PAYLOAD
DUMP

PROVISIONS

PAYLOAD POWER PANEL

FORWARD BULKHEAD

REMOTE MANIPULATOR SYSTEM

PAYLOAD RETENTION a

PAYLOAD PRELAUNCH
SERVICE PANEL

AFT FLIGHT
DECK WINDOWS

AIR REVITALIZATION
UTILITIES

AIRLOCK HATCH

Figure 2-8.— Principal Orbiter interfaces with payloads.
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Payload accommodations are described in detail
in Space Shuttie System Payload Accommodations
(JSC-07700, Vol. XiIV, and ICD-2-19001).

The Orbiter systems can accommodate a number
of payloads on each flight, depending cn the size,
weight, and service requirements of each. In shared
flights, a standard allocation of services is offered to
each user. The basis of allocation is the load factor.
Power, wiring, control panels, uplink, downlink, soft-
ware, and other services are allocated in four equal
sections. One or more standard sections are
assigned each user as a function of his load factor, if
the load factor is one-eighth or greater. In Spacelab
flights, the majority of Orbiter services are routed to
the Spacelab and apportioned to experiments by the
Spacelab mission manager.

Small self-contained payload/getaway
special y

On each Space Shuttle flight, there will be one or
more primary payloads in the Shuttle’s payioad bay.
However, such payloads will not always occupy the
total space avaiiable or add up to the maximum
allowable weight. A program, the small self-con-
tained payload or “getaway special” (SSCP/GAS)
(fig. 2-9), has been established to fly small experi-
ments that will take advantage of the extra
space/weight opportunities as they arise. This con-
stitutes an unusual opportunity for individuails, com-
mercial firms, and educational institutions that would
like to conduct experiments in space at a moderate
cost.

Small seif-contained payloads shall be used only
to conduct experiments of a scientific research and
development nature. The payload must be a package
that has

+ Mounting lugs or surfaces to attach to the ex-
periment mounting plate NASA will furnish

e A form that will fit into the NASA-provided
cylindrical container

« A weight not to exceed 200 pounds (91
kilograms)

= A volume not more than 5 cubic feet {(0.14 cubic
meter)

The minimum volume will be 1.5 cubic feet (0.04
cubic meter) with a maximum weight of 60 pounds
{27 kilograms).
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Figure 2-9.— “Getaway special” small self-contained payloads container concept.
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Envelope available to payload

Payload accommodations are provided in two
general areas of the Orbiter: the cargo bay and the aft
flight deck in the cabin (figs. 2-10 to 2-13). The
dimensions and envelope of the bay are illustrated,
together with the structural and payload coordinate
systems. The Orbiter stations are included for
reference.

The cargo bay is enclosed by doors that open to
expose the entire length and fuil width of the cargo
bay. The usable envelope is limited by items of sup-
porting subsystems in the cargo bay that are charged
to the payload volume.

Figure 2-10
between the vehicle al

2-14

The payload clearance envelope in the Orbiter
cargo bay measures 15 by 60 feet (4.6 by 18.3
meters). This volume is the maximum allowable
payload dynamic envelope, including payload
deflections. In addition, a nominal 3-inch (7.6 cen-
timeter) clearance between the payload envelope
and the Orbiter structure is provided to prevent Or-
biter deflection interference between the Orbiter and
the payload envelope.

The payioad space on the aft flight deck is in-
tended primarily for control panels and storage.

CENTER LINE
OF CARGO BAY

e

— Orbiter coordinate system and cargo bay envelope. The dynamic clearance allowed
nd the payload at each end is also illustrated.
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Figure 2-13.— Area available for payload equipment or controls in the Orbiter aft flight deck.

25415



Cargo bay liner and shrouds

The cargo bay has been designed to minimize
contamination of critical surfaces. Use of nonmetallic
materials has been limited to those with low outgas-
sing characteristics. Those areas that cannot be
readily cleaned can be isolated from sensitive
payload surfaces by the instaliation of a cargo bay
liner. Payloads that require additional protection from
contamination can be covered by a shroud. It is con-
sidered part of the payload and is contained within
the payload envelope of the cargo bay.

Communications, tracking, and data
management

The voice, television, and data-handling
capabilities of the Orbiter support onboard control of
the payload or, when desirable, remote control from
the ground. The Orbiter communications and tracking
subsystem provides links between the Orbiter and

the payload. It also transfers payload telemetry,
uplink data commands, and voice signals to and from
the space networks. The provisions in the Orbiter for
communications, tracking, and data management are
fiexible enough to accommodate most payloads.

Links through the Orbiter are outlined in table 2-3.
Communications capabilities, including those that
bypass the Orbiter, are described in more detail in
part 4.

The data processing and software subsystem of
the Orbiter furnishes the onboard digital computation
necessary to support payload management and han-
dling. Functions in the computer are controlled by the
mission specialist or a payload specialist through
main memory loads from the tape memory. The sta-
tions in the Orbiter aft flight deck for payload man-
agement and handiing are equipped with data dis-
plays, cathode-ray tubes (CRT's), and keyboards for
onboard monitoring and control of payload opera-
tions.

Table 2-3.—Orbiter avionics services to payloads

Function Direct or through Hardline Radiofrequency link
Tracking and Data
Relay Satellite
Payload Ground Orbiter Attached Orbiter Detached
to ground to payload to attached payload to to detached payload to
via Orbiter via Orbiter payload Orbiter payload Orbiter
Scientific data X X X
Engineering data X X X X
Voice X X X X
Television X X X
Command X X X
Guidance,
navigation,
and control X X X X
Caution and o
warning X X
Master timing X
. Rendezvous X X




Deployment and retrieval

The deployment and retrieval of payloads will be
accomplished by use of the general-purpose remote
manipulator system (RMS). The RMS is operated in
both automatic and manual modes from the aft port
window location of the Orbiter crew compartment by
a payload specialist or a mission specialist using
dedicated RMS controls and closed-uircuit televi-
sion. The system has three major operational ele-
ments: controls and displays, the manipulator arm,
and the payload interface.

The RMS controls and displays provide the pri-
mary interface between the operator and the RMS.
The manipulator arm (fig. 2-14) is a 50-foot (15-
meter) long device attached at its shoulder to the
port longeron of the Orbiter cargo bay. Its shoulder,
elbow, and wrist joints are connected by carbon-
composite arm booms and provide six degrees of
freedom at the arm tip. Joint motion is provided by a
motor module driving a high-precision high-
reduction gear box. A second arm can be installed
and controlled separately for payloads that require
handling with two manipulators. Manipulators cannot
be operated simultaneously. However, the capability
exists to hold or lock one arm while operating the
other. The interface of the RMS to the payload is the
end effector mounted at the end of the RMS. Mounted
on the payload is a grapple fixture that mates with the
end effector.

Other functions of the RMS provided on orbit in-
clude the following.

1. Inspection—Free-flying payloads or payloads
in the cargo bay can be inspected using the cameras
on the RMS.

2. Mapping—The RMS, using automatic trajecto-
ries, can move payloads for sensing and mapping of
the Orbiter environment.

3. Construction—The RMS can support space
construction from the Orbiter.

4. Payload servicing—Using the end effectors, the
RMS may perform remote payload servicing includ-
ing module interchange.

5. Spacelab support—The RMS can manipulate
equipment on Spacelab pallets and can deploy and
retrieve Spacelab payloads.

6. EVA support—With a special-purpose end
effector, the RMS can translate EVA crewmen and
can carry equipment for activities such as servicing
and construction.

7. Solar power—The RMS may deploy and
maneuver solar-array systems to increase power and
mission life of the Orbiter.
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Figure 2-14.— Manipulator arm assembly.
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Structural interfaces

Numerous attachment points along the sides and
bottom of the cargo bay provide structural interfaces
in a multitude of combinations to accommodate
payloads. Thirteen primary attachment points along
the sides accept X- and Z-axis loads. Twelve posi-
tions along the keel take lateral loads. Vernier loca-
tions are provided on each bridge fitting.

The fittings are designed to be adjusted to
specific payload weight, volume, and center-of-grav-
ity distributions in the bay. The fittings to attach
payloads to the bridge fittings are standardized to
minimize payload changeout operations.

Electrical interfaces

Electrical power is provided to the payload from
three fuel cells that use cryogenically stored hy-
drogen and oxygen reactants. The electrical power
requirements of a payload during a flight will vary.
During the 10-minute launch-to-orbit and the 30-
minute deorbit-to-landing phases (when most of the
experiment hardware is on standby or turned off),
1000 watts average to 1500 watts peak are available
from the Orbiter. In orbit, as much as 7000 watts
average to 12 000 watts peak can be provided to the
cargo.

For the usual 7-day flight, a minimum of 50
kilowatt-hours (180 megajoules) of electrical energy
is available to payloads. If more energy is needed,
flight kits can be added as required by the flight plan.
Each kit contains enough consumables to provide
840 kilowatt-hours (3024 megajoules). These are
charged to the payload mass and volume.

Each of three fuel cell powerplants provides 2
kilowatts minimum and 7 kilowatts continuous, with a
12-kilowatt peak of 15 minutes duration every 3
hours. For additional details about electrical power,
refer to JSC-07700, Volume XIV.

Power extension package

The power extension package (PEP) (fig. 2-15) is
being designed to provide increased power and
duration capability for future Orbiter missions. The
PEP consists of a deployed solar array and the power
regulation, control, and interface equipment to allow
the augmentation of the cryogen-fed Orbiter fuel cell
power system.

The array deployment assembly (ADA) is
deployed from the Orbiter by the RMS. The solar-
array wings are then extended and oriented toward
the Sun. The power generated by the array is carried
by the RMS power cables into the cargo bay and pro-

Figure 2-15.— Shuttle power extension package.
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cessed and distributed by the power regulation con-
trol assembly (PRCA) to the Orbiter load buses. Use
of the PEP reduces fuel cell cryogen consumption
and thus increases mission duration capability. After
the mission is completed, the array is retracted and
the ADA is stored in the Orbiter for return to Earth.

Environmental control

Cooling services are provided to payloads by the
Orbiter. Prelaunch and postianding thermal control is
provided by ground support systems. in orbit, the pri-
mary Orbiter heat rejection is accomplished by
radiators on the cargo bay doors. A water flash
evaporator is used to supplement the radiator cool-
ing. During ascent and descent, when the cargo bay
doors are closed and the radiators are ineffective,
cooling is provided by the water boilers. The payload
heat exchanger is designed so either water or Freon
21 can be selected as a cooling fluid, according to
.the needs of the payload. The payload side of the
heat exchanger has two coolant passages; either or
both can be used. Coolant is provided to the payload
at 40° to 45° F (278 to 280 K). Fluid circulation
through the payload side of the heat exshanger must
be supplied as part of the payload.

Air-cooling capability exists for payload equip-
ment mounted in the aft flight deck.

Optional flight kits
' Flight kits that provide special or extended ser-

vices for ‘payloads can be added when required.

They are designed to be qu:ckly installed and easily
removed. The major flight kits are as follows.

e Oxygen and hydrogen for fuel cell usage to
generate electrical energy

« Life support for extended missions

» Added propeuant tanks for special on-orbnt
maneuvers

* Airlocks and transfer tunnels
s Additional radiator panels for mcreased heat re-
;ection ;

o Additional storage tanks

These ﬂight kits are consmered part of the -

payload and, as such, are charged to the payload
weight and volume allocation. The most significant
payload weight increase results from the additional

energy kits. The exira tanks may result in a signifi-

cant volume penalty as well.

Extravehicular activity

The capability for EVA is available on every Space
Shuttle flight. Payload EVA falls into three catego-
ries: EVA planned before launch in order to complete
a mission objective; EVA unscheduled but decided
on during a flight in order to achieve payload opera-
tion success or to advance overall mission ac-
complishments; or EVA invoiving contingency
measures necessary to move payioad items out of
the way of the cargo bay doors.

The equipment and consumables required for
unscheduled and contingency EVA’s are included on
every Orbiter flight. Planned payload EVA is a user
option.

Planned EVA can provide sensible, reliable, and
cost-effective servicing operations for payloads. It
gives the user the options of orbital equipment main-
tenance, repair, or replacement without the need to
return the payload to Earth or, in the worst case, to
abandon it in space. Therefore, the EVA capability

‘can help maximize scientific retumn.

All EVA operations will be developed using the
capabilities, requirements, definitions, and specifica-
tions set forth in Shuttle EVA Description and Design
Criteria {(J8C-10615).

Standard tools, tethers, restraints, and portable
work stations for EVA are part of the Orbiter baseline
support equipment inventory. The user is en-
couraged to make use of standard EVA support hard-
ware whenever possible to minimize crew training,

_ operational requirements, and cost. Any payioad-
_ unique tools or equipment must be furnished by the

user.
. Crewmembers using extravehicular mobility units

(space suits and life support systems) can perform

‘the fol!bwing typical tasks (fig. 2-16).

. . Inspecnon. photography, and possible manual
override -of vehicle and payioad systems, mecha-

_nisms, and components -

o Installation, removal or transfer of film
cassettes, material samples, protective covers, in-
strumentation, and launch or entry tiedowns

» Operation of equipment, including tools,

- ¢ameras, and cleaning devices

» Cleaning of optical surfaces

‘e Connection, disconnection, and storage of fluid

" and electrical umbilicals




* Repair, replacement, calibration, and inspection
of modular equipment and instrumentation of the
spacecraft or payloads

* Deployment, retraction, and repositioning of an-
tennas, booms, and solar panels

° Attachment and release of crew and equipment
restraints

* Performance of experiments

e Cargo transfer

These EVA applications make it possible to
demechanize operational tasks and thereby reduce
design complexity (automation), simplify testing and
quality assurance programs, lower manufacturing
costs, and improve the probability of success. Given
adequate restraints, adequate working volume, and
compatible man/machine interfaces, EVA crewmem-
bers can accomplish almost any task designed for
manned operation on the ground.

Additional EVA capability is provided by the
manned maneuvering unit, a propulsive backpack
device (using a low-thrust, dry, cold gaseous
nitrogen propellant) that enables a crewmember to
reach areas beyond the cargo bay. The unit has a
six-degree-of-freedom control authority, automatic
attitude-hold capability, and electrical outlets for
such ancillary equipment as power tools, a portable
light, cameras, and instrument monitoring devices.
Because the unit need not be secured to the Orbiter,
the crewmember can use it to “fly”’ unencumbered to
berthed or free-flying spacecraft work areas, to
transport cargo of moderate size such as might be
required for spacecraft servicing on orbit, and to
retrieve small, free-flying payioads that may be sen-
sitive to Orbiter thruster perturbation and contamina-
tion (the unit's own propellant causes minimal
disturbances with no adverse contamination).

The manned maneuvering unit is normally carried
only on those missions having requirements for it.

Figure 2-16.— Crewmembers performing extravehicular activity in support of a payload.
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The following general constraints should be con-
sidered in early planning if a payload is expected to
require EVA. These limitations are general in nature
and, in certain circumstances, variations may be
possible.

* EVA operations are normally performed by two
EVA-trained crewmembers; however, one-man EVA
is also possible. :

* Planned EVA periods should not exceed one 6-
hour duration per day (excluding the time required for
preparation and post-EVA activities); this does not
preclude muitiple shorter EVA's.

* EVA may be conducted during both light and
dark periods.

» EVA wiill not be constrained to ground com-
munications periods.

¢ An EVA egress path into the cargo bay, 4 feet
(1.2 meters) minimum length, must be available adja-
cent to the airlock outside hatch; payloads that in-

fringe into this area must be capable of being jet-

tisoned to allow for contingency EVA operations.

* The size of the airlock, tunnel adapter.’.énd as- -

sociated hatches limits the external dimensions of
packages that can be transferred to or from payloads

to 18 by 18 by50mches {45.7 by 45.7 by 127cen-.'

timeters).

s Payloads requiring EVA operations must have
access corridors and work areas large enough to

allow the EVA crewmember to perform the required

tasks safely and with adequate mobility. A translation
path requiring the EVA crewmember to use mobility
aids must be at least 43 inches (109 centimeters) in
diameter; additional volume is required when abrupt
changes in the direction of travel are required. Tasks
requiring extensive body and arm manipulation re-

quire a working envelope 48 lnches (122 cen-

timeters) in diameter.

 EVA support equipment, loose payload compo-
nehts, and umbilicals must be firmly secu(ed or
tethered at all times during EVA operations to pre-
vent loss, damage, or entanglement.

» Payload components susceptible to inadvertent .
physical damage or contamination by an EVA
crewmember should be protected or located away -

from EVA work stations and translation paths.
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- Empty weight
- ‘Maximum zero fuel weight 152 000 Ib (68 950 kg)

" Total fuel capacity

- Block hour speed

* EVA is an acceptable mode of operation in low-
Earth-orbit radiation zones if flight planning con-
straints inhibit planning around them.

Payload carrier aircraft

Although it is not considered an STS element, the
Super Guppy aircraft (fig. 2-17) is primarily intended
for the transport of STS payloads that either are too
large for shipment by conventional means or require
special handling. Examples are outsized cargo such
as large Space Shuttle test articles, components of
Space Shuttle systems, flightcrew training modules,
and Space Shuttle payloads and equipment that re-
quire a very large aircraft for transport.

The Super Guppy is powered by four turboprop
engines and can accommodate a maximum payload
of 40000 pounds (18000 kilograms), including
cargo pallets and adapters. The specifications/
performance of the Super Guppy are as foliows:

175 000 Ib (79 400 kg)
162000 Ib (73 500 kg)
110091 Ib (49 936 kg)

Maximum takeoff weight
Maximum landing weight

111 221 Ib (50 449 kg)

6580 Ib (2985 kg)

285 mph (459 km/h)

243 mph (391 km/h)
560 mi (900 km) with
40 000-lb (18 000-kg)

cargo and 45-minute fuel

Empty operating weight
Cruise speed

Range

reserve

. Figure 2-17.— Super Guppy.



SAFETY AND INTERFACE VERIFICATION

All payloads using the Space Transportation
System will be subject to a uniform set of basic
safety and interface verification requirements. The
verification system is designed so that the user will
not need to duplicate or repeat verifications already
made.

Payload safety requirements

The NASA STS safety requirements are defined in
Safety Policy and Requirements for Payloads Using
the Space Transportation System (NHB 1700.7A).
These requirements are applicable to all payloads.
The Payload Safety Guidelines Handbook
(JSC-11123) has been developed to assist the user
in selecting design options to eliminate hazards.

The intent of the safety policy is to minimize active
involvement of the STS, both at the design level and
during actual flight, without compromising safety.
The method of implementing payload safety is
defined in Implementation Procedures for STS
Payloads Safety Requirements (JSC-13830).

The STS safety policy requires that the basic
payload design ensure the elimination or control of
any hazard to the Orbiter, crew, or other payloads.

The payload supplier is responsible for ensuring
the safety of any hardware proposed for use in the
STS. -

Safe payload operation with a minimum depend-
ence on the Orbiter and its crew is an STS goal. The
payload supplier must identify all potentially hazard-
ous operating sequences. Hazardous situations that
require a rapid response should, if possible, be cor-
rected by automatic systems that are part of the
payload.

The STS provides a limited capability for display
and subsequent command of payload parameters.
Therefore, use of this capability should be limited to
safety conditions that cannot or logically should not
be handled by design or operational provisions. The
status of safing systems and the indication of
anomalous conditions occurring within a payload
that do not meet these criteria should be handled in
the same manner as general payload telemetry and
command and control; i.e.,, by ground control or
through the Orbiter payload station.

The basic safety approach applied to attached
payloads should also be used for those that are to be
deployed and retrieved. Payloads to be retrieved

must provide verification of safe status while still at a
safe distance.

The payload design must preclude propagation of
failures from the payload to the outside environment.
In addition, safety-critical redundant subsystems
must be arranged to minimize the possibility of the
failure of one affecting the other.

Previous manned space flight standards for flam-
mability, offgassing, and odor of materials have been
reduced somewhat for payloads carried outside the
Orbiter cabin (either in other pressurized areas or in
the open cargo bay). The Orbiter cabin provides
smoke detection, fire suppression, and atmospheric
scrubbing, which mitigate the hazards from flam-
mability and offgassing.

The major goal is to design the payload for
minimum hazard by including damage control, con-
tainment, and isolation of potential hazards. Hazards
that cannot be eliminated by design must be reduced
as much as possible and made controllable through
the use of safety devices as part of the system, sub-
system, or equipment.

Payload interface
verification requirements

Testing and interface verification of flight hard-
ware and flight software is greatly simplified by the
reuse of proven systems (Spacelab, Long Duration
Exposure Facility, or Multimission Modular
Spacecraft) or by the flight of identical expendable
items (inertial upper stage and payload assist
module). The users will not need to repeat the
verification process that the standard flight systems
must undergo as part of their development. This will
significantly reduce the time and cost of interface
verification for the user.

The payload accommodation interfaces for the
Space Shuttle system have been defined in Space
Shuttle System Payload Accommodations (JSC-
07700, Vol. XIV). Interface verification requirements
are defined in Payload Interface Verification Require-
ments (JSC-14046). The latter document requires
that each interface with the STS have a method and
location of the interface verification identified before
the payload is installed in the Orbiter.

Users of the standard payload carriers will assess
their payloads to determine whether new or unique
configurations require verification before flight. This
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assessment and necessary verification will be ac-
complished in conjunction with the STS operations
organization.

Few or no additionali verification requirements are
anticipated for payloads that are reflown; however,
some assessment of the payload should be made to
ensure that configuration changes to the payload or
cargo do not create a new interface that would re-
quire preflight verification.

The term “payload” describes any item provided
by the user having a direct physical or functional in-
terface with the Space Shuttle system.

A payload interface verification summary shall be
submitted to JSC for review and concurrence of the
verification methods for safety-critical interfaces.
When necessary, the verification methods for the
safety-critical interfaces will be negotiated with the
responsible payload organization to achieve an ac-
ceptable verification that will ensure a safe system.

These safety-critical interface verification methods
shall be subject to appropriate management control
with the Space Transportation Sysiem.

- Equipment suitable for interface verification test-
ing is available at the launch site. The cargo integra-
tion test equipment (CITE) at KSC is capable of
simuitaneous payload interface testing for mixed
cargoes and cargo-to-Orbiter testing.

At the completion of the interface verification
process but before the payload is installed in the Or-
biter, a certificate of compliance confirming interface
compatibility shall be prepared by the using payload
organization and submitted to the Shuttle system
organization. The certificate of compliance docu-
mentation shall include all interface verification re-
quirement waivers, noncompliances, and deferrals;
this documentation will become a permanent part of
the payload data packags.



SPACELAB

Spacelab is a versatile, general-purpose orbiting
laboratory for manned and automated activities in
near-Earth orbit. The primary program objective is to
provide the scientific community with easy, econom-
ical access to space. Involvement of ground-based
scientific personnel in direct planning and flight sup-
port is an integral part of this program.

The Spacelab, built in Europe with European funds
to joint U.S. and European requirements, is carried by
the Space Shuttle and remains attached to the Or-
biter during all phases of the mission. The overall
physical characteristics of most importance to users
of the Spacelab are summarized here.! All accom-
modations are described in more detail in the
Spacelab Payload Accommodation Handbook (ESA
SLP/2104).

'Spacelab has, in general, been fabricated and currently
is in the checkout and test stage of the program prior to
delivery to NASA. As a result, the system characteristics de-
scribed in this section may change somewhat as testing
progresses.

The Spacelab consists of module and pallet sec-
tions used in various configurations to suit the needs
of a particular mission (figs. 2-18 and 2-19). The
pressurized module, accessible from the Orbiter
cabin through a transfer tunnel, provides a shirt-
sleeve working environment. The module consists of
one or two cylindrical segments, each 13.3 feet (4.1
meters) in diameter and 8.6 feet (2.6 meters) long,
and two end cones. The forward end cone is trun-
cated at the diameter required to interface with the
crew transfer tunnel. Spacelab subsystem equipment
and experiment equipment are located in the core
segment, leaving about 60 percent of the volume
available for experiments; all the experiment seg-
ment is available for experiments.

Pallets accommodate experiment equipment for
direct exposure to space. Each standard pallet seg-
ment is 9.8 feet (3 meters) long. Two or three seg-
ments can be connected to form a single pallet train,
supported by one set of retention fittings. If no
module is used, a cylindrical “igloo,” mounted on the
end of the forward pallet, provides a controlled, pres-
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Figure 2-18.— Overall configuration of the Spacelab module showing both the core and experiment segments.



surized environment for Spacelab subsystems nor-
mally carried in the core segment. The Spacelab
module and the igloo both contain experiment
capabilities that include computers, input/output

(1/0) units, and remote acquisition units (RAU’S). ~ -

In addition to the basic hardware inventory, the
Spacelab program provides a selection of mission-
dependent equipment that can be flown according to

the requirements of a particular mission.

When the module is used, primary control of
scientific equipment will be from the module itself. A
Payload Operations Control Center (POCC) on the
ground will function in a support and advisory
capacity to onboard activity. Iin a pallet-only con-
figuration, equipment is operated remotely from the
Orbiter aft flight deck and/or from the POCC.

FORWARD =~

-
S /

ORBITER ATTACHMENT FITTING
OUTER SKIN SANDWICH PANEL

Figure 2-19.— SMD paliet segment and igloo.

2—26




Basic configurations

Eight basic flight configurations (fig. 2-20) have
been designed to meet most user needs. The
Spacelab hardware, however, allows other flight
configurations by combining appropriate hardware
elements. These flight configurations must be within
the center-of-gravity (c.g.) and operational enve-
lopes.

1. Long module. The long module consists of
core and experiment segments. This configuration,
without a pallet, provides the largest pressurized
volume for Spacelab payloads with 784 cubic feet
(22 cubic meters) available for payload equipment.

2. Long module/one pallet. In this configuration,
184.1 square feet (17.1 square meters) of surface
mounting area is available on the pallet. The pallet
length is 9.8 feet (3 meters). (In exceptional in-
stances, payloads can overhang at both ends of a
pallet.) The inside dimensions of the module are
given in the description of the long module.

3. Long module/two pallets. This configuration
increases the space-exposed mounting area by con-
necting two pallets in a train. The two pallets provide
368.1 square feet (34.2 square meters) of mounting
area and a pallet length of 19.3 feet (5.9 meters).

4. Short module/two pallets. This pallet con-
figuration is the same as the one described pre-
viously except that a short module has replaced the
long one. This configuration also provides a pallet
length of 19.3 feet (5.9 meters).

5. Short module/three pallets. This configuration
offers the largest pallet area if both a module and a
pallet are required for a single mission. The usable
pallet length is 29.1 feet (8.9 meters) with a mounting
surface of 552.2 square feet (51.3 square meters).
The volume available to payload equipment inside
the short module is 268.4 cubic feet (7.6 cubic
meters).

6. Pallets only, independently suspended. This
configuration consists of three independently sus-
pended pallet segments spread along the length of
the cargo bay. The total pallet length is 28.3 feet (8.6
meters). The total surface mounting area is 552.2
square feet (51.3 square meters).

european space agency
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Figure 2-20.— Basic Spacelab flight configurations.
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7. Two paliets plus two pallets. This configura-
tion, consisting of two independently suspended
pallet trains, is well suited for a number of astronomy
missions. It provides a maximum mounting area for
payloads of 736.2 square feet (68.4 square meters).
The length available to payloads is 38.5 feet (11.7
meters). :

8. Five pallets. This configuration provides the
longest possible experiment platform for Spacelab
payloads requiring exposure to the space environ-
ment. The surface mounting area is 920.3 square feet
(85.5 square meters) and the usable length is 48.8
feet (14.9 meters). The configuration consists of in-
dependently suspended pallet trains separated by a
dynamic clearance gap.

Payload mass :

A wide range of payload mass capabilities exists.
The maximum space available depends on configura-
tions, mission-dependent Spacelab equipment, and
other factors. The actual mass available to payloads
for any given configuration of Spacelab and Orbiter
hardware will be limited by the launch/landing mis-
sion capabilities of the Shuttle and the specific load-
carrying capabilities of Spacelab.

The mass available to Spacelab and its payioads
is limited by the maximum Orbiter landing mass
(although for a wide range of orbits, the Orbiter load-
carrying capability is considerably greater at launch
than at landing).

Each of the possible configurations will have a
different total mass. The control masses listed in ta-
ble 2-4 represent the maximum mission-dependent
equipment that can be flown in each configuration.
The total mass available for both payloads and mis-
sion-dependent equipment is listed for each con-
figuration. However, the actual mass capability is
further limited by structural limitations of various
components. Additional localized constraints exist,
such as the mass-supporting capabilities of racks
and hardpoinis.

Center of gravity

The Orbiter imposes center-of-gravity constraints
on the Spacelab. To establish the overall center of
gravity of a combined Spacelab and its payload, the
masses and centers of gravity for individual hardware
and consumable items must be combined according
to the requirements of a particular mission.



Table 2-4.—Mass allocation to Spacelab and payloads

Configuration

Total mission-independent
Spacelab mass, Ib (kg)

Mass of 100 percent
Spacelab
mission-dependent
equipment, b (kg)

Mass available to payload
and mission-dependent
equipment, |b (kg)

14 921 (6768)

17 434 (7908)

18 602 (8438)

16 486 (7478)

17 654 (8008)

10 029 (4549)

10 657 (4834)

11 980 (5434)

3120 (1415)

3549 (1610)

3660 (1660)

2238 (1015)

2348 (1065)

1268 (575)

1345 (610)

1455 (660)

13702 (6215)

13 660 (6196)

12 258 (5560)

14 363 (65195)

13 261 (6015)

20 668 (9375)

20084 (9110)

18 320 (8310)




Module segments

Medules for all flight configurations contain a
basic internal arrangement of subsystem equipment;
the main difference is the volume available for-ex-
periment equipment installation. Although subsystem
equipment is located in the core segment, about 60
percent of the volume is available for experiments.

The following list is representative of the basic
Spacelab experiment equipment.

* Experiment racks

e Experiment computer

¢ Scientific airlock

* Cold plates

* RAU’s

¢ Data display unit
¢ High-rate data recorder

¢ High-rate multiplexer

All equipment is described in more detail in the
Spacelab Payload Accommodation Handbook.

The module interior is sized and shaped to allow
optimum task performance by crewmembers in a
weightless environment (fig. 2-21). The module can
accommodate as many as three payload specialists.
For shift overiap, as many as four can be accommo-
dated for 1 hour. The cabin air temperature is main-
tained between 64° and 81° F (291 and 300 K).

Foot restraints, handhoids, and mobility aids are
provided throughout the Spacelab so that crewmem-
bers can perform all tasks safely, efficiently, and in
the most favorable body position. The basic foot
restraint system is identical in the Orbiter and the
Spacelab.

A workbench in the core segment (fig. 2-22) is in-
tended to support general work activities rather than
those associated with a unique experiment. One
electrical outlet (28 V dc, 100 watts) is available to
support experiment equipment.

The transfer tunnel connecting the Spacelab
module and the Orbiter enables crew and equipment
transfer in a shirt-sieeve environment. The tunnel has

OVERHEAD UTILITY
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VERTICAL

Figure 2-21.— Primary crew working area (looking forward) and examples of the many possible working positions.
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a minimum of about 3.3 feet (1 meter) clear diameter,
sufficient for a box with dimensions of 1.84 by 1.84
by 4.17 feet (0.56 by 0.56 by 1.27 meters) and a
crewmember (including one equipped for EVA). The
tunnel can also be used for ground access to the
Spacelab while it is still horizontal.

For EVA, Spacelab provisions allow a crewmem-
ber in a pressure suit to move through the EVA hatch

(the Orbiter personnel airlock in the Spacelab tunnel
adapter or the docking module, depending on the
mission configuration), up the end cone of the
module, over the module, down the aft cone, and
along the pallet. The size of the airlock and associ-
ated hatches limits the external dimensions of a
package that can be transferred to payloads.

WORKBENCH
RACK

CONTROL
CENTER RACK

RACKS

Figure 2-22.— Spacelab core segment cutaway view (starboard).



Common payload support
equipment

The common payload support equipment (mis-
sion-dependent items) includes a top airlock and an
optical window/viewport assembly. Each can be
flown as needed. A flanged cutout of 51.18 inches
(130 centimeters) internal diameter is left in the top
of each cylindrical segment of the module for in-
stallation of the airlock or optical window/viewport.
Both openings are sealed with coverplates if not
needed.

Airlock for experiments

The scientific airlock enables experiments to be
exposed to a space environment. Experiments are
mounted on a sliding platform parallei to the airlock
axis. This platform can be extended into space,
where it is protected by a removable thermal shield.
Experiments can be observed through an inner hatch
window 5.9 inches (15 centimeters) in diameter that
provides a 120° viewing angle. The platform can also
be pulled back into the Spacelab module for experi-
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ment mounting and checking (both on orbit and on the
ground). The inner hatch can be completely
detached for payload installation and access. All
controls are manual.

Experiment data handling and control can be per-
formed either by the command and data management
subsystem (by use of an experiment remote acquisi-
tion unit mounted on the airlock platform) or by hard-
wired lines through the airlock shell to the payload
equipment in the module.

Optical window and viewport

The optical window consists of a single rectangu-
lar pane of BK-7 glass measuring 16.14 by 21.65 in-
ches (41 by 55 centimeters} and having a thickness
of 1.61 inches (4.1 centimeters). It is enclosed in a
molded seal and supported by a flexible spring
system in an aluminum frame. An automatic heating
system controls window temperatures to minimize
thermal gradients across the glass and to prevent
condensation. This power use is charged to payload
and mission-dependent equipment.



Pallet structure

The standard U-shaped pallet segments (fig.

2-23)

are of aeronautic-type construction covered

with aluminum panels. These panels can be used for

mounting lightweight payload equipment. A series of

hardp

oints attached to the main structure of a pallet

segment allows mounting of heavy payload items.
The pallet provides the following basic services:

Subsystem and experiment electric power
buses

Experiment power distribution boxes
Subsystem and experiment data buses

Subsystem RAU’s and as many as four RAU’s for
experiments

Thermal insulation blankets

Cold plates and thermal capacitors

Plumbing (standard)

Figure 2-23.— Representative experiment mounted on a

pallet.

In a pallet-only configuration, the Spacelab sub-

system equipment located in the module is installed
in an igloo. The following list is representative of the
igloo subsystem equipment.

Three computers

Two input/output units

A mass memory

Two subsystem RAU’s

An emergency power box

An experiment and a subsystem inverter (each
400 hertz)

A power control box

A subsystem power distribution box
A remote amplifier and advisory box
A multiplexer

A subsystem interconnecting station

On the ground, access to the igloo interior is made

through a removable bulkhead.




7. Two paliets plus two pallets. This configura-
tion, consisting of two independently suspended
pallet trains, is well suited for a number of astronomy
missions. It provides a maximum mounting area for
payloads of 736.2 square feet (68.4 square meters).
The length available to payloads is 38.5 feet (11.7
meters).

8. Five pallets. This configuration provides the
longest possible experiment platform for Spacelab
payloads requiring exposure to the space environ-
ment. The surface mounting area is 920.3 square feet
(85.5 square meters) and the usable length is 48.8
feet (14.9 meters). The configuration consists of in-
dependently suspended pallet trains separated by a
-dynamic clearance gap.

Payload mass

A wide range of payload mass capabilities exists.
The maximum space available depends on configura-
tions, mission-dependent Spacelab equipment, and
other factors. The actual mass available to payloads
for any given configuration of Spacelab and Orbiter
hardware will be limited by the launch/landing mis-
sion capabilities of the Shuttle and the specific load-
carrying capabilities of Spacelab.

The mass available to Spacelab and its payloads
is limited by the maximum Orbiter landing mass
(although for a wide range of orbits, the Orbiter load-
carrying capability is considerably greater at launch
than at landing).

Each of the possible configurations will have a
different total mass. The control masses listed in ta-
ble 2-4 represent the maximum mission-dependent
equipment that can be flown in each configuration.
The total mass available for both payloads and mis-
sion-dependent equipment is listed for each con-
figuration. However, the actual mass capability is
further limited by structural limitations of various
components. Additional localized constraints exist,
such as the mass-supporting capabilities of racks
and hardpoints.

Center of gravity v

The Orbiter imposes center-of-gravity constrainis
on the Spacelab. To establish the overall center of
gravity of a combined Spacelab and its payload, the
masses and centers of gravity for individual hardware
and consumable items must be combined according
to the requirements of a particular mission.



Table 2-4.—Mass allocation to Spacelab and payloads

Configuration

Total mission-independent
Spacelab mass, Ib (kg)

Mass of 100 percent
Spacelab
mission-dependent
equipment, Ib (kg)

Mass available to payload
and mission-dependent
equipment, |b (kg)

14 921 (6768)

17 434 (7908)

18 602 (8438)

16 486 (7478)

17 654 (8008)

10029 (4549)

10 657 (4834)

11 980 (5434)

3120 (1415)

3549 (1610)

3660 (1660)

2238 (1015)

2348 (1065)

1268 (5795)

1345 (610)

1455 (660)

13702 (6215)

13 660 (6196)

12 258 (5560)

14 363 (6515)

13 261 (6015)

20 668 (9375)

20084 (9110)

18 320 (8310)




Module segments

Modules for all flight configurations contain a
basic internal arrangement of subsystem equipment;
the main difference is the volume available for-ex-
periment equipment installation. Although subsystem
equipment is located in the core segment, about 60
percent of the volume is available for experiments.

The following list is representative of the basic
Spacelab experiment equipment.

* Experiment racks

* Experiment computer

* Scientific airlock

* Cold plates

* RAU's

* Data display unit

* High-rate data recorder

¢ High-rate multiplexer

All equipment is described in more detail in the
Spacelab Payload Accommodation Handbook.

The moduie interior is sized and shaped o allow
optimum task performance by crewmembers in a
weightless environment (fig. 2-21). The module can
accommodate as many as three payload specialists.
For shift overlap, as many as four can be accommo-
dated for 1 hour. The cabin air temperature is main-
tained between 64° and 81° F (291 and 300 K).

Foot restraints, handholds, and mobility aids are
provided throughout the Spacelab so that crewmem-
bers can perform all tasks safely, efficiently, and in
the most favorable body position. The basic foot
restraint system is identical in the Orbiter and the
Spacelab.

A workbench in the core segment (fig. 2-22) is in-
tended to support general work activities rather than
those associated with a unique experiment. One
electrical outlet (28 V dc, 100 watts) is available to
support experiment equipment.

The transfer tunnel connecting the Spacelab
module and the Orbiter enables crew and equipment
transfer in a shirt-sleeve environment. The tunnel has
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Figure 2-21.— Primary crew working area (looking forward) and examples of the many possible working positions.
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a minimum of about 3.3 feet (1 meter) clear diameter,
sufficient for a box with dimensions of 1.84 by 1.84
by 4.17 feet (0.56 by 0.56 by 1.27 meters) and a
crewmember (including one equipped for EVA). The
tunnel can also be used for ground access to the
Spacelab while it is still horizontal.

For EVA, Spacelab provisions allow a crewmem-
ber in a pressure suit to move through the EVA hatch

(the Orbiter personnel airlock in the Spacelab tunnel
adapter or the docking module, depending on the
mission configuration), up the end cone of the
module, over the module, down the aft cone, and
along the pallet. The size of the airlock and associ-
ated hatches limits the external dimensions of a
package that can be transferred to payloads.

WORKBENCH
RACK

CONTROL
CENTER RACK

RACKS

Figure 2-22.— Spacelab core segment cutaway view (starboard).



Common payload support
equipment

The common payload support equipment (mis-
sion-dependent items) includes a top airlock and an
optical window/viewport assembly. Each can be
fiown as needed. A flanged cutout of 51.18 inches
(130 centimeters) internal diameter is left in the top
of each cylindrical segment of the module for in-
stallation of the airlock or optical window/viewport.
Both openings are sealed with coverplates if not
needed.

Airlock for experiments

The scientific airlock enables experiments to be
exposed to a space environment. Experiments are
mounted on a sliding platform parallei to the airlock
axis. This platform can be extended into space,
where it is protected by a removable thermal shield.
Experiments can be observed through an inner hatch
window 5.2 inches (15 centimeters) in diameter that
provides a 120° viewing angle. The plaiform can also
be pulled back into the Spacelab module for experi-
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ment mounting and checking (both on orbit and on the
ground). The inner haich can be completely
detached for payload installation and access. All
controls are manual.

Experiment data handling and control can be per-
formed either by the command and data management
subsystem (by use of an experiment remote acquisi-
tion unit mounted on the airlock platform) or by hard-
wired lines through the airlock shell to the payload
equipment in the module.

Optical window and viewport

The optical window consists of a single rectangu-
lar pane of BK-7 glass measuring 16.14 by 21.65 in-
ches (41 by 55 centimeters) and having a thickness
of 1.61 inches (4.1 centimeters). It is enclosed in a
molded seal and supported by a flexible spring
system in an aluminum frame. An automatic heating
system controls window temperatures to minimize
thermal gradients across the glass and to prevent
condensation. This power use is charged to payload
and mission-dependent equipment.



Pallet structure

The standard U-shaped pallet segments (fig.
2-23) are of aeronautic-type construction covered
with aluminum panels. These panels can be used for
mounting lightweight payload equipment. A series of
hardpoints attached to the main structure of a pallet
segment allows mounting of heavy payload items.

The pallet provides the following basic services:

e Subsystem and experiment electric power
buses

* Experiment power distribution boxes
° Subsystem and experiment data buses

° Subsystem RAU’s and as many as four RAU'’s for
experiments

* Thermal insulation blankets

e Cold plates and thermal capacitors

* Plumbing (standard)

Figure 2-23.— Representative experiment mounted on a
pallet.

In a pallet-only configuration, the Spacelab sub-
system equipment located in the module is installed
in an igloo. The following list is representative of the
igloo subsystem equipment. '

° Three computers

° Two input/output units

° A mass memory

°* Two subsystem RAU’s

°* Anemergency power box

e Anexperiment and a subsystem inverter (each
400 hertz)

* A power control box

* A subsystem power distribution box
* Aremote amplifier and advisory box
° A multiplexer

* A subsystem interconnecting station

On the ground, access to the igloo interior is made
through a removable bulkhead.



Instrument pointing system

An instrument pointing system (IPS) is available
and can provide precision pointing for payloads that
require greater pointing accuracy and stability -than
is provided by the Orbiter. The IPS can accommodate
a wide range of payload instruments of different sizes
and weights from 440 to 4410 pounds (200 to 2000
kilograms).

Payload resources summary

Tables 2-5 to 2-7 summarize the principal
resources available to payloads using the Spaceiab.
All accommodations are described in more detail in
the Spacelab Payload Accommodation Handbook. -

Calculating power available to a payload is more
complex than estimating mass or volume because it
depends on several other factors. Power for experi-
ment use depends on the power consumption of the

‘Table 2-5.—Electrical power and energy resources for payloads

Configuration Maximum continuous power Additional Total energy
available to peak power available
payload, available to to payload,
kW payload, kWh (MJ)
kW
Max. | Min. | Essential 15 min/3h 3h/3h Max. Min.
) power (equalized)
. portion
M" 34 2.1 0.06 43 0.36 289 (1040) 86 (310)
M@[ 30 17 06 43 36 226 (814) 24 (86)
‘M 30 17 08 43 38 226 (814) 24 (86)
ng 30 241 08 43 36 226 (814) 86 (310)
m 3.0 21 .06 43 .36 226 (814) 86 (310)
L@ | as 4.4 aog 43 38 507 (1825) 414 (1490)
; L@[ 48 | 44 a2g 43 36 507 (1825) | 414 (1480)
L@ 48 4.4 a2g 43 .36 507 (1825) 414 {(1490)

2 _imited by 10-ampere fuse.
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basic Spacelab subsystems and is also a function of
the use of mission-dependent equipment. A maximum
amount of power is available to the experiments if no
discretionary subsystem or mission-dependent
equipment is used, and a minimum amount of power is
available if all the discretionary subsystem mission-
dependent equipment has been selected.

|

The command and data management subsystem is
largely independent of the Orbiter. It provides data
acquisition command, formatting, display, and
recording. Communication with ground stations is
through the Orbiter’'s communication system. The
communications network and data-handling pro-
cedures for all STS payloads are described in part 4.

Table 2-6.—Heat rejection capabilities and module atmosphere aspects

Parameter Configuration
Module Pallet |
Atmosphere (lgloo)
Nominal total pressure, bar (N/m2) ................... 1.013 + 0.13 (101 300 + 13 000) 21.096 (109 600)
Nominal partial oxygen pressure, bar (N/m2) ........... 0.220 £+ 0.017 (22 000 + 1700) b0.035 (3500)
Nominal partial carbon dioxide pressure, bar (N/m2) . ... 0.0067 (670)
Cabin air temperature, °F (K) ...............coiiiinnn. 64 to 81 (291 to 300) €95 (308)
Minimum humidity (dewpoint), °F (K) .................. 43 (279)
Maximum relative humidity, percent ................... 70
Maximum allowable internal wall temperature, °F (K) .. .. 113 (318)
Air velocity in habitable area, ft/sec (m/sec) ........... 0.33t00.66 (0.1 t00.2)
Total heat transport capability, SkW . .. .................. 8.5 8.5
Prelaunch/postlanding power,9kW
With ground support equipment connected
Orbiterpoweredidown: .\ 5. i oaia L T 1:5 5
OrbitanPOWOTEAIUD S =i i b s e i las i s o e ottt 1.5 1.5
Ascent/descents It rin L el e 15 )
Peak heat rejection capabilityd
For payload power peaks during operational
PRA S N e s S e e 12.4 124
Minimum interval betweenpeaks, min ................. 165 165

@Maximum gaseous nitrogen differential pressure.
PMinimum gaseous nitrogen differential pressure.
°Maximum internal temperature.

davailable to payload and Spacelab subsystems.



Table 2-7.—Command and data-handling resources

Payload data acquisition

Housekeeping and low-rate scientific data (to computer via RAU's)

Numberiofb RAU s ivibasic sydterm L. i s o gl maii B L BRI il s el 8
Maximum number of RAU's (extension capability) ...........ouuinninoneis e 22
Number of fiexible inputs (analog or digital per RAU . ... ..ottt 128
Analog: resolution of analog/digital conversion, BitS ... ..........uineeemem e, 8
Discrete: number of inputs addressable as group . ...............ooiii i, 16
Number of serial pulse-code-modulation inputs Per RAU ..ottt 4
Glogkerato!{Mbps = il o gL ie s el SRR S, B e 00 i cbe il s S sl e e 1
Maximum number of words transferred per Sample ...........oiiitiiiinieteene i 32
Wordilengthstbits i« it -0 i Bl il A sie EL S T e s i e SN B b b e i e e o 17
Maximumbasic samplingirate;Hz .. oo o il ol il s e A e e s 100
Data rate of transfer RAU/computer (including overhead), Mbps ........................ 2 1
Wide-band scientific data :
Number of experiment channels of the high-rate multiplexer (HRM) ............ LA S o 16
Minimum data rate of HRM input channels, Kbps ...... ..ot ieaanns 64
Maximum data rate of HRM input channels, MbpS ....... ... oo it 16
Number of closed-circuit television video input channelsoranalog ......................covunnn 14
Data transmission to ground
Nominal data rate for housekeeping and low-rate scientific data from
subsystem andiexperiment compuler. KDPS . .. . .. . it dee e e e e e e e e e 64
Maximum data rate for wide-band scientific data {via TDRSS?), Mbps,
aranslog/video-E2 Mbpseite .. =il o Risul s L N S R L i e S e e Tl 50
Maximum data rate of high-rate digital recorder (HRDR) bridging
TDRSS NONCOVETrage DOrIOUS, MDDS . . . .. ..couetronne e snntnnasanennssnsemsnassssnsosssssnsss 32
Storage capability of high-data-rate recorder (HDRR),bits ............: P R A BB D T T 3.6 X 1010.
Payload command capability
Telecommand rate from ground via Orbiter, kbps ..... RGN e I o L s R 2
Number of on/off command outputs per RAU ... ... ... iiiiiiiiiiiiiiiiiiiiireiiaiiinnncnneas 64
Number of serial pulse-code-modulation command channelsper RAU ................c.oviiiinne.. 4
Cloclerate:Mbps: -5y 2o o0 bisla s s IR bl bl (e s el S s s s (0 1
Maximum number of words percommand .......... ... ... iiiiiiiiiiiiiiiieeaeieaiaaaaaaaaas 32
Word length (including parity bit), bits .........cccauiriiiciiiieceerenscsnsensssosasssssns o 17
Payload data processing and displays
Data processing:
WordilengthbIEs I S S S R e U e s o 16
Speed (Gibson mix), OPErationS/SeC .............c.iiieeiniureeieieatacnccataaneeaeacnananans 350 000
Floating pointanthmeticibits . ..o i oo, ot s e s s L L P e 32 (24 + 8)
Massimemery MBS 1 Tl L s L e e 131
Display:
Alphanumerical display screen (tricolor) diagonal,in. (cm) .......... ... ... ... ...l 12 (30.5)

2Tracking and Data Relay Satellite System.



Mission scenarios

In order to orient the user in the uses of Spacelab,
several Spacelab conceptual mission studies are
described in the following pages. The mission
studies can be used for planning purposes, but none
has been specifically approved as a NASA mission.
For missions supporting specific disciplines in basic
science or technology, NASA will provide
specialized research and development facilities and
equipment.

These Spacelab missions will concentrate on in-
tense short-term investigations and will therefore
complement those long-term observations programs
that use free-flying satellites. Payload operations
studies have been directed at providing the greatest
scientific return from each mission while most effec-
tively using the resources of the Spacelab, the
standardized experiment equipment, the individual
experimenter’s equipment, and the expertise of the
crew. The payload specialist, trained by the user and
working with ground-based scientists and techni-
cians, is an integral part of the plan.

The modular design of the Spacelab and of the
specialized experiment equipment (fig. 2-24) permits
their repeated use in long-range program planning.
They provide broad flexibility to accommodate the
diverse needs of both large and small users. The
available equipment, as well as the number of
planned missions, can be varied in response to user

interests and requirements. The equipment can be
used as part of mixed payloads as well.

The three levels of user involvement in these
specialized missions are defined as follows.

1. The user provides the complete experiment
unit, both the facilities and the detectors or samples.

2. The user provides only the experiment, which
will be accommodated by standardized NASA-pro-
vided equipment.

3. The user provides no actual experiment or
hardware but receives data generated on a mission
(such as Earth observations images or tapes).

Planned missions will involve space processing,
advanced technology, Earth viewing, life sciences,
astronomy, astrophysics, solar physics, and ter-
restrial physics.

For all missions, NASA will manage the Spacelab
operational activities. These include experiment in-
tegration; payload specialist training; checkout;
flight operations; refurbishment; and data acquisition,
preliminary processing, and distribution.

Figure 2-24.— Potential Shuttle/Spacelab configuration.



Astrophysics payloads

The astrophysics payloads (APP) project involves
a set of instruments that will be used to investigate a
wide range of long-term sclentific problems in
astrophysics, including the origin and future of mat-
ter, the nature of the universe, the life cycle of the
Sun and stars, and the evolution of solar systems.

Solar physics payloads

The Spacelab solar physics pavioads (SPP) mis-
sions involve instruments designed to obtain data
that will be used to understand the fundamental
physical processes of energy production in the solar
interior, the transport of this energy through the solar
atmosphere, and its ultimate dissipation through
radiation, acceleration of plasma, and the solar wind.

The emphasis of the early SPP missions wiil be on
solar/terrestrial interactions. The two specific areas
identified for initial investigation are the solar
wind/Sun interface and high-energy acceleration
processes. .

Manned physics laboratory

A dedicated Spacelab will be used for the at-
mospheric magnetospheric plasma system (AMPS)
project, which consists of a manned physics

laboratory for conducting a large variety of scientific -

experiments and observations.

The objective of the AMPS project is to assist In
developing a comprehensive understanding of the
region surrounding the Earth. This involves studying
the Earth’'s electric and magnetic field system,
energetic particle and electromagnetic wave in-
teractions, the physical processes associated with
the motion of bodies in rarefied niasmas, and the
chemistry and dynamics of the upp. «r atmosphere.

Advanced technology laboratory

The advanced technology laboratory (ATL) is a
Spacelab mission with emphasis on technology ob-
jectives. it represents the space research laboratory
of the 1980's, providing the researcher with vacuum
conditions, null gravity. a benign environment, the
recovery of experiment equipment, and quick-
response space research.

The ATL provides a new dimension in the
development of spacebome systems: the flight test.
It is an organized, systematic approach for continu-
ing and extending research and technology efforts in
space.



Life sciences experiments

The project for in-orbit life sciences payloads is
being developed by the NASA Office of Space
Science to use the Spacelab to conduct research in
the null gravity and altered environments (radiation,
acceleration, light, magnetic fields, etc.) of space.
The Shuttle/Spacelab presents a unique capability
to perform numerous experiments in all fields of life
sciences; i.e., biomedicine, vertebrates, man/system
integration, invertebrates, environment control,
plants, cells, tissues, bacteria, and viruses (fig.
2-25). The broad objectives are to use the space en-
vironment to further knowledge in medicine and
biology for application to terrestrial needs and to en-
sure human well-being and performance in space.

The project is structured for the widest participa-
tion from the public and private sectors and is
characterized by low-cost approaches, many flight
opportunities, short experiment turnaround times,
provisions for qualified investigators to fly with their
experiments, and maximum use of existing or
modified off-the-shelf hardware.

Additional information about the Spacelab Pro-
gram in general is available in the United States from
the National Aeronautics and Space Administration,
George C. Marshall Space Flight Center, Mail Code
NAO1, Marshall Space Flight Center, Alabama 35812;
telephone (205) 453-4610; FTS 872-4610. In
Europe, Spacelab information is available from the
European Space Agency, 8-10 Rue Mario Nikis,
75738 Paris Cedex 15, France.
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UPPER STAGES

The expendabie upper stage is a reliable, simple,
low-cost vehicle for spacecraft missions with
altitudes, inclinations, and trajectories beyond the
basic Shuttle capability. The upper stage systems
consist of one or more solid-propeliant propulsive
stages, airborne support equipment, ground support
equipment, software, and unique facilities.

Two upper siage systems are currently planned
{fig. 2-28). A solid-propellant spin-stabilized stage
called the payload assist module (PAM) is designed
for Atlas-Centaur and Delta ciass missions. The
solid-propeliant three-axis-stabilized inertial upper
stage (IUS) is intended for boosting single or multiple
spacecraft to higher orbits and escape trajectories.

Figure 2-26.— Upper stage systems. (a) Payload assist module. (b) Inertial upper stage.
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Payload assist module

The PAM, being planned by NASA, relies on an ini-
tially imparted delta-velocity and spin momentum for
trajectory and stability control to boost a single
spacecraft to a predetermined destination or transfer
orbit. The PAM/STS capability is comparable to that
of current expendable launch vehicles.

The Shuttle Orbiter performs the initial pointing,
spin up, and release of the PAM, similar to that per-
formed by the first two stages of the Delta three-
stage launch vehicle. The PAM performs the function
of the Delta third stage for transfer orbit injection.

This approach will simplify the user’s transition from
expendable vehicles to the STS, with the additional
advantage of multiple spacecraft launches or shared
launches with other payloads. The result will be a
significantly lower cost to the user for each
spacecraft launch.

The PAM is designed to accommodate two pri-
mary classes of spacecraft: the Delta class, which
accommodates up to a maximum of 2400 pounds
(1088 kilograms) to be placed into geosynchronous
transfer orbit, and the Atlas-Centaur class, which ac-
commodates 4000 to a maximum of 4400 pounds
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(1800 to 2000 kilograms) to be put into geo-
synchronous transfer orbit. It is expected that four
Delta class (PAM-D) or two Atlas-Centaur class
(PAM-A) stages with spacecraft can be carried on a
single Shuttle flight. One or two PAM’s and
spacecraft may also share a flight with other
payloads. ;

For a nominal geosynchronous mission, the Shut-
tle Orbiter carries the payload into a 160-nautical-
mile (296-kilometer) circular orbit inclined at 28.5°.
After checkout, the PAM and spacecraft are spun up
and deployed (fig. 2-27). The spinup procedures are
initiated and controlied from the Orbiter aft flight

deck. Spin capabillities of up to 100 rpm for the PAM-
D and 65 rpm for the PAM-A are available from the
airborne support equipment (ASE) spinup mechanism
(fig. 2-28). After the PAM and spacecraft are
released, ‘the Orbiter maneuvers to a position to
allow initiation of a separation maneuver. The PAM
and Orbiter coast in the parking orbit for approx-
imately 46 minutes until the appropriate crossing of
the Equator. At this time, the PAM motor fires and in-
jects the PAM and spacecraft into a 160- by 19 323-
nautical-mile (296- by 35 786-kilometer) geo-
synchronous transfer orbit. ; :
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Figure 2-28.— STS PAM-D system hardware.
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Inertial upper stage

The IUS, under development by the Department of
Defense (DOD), relies on a three-axis-stabilized pro-
pulsive and avionics system for trajectory and
stability control to place larger class spacecraft or
multiple spacecraft in Earth orbit, or to place plane-
tary spacecraft on escape trajectories. The IUS has
the potential for simple and standard operational and
functional interfaces with the spacecraft, Orbiter,
supporting facilities, and ground equipment for a
wide range of missions. Spacecraft are cantilevered
from the interface adapter and all services to and
from the spacecraft are through the IUS. Deployment

is accomplished by means of a spring ejection
system.

The IUS family consists of a basic two-stage vehi-
cle with twin- and three-stage configurations for the
high-energy missions (fig. 2-29). The two-stage
vehicle can accomplish all the projected DOD and
NASA Earth-orbital missions. The twin-stage vehicle
consists of two large motors. The three-stage vehi-
cle is formed by adding another large motor as a
lower stage to the two-stage vehicle. The twin- and
three-stage vehicles are required for the Earth-
escape missions. See the document Inertial Upper
Stage User Guide.
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Figure 2-29.— Preliminary performance options of the 1US configurations.



LONG DURATION EXPOSURE FACILITY

The Long Duration Exposure Facility (LDEF),
being developed by the NASA Office of Aeronautics
and Space Technology, is a reusable, unmanned,
gravity-gradient-stabilized, free-flying structure. it
can accommodate many technology, science, and
applications experiments, both passive and active,
that require exposure to space. The LDEF provides
an easy and economical means for conducting these
experiments. -

The LDEF is a 30-foot (9-meter) long structural
framework as shown in figure 2-30, with room for 72
experiment trays on the periphery and 14 trays on the
ends. The LDEF cross section is a 12-sided regular
polygon of bolted aluminum I-beam construction with
a diameter of 14 feet (4.3 meters). The primary
framework consists of 7 ring frames and 12
longerons fabricated from aluminum extrusions.
Trays containing experiments are mounted in the
bays formed by the ring frames and longerons. Each
tray is approximately 50 inches (127 centimeters)
long and 38 inches (97 centimeters) wide. Trays are
3, 6, or 12 inches (8, 15, or 30 centimeters) deep.
Trays are provided by NASA and individual experi-
ments are bolted to the trays. Standard experiments
are sized to fill a full tray or one-sixth, one-third, or
two-thirds of a tray. The total mass allowable in a
single tray is 175 pounds (79 kilograms). Experiment
sizes are not necessarily limited to the dimensions of
the trays; heavier or larger experiments and different
mounting locations or arrangements will be con-
sidered on an individual basis. However, no experi-
ment can protrude beyond the plans defining the 12-
sided polygon of the LDEF.

Though not considered an STS element, the LDEF
‘is available to users from NASA and is delivered by
the STS. The Space Shuttle Orbiter places the LDEF

in Earth orbit, where it remains for 6 months or more
until another Shuttle flight retrieves it and returns it to
Earth. In orbit, the Orbiter remote manipulator system
removes the LDEF from the cargo bay. The
longitudinal axis of the LDEF is alined with the local
Earth vertical (fig. 2-31), other required orientations
are established, and the angular velocities are
brought within specified limits. The LDEF is then
released into a circular orbit of approximately 300
nautical miles (556 kilometers) with an inclination to
the equatorial plane between 28.5°and 57°. Gravity-
gradient stabilization is used in combination with a
viscous magnetic damper to null transients. Initially,
the LDEF undergoes large periodic motions. Within 8
days, the steady-state point is within 2° of iocal Earth
vertical and oscillations about the longitudinal axis
are within 5°. The maximum acceleration level at
release is 1 x 107°g and the maximum steady-state
acceleration is 1 x 1078g. The orbital period ranges
from 92.8 to 95.6 minutes. During the planned ex-
posure, the altitude decays about 20 nautical miles
(37 kilometers).

For passive experiments, data measurements will
be made in the laboratory before and after exposure
to space conditions. Power, data storage, and other
data-gathering systems may be necessary for active
experiments. These must be provided by the experi-
menter as an integral part of the experiment assem-
bly. Each experimenter will work cooperatively with
the LDEF Project Office at the NASA Langley
Research Center in establishing that the experiment
is safe and will not adversely affect other experi-
ments on the LDEF.

The “naturai” orbital environment (acceleration,
ambient atmosphere, particle flux, magnetic field, and
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solar radiation) combines with the predicted thermal
environment shown in table 2-8 to establish the con-
ditions under which an experiment must operate. The
temperatures shown could vary as much as +27°F
(+15 K) as a result of variations in design and coat-
ings or accuracy of the mathematical model. The
overall environment will vary, depending on the exact
orbit and the location of the experiment on the LDEF.

In addition, an experiment environment can be
modified by such design parameters as shielding,
pressure-sealed containers, or special thermal coat-
ings. (The data in table 2-8 are for experiments using
typical surface coatings.) Any such modification will
be the responsibility of the experimenter; however,
the LDEF Project Office will provide consultation on
applicable techniques and design approaches. After

YAW AXIS

ROLL AXIS

VELOCITY

\

EARTH
LOCAL
VERTICAL

Figure 2-31.— Orientation of LDEF in free flight.

——



an experiment is selected for the LDEF, the LDEF
Project Office will define the specific conditions
available and work closely with each experimenter in
choosing the best possible location for the experi-
ment.

The LDEF Project Office has the overall respon-
sibility for experiment integration (fig. 2-32). Experi-
menters will assemble their own flight experiments
and, when using full trays, may also mount them in the
trays. Experiments will be sent to Langley Research
Center, where partial-tray experiments will be
mounted and all trays will undergo flight acceptance
testing. The LDEF Project Office also will provide for
the correct placement of trays on the LDEF to obtain
the desired exposure, field of view, etc., and will en-
sure the mutual compatibility of all experiments. The
trays will be sent to the KSC launch site, where they
will be bolted onto the LDEF.

An experimenter may participate in launch site
operations and verify flight readiness of the experi-
ment, if required. The experimenter will also have an
opportunity to view the experiment on its return from
orbit, before it is removed from the LDEF at KSC.

Because the LDEF can fly a wide variety of mis-
sions, the exposures available for experiments can-
not be fully presented in a brief summary. Data given
here are intended to serve only as a guide to the
prospective experimenter. More detailed data are
provided in the Long Duration Exposure Facility
(LDEF) Guide for Experiment Accommodations, pre-
pared by the LDEF Project Office. Additional informa-
tion is available from the LDEF Experiments Manager,
Mail Stop 258, National Aeronautics and Space Ad-
ministration, Langley Research Center, Hampton,
Virginia 23665; telephone (804) 827-3704, FTS
928-3704.

Table 2-8.—Predicted LDEF thermal environment ranges

[57° inclination orbit]

Location Minimum Maximum Typical
temperature, temperature, temperature
°F (K) °F (K) differential
per orbit,
°F (K)
On LDEF structure
Internal average —22 (243) 95 (308) —
Earth end —13 (248) 104 (313) 9 (5)
(aluminum surface)
Space end —13 (248) 113 (318) 45 (25)
Typical experiment
Internal surfaces, —31 (238) 122 (323) 5 (3)
a=0.3e=0.32
External surfaces —40 (233) 167 (348)
Internal surfaces, —58 (223) 149 (338) 18 (10)
a=0.25€=017
Thin external surfaces —175 (158) 302 (423) 364 (202)
Internal surfaces, —53 (226) 86 (303) 11 (6)
a=03e=08
External surfaces —103 (198) 86 (303) -

3 = absorptivity, e = emissivity.

2-47



INTERFACE FLOW

STS OPERATIONS

!

LANGLEY RESEARCH CENTER
LDEF PROJECT OFFICE

¢

® UNIVERSITIES

® INDUSTRY

PRINCIPAL INVESTIGATORS

REPRESENTING

¢ LANGLEY RESEARCH CENTER

e OTHER NASA CENTERS AND
GOVERNMENT AGENCIES

® INTERNATIONAL ORGANIZATIONS

SCHEDULED ACTIVITY

CALENDAR YEAR

[ 1982 | 1983 | 1984]

S =0

Responsibility Phase
Initial Mission and QOperations Final flight STS flight | LDEF flight Postflight
program experiment integrated planning, opera- operations
planning planning planning, T-16 weeks tions
and 872 years to T=0
approval w0 T-16
waeks
Langley Research | Primary Primary Primary Support Support Primary Primary
Center to POCC
STS operations Provide Provide Provide Primary Primary None None
User STS user supporting
Hand- references documentation
book

8T = time from launch.

Figure 2-32.— An sxample of a principal lnvestigator’s involvement in ongoing LDEF operations. The primary interfase is
shown, along with a flight schedule and the NASA centers’ responsibilities.




MULTIMISSION MODULAR SPACECRAFT

The Multimission Modular Spacecraft (MMS),
developed as a standard modular spacecraft, can be
used in low Earth and geosynchronous orbits for a
wide range of remote-sensing missions (fig. 2-33).
Although not classified as an STS element, it is fully
compatible with the launch environments and other
requirements of the Space Shuttle as well as with a
variety of expendable launch vehicles (particularly
the Delta 3910 and 3920 series).

The reusable MMS offers several significant ad-
vantages. Within its standard range of capabilities, it
can be adapted to many varied payload require-
ments, eliminating the need for costly and time-con-
suming design and development activities.

The Multimission Modular Spacecraft with its
payload can either be returned from space or ser-
viced on orbit by the Space Shuttle. This represents
a major cost-saving potential. In instances where on-
orbit repair or refurbishment is not desired, the MMS
can be retrieved by the Space Shuttle, returned to
Earth for refurbishment or upgrading, and relaunched.

The first MMS with a solar maximum mission
(SMM) payload was successfully launched from the
Eastern Test Range (ETR) on February 14, 1980.
SMM retrieval and servicing demonstration is ten-
tatively planned to occur some 3 years from launch.

For STS launches, the flight support system (FSS)
that carries the MMS in the Orbiter cargo bay also

Figure 2-33.— Typical Multimission Modular Spacecraft
mission configurations.

provides deployment, retrieval, and on-orbit servic-
ing capability. In addition, the FSS is versatile
enough to support other types of spacecraft.

The program management responsibility for
development of the MMS and the FSS is within the
NASA Office of Space Sciences. More detailed infor-
mation on MMS capabilities and missions, as well as
on the FSS, is contained in the Multimission Modular
Spacecraft and Flight Support System User Guides
prepared by the Goddard Space Flight Center, which
is responsible for technical management of the MMS
project. Copies of the guides and of other information
are available from the MMS Project Office, Mail Code
408, National Aeronautics and Space Administratiori,
Goddard Space Flight Center, Greenbelt, Maryland
20771; telephone (301) 344-5913, FTS 344-5913.

MMS systems and capabilities

The basic MMS consists of two major structural
assemblies and three major subsystem modules. The
module support structure interfaces with the transi-
tion adapter and is the central core structure of the
MMS. It carries all structural loads imposed by, and
all structural and functional interfaces with, the
modules. In addition, when the MMS is launched on
expendable vehicles, the module support structure
carries all launch loads.

Either a circular or a triangular transition adapter,
providing a standard payload interface to the MMS,
provides the interface to the Space Shuttle Orbiter
(through appropriate supporting hardware). The
module support structure grapple provides the cap-
ture point interface to the Shuttle remote manipulator
system for retrieval and on-orbit servicing of the
spacecraft and instrument payload.

The three major subsystem modules, each having
a standard range of performance capabilities, pro-
vide communications and data handling, power, and
attitude control services (table 2-9). Optional pro-
pulsion modules are available and a variety of mis-
sion-specific subsystem elements can be added to
tailor the capabilities of the MMS to the user’s re-
quirements. Examples include tape recorders,
general processing system equipment, additional
memory in the command and data-handling module,
or additional batteries in the power module. Addi-
tional requirements such as low- and high-gain an-
tenna systems and solar arrays, also considered mis-
sion-specific, must be supplied by the user.



Table 2-9.—MMS capabilities

General capabilities

Pavioadiweight: .. 0 Bl i s il RS S
@rbitalicapabifity 1)L ol e i sl G R

Life expectancy/redundancy ............ . .iiiaa...

For Shuttle launches, in excess of 10 000 ib (4536 kg)
limited by paylcad configuration
Low-Earth, 270 to 864 n. mi. (500 to 1600 km), at any
inclination, and geosynchronous
Minimum life expectancy, 2 yr. The MMS is designed to have no
;ingle—point failure that will prevent resupply or retrieval by
huttle. ;

Subsystem performance capabilities

Communications and data handling subsystem

Commandfales... .. ... .. .t oot ce e
Telometrviratess . e o
Telemetryformats. .. ....ccoiiiiiiiienaiie e,

Onboard COMPULEr . ......cvvieeaeecennteeccnnnnnans

Payload accommodation :
Maximum remote interface units (RlU) and RIU
expanders forexperiments . ..........oiiiiiienn
Command capabilityperRiU ..............cooinnnnn
Telemetry capability per RIU or RIU |
EeXPANAET. ..o ooenavenenosocresnnaansasannaoas Sk

Attitude control subsystem
8 7s I B S e S RISt o
Attitude reference (without payload sensor) ..........
Pointing accuracy (one sigma)
Without payload Sensor. .....coveeenacannconnaans
With payloadsensor(ideal) .............c.ooevnen

Pointing stability {one sigma)
Averagerate ..........ociernenrnainiiiaaiacanan
Jitter
Without payloadsensor. . ... ... .. iiavieineannes
With payload sensor (ideal) . ..............ooninnnn

SlOWIEIE . . - aiiee e cis s b reaiaia e e e a e s iaie

S-band, STDN®/TDRSS, transponder output power at antenna
port 0.8, 2.0, 4.0 W, prelaunch selectable

2 kbps, baseline; 125 to 1 kbps, selectable

1,2,4,8, 16,32, or 64 kbps 3

2 selectable prior to launch, pius in-orbit programmable
capability; all formats contain 692 data words maximum

18 bits per word, 32 000 words of memory, baseline;
expandable to 64 000 words; 4.4-u.S add time

27 units plus 3 expanders per RIU
Eight 16-bit serial magnitude, 62 discrete relay drivers

64 inputs; all usable for analog/discrete bilevel; 16 usable
for serial digital, 8 bits each

3-axis, zero momentum
Stellar (inertial)

<0.01°
<0.00001° (direct anatog signal processing)
<0.0001° (signal processing via computer)

<0.000001 deg/s

<0.0006° (20 min)

<0.000001° (direct analog signal processing)
<0.00001° (signal processing via computer)
Dependent on spacecratft inertia

agpace Flight Tracking and Data Network.



Table 2-9.—Concluded

Subsystem performance capabilities - Concluded

Power subsystem
Regulation of load bus... .. ..
Bus noise andripple........
Load bus source impedance

........................ + 28 +7Vdc
........................ <1.5V peak-to-peak (1 to 20 MHz)
........................ <0.1 ohm (dc to 1 kHz)
<0.15 ohm (1 kHz to 20 kHz)
<0.30 ohm (20 kHz to 100 kHz)

Typical load switching transients . ................... < +5V to steady state

Fault mode transients. ......
Batteriess it a s =

Power capabilities .........

Module temperature range . .

Propulsion subsystem
Propellant: oo o i St
Propellant load

PMEIESS s ol e

MhSTOrS s e i
System operating mode. . . . .
Design operating pressure . .
Design burst pressure ......
Thermalcontrol............
Operating temperature range

Downto O V or up to 40 V for 500 ms
Two 20-Ah batteries, baseline; up to three 50-Ah batteries,
maximum
........................ 1200 W average; 3000 W peak (allowable for 10 min,
once per orbit, day or night)
850 W available to user without propulsion module
800 W available to user with propulsion module
Electronics: 0 to 40° C (273 to 313 K)
Batteries: O to 25° C (273 to 298 K)

........................ Hydrazine (MIL-P-26536C, Amendment 1)
........................ 167 Ib (75.8 kg)
........................ 5101b (231.4 kg)
........................ Gaseous nitrogen
........................ 12at 0.2 Ibf (0.9 N); 4 at 5 Ibf (22.24 N)
........................ 3to 1 blowdown
........................ 300 psia (2068 kN/m?2)
........................ 1200 psia (8274 kN/m2)
........................ Active and passive
........................ 10° to 60° C (283 to 333 K)




Flight support system

Both for transport to orbit and for on-orbit servic-
ing and retrieval, the MMS is structurally and func-
tionally supported in the Orbiter cargo bay by the
FSS (fig. 2-34). This system consists of two major
subsystems: the retention cradles and the payload
positioning platform with support avionics. Each of
the two major elements can be operated indepen-
dently or used collectively as a unified system, de-
pending on the specific mission requirements.

During Shuttie launch and landing, the MMS is car-
ried in the retention cradle, which provides mechani-
cal interfaces to the MMS transition adapter (through
which launch and landing ioads are transmitted). The
retention cradle and the RMS may be the only ele-
ments necessary for a launch or retrieval mission.

If the. mission requires erection out of the cargo
bay at a predetermined position relative to the Or-
biter, the payload positioning platform is added to the
retention cradle. For deployment, the MMS is erected
by the platform to a vertical position. it is grappled by
the RMS, released from the positioning platform,
deployed. by the RMS, and released. For retrieval,
these operations are reversed. After the Shuttie es-
tablishes rendezvous and stationkeeping with a free-
flying MMS, the RMS grapples the spacecraft and
berths it onto the erected positioning platform. If the
MMS is to be retumed to Earth, it is lowered into the
retention cradle. .

For a servicing mission, the payload positioning
platform, module servicing tool, and some form of
module storage rack are required. Replacement
modules are carried in the module storage rack. After

Figure 2-34.~ Struétuml assemblies of the basic flight support system, mounted in the Orbiter cargo bay with solar

maximum mission shown as a typical payload.



the MMS is captured and berthed, the primary servic-
ing mode is by manual EVA with an astronaut on a
manned remote work station using the module ser-
vicing tool. The backup mode is to use the module
servicing tool attached to the RMS in a remotely
operated automated approach. After the servicing
operation is completed and systems are checked
out, the MMS is again deployed using the RMS.

The baseline envelope requirement for the reten-
tion cradle is the support of one MMS; however, with
development of a swing-away latch beam, two MMS's
can be accommodated in an over-and-under orienta-
tion. Other spacecraft configurations or a comple-
ment of mixed spacecraft can be accommodated by
the development of interface hardware that satisfies
the unique spacecraft requirements on one side and
adapts to standardized support system fittings on the
other side.

The spacecraft is structurally attached with a set

of three trunnions (mounted on the MMS transition
adapter), each locked in place by a remotely oper-
ated collet-style latch mechanism. These latches
and their supporting structure can be located for-
ward and aft or up and down the side wall structure of
the retention cradle. The ability to place these
latches almost anywhere in the retention cradie is a
key feature in providing payload accommodation
versatility.

This pegboard approach is also applied to the
payload positioning platform. Depending on the
specific mission, the platform can be hinged from
three positions in the cradle in order to achieve the
desired swing trajectory and erection position. In ad-
dition to positional versatility, the payload position-
ing platform can be modified to accommodate
various payload adapters ranging from standoff posts
and conventional conical structures to spin tables
and spring separation systems.



AN OVERVIEW

User payloads receive final checkout, cargo in-
tegration, interface verification, and launch prepara-
tion at the launch site. Standard facilities and ser-
vices are available and are allocated on the basis of
user requirements. Special facilities or services re-
quired for a specific payload must be provided or
funded by the user.

This section is intended to provide the user with a
general understanding of the scope of operations at
the launch site. Facilities and ground flow at the Ken-
nedy Space Center as well as those unique to the
Vandenberg Launch Site (VLS) are described.

The user’s responsibilities in support of launch
site operations are defined through the standard in-
terfaces and documentation sequences summarized
here. The basic document is the KSC Launch Site
Accommodations Handbook for STS Payloads (K-
STSM-14.1). A launch site support manager (LSSM)

will be assigned early in the planning program and
will be the primary interface with the user.

Payloads scheduled for standard carriers such as
the Long Duration Exposure Facility will be integra-
ted into the carrier and its ground operations by the
organization responsible for that carrier.

A brief explanation of the overall STS ground flow
at the outset will help users understand how their
own payloads fit into the pattern (fig. 3-1). Opera-
tions involving payloads and standard STS elements
are described more fully under separate headings.

The Shuttle ground operations at KSC begin when
the Orbiter lands. Some payload time-critical items
that can be removed through the Orbiter cabin may
be removed at this time; for all other payloads, serv-
ices such'as purging and ground power are initiated.

The Orbiter is then towed to the Orbiter Process-
ing Facility (OPF), where payloads are removed.

INCOMING SPACELAB D
PALLETS

INCOMING PAYLOADS AND
UPPER STAGES

e T e

ey

AUTOMATED PAY LOADS PROCESSING
(HANGARS AO, AM, AE, AND S,
DELTA SPIN TEST FACILITY,
EXPLOSIVE SAFE AREA 60)
SOLID MOTOR ASSEMBLY BUILDING

l _____[> PREPARATION
FOR LAUNCH

VERTICAL CARGO INTEGRATION

HORIZONTAL CARGO
INTEGRATION
(OPERATIONS AND CHECKOUT

BUILDING)

ORBITER PROCESSING;
SPACELAB AND HORIZONTAL
CARGO MATE TO ORBITER (OPF)

VERTICAL CARGO
MATE TO
ORBITER;

(VAB AND
LAUNCH PAD)

(VERTICAL PROCESSING FACILITY)

Figure 3-1.— Typical payload ground flow at the launch site.



Maintenance and checkout of the Orbiter for its next
flight are done at the OPF, while certain subsystems
may be removed and serviced elsewhere.

Meanwhile, new or refurbished payloads are as-
sembled and tested elsewhere at the launch site.
Payloads that are installed horizontally are brought
to the OPF (in an environmentally controlled payload
canister) and put into the Orbiter. The Spacelab,
already integrated with its experiments, is installed in
the OPF.

The Orbiter is towed to the Vehicle Assembly
Building (VAB) (fig. 3-2), where it is hoisted and ro-
tated to a vertical paosition for mating to the external

tank and solid rocket boosters. The Shuttle vehicle is
then transferred to the launch pad on the mobile
launcher platform.

Those payloads that require vertical instaliation in
the Orbiter after it has been rotated to a vertical posi-
tion are brought to the launch pad (in the payload
canister) ready for installation and are put into the
Orbiter by use of the rotating service structure
{RSS). For example, an upper stage/spacecraft
cargo is mounted in the Orbiter at this time.

After all necessary procedures and verifications
are completed—involving both the Shuttle and the
cargo—the countdown for launch begins.




KSC OPERATIONS

Payload transportation

Payloads can be transported to the launch site by
any means acceptable to the user. The launch site is
capable of receiving payloads shipped overland or
by air or water. One method of overland shipment that
has been acceptable to spacecraft programs is by a
commercial air-ride van provided with environmental
control. Also, KSC operates the Payload Environ-
mental Transportation System (PETS) on behalf of
NASA and STS users. PETS has the capability to pro-
vide environmental protection for payloads during
KSC highway transportation and can be adapted to
support various payload containers.

Payload processing

Before mating with STS

Processing of a payload at the launch site can
usually be divided into two distinct phases: those ac-
tivities performed before the payload is mated with
an STS element and those activities involving one or
more of the STS elements (Shuttle vehicle, Spacelab,
upper stage).

The typical operations that must be performed to
ready a payload for launch on a Shuttle vehicle will
vary according to the complexity of the payload, the
technical disciplines involved, and the level of test-
ing already done before the payload arrives at the
launch site.

Because of the turnaround time constraint for pre-
paring Space Shuttle Orbiters for launch, integration
of payloads with the Orbiter will be limited to man-
datory tasks. A payload element should be delivered
to the launch site in as near flight-ready condition as
is practical. Typical prelaunch operations include
receiving, assembling, checking out, propellant
servicing, and preparing for integration with other
payload elements. Preparation and testing will not
follow a fixed plan for all payloads.

The launch site activity plans must be established
before arrival of a specific payload at the site to
assure satisfactory completion of all flight-readiness
preparations, including integration into a total cargo.
The schedule will identify all major tests, all hazard-
ous (systems) operations, interface verification, and
all operations that require launch site services.

Individual payloads will be integrated into a single
cargo before mating and checkout with the Orbiter.
The integration testing of the total cargo will include

a Shuttle interface verification test, using the cargo
integration test equipment, before the mating of
cargo and Orbiter. This test is critical to the overall
operation because Shuttle on-line operations
assume compatibility between the cargo and the
Shuttle system.

Customized STS/payload time lines, negotiated
through the LSSM, will be part of the launch site sup-
port plan for a particular payload.

Mating of payload with STS

Those operations required to prepare the Orbiter
for payload installation are performed in parallel with
Orbiter systems checkout whenever possible. These
payload-related operations include installation of
any payload accommodations modification kits
assigned for the flight. Then payloads/STS opera-
tions can begin.

Payload operations involving the Shuttle begin
with the actual payload installation, either at the OPF
or at the launch pad (using the RSS).

Payloads installed horizontally are transported to
the OPF in the payload canister, which is environ-
mentally controlled. They are hoisted into the cargo
bay and secured. Interfaces are connected and
verified. Then an Orbiter integrated test is conducted
to complete the verification of interfaces between
the payload and Orbiter. This test includes validation
of payload data through Orbiter data systems, if ap-
plicable.

Prior to moving the Orbiter to the VAB (fig. 3-3),
Orbiter power and purge capability is removed. The
purge will not be available for approximately 35
hours. Power will not be available for the payload
from the Orbiter during a 42-hour period after leaving
the OPF until power is connected on the mobile
launcher platform. There will also be a period of 21
hours from ordnance connection through transfers to
the pad when Orbiter power will be off.

At the VAB, the Orbiter is hoisted to a vertical
position, transferred to an integration cell, and
lowered and mated to the external tank and solid
rocket boosters. After the Orbiter aft umbilicals have
been connected, a Shuttle interface test is con-
ducted to verify vehicle/facility interface com-
patibility and readiness.

No payload activities will be performed in the
VAB. Electrical power will not be available for
payloads from the Orbiter during tow to the VAB, Or-
biter erection in the VAB, and transfer to the launch
pad.




The integrated Shuttle vehicle is transferred to the
launch pad on the mobile launcher platform. The vehi-
cle and platform are mated to the pad and the inter
faces are verified. :

Payloads that require vertical installations are
moved to the launch pad in the payload canister and
installed in the RSS prior to Orbiter arrival. After Or-
biter arrival at the launch pad, the RSS is rotated into
position next to the Orbiter and the payloads are in-
stalled in the Orbiter bay by the payload ground han-

dling mechanism (PGHM). Environmental control is
maintained during the installation, and the Orbiter-to-
payload interfaces are verified.

A launch-readiness test verifies the integrity of
the pad/Shuttle/payioad system interfaces for
launch. Hypergolic, fuel cell cryogenic, and
pneumatic systems are serviced, and countdown
preparations are performed. Final countdown begins,
the Shuttle cryogenic propellants are loaded, and the
flightcrew boards.

Figure 3-3.— Vehicie Assembly Building with adjacent Orbiter Processing Facility.
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Spacelab ground flow

The major user responsibility in the ground proc-
essing flow of Spacelab is ensuring that the payload
elements function properly.

The Spacelab ground operations concept is mis-
sion independent and is applicable to all payloads.
Experiment activities that occur before the experi-
ment end-item is mated to the Spacelab support
systems or simulators are not affected by these
processing operations.

NASA must perform the hands-on portion of the in-
tegration (and de-integration) at KSC for missions
using NASA-provided Spacelab hardware, unless
special expertise is required. In that event, the user
can assist the NASA test team.

Unique ground-support equipment and test and
servicing equipment must be provided by the user.
This type of equipment should be held to a minimum

by making maximum use of Spacelab flight systems
and ground-support equipment. Instrumentation
system capabilities and sensors required to support
ground test equipment must, if practical, be included
in the flight experiment to minimize requirements for
ground-support equipment. Ground-support equip-
ment provided by the experimenter will be operated
by the experimenter’s personnel and will be
scheduled and observed by the STS Spacelab proc-
essing team.

Access to the Spacelab exterior after it is in-
stalled in the Orbiter is through the cargo bay until
the cargo bay doors are closed (fig. 3-4). While the
Orbiter is still horizontal, limited internal access to
the Spacelab pressurized module is available
through the Orbiter cabin. At the pad/RSS where the
Orbiter is in a vertical position, contingency access
to both the interior and exterior is through the Orbiter
cargo bay.

Figure 3-4.— Spacelab being installed in the Orbiter in the Orbiter Processing Facility.



Upper stages ground flow

Initial preparation of the upper stages is ac-
complished separately from their payloads (fig. 3-5).
The upper stages consist of the inertial upper stage
and the payload assist module.

Inertial upper stage

Buildup of the IUS takes place in the Solid Motor
Assembly Building (SMAB) located at the Cape
Canaveral Air Force Station. Receiving, assembling,
and testing operations are conducted in the SMAB.
The IUS reaction control system is sent to the Ex-
plosive Safe Area 60A Propeliant Laboratory for
loading and pressurizing and is returned to the SMAB
for installation. Upon completion of IUS buildup and
testing (with reaction control tanks installed), the IUS
is moved to the Vertical Processing Facility (VPF) for
mating with its payload and other cargo integration
operations.

Payload assist module

Payload assist modules are of two sizes: a PAM-A
designed for Atlas-Centaur class payloads and a
PAM-D designed for Delta class payloads. The com-
ponents for these stages, including their mounting
cradles, are assembled in the Delta Spin Test
Facility. Payloads requiring a PAM-D are mated to the
PAM-D at the Delta Spin Test Facility, and the com-
bination is then transported to the VPF for integration
with other cargo elements. Payloads requiring a
PAM-A are transported to the VPF independently and
mated to the PAM-A before integration with other
cargo elements.

Cargo integration at VPF

Upon arrival of payloads and upper stages at the
VPF, their transporters, environmental covers or con-
tainers, and hoisting equipment will undergo cleaning
operations in the airlock.

Processing of upper stages and payloads within
the VPF will vary depending on the type of upper
stage involved. A Delta class spacecraft mated with
its PAM-D will be moved into the high bay where the

environmental cover will be removed. The PAM- .

D/payload combination will be visually inspected
and then hoisted Into the vertical payload handlmg
device (VPHD).

A PAM-A will be moved into the high bay following
cleaning in the airlock. The environmental cover will
be removed, and the PAM-A will be rotated in its
ground handling frame, inspected, and hoisted into
the VPHD. An IUS will be moved into the high bay
following cleaning in the airlock. The container lid
and the inner cover will be removed, and the IUS wili
then be hoisted into the VPHD. The Atlas class (PAM-
A) payloads and the IUS payloads will be moved into
the high bay following cleaning in the airlock. Their
transportation covers/containers will be removed,
and the payloads will be hoisted into the VPHD for
mating with their respective upper stages. Access
equipment, filler plates, elevating platforms, and STS
user-provided ground-support equipment will be in-
stalled to facilitate access, inspection, and testing of
the cargo elements.

Prior to tests involving the entire cargo, payloads

and upper stages may conduct stand-alone health

and status tests using portable test equipment or via
remote ground stations. Also, before connection to
the cargo integration test equipment (CITE), power
circuit tests will be conducted and a visual inspec-
tion will be made on all interface connectors. Follow-
ing interface connector mating, a series of interface
verification tests will be conducted using the CITE,
which simulates the Orbiter interfaces. These tests
will include the following:

* Power tum-on, health and status checks

‘e Power control froma remote ground station
or from a simulated Orbiter power control
panel

¢ Standard switch panel functional tests
¢ Tilt table and latch release tests
* Computer/sequence control interface tests
* Communications/data interface tests
* ~ Spacecraft command and monitor checks
e Mission simulation test
° End~to-end testsif réquired ;
- * Qrdnance systems test
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Following completion of testing using the CITE,
cargo closeout activities will be accomplished.
These activities are as follows:

* Disconnection of ground support equipment
‘and CITE

* Removal of test batteries

e Preparations for transportation
* Visual inspections

® Access test removal

e Removal of flight kits, including payload
station consoles, and transportation to the
OPF for installation into the Orbiter

in preparation for the movement of the cargo to the
RSS, the payload canister and transporter will be
moved into the airlock for cleaning and then into the
high bay. The VPF elevating platforms will be moved
to the top of the workstand, the canister and
transporter will be positioned in front of the VPHD,
and the entire cargo will be transferred into the
canister. Those payloads requiring specific services
(instrumentation, fluids, gases, and electricai power)
will be connected toc the canister-supporting sub-
systems. The canister subsystems will be verified,
and any unigue access gear will be removed. The
VPHD will then be retracted and the canister moved
clear of the workstand. The canister doors will be
closed, and the environmental control subsystem will
be activated. The canister is then moved through the
airlock and out to the launch pad.

Upper-stage launch pad operations
Operations at the launch pad involve positioning,

hoisting, and mating of the payload canister to the

RSS. After mating, an inflatable seal at the

canister/RSS interface permits both the canister and
RSS doors to be opened while maintaining the en-
vironment in the RSS and the canister. The PGHM lo-
cated inside the RSS then moves toward the open
canister to remove the entire cargo. The cargo is
raised from the canister support points, removed
from the canister, and translated into the RSS by
moving the PGHM along its overhead rail support to
the rear of the RSS. Here the payloads receive final
preparation for installation into the Orbiter. Mean-
while, the payload canister has been removed,
lowered onto the transporter, and moved out of the
launch pad area.

After arrival of the Orbiter at the launch pad, the
RSS is rotated to interface with the Orbiter (fig. 3-8).
The inflatable seals are again activated, and both the
RSS and the Orbiter payload bay doors are opened.
The PGHM is moved toward the Orbiter to insert the
entire cargo into the cargo bay. The vertical and
horizontal adjustment features of the PGHM are used
to aline the cargo trunnions to the Orbiter payload at-
tachment points on the longeron bridges. The cargo

‘is then lowered and fastened into place. The PGHM

and payload-unique access equipment are placed
into position as required.

The cargo is mechanically and electrically con-
nected to the Orbiter and all interfaces are verified.
Cargo-to-Orbiter interfaces, previously checked off-

line with the CITE, are again verified. The scheduled

Orbiter and/or cargo integrated tesis are completed

and access equipment is removed. The PGHM plat-

forms are retracted and the PGHM's are moved away
from the Orbiter. The Orbiter cargo bay doors are
closed, the RSS is rotated back to its park position,
and the countdown process is begun.
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Postflight handling

Postflight payload ground operations begin after
touchdown and rollout of the Orbiter on the runway.
Cargo bay purge is initiated, and the flightcrew
leaves and is replaced with a ground crew. Only
payload items that have been stowed in the Orbiter
cabin middeck can be removed at this time. The Or-
biter is towed to the OPF where Orbiter and cargo
safing operations are accomplished. After safing and
deservicing, the cargo bay doors are opened and air-
borne flight equipment or returned payloads are
removed. Removed payloads are normally returned
to either the Operations and Checkout (O&C) Build-
ing or the VPF for de-integration and return o STS
users. )

In the OPF, maintenance and checkout of the Or-
biter begins to prepare it for prelaunch operations.
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In the event of an Orbiter landing at the secondary
site or at a contingency site, the launch site will be
responsible for coordinating the dispatch of
resources required for payload removal operations.
The secondary site will have basic support equip-
ment available for the Orbiter and for payload
removal. A contingency landing site will not have any
special payload equipment availabie; only equipment
for crew survival and Orbiter towing is planned to be
immediately available.

After payloads are removed, in either instance,
they must be prepared for transport by the user to
either the launch site or a site selected by the users
for normal postlanding or turnaround activities.

If payload removal is not required at a secondary
contingency site, the payload will remain inside the
Orbiter for return to the launch site.



KSC FACILITIES AND SERVICES

Buildings and test areas

The payload assembly and test areas, launch
complexes, and other specialized facilities will be
used for payloads during prelaunch preparations (fig.
3-7). The user can obtain detailed information about
the facilities required from the launch site support
manager. The LSSM will ensure that appropriate
facilities are assigned to meet individual needs.

Various specialized facilities are intended pri-
marily for processing of payloads before they are
mated to the STS. Others are primarily for processing
STS elements (Orbiter, Spacelab, upper stages) or
for payload integration and simulated Orbiter inter-
face verification. Both categories are summarized in
tables 3-1 to 3-3.
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fﬂsnsouc
,—‘f <®'j MAINTENANCE

— FACILITY

DELTA SPIN

CAPE CANAVERAL MTEST FACILITY .
vs:;ﬂq?_ 3 // =

DELTA SOLID

N . N
N
FMOTOR FACILITY Q\/

ORBITER

LAUNCH \\
COMPLEX 39

ORBITER?
PROCESSING
FACILITY

ATLANTIC
OCEAN

CENTAUR LAUNCH
COMPLEX

//\k
__DE LTA LAUNCH
COMPLEX

SAEF = SPACECRAFT ASSEMBLY AND
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Figure 3-7.— Kennedy Space Center.




Tabie 3-1.— STS processing facilities

Facility Location Primary uses Other uses
~O&C Building KSC Industrial Area Spacelab refurbishment Special-purpose laboratories
Spacelab processing Office space
Horizontal cargo integration
Spacelab payload integration
VPF KSC Industrial Area | Vertical cargo integration
OPF Launch Compiex Orbiter refurbishment
39 area Payload instailation and
interface verification
VAB Launch Complex Shuttle assembly Office space
39 area
Launch pad Launch Complex Shuttle launch
39 area Payload installation and
interface verification
Table 3-2.— Payload processing facilities
Facility Location Primary uses Qther uses
Hangar S Cape Canaveral Spacecraft processing Ground station area
Air Force Station Office space
Hangar AE Cape Canaveral Spacecraft processing Ground station area
Air Force Station Office space
Hangar AM Cape Canaveral Spacecraft processing Ground station area
Air Force Station Office space
Hangar AO Cape Canaveral Spacecrait processing Ground station area
Air Force Station : Office space
Hangar t Cape Canaveral Off-line processing of non- Synchronous ground
Air Force Station human life sciences experi- controls
ments Vivarium
Explosive Safe Cape Canaveral Spacecraft hazardous Ordnance operations
Area 60A Air Force Station systems processing
Propellant
Laboratory IUS RCS
Spacecraft Ordnance operations Propellant pressurization

Assembly Building

Delta Spin Test
Fagility

Cape Canaveral
Air Force Station

Payload fusling

Spacecraft hazardous
systems processing

operations
Encapsulation agctivity

Spin balancing
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Table 3-3.— Facility environments?

Location Temperature, Humidity, Clean room,
°F (K) percent class®

Hangar S

Clean rooms 72 £ 3i(295 —+ 11:7) 45 + 5 100 000

Systems test area 76 += 3 (2976 = 1.7) 50+ 5
Hangar AO

High bay 75 + 2 (297 = 1.1) 45+ 5 100 000
Hangar AE

Clean room 72 +=3 (295 £ 1.7) 455 10 000
Hangar AM

High bay 75 = 3 (297 = 1.7) 45 + 5 Clean work areas
Hangar L 75 = 3(297 £ 1.7) 505 100 000
Explosive Safe Area 60A

Spacecraft Assembly Building 731095 + 3 50+ 5 100 000

(296 to 308 + 1.7).
Propellant laboratory 73 =3(296 = 1.7) 505 100 000
Instrument laboratory 76 =3 (2976 = 1.7) 50 LS
75 =5 (297 = 2.8) 50 +5 Clean work areas

Delta Spin Test Facility
O&C Building

VPF
Airlock and high bay

SAEF-2
Airlock, high and low bay

VAB
OPF high bay
Launch pad

Rotating service structure

75 =2 (297 = 1.1)

75 + 3 (297 = 1.7)

75 = 3 (297 = 1.7)
Not controlled
75 +3 (297 £ 1.7)
Not controlled

70 = 5 (294 = 2.8)

45 £ 5

Not controlled

50 (max.)

Not controlled

30 to 50

100 000

Clean work areas

100 000

Not controlled

100 000 (inlet)

Not controlled

5000 (inlet)

ap|| figures represent design specifications; in some facilities, actual conditions could vary because
of ambient conditions and the nature of the operations being conducted.
bFederal Standard 209B, April 24, 1974, Clean Room and Work Station Requirements for Controlled

Environments.
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Cargo support equipment

A variety of equipment is used at the launch site to
handle Orbiter cargoes. This equipment is used to
handle and transport entire Orbiter cargoes during
on-line STS processing; i.e., between the O&C Build-
ing and the OPF or between the VPF and the RSS.
Unique payload ground-support equipment must be
provided by the user and shouid be identified, con-
trolled, and funded by the user. Facility interfaces to
payload-unique equipment should be planned with
the LSSM.

Payload-handling equipment

Those items in the basic hardware inventory for
payload handling that will be needed by most users
include payload-handling fixtures (strongbacks),
payload canisters, and canister transporters.

Strongback L
The strongback (figs. 3-8 and 3-9) is a rigid frame
device consisting of beams, cables, attachment hook

devices, and rings. It is adjustable to accommodate
varying lengths and shifting centers of gravity of
payloads up to the maximum for an Orbiter payioad.
The strongback will interface with the payload so

that it will not interfere with engagement and load

transference to attachment/retention points. it will
not induce any bending or twisting loads on any
payload element. g

Payload canister

The canister (fig. 3-10) is equal in size and con-
figuration to the Orbiter cargo bay, including similar
doors on the top. Service panels, tiedowns, and lift
points are also part of the canister to allow rotation
of the container. Special platforms for personnel ac-
cess to the open canister can also be used. This
equipment consists of a bridge-type structure that
spans the canister and has walkways along each
side of it. The bridge can be raised or lowered; at
maximum elevation, it clears the payload envelope.

HYDRASET

ATTACH
MECHANISMS

COUNTERWEIGHT MECHANISM

Figure 3-8.— Horizontal handiing fixture (strongback) for payloads.
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Figure 3-9.— Strongback in use for horizontal installation of Spacelab.
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Figure 3-10.— Payload canister shown mounted on its transport.
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Canister transporter

The transporter is capable of moving a fully
loaded canister. its suspension system helps to
minimize shock and vibration.

Cargo integration test equipment

The cargo integration test equipment (figs. 3-11
and 3-12) has the capability to verify interfaces off-
line, inciuding payload-to-payload and cargo-to-
Orbiter mechanical and functional interfaces. The
CITE in the O&C Building can accommodate horizon-

tally processed cargoes. Vertical processing is done
on the CITE in the VPF.

Included in this equipment are structural assembly
stands, mechanical clearance and fit gages, electri-
cal wiring, thermal-conditioning items, electronic
test sets, and radiofrequency transmission equip-
ment adapters. The CITE satisfies the STS require-
ment to perform final assembly and integrated testing
of cargo before it is mated to the Shuttle. it may also
be used to satisfy the payload interface verification
requirements.
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Figure 3-11.— Layout of cargo Integration test equipment for horizontal cargo.
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Services

In addition to the equipment, both technical and
administrative support services are available to fit
the needs of users. Administrative support includes
office space, communications and _transportation
facilities, equipment, and tools. Technical support for
payload processing includes clean rooms, test
equipment, propellants, ordnance testing and
storage, chemical analysis, shops, and laboratories.

3—-18

Complete technical services are available to
satisfy reasonable requirements of users. However,
these are not intended to supplement work that
should have been performed in the user’s home plant.
If support services other than those that are standard
must be reactivated for a user, negotiated cost and
schedules must be considered.



KSC MANAGEMENT

Interfaces

Standard payload interfaces and services re-
quired at the launch site will be made available to all
users, but the users will retain primary responsibility
for performance and off-line processing of their
payloads (fig. 3-13). To fulfill this host concept, the
launch site staff must schedule and integrate facil-
ities, support equipment, services, and personnel.

Planning launch site support for payloads will
begin with the initial contact between the user and
the designated LSSM. The LSSM will be assigned
early in the program to lead the planning effort. When
the planning is complete and the hardware arrives at

KSC, the cargo operations payload engineer will
become the user’s host. He will become acquainted
with the user’s organization and will work with that
organization in defining launch site operations. Initial
emphasis will be on long-lead items, conditions that
might affect payload design, and resolution of prob-
lems that pose potential difficulties. Any new
capabilities required must be evaluated for cost and
schedule effects. Even if payload processing re-
quirements are incomplete, they should be submitted
at the earliest possible date to allow ample time for
evaluation, planning, and integration into the STS
processing.

LAUNCH SITE SUPPORT MANAGER

AND SUPPORT TEAM

“Cv2 -

PAYLOAD LAUNCH SITE
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FACILITY CAPABILITY

SUPPORT CONSIDERATIONS
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Figure 3-13.— User’s involvement in planning launch site operations with the LSSM for a specific payload prior to hard-

ware arrival at KSC.
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Responsibilities

During planning, the user, using the KSC Launch
Site Accommodations Handbook, has the respon-
sibility to:

° Establish specific processing flow
requirements
* [dentify facility services required

* identify payload-supplied support equipment
required for use at the launch/landing site

e |dentify activation/deactivation requirements
associated with unique support equipment

e Ensure reliability and quality assurance during
" the off-line processing in support of payload
readiness

* Prepare procedures for accomplishing
processing before STS mating

¢ Input to and review integrated procedures for
on-line testing with the STS

* Perform safety assessment and safety reviews

¢ identify test support requirements for payload
involvement in integrated operations

* Provide certification of payload readiness
e |dentify all postflight requirements

* Identify proprietary information, if appropriate,
or security designations according to
applicable regulations

e |dentify and budget for payload costs to be
incurred at the launch site
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After hardware arrivali at KSC, the launch site
organization (cargo operations) will be responsible
for providing assistance to the user for planning in-
tegration and checkout of the payload elements with
the STS, planning and scheduling facility use and
payload flow, ensuring that all payload requirements
are met, and conducting the launch operations. Users
must provide sufficient documentation to define all
requirements for their payloads at the launch site.

For complex payloads (particularly those requir-
ing major construction of facilities at the launch site),
planning should begin several years before the
payload is scheduled to arrive at the launch site.
Most payloads, however, will require significantly
shorter lead times.

The user will retain prime responsibility for off-line
operations involving only his hardware. Once in-
tegration with other payloads or STS hardware
begins, the launch site organization will assume
overall responsibility but will require detailed inputs
and data review from the user. Users will retain per-
formance responsibility for their payload and will re-
main involved through the entire on-line flow as well.



SAFETY CONSIDERATIONS

The safety program at the launch site is intended
to protect personnel and the public from hazards, to
prevent damage to property, to avoid accidental
work interruptions, and to provide data with which to
evaluate risks and loss factors. The launch site
safety program is part of the overall STS safety pro-
gram. :

At KSC, the director of safety, reliability, quality
assurance, and protective services is responsible
for safety planning. Safety requirements at KSC in-
clude Department of Defense requirements. Those
NASA operations in Air Force areas will be con-
ducted in accordance with local Air Force safety
regulations and within the framework of KSC safety
standards. Safety surveillance will be coordinated
with Air Force representatives.

" The user is responsible for applying the provi-
sions of the safety program by:

e Maintaining surveillance in assigned areas to
detect and correct unsafe practices and
conditions

e Coordinating with the safety operations office
on all matters pertaining to accident
prevention

* Submitting the required safety data

* Ensuring that employees have and use safety
clothing and equipment during hazardous
operations

e Conducting safety reviews

A hazardous operation is one that could result in
damage to property or injury to personnel because it
involves one or more of the following.

1. Working area and environment: Any environ-
ment that deviates from normal atmosphere (in pres-
sure, chemical composition, or temperature, for ex-
ample, and including confinement within a closed
spacecraft) or work in proximity to pressure vessels.

2. Explosive ordnance: Handling, transportation,
installation, removal, closeout, or checkout of ord-
nance devices or an ordnance system.

3. Propellants: Loading, unloading, flow, hookup
or disconnect, movement of loaded storage units, or
opening contaminated systems involving solid, li-
quid, hypergolic, or cryogenic propellants.

4. Cryogenics: Loading, unloading, flow, hookup
or disconnect, movement of loaded storage units, or
regair of a system containing cryogenics.

5. Hoisting: Any operation involving lifting, load-
ing, or transporting a large or heavy item.

6. Radiation: Any operation involving an ionizing
radiation source or radiographic equipment or pro-
ducing more than a specified level of radiofrequency
radiation. Authorization at KSC for exposure to ioniz-
ing radiation is controlled centrally through the
Radiation Safety Program. Rules are consistent with
NASA, Energy Research and Development Adminis-
tration, and State of Florida regulations.

7. Toxic/combustible/corrosive materials: Risks

‘involved in the use of toxic, combustible, or cor-

rosive liquids, gases, or solids, such as mercury,
acids, or solvents.

8. Pressure: Operations involving the pressuriza-
tion of systems or components in which the first pres-
surization of a vessel exceeds 25 percent of design
burst; in which any pressurization of a vessel con-
taining hazardous fluids exceeds 25 percent of
design burst; in which any pressurization of a vessel
exceeds 50 percent of design burst; or in which any
pressurization of tubing, fittings, and other compo-
nents exceeds 25 percent of design burst.

9. Electrical: Any operation involving risk
because of the nature of the equipment involved.

10. Other: Any operation not previously specified
that could endanger personnel or hardware (as ex-
amples, use of other high-energy sources or work at
heights).

The safety operations office at KSC will review
hazardous operating procedures. A variance from
normal safety operations may be issued under cer-
tain circumstances.

321



VANDENBERG LAUNCH SITE OPERATIONS

At Vandenberg Air Force Base, the Department of

Defense will be responsible for the general-purpose -

Shuttle equipment and facilities necessary to per-
form the ground, launch, and landing activities for all
Space Shuttle operations. NASA KSC will be respon-
sible for launch site support for all NASA and civilian
payloads before they are mated with the Orbiter,
while the U.S. Air Force at VAFB will be responsible
for DOD payloads as well as for overall Shuttle
facilities. The VAFB STS facilities are geographically
separated into the North Base area and the South
Base area {fig. 3-14).

Payloads will be installed either at the Orbiter
Maintenance and Checkout Facility (OMCF) (in a
manner identical to that at the OPF) or at the launch
pad through the payload preparation room (PPR) or
the payload changeout room (PCR) (figs. 3-15 and
3-16). The latter is DOD baseline. Vertical installa-
tions will differ slightly from those at KSC in that the
preparation room is located on the launch complex
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and the changeout room traverses some 775 feet
{235 meters) between the preparation room and the
launch mount. At VLS, the payload may be delivered
to the NASA Payload Preparation Facility (PPF) or the
preparation room for pre-integration tests and
checkout. Cargo integration and verification are then
performed in the preparation room by the DOD (with
NASA participation when NASA-sponsored payloads
are involved). The flight-ready cargo is then trans-
ferred into the changeout room, translated to the Or-
biter, and mated for launch.

After the Orbiter lands, safing and deservicing are
done in the Safing and Deservicing Facility (SDF).
Returned payloads are removed at the Orbiter Main-
tenance and Checkout Facility. Shuttle operations at
VLS are more fully described in the Vandenberg STS
Project Plan, Mission Operations Plan, Volume 1,
Ground Operations (SAMSO-LV-0020-1) and the
NASA/VLS STS Payload/Cargoes Ground Opera-
tions Plan (K-CM-09.1).
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1 PAYLOAD PREPARATION ROOM (PPR)
— PAYLOADS TO PPR

2 PAYLOAD CHANGEOUT ROOM

3 ACCESS TOWER
— SOLID ROCKET BOOSTER FROM SRB REFURBISHMENT
AND SUBASSEMBLY FACILITY
— EXTERNAL TANK FROM ET PROCESSING AND STORAGE
— ORBITER FROM ORBITER MAINTENANCE AND
CHECKOUT FACILITY
— FLIGHTCREW FROM FLIGHTCREW ACCOMMODATIONS

Figure 3-16.— Launch pad integrated operations at VLS.
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FLIGHT PLANNING

Flight planning involves the user at the point when
payloads mission-planning activities are integrated
with the STS operations planning. The STS opera-
tions organization is responsible for all STS planning
except payload-specific planning, which is done by
the user.

The payload requirements are provided by the
user in the Payload Integration Plan (PIP) and in the
Flight Planning Annex to the PIP. These documents
are essential for integrating the payload mission
planning and STS flight planning activities (fig. 4-1).
The requirements are fundamental to the payload
flight assignment, the STS flight profile design, and
subsequent crew activity planning.

The time needed for the planning cycle is related
to flight complexity as well as to flight experience.
The basic objective for STS operations is to achieve
a short (16 weeks) detailed planning cycle for simple
or repeat-type flights. The first few times a new type
of flight is planned, a longer planning cycle is re-
quired for developing standardized phases (which
can then be used in planning later similar flights).
Planning of standard flight types and flight phases
has been underway for several years. Longer plan-
ning cycles of individual flights are also needed for
those complex flights involving analysis and
multidiscipline coordination.

Real-time revision of plans (such as consumables
management, updates to procedures, or changes in
crew activities) during a flight is a natural continua-
tion of the preflight planning process.

Flight planning includes these four interdependent
elements:

1. Flight design—detailed trajectory, attitude,
and pointing planning (among other parameters),
which becomes part of the basic flight profile

2. Crew activity planning—the analysis and
development of required activities to be performed in
flight, resulting in a set of crew activity procedures
and time lines for each flight

3. Operations planning—performing those tasks
that must be done to ensure that vehicle systems and
ground-based flight control operations support flight
objectives

4. Training preparation—those activities required
to ensure that the proper resources are available to
train the flightcrew and flight operations support per-
sonnel to perform their assigned tasks

o= b
Flight Planning- Simulation and Training Scheduling

SPACE SHUTTLE TRAFFIC MODEL
487 FLIGHTS

Figure 4-1.— Payload planning documents.




Flight design

The flight design activity encompasses trajectory,
consumables, attitude and pointing, navigation, and
deployment/retrieval planning. To minimize the re-
quirement for unique and detailed planning and
analysis, standardized flights will be used if they are
consistent with the specified payload objectives.
Also, consumables “envelopes’ are utilized to avoid
detailed analyses during early stages of flight plan-
ning. The standard planning approach involves sets
of orbital destinations (inclination, orbital altitude),
flight phases (launch, on-orbit time line, deploy-
ment/retrieval sequences), maneuver sequences
(rendezvous, orbital adjustments, deorbit), and crew
activity blocks. Analysis of electrical, communica-
tions, and environmental needs at this stage will lead
to such decisions as whether to lnclude varicus flight
kits on the flight.

Based on the documented payioad mission re-
Guiremenis for a given flight, the flight profile design
wili be initiated. The end result of the flight design

phase is a detailed trajectory and flight profile that
s maneuver soguences,

nciudes such information g
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to support any necessary consumables loading
parameters and crew activity plans.

Crew activity planning

A time line plus the necessary procedures and
crew-reference data to accomplish a given flight are
generated from crew activity planning. :

During the early planning phase, crew activity
planners support the analysis of mission com-
patibility and flight feasibility in relation to crew ac-
tivities. The crew activity aspect of early planning
will result in definition of the flight duration and crew
size and identification of any new technique or pro-
cedure requirements.

Beginning with support to the CIR about 18
months before the flight, a preliminary integrated
summary crew activity plan is prepared o support an
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The summary STS time line, which contains the
crew activities for the STS flight phases (launch, ren-
dezvous, entry, etc.), crew work/rest cycles, and
crew personal and system-maintenance periods, is
developed. The summary STS time line, in combina-
tion with the flight profile, serves as a baseline for ex-
periment planning and scheduling.

The payload time line will be developed by
payload crew activity planners, leading to a summary
payload time line that is consistent with STS con-
straints and schedules and with the scientific ac-
tivities necessary to accomplish the payload flight
requirements. Some modifications to the STS ac-
tivities may be needed to accommodate the payload
flight requirements within the planning resources
limits, while maintaining STS vehicle and crew safety
limits.

The STS crew activity planners will combine the
payload activities (which have been planned and
scheduled by the payload crew activity planners)
with the STS activities to create a single integrated
summary crew activity plan. Those STS activities re-
quired to support the payload activities will also be
scheduled. As a part of this integration process, a
vehicle attitude time line will be developed. The
STS/payload integrated summary crew activity plan
(CAP) becomes the baseline from which all detailed
STS and payload crew activity planning and pro-
cedures development is accomplished. The user is
responsible for the development of all payload
detailed crew activity planning and payload pro-
cedures development. The STS operations center is
responsible for all detailed STS crew activity plan-
ning, all STS procedure development, and all STS
payload procedures integration.

During this time frame, an update to the flight
profile is produced, if required, and detailed systems
analyses are conducted. This is necessary because
of the interrelationships among flight design, opera-
tions planning, and crew activity planning.

These products are used to develop the payload

planning details. The payload details consist of any -

required payload time-line details that go beyond the
basic activity definitions in the summary crew ac-
tivity plan, or any payload data required for the ex-
ecution of these activities. If modifications to the in-
tegrated summary crew activity plan are required,
they will be coordinated with the STS crew activity
planners.

About 8 weeks before launch (6 weeks in the short
planning cycle), the Payload Flight Data File will be

completed. At approximately 8 weeks, the final STS
Flight Data File will be produced by the STS plan-
ners. This is the material actually carried onboard
and includes the crew activity plans, procedures,
reference material, and test data needed by the crew
for flight execution.

During this same time frame, the STS operations
planners will produce the final issues of the command
plan, flight rules, and network and logistics support
plan. This will allow the crew and the STS flight con-
trol team (assigned about 8 weeks before launch) to
begin their flight-specific training and will serve as a
basis for their preparations.

The majority of STS procedures are standardized;
changes required from flight to flight will be primarily
a result of vehicle configuration changes. The
STS/payload interface procedures, however, are
candidates for standardization only for repeat
payloads. The scheduling of STS payload support
activities depends on the payload activities them-
selves. For this reason, standardization in these
areas is very difficult (without sacrificing flexibility in
payload scheduling or accepting less than optimum
results).




Operations planning

Operaticns planning includes that planning per-
formed to ensure compliance with mission objec-
tives. The results of the analyses performed.during
the early planning and flight design phases are the
primary inputs to the operations planning phase.

During this final phase, the documentation to be
used during flight operations is evaluated and up-
dated no later than 12 weeks before launch if the
flight requirements demand modifications. The
following documents are involved.

* Flight rules

* Console handbook

* Commandplan

= Communications and daia plan

¢ Systems schematics

Detailed systems and consumshles analyses and
budgets for the flight, using the reference trajectory
as a basis, are also done in this final pianning phase.

Training preparation

The training preparation task for a specific flight
begins with the determination of training require-
ments. If new facilities are needed, they must be
identified far enough in advance to allow funding and
design work.

Once the training requirements have been iden-
tified, standardized training plans will be modified to
fit the flight requirements, the training facilities will
be scheduled, the simulation scripts written, and the
actual training performed to support both flightcrew
and flight controller tasks.

All STS-related training, both for onboard and

_ ground personnel, is the responsibility of the NASA

Lyndon B. Johnson Space Center {(JSC). All payioad-
related training is the responsibilily of the user.
Close coordination is required to achieve a compati-
bia and balanced training plan.

Additions! information ahoit schedules
menis, and speﬂﬁc facilifies = Incledad i
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COMMUNICATIONS NETWORK

The network used by the Space Transportation
System provides real-time communication links be-
tween the user on the ground and his payload—
whether it is attached or detached—during most of
the time on orbit. The communication links provide
the capability for downlink telemetry. data, uplink
command data, two-way voice, downlink television,
and uplink text and graphics (fig. 4-2).

The STS communications network is a combina-
tion of the Tracking and Data Relay Satellite System

(TDRSS), which consists of two geosynchronous
satellites and one ground station, and the Ground
Space Flight Tracking and Data Network (GSTDN).
The NASA communications network (Nascom), which
may be augmented by an interface with a domestic
satellite (Domsat), links the tracking stations with the
ground control centers. In addition, the Deep Space
Network (DSN) is used to support all interplanetary
flights.

DOMSAT

50 Mbps
RELAY

DOMSAT EO Mbps TDRSS

DOMSAT
RECEIVER

IUS/PAYLOAD

DOMSAT

DOMSAT

PAYLOAD COMMAND I\
AIR-TO-GROUND VOICE
TELEVISION

< GROUND DSN
TRANSMITTER STATION RECEIVER
R o COMMAND AND CONTROL

50 Mbps 1.5 Mbps & OF FREE-FLYING SYSTEMS COMMAND
A / o AND CONTROL
OF PLANETARY

TELEVISION
R | McC | ORBITER DATA S PAYE OADS
ORBITER DATA VOICE COORDINATION

AIR-TO-GROUND VOICE
PAYLOAD COMMAND POCC
THROUGH ORBITER

[ ' JPL

VOICE COORDINATION

GSFC = GODDARD SPACE FLIGHT CENTER

PAYLOAD COMMAND THROUGH ORBITER/IUS, AIR-TO-GROUND VOICE
ORBITER DATA, VOICE COORDINATION

A

JPL = JET PROPULSION LABORATORY

Figure 4-2 — Space Shuttle communications links.
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Tracking and Data Relay
Satellite System

The TDRSS provides the principal coverage for all
STS flights. It is used to support Orbiter attached
payloads as well as free-flying systems and pro-
pulsive upper stages in low and medium Earth orbit.
The nearly continuous monitoring capability helps
reduce the probability of experiment failure, reduces
the need for onboard data storage, and allows inflight
modification of experiments.

The system consists of two geostationary relay
satellites 130° apart in longitude and a ground ter-
minal at White Sands, New Mexico (figs. 4-3, 4-4, and

4-5). The system will include one spare satellite in

orbit. The two satellites provide orhital communica-
tions coverage of low-Earth-orbiting spacecraft.
Real-time geometric coverage of approximately 85
percent will be provided for most users. For orbital
altitudes greater than 660 nautical miles (1200
kilometers), 100 percent geometric coverage can be
provided. Geomelric coverage decreases above
1620 nautical miles (3000 kilometers).

User spacecraft at low altitudes and inclinations
will pass through the zone of no coverage during ev-
ery orbit and therefore receive the least coverage.
Those at high altitudes and high inclinations will pass
through the no-coverage zone only periodically; for
example, a spacecraft at 540 nautical miles {1000
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Figure 4-3.— Areas where the Orbiter is out of communication on the TDRSS network.
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kilometers) will be in the zone only once per day or
less. The limited-coverage area is generally be-
tween 60° and 90° east longitude (central Asia, India,
and the Indian Ocean).

Communications coverage by the TDRSS may be
further constrained as a result of antenna patterns
during those payload operations that require specific

Orbiter attitudes. For example, an Orbiter “heads-
down” position for Earth resources viewing could
restrict coverage to as low as 30 percent of the time,
depending on orbital inclination and Orbiter attitude
position.

Details of TDRSS capabilities are provided in the
TDRSS User Guide (GSFC STDN 101.2).

NO COVERAGE

650 N. MI. (1200 km)

(]

INDIAN
OCEAN

TDRS WEST
LONGITUDE,
171° W

TDRS EAST
LONGITUDE,
41° w

Figure 4-4.— Two-satellite TDRSS showing area of no
coverage.
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Figure 4-5.— Percent of TDRSS communication at
various inclinations and altitudes.



Space Flight Tracking and
Data Network

Communication with and tracking of Orbiter and
other spacecrait will be accomplished by a network
of worldwide ground-based tracking stations (STDN)
until the TDRSS becomes operational (calendar year
1983). The ground-based tracking network will then
be closed.

Nascom

The NASA communications network, managed by
the Goddard Space Flight Center (GSFC), forms the
ground links between the tracking stations, the MCC,
and the Payload Operations Control Center (POCC).

The baseline telecommunications system that is
being implemented by Nascom will consist of all-
digital data communication services leased from
common carriers and three Nascom terminal systems
interfacing with these leased services. The Nascom
terminals will be located at the TDRSS ground ter-
minal, in the MCC at JSC, and at GSFC. Users’ ground
communication normally will access TDRSS/STDN
through the GSFC or JSC terminal points. This
baseline system will be augmented by more
specialized communication facilities for delivery of
high data rate science and imagery data to users.

Payload control

All commands to payloads through the Orbiter will
pass through or be initiated at the MCC. As much as 2
kbps of command data (various types, formats, and
bit rates) can be transmitted to payloads through the
Orbiter. The intent of the Shuttle command system
(onboard and ground system) is to provide maximum
transparency to payload commands while retaining
adequate control for crew safety. Some specialized
prefiight planning with the user is necessary to
achieve this goal. The following command system
features and operations concepts are used.

An STS/payload command plan will be developed
and jointly agreed upon by JSC and the user, with
particular attention given to the countdown, launch,
insertion, and payload-activation sequences. To en-
sure Orbiter safety and to allow for interruption of
normal, preplanied POCC command sequences dur-
ing Orbiter contingencies, the MCC will maintain the
capability to enable or disable POCC command out-
put.

A list of payload commands that constitute a
hazard to the Orbiter (while the payload is attached
to or near the Orbiter) will be identified jointly by JSC
and the user during preflight planning. The user may
add to the list any commands considered hazardous
to the payload itself. This joint command list will be
entered into the MCC command software (safed).

A definite handover time for detached payload
operations will be established jointly by JSC and the
user before the flight. The plan wiil define the point
after which POCC commands will cease to pass
through the MCC and will be initiated and routed in-
dependently of STS commands. in establishing the
proper handover time, the primary considerationis to
maintain Orbiter and crew safety after the handover
of command responsibility.



Telemetry and data systems

When attached payloads are flown, up to 64 kbps
of data can be transmitted (interleaved with the STS
operations telemetry) to the ground (table 4-1).
Selected portions of these data can also be dis-
played onboard to the crew. The payload data and
voice transmission will automatically be recorded on

the operations recorder whenever the proper data

format and voice channels are selected. In addition,

up to 50 Mbps of data (in real time) can be transmit-
ted to the ground through the TDRSS.

% EVA

TELEMETRY,
VOICE

DETACHED PAYLOAD

e TRANSMIT COMMANDS
e RECEIVE TELEMETRY
e RADAR TRACKING

S-BAND PM:
e UPLINK (32 or 72 kbps)

e DOWNLINK (96 or 192 kbps)
S-BAND FM DOWNLINK:

TIME-SHARED, WIDE-BAND PAYLOAD DATA

(ANALOG OR DIGITAL TO 4.0 MHz OR 5.0 Mbps),
TELEVISION, DUMP RECORDED DATA

PSK = PHASE SHIFT KEYING
PM =PHASE MODULATION
FM = FREQUENCY MODULATION

Somewhat less capability exists for detached
payloads telemetry through the Orbiter (fig. 4-6). Up
to 16 kbps of payload data can be transmitted to the
Orbiter, displayed to the crew, and transmitted (in-
terleaved with the STS operations telemetry) to the
ground. These data (and voice, if available) will also

be recorded onboard whenever the proper data for-
mat and voice channels are selected. Up to 4 Mbps
(or 4.5 megahertz) can be transmitted from the
payload through the Orbiter to the ground through the
“bent pipe’’ path. However, the crew would not have

access to the data.

S-BAND
e PSK FORWARD LINK (32 or 72 kbps)
e PSK RETURN LINK (96 or 192 kbps)

Ku-BAND
e PM UPLINK (72 kbps + 144 kbps)
e PM DOWNLINK (<2 Mbps + <50 Mbps

+ 192 kbps)
e FM DOWNLINK (<2 Mbps + <4.5 MHz

+ 192 kbps)

S-BAND

/_

TDRg
S SPACE.GROUND :
INk

TWO-WAY DOPPLER

EXTRACTION —\

(]

GSTDN GROUND
STATION

STATION

Figure 4-6.— Telemetry and data systems for detached payloads.
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After crew- or ground-commanded checkout of a
detached payload has been completed and after the
Orbiter has maneuvered to a safe distance, the
payload control function no longer involves the Or-
biter. The POCC will then assume complete control
of the detached free-flying payload and com-
mand/telemetry data will no ionger be routed through
the Orbiter or the MCC. -

If a flight involves an upper stage/payload com-
bination, the MCC will retain control through separa-
tion of the upper stage and its payload at a desired

- orbital ‘position. However, a payload may have its
own radiofrequency telemetry interface with a net-
work simultaneously with the upper stage telemetry
downlink.

Voice and video links are also provided. The MCC
will control all air-to-ground voice channels. The
POCC will normally communicate with the crew for
payload operations on the air-to-ground science

operations channel (which is separate from the Or-
“biter operations channel). However, if the com-
mand/telemetry interface is low bit rate to and from
the Orbiter, the POCC will share the same channel
with the MCC. The MCC will continuously monitor
usage of the air-to-ground science operations chan-
nel and will enable or inhibit POCC voice capability
as required for crew safety and in-flight operations.

The crew controls voice recording, but the MCC,
with crew coordination, controls recorder dumps
(playbacks to the radiofrequency system for
downlink of recorded information).

The source of video can be the cockpit television
camera, one of the four cameras associated with the
cargo bay and manipulators, or a camera on an at-
tached payload. Coordination of video use between
the MCC and the POCC will require integrated flight
planning.

Table 4-1.— Payload/Orbiter telemetry data

Payload interfaces Data link Can be Can be Can be Can be
recorded displayed received received
onboard onboard by GSTDN | by TDRSS

Detached Up to 16 kbps Yes Yes Yes Yes

Bent pipe No . No No Yes

Attached Up to 64 kbps Yes Yes Yes Yes

Up to 50 Mbps No No No Yes
Up to 1.024 Mbps No No Yes Yes
Up to 5 Mbps No No No Yes
4.2-MHz television No Yes Yes Yes

4-10




MISSION CONTROL CENTER

During all on-orbit periods when a payload has an
operational interface with the Space Transportation
System, flight operations support will be provided
jointly by the MCC and the POCC responsible for that
payload. The MCC will provide total support for other
phases of the Orbiter flight—prelaunch, ascent, re-
entry, and landing.

For all flights, the MCC provides systems monitor-
ing and contingency support for all STS elements,
provides two-way communications interface with the
crew and onboard systems, performs flight data col-
lection to a central site, and provides a preflight and
in-flight operational interface with the POCC to coor-
dinate flight operations.

Specific types of payloads require some varia-
tions in the interface support provided by the MCC.
The MCC operation has sufficient flexibility to ac-
commodate all types of missions with varying
degrees of user participation and STS services to
payloads. The operations concepts are intended to
provide economical and convenient services in
response to user needs.

The three basic flight types involve attached
payloads, deployment and retrieval in Earth orbit, and
use of upper stages to deliver payloads.

For flights involving attached payloads, the MCC
provides these standard items: support systems
monitoring, contingency support, and systems sup-
port for unattended operations; Spacelab software
support for standard Spacelab services; interface
systems support; and other items related to com-
bined POCC and MCC tasks. The MCC also provides
a ground team to develop preflight documentation re-
quired for a given flight, including the STS flight rules
and constraints, troubleshooting plans and pro-
cedures, and command plans. The ground support
role is flexible and able to operate with standardized
Spacelab configurations and documentation sets.

Deployment and retrieval missions fall into two
broad categories of MCC support: those requiring lit-
tle or no checkout or special training of flightcrews
and operations support personnel and those that in-
volve significant crew activities and systems inter-
faces between the Orbiter and the payload. For the
limited-interface category, MCC support will follow a
standardized plan that requires consideration only of
trajectory and deployment end conditions. Variations
in ground systems may relate only to command and
telemetry format modifications and trajectory
monitoring.
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The MCC interface will be more extensive for
those flights that require significant crew and
systems interfaces. Real-time telemetry and voice
and command system capabilities will be provided
through STS operations interfaces. Payload systems
expertise will be provided by the user. Payload
telemetry processing at the MCC will include only
those payload data received in the operational data

stream that are required to accomplish STS interface -

responsibilities.

For payloads involving the use of standard pro-
pulsive upper stages (requiring trajectory placement
that cannot be achieved by the Orbiter), the MCC will
be responsible for the systems moniioring, con-
tingency support, and operational control of the up-
per stage. Telemetry data from the upper stage will
be processed at the MCC-to support flight control,
both while the upper stage is in the cargo bay and
while it is operating deployed from the Orbiter.
Payload data transmitted through the Orbiter or inde-
pendently of the STS communication systems will
also be made available at the MCC if those data are
required to support flight operations.

The STS operations organization within the MCC
consists of three major elements or functions: a plan-
ning operations management team (POMT), muitipur-
pose support groups, and small flight control teams
{fig. 4-7).

The POMT serves primarily to perform a preflight

(approximately 2 years to 16 weeks before launch)
function, with management responsibility for the
detailed development, planning, scheduling, and
status of all STS flights. The POMT will provide
assistance to the user in preparing requirements
documentation for facilities, software, command,
telemetry, flight requirements, and POCC interfaces.
Documentation of these requirements will reside in
the PIP and their annexes.

The multipurpose support function inciudes the
bulk of STS flight planning, procedures development,
and systems expertise and manpower. The multipur-
pose support teams provide direct support for
preflight planning and training activities and, -during
the fiight, provide systems and trajectory statusing
support to the flight control room on a routine and
periodic basis.

The flight control team is the only flight-dedicated
element in the operations concept; members of this
team are on duty 24 hours a day for the duration of
each STS flight. They provide direct real-time flight
support to the crew through flight monitoring and
assistance during launch and entry, and by following
the flight activities during the orbitai phase. The real-
time planning and execution of payload operations
activities, which do not affect or change the inte-

grated STS/payload operations, will be primarily the

responsibility of the POCC.

 §

MULTIPURPOSE SUPPORT

¢ DETAILED FLIGHT DESIGN |
e TRAINING

PLANNING OPERATIONS
MANAGEMENT TEAM
® ACTIVITY INTEGRATION
© READINESS ASSESSMENT
e RESPONSE CENTER

e FLIGHT DATA SET

e CONTINGENCY SUPPORT

Bl FLIGHT CONTROL TEAM
" MULTIPURPOSE . RES.'_'{_mnguGHT

SUPPORT ROOMS

OR IN-LINE
ORGANIZATION

e CO-LOCATED IN A
DEDICATED FLIGHT
CONTROL ROOM

Figure 4-7.— The three major elements of the STS operations.
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PAYLOAD OPERATIONS CONTROL CENTER

Operating in conjunction with the JSC Mission
Control Center are Payload Operations Control Cen-
ters from which the STS users or experimenters can
monitor and control their payloads (fig. 4-8).

The relationship between the MCC and each
POCC is essentially the same. Each POCC has the
computation and display capability necessary to
provide data for operational control of payloads as
well as the capabilities for payload communications
and command.

Normally, only one POCC will be involved with a
single flight. Attached payloads, including all
Spacelab manned modules and/or pallets, are con-
trolled from the POCC at JSC. Free-flying systems
that are deployed, retrieved, or serviced in Earth or-
bit by the Orbiter are monitored by a POCC at the
Goddard Space Flight Center. Payloads with distant
destinations, such as those exploring other planets,
are controlled from the POCC at the Jet Propulsion
Laboratory (JPL).

JET PROPULSION LABORATORY
(PLANETARY PAYLOADS)

GODDARD SPACE

FLIGHT CENTER

(EARTH-ORBITING
AUTOMATED
PAYLOADS)

JOHNSON SPACE CENTER
(ATTACHED PAYLOADS)

Figure 4-8.— Location of Payload Operations Control Centers.
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Attached payloads

Flight operations activities for support of attached
payloads are conducted from the POCC at JSC. This
POCC provides the facilities and accommodations
necessary to monitor and control the payloads
operations.

The user can seiect the level of support needed in
the POCC for payload support. The three basic
modes are as follows.

1. Host—In this mode, the POCC provides host
facilities with a standard complement of capability for
data monitoring, payioad commanding, and voice
communications with the crew and the MCC. The
user provides all the payload operations personnel
necessary to support real-time crew activity plan-
ning, crew procedures changes, command and con-
trol planning systems monitoring, science process-
ing, and analysis. JSC will man one console position
in the POCC to provide command interface manage-
ment support to the payload experiments.

2. Limited—In this mode, the user provides part of
the payload support and NASA provides payload
support in selected areas.

3. Full service—In this mode, NASA provides all
the required payload support to conduct the user’s
payload operations. However, as in the other modes,
the user will be responsible for all science manage-
ment decision support. i
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Generally, the same data that are availabie to the
STS controllers within the MCC are also available to
the user in the POCC. The POCC also provides simi-
lar capability to the MCC for command uplink and
voice communications both with the onboard crew
and with flight controllers in the MCC. Table 4-2 pro-
vides a summary of the standard capabilities in the
JSC POCC for data monitoring, command and con-
trol, accommodations, and services.

Interfaces between the POCC and the MCC are
simplified somewhat by the fact that both are located
in the same building (building 30 Mission Control
Center complex) at JSC. Payload operations for at-
tached payloads require close coordination between
the POCC and the MCC throughout the duration of a
flight because no handoff is made, as it is to the other
two POCC’s when their spacecratft get out of range of
the Orbiter. :

The responsibility for managing and staffing the
JSC POCC lies with the user; thus, the organizational
structure is flexible and may vary somewhat from
flight to flight. However, the user is expected to
designate an individual within the POCC who has
overall responsibility for all payload operations deci-
sions. See the document Payload Operations Control
Center for Attached Payloads (JSC-11804).



Table 4-2.— JSC POCC capabilities

Facility Terminals, desks, chairs, tables, recorders, telephones, headsets for voice monitoring, conference
areas
Voice Voice loops (both internal and external to JSC) for coordinating STS/payload flight planning

communications

activities
Two-way voice communications with crew during flight
Voice tapes of crew conversations

Command
data
(uplink)

Commands can be initiated from an assigned console position in the POCC
Command histories can be retrieved from real-time processors and displayed on the console
Command histories may be obtained from off-line processors (printouts or tapes)

Telemetry
data
(downlink)

Real-time monitoring of the STS systems data (same capability as STS controllers)
Real-time processing and display of payload command and control data
Limited real-time processing and display of payload operations data contained in independent

science downlinks
Limited near-real-time processing and display of payload operations data contained in independent

science downlinks

Communications

Real-time or playback data can be routed over user circuits to a user remote facility
Optional data processing is available to package data to user specifications for transmission to a user

terminals
facility
Data Standard unit conversion, limit sensing, and simple arithmetic computations
processing Analysis program support (the amount of support will be negotiated on a case-by-case basis)
Trajectory All ongoing trajectory and Orbiter attitude information will be made available to users as required
(same capability as STS controllers)
Orbit phase processing of trajectory will be performed as negotiated to support payload operations
Output Digital television equipment displays
devices Strip-chart recorders
Tabular reports
Raw data tapes
Video Can monitor in real time all STS-compatible video downlink
downlink




Free-flying automated payloads

Goddard Space Flight Center is equipped to con-..

duct operations.of NASA Earth-orbiting free-flying
spacecraft. Eight to ten individual GSFC POCC'’s ex-
ist, each of which has the capability to support flight
operations of several spacecraft. Normally, an in-
dividual dedicated POCC will support a series of
spacecraft or spacecraft in similar scientific dis-
ciplines. A Multisatellite Operations Control Center,
which provides support for those spacecratft that do
not require a dedicated POCC, can support 5 to 10
spacecraft, depending on the extent of operational
requirements.
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The GSFGC payload operations are functionaily
organized into three main areas: the project opera-
. tions control center, which is the focal point for
payload operations and control; the support comput-
ing functions, which include computations of orbit,
attitude, flight maneuvers, and spacecraft control;
and the sensory data processing, which provides
preprocessed time-ordered data and processed im-
age data to experimenters and organizational users.
These functions and their relationships are illustrated
in figure 4-9 and described in the document Payload
Operations Control Center for Earth-Orbiting Auto-
mated Payloads (GSFC).

COMMAND, TRACKING, l 1
AND s P e i o s s s Mcc . _'
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PAYLOAD OPERATIONS -
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L Netera b CONTROL CENTER SYSTEM
FACILITY

s == INTERFACES BETWEEN POCC/MCC WHEN STS INVOLVED iN PAYLOAD OPERATIONS

Figure 4-9.— GSFC payload operations.
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A non-real-time computing capability exists for
mission analyses, design of payload flightpath, and
in-orbit flight data analysis and navigation computa-
tions. The capability exists to simulate spacecraft
characteristics, operational constraints, and en-
vironmental parameters and to generate data for
checkout of the end-to-end data system spacecraft
responses to command activities. The simulation
capability is normally mission-unique.

The standard POCC capabilities are quite similar
to those described previously for the JSC POCC.
The size and computational support will vary, de-
pending on individual mission requirements.

The GSFC POCC normally provides the control
facilities, computational capability, and software
necessary to interface with the STDN, to process the
free-flying spacecraft telemetry data, to generate the
necessary data outputs and displays to support the
spacecraft evaluation and operations, and to gener-
ate the necessary commands for spacecraft opera-
tion. The required operations personnel are also pro-
vided by GSFC.

The user normally provides the spacecraft opera-
tions team, which works from a mission operations
room. The individual experimenters and principal in-

vestigators either work within or have interfaces to
the POCC. They are responsible for operation and
evaluation of their own experiments. If required, data
can be transmitted to an experimenter’'s home
facilities, at the experimenter’s expense. For detailed
information about remote POCC interface, refer to the
document Remote POCC Capabilities (JSC-14433,
Vol. ll).

Each POCC at GSFC will provide standard inter-
faces to the STS for times when operations are con-
ducted with the spacecraft attached to the Orbiter or
in its sphere of influence. Spacecraft command and
telemetry interfaces are the exclusive responsibility
of the POCC.

The Shuttle POCC Interface Facility (SPIF) is the
central point of contact for the GSFC POCC/STS in-
terface. Support provided by the SPIF minimizes the
differences between POCC activities required to
support an Orbiter-supported spacecraft and a free-
flying spacecraft. The SPIF, as a standard service,
processes and distributes STS-unique data (Orbiter
ancillary, JSC status, Orbiter attitude and ephemeris)
to the POCC. Support from a POCC at GSFC is ar-
ranged through the Office of Space Tracking and
Data Systems at NASA Headquarters.



Planetary payloads

The POCC at the Jet Propulsion Laboratory (also
cailed the Mission Control and Computing Center) is
eaquipped to support planetary or lunar mission
operations as well as some Earth-satellite opera-
tions managed by JPL. More than one mission can be
supported simultaneousiy. The JPL POCC includes
‘two buildings, the Space Flight Operations Facility
-and part of the System Development Laboratory. The
‘amount of actual area needed changes with the mis-
sion requirements.

An auxiliary powerhouse, computers, software,
terminal and display equipment, communication
equipment, operating personnel, and other
miscellaneous items are part of the JPL POCC and
are described in the document Payload Operations
‘Control Center for Planetary Payloads (JPL).

The functional systems include those for imaging,
telemetry, operations and control, simulation, com-
‘mand, tracking, and data recording.

Figure 4-10 shows the top-ievel data processing
hardware configuration. In this illustration, two mis-
sions are being supported simultaneously. Mission 1
is receiving its data from the Deep Space Network,
while mission 2 (which could be either in a launch
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configuration test or a launch/on-orbit phase) is
receiving data from the STS.

The two basic categories of computers and asso-
ciated equipment are for real-time and non-real-time
processing. For real-time processing, a de-
centralized approach, using dedicated computer

_ configurations, is followed.

When the mission requires it, image processing to
generate pictures and the processing of image data
to obtain optical navigation parameters are per-
formed in dedicated computer configurations. These
configurations may or may not be connected to the
real-time data communication network. Neither func-
tion is required in the STS/POCC interface.

The non-real-time computing is shared by all mis-
sions in a large, centralized computer configuration,
where all flight data analysis and navigation com-
putation, mission sequencing necessary for mission
control, and generation and validation of the final
data records are performed. Some of the data record
file preparation is performed on minicomputers.

Simulations of the spacecraft and of other external
data interfaces of the end-to-end data system are
obtained through a computer-based simulation
system dedicated to a mission. Backup configura-
tions are also provided.
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TRAINING AND SIMULATIONS

The STS operations provide all users with flight-
qualified commanders, pilots, and mission
specialists. In addition, the concept of noncareer
crewmembers permits visiting payload operators to
fly as payload specialists. These payload specialists
who augment the basic crew are selected by the user
in accordance with appropriate NASA management
instructions. These payload specialists, if provided
by the user, are required to undergo the minimum
8TS training to function efficiently as members of a
flightcrew.

In general, the STS crewmembers (commander,
pilot, and mission specialists) are responsible for
operation and management of all STS systems, in-
cluding payload support systems that are attached
either to the Orbiter or to standard payload carriers.
The payload specialist is responsible for payload

.operations, management, and the attainment of
payload objectives. '

Crew duties

The following description of crew duties is sum-
marized from Space Shuttie System Payload Accom-
modations (JSC-07700, Vol. XiV).

A commander and a pilot are always required to
operate and manage the Orbiter. The makeup of the
remaining crew depends on the mission require-
ments, complexity, and duration. Detailed respon-
sibilities of the mission and payload specialists are
tailored to meet the requirements of each individual
flight.

The commander has the ultimate responsibility for
the safety of embarked personnel and has authority
throughout the flight to deviate from the flight plan,
procedures, and personnel assignments as neces-
sary to preserve crew safety or vehicle integrity. The
commander is also responsible for the overall execu-
tion of the flight plan in compliance with NASA policy,
mission rules, and MCC directives.

During the payload operations phase of the flight,
the commander will, within the described limitations
connected with crew safety and vehicle integrity,
direct the allocation of the STS resources to the ac-
complishment of the combined payload objectives,
including consumables allocation, systems opera-
tion, and flight plan modifications.

The pilot is second in command of the flight. The
pilot assists the commander as required in the con-
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duct of all phases of Orbiter flight. He or she has such
authority and responsibilities as are delegated to him
or her by the commander (for example, during two-
shift orbital operations). The commander or the pilot
wili be available to perform specific payload opera-
tions if appropriate at the discretion of the user.

The mission specialist is responsible for the coor-
dination of overall payload/STS interaction and, dur-
ing the payload operations phase, will direct the
allocation of the STS and crew resources to the ac-
complishment of the combined payload objectives.
The mission specialist is responsible to the user or
users, when carrying out assigned scientific objec-
tives, and will operate in compliance with mission
rules and POCC directives. When so designated by
the user or users, the mission specialist will have the
authority to resolve conflicts between payloads and
to approve deviations from the flight plan that may
arise from payload equipment failures or other fac-
tors.

The mission specialist may also operate experi-
ments consistent with responsibilities assigned
before the flight and in agreement with the user. The
mission specialist has prime responsibiiity for ex-
periments to which no payload specialist is
assigned, or will assist the payload specialist when
appropriate, or both. During launch and recovery, the
mission specialist is responsible for monitoring and
controlling the payload to ensure payload integrity
and vehicle safety. He or she will also assist the
commander and pilot during these phases as
required.

The payload specialist is responsible for the
operation and management of the experiments or
other payload elements that are assigned to him or
her and for the achievement of their objectives. The
payload specialist is responsive to the authority of
the mission specialist and operates in compliance
with mission rules and POCC directives. He or she
will be an expert in experiment design and operation,
and onboard decisions about detailed experiment
operations will be made by the payload specialist.
When desired by users, a payload specialist may be
designated to resolve conflicts between those users’
payvloads and to approve deviations from the flight
plan that may arise from payload equipment failures
or other factors related to these payloads.

The payload specialist may be cross-trained as
necessary to assist the mission specialist or other
payload specialists in experiment operation but may



not be required to manage experiments outside his or
her area of expertise. In some instances, the payload
specialist may be responsiblie for all experiments on-
board. The specialist may operate those Orbiter and
Spacelab payload support systems that are required
for efficient experiment operation, such as an instru-
ment pointing system, command and data-manage-
ment system, and scientific airlocks. The payload
specialist will be responsible for knowing how to
operate certain Orbiter systems, such as hatches
and food and hygiene systems, and for proficiency in
those normal and emergency procedures that are re-
quired for safe and efficient crew operations.

The responsibility for the on-orbit management of
Orbiter systems and attached payload support
systems, as well as for extravehicular activity and
payload manipulation with the remote manipulator
system, rests with the basic crew because extensive
training is required for safe and efficient operation of
these systems. Assignment of these functions within
the basic crew will vary to meet the requirements of
each flight. In general, the commander and pilot will
manage Orbiter systems and standard payload sup-
port systems, such as Spacelab and IUS systems; the
mission specialist and/or payload specialists will
manage payload support systems that are mission
dependent and have an extensive interface with the
payload, such as instrument pointing systems.

STS crew training

The STS crewmembers are available on orbit for
user-defined functions approximately 8-1/2 hours
per crewmember per shift. In certain cases, it will be
to the user’s advantage to utilize an STS crewmem-
ber for the management or operation of the payload
(experiment). Use of the mission specialist as the
prime onboard payload manager/operator and use of
the commander or pilot as payload operator will re-
quire special training. The extent of crew participa-
tion in payload functions is limited by the amount of
preflight training time available.

Special payload or experiment training is highly
dependent on how a specific user desires to involve
the STS crewmember with the payload or experi-
ment; therefore, it is best provided by the user in-
stead of the STS operations. The explicit involve-
ment will be defined during the payload-to-STS
integration process. However, before this integra-

tion, the user should consider the choice of training
facilities.

Training facilities may be in the form of mockups,
functional trainers, mathematical models compatible
with various computer complexes, or complete
payload (experiment) simulators. They may be
designed to emphasize the payload’s philosophy,
operations, malfunctions, objectives, or require-
ments. They can be located either at JSC or at a site
chosen by the user.

Several training facilities at JSC are capable of
providing an interface to payloads or experiments
and therefore can be used to provide flightcrew train-
ing in payload operations. Classrooms equipped for
audiovisual presentations are available to the user at
JSC.

The Orbiter one-g trainer is a full-scale represen-
tation of the flight deck, middeck, and midbody.
Payload interface attachment points are provided in
the cargo bay. It will be used for flightcrew training in
habitability, extravehicular activity, ingress, egress,
television, waste management, stowage, and routine
housekeeping and maintenance.

The Orbiter neutral buoyancy trainer, designed to
be used in a water immersion facility, is a full-scale
representation of the crew cabin middeck, airlock,
and cargo bay doors. It also has attachment points in
the cargo bay. This facility provides a simulated
zero-g environment for training in EVA procedures.

The Shuttle mission simulator (SMS) (fig. 4-11)
provides full-fidelity forward and aft crew stations.
The SMS is computer controlled with systems mathe-
matical models, consistent with the flight dynamics,
driving the crew station displays. It will be used to
provide training on combined systems and flight team
operations. It includes the capability to simulate
payload support systems with mathematical models,
RMS dynamic operations using computer-generated
imagery, and Spacelab support systems by interfac-
ing with the Spacelab simulator. The SMS can be in-
terfaced with the MCC for conducting crew/ground
integrated simulations.

The RMS task trainer consists of an aft crew sta-
tion mockup, a cargo bay mockup, and a
mechanically operated arm. It will provide an en-
vironment for training on payload grappling (in the
cargo bay), berthing, visual operations, cargo bay
camera operations, and manipulator software opéera-
tions. The user will provide helium-inflatable models
to simulate the payload geometrically.
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The Spacelab simulator (SLS) consists of a core
and experiment segment interior with computer
modeling of the Spacelab systems. It will be used for
crew and ground team training on fiight-independent

systems and for some limited flight-dependent train-
ing. The SLS will also be used as a one-g trainer for
crew accommodations, habitability, stowage, and
safety methods.

Figure 4-11.— Motion base crew atation of the Shuttle mission simulator.
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Payload specialist training

The training requirement for a payload specialist
scheduled for a flight with Spacelab pallets requires
189 hours; for a flight with a Spacelab module, 203
hours of training are required. These numbers are
each reduced by 21 hours if no instrument pointing
system training is required.

Tables 4-3 to 4-7 and figure 4-12 illustrate the
typical training schedule and types of training for a
payload specialist. The 12-month schedule is typi-
cal; however, for some payloads, the user may want
the candidate to be screened longer before the flight.
In the tables, no attempt has been made to break
down the number of hours for each task; the totals for
each trainer are representative and intended to pro-
vide only a general idea of the training required. An X
indicates that some time is required in the facility and
a C indicates coordinated training with at least one
STS crewmember present.

The remaining time can be allocated to
STS/payload flight plan integration and reviews,
flight/mission rules development and reviews, flight
techniques meetings, and flight requirements imple-
mentation reviews.

Flight-independent training for the payload
specialist involves those crew tasks necessary for

any crewman to function effectively during flight. This
training consists primarily of workbook, classroom,
Orbiter-2g, and Spacelab/single-system-trainer
(SST) lessons.

Flight-dependent training can be divided into two
types: payload discipline training and training
necessary to support STS/payload integrated
operations. The second is characterized by integra-
ted simulations involving the entire flightcrew and
ground-based flight operations support teams.
These simulations—in one or more of the JSC train-
ing facilities—will involve the appropriate POCC as
necessary and will practice accomplishment of
various payload objectives to ensure a certain
measure of mission success.

Payload discipline training consists of the in-
dividual experiment training and includes use of user
research facilities, experiment prototype or develop-
ment hardware, and possibly experiment flight hard-
ware. There may be certain limitations to using flight
and development hardware for training exercises.
However, in general, the amount and type of payload
training for the crew is the responsibility of the user,
who should provide whatever training is considered
necessary. This training may start as early as 2 or
more years before a flight.
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12 1 10

8 7 6 5 4 3 2 1

CANDIDATES NAMED A

EARLIEST RECOMMENDED DATE
TO START STS TRAINING

FLIGHT-INDEPENDENT
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PAYLOAD SPECIALIST

STS FLIGHT-DEPENDENT
TRAINING

PAYLOAD DISCIPLINE TRAINING —————————————

A——— —— —A

——A

PART TIME

NEARLY FULL
TIME
S e

Figure 4-12.— Typical training schedule for a payload specialist.
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Table 4-3.— Crew systems training

Type of training Facility Total
Classroom or | Orbiter Water
workbook one-g immersion
trainer Facility
Habitability X X
Closed-circuit television X
Photography X
Ingress/egress C
Medical X
Survival X C (]
Emergency (on orbit) X X
Hours (approximate) 30 30 3 63

Table 4-4.— Orbiter systems training

Type of training Facility Total
Ciassroom or SST
workbook

Shuttle/Spacelab vehicle orientation X
Caution and warming X X
Communication/instrumentation X
Environmental control and life support X
Electrical power distribution and X

contro!
Data processing X
Audio/lighting X
Television operations X

Hours (approximate) 24 1 25
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Table 4-5.— Spacelab systems training

Type of training Facility Total
Classroom or SST SLS
workbook
Pallet | Module | Pallet | Module | Pallet | Module | Pallet | Module
Command and data X X X X
management
Audio X X X
Environmental control X X
Electrical power distribution X X
Instrument pointing X X X X
(if required)
Scientific airlock/viewport X X
Systems overview X X
Caution and warning X X X X
Hours2(approximate) 21-30 | 28-37 7-19 8-20 0 6 28-49 | 42-63

2High number in range of hours includes instrument pointing system; low number does not.

Table 4-6.— Spacelab phase training

Type of Facility Total
training
SMS/SLS
Spacelab activation/ C
on orbit/deactivation
Hours (approximate) 8 8

Table 4-7.— Integrated mission simulations

Type of Facility Total
training
SMS
Ascent (]
Spacelab activation/
on orbit/deactivation C
Descent C
Hours (approximate) 44 44
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Ground team

The flight operations support team can be divided
into an STS team and a POCC team. These teams and
the flightcrew must function together to accomplish
the flight objectives. Each team has unique respon-
sibilities that will require coordination with each
other and with the flightcrew. Initial training of each of
these teams is conducted independently and culmi-
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nates in the joint crew/POCC/STS ground team in-
tegrated simulations. The STS support team will
receive their training through the formal JSC training
process. The POCC support team will receive train-
ing on the STS hardware provided in the JSC POCC
and will participate in integrated simulations as re-
quired. Further POCC support team training require-
ments are included in the users’ guide for each
POCC.
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The user guides that are listed in this appendix

represent a condensation of many documents and
are designed to assist the user and to supplement
the major parts of the Space Transportation System
User Handbook. The documents are listed below ac-
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Code OT, National Aeronautics and Space Adminis-
tration, Washington, D.C. 20546; telephone (202)
755-2344; Federal telecommunications system
755-2344. Announcements of space flight oppor-
tunities may be requested from the following offices
{depending on discipline): Office of Space and Ter-
restrial Applications, E/OSTA; Office of Aeronautics
and Space Technology, R/OAST; and Office of
Space Science, S/0SS, at the National Aeronautics

and Space Administration, Washington, D.C. 20546.

Users requiring any of the publications listed below
should make their requests on company or govern-
ment letterhead to the organization listed as the
source of each document. Preliminary documents are
available as substitutes for the user guides that have
not been published.

Title/Source

Space Transportation System User Handbook

*STS User Management Procedures and Planning Schedules

STS Reimbursement Guide (JSC-11802)
STS Flight Assignment Baseline (JSC-13000)

Safety Policy and Requirements for Payloads Using the Space Transportation System (NHB 1700.7)
Supplement: Implementation Procedures for STS Payloads Safety Requirements (JSC-13830)

Space Shuttle System Payload Accommodations (JSC-07700, Vol. Xiv)
Attachment 1, Shuttle Orbiter/Cargo Standard Interfaces (ICD 2-19001)

Shuttle EVA Description and Design Criteria (JSC-10615)

Payload Interface Verification Requirements (JSC-14046)

Lyndon B. Johnson Space Center
Mail Code JM6G1

National Aeronautics and Space Administration

Houston, Texas 77058

Spacelab'Payload Accommodation Handbook (ESA SLP/2104)

George C. Marshall Space Flight Center

Mail Code NA 01

National Aeronautics and Space Administration
Marshall Space Flight Center, Alabama 35812

or European Space Agency
8-10, Rue Mario Nikis
75738 Paris Cedex 15, France

inertial Upper Stage User Guide
George C. Marshall Space Flight Center
FA51/1US Project Office
National Aeronautics and Space Administration
Marshail Space Flight Center, Alabama 35812

Payload Assist Module User Guide (A or D)
Goddard Space Flight Center
Mail Code 495
National Aeronautics and Space Adminisiration
Greenbelt, Maryland 20771

*Shuttie/Payload Integration Activities Plan (JSC-1 4383) shall be provided as a NASA/user interface procedure until the

agency-level document becomes available.



Long Duration Exposure Facility (LDEF) Guide for Experiment Accommodations
Langley Research Center
Mail Stop 258
National Aeronautics and Space Administration
Hampton, Virginia 23665

Multimission Modular Spacecraft and Flight Support System User Guides
Goddard Space Flight Center
Mail Code 408
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

KSC Launch Site Accommodations Handbook for STS Payloads (K-STSM-14.1)

NASA/VAFB STS Payloads/Cargoes Ground Operations Plan (K-CM-09.1)
John F. Kennedy Space Center
Mail Code CP-DPO
National Aeronautics and Space Administration
Kennedy Space Center, Florida 32899

Mission Operations Plan, Volume |, Ground Operations (SAMSO-LV-0020-1)
Space and Missile Systems Organization
U.S. Air Force Systems Command
Los Angeles Air Force Station
Attn: Code YVO
Box 92960, Worldway Postal Center
Los Angeles, California 90009

TDRSS User Guide (GSFC STDN 101.2)
Goddard Space Flight Center
Mail Code 863.3
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Payload Operations Control Center for Attached Payloads (JSC-11804)
Lyndon B. Johnson Space Center
Mail Code JM61
National Aeronautics and Space Administration
Houston, Texas 77058

Payload Operations Control Center for Earth-Orbiting Automated Payloads
Goddard Space Flight Center
Mail Code 513
National Aeronautics and Space Administration
Greenbelt, Maryland 20771

Payload Operations Control Center for Planetary Payloads
Jet Propulsion Laboratory
Mail Code 180-402
4800 Oak Grove Drive
Pasadena, California 91103




APPENDIX B

STS 100 Form



STS 100 FORM (REV C) REQUEST FOR FLIGHT ASSIGNMENT DATE:

TO: FROM: William F. Fratzke, Col, USAF
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION| Assistant for Space Transportation &
SPACE TRANSPORTATION SYSTEMS UTILIZATION Test

MAIL CODE: MC

USAF Space Division
WASHINGTON, D.C. 20546

PRINCIPAL CONTACT: Maj Steve Duttry
TELEPHONE: (213) 643-1104

PAYL : ‘ :
OAD TITLE USER CATEGORY: Other U.S. Government

SERCRES A Domestic commercial
XX pob Foreign commercial
—— NASA Foreign Government

FLIGHT TYPE: CARRIER:

— Shared Dedicated _____ Spacelab (specify)

! Other (specify)
Retrieval Revisit/service IUS (specify)

Attached Deployable SSUS-A SSUS-D MMS

PAYLOAD OBJECTIVES:

PAYLOAD ORBIT REQUIREMENTS:
SHUTTLE ORBIT REQUIREMENTS:
160NM altitude/28.5° inclination
160NM altitude/57° inclination
NM altitude/ ? inclination

CARRIER (OR FINAL) ORBIT REQUIREMENTS (deployable only):
NM apogee altitude
NM perigee altitude
deg inclination
deg argument of perigee
FINAL ORBIT REQUIREMENTS (deployable only):

PAYLOAD LAUNCH DATE(S) REQUESTED (month and year):

First launch (scheduled, stand-by or short-term call-up)
Second launch (scheduled, stand-by or short-term call-up)
Third launch {scheduled, stand-by or short-term call-up)
Fourth launch (scheduled, stand-by or short-term call-up)

7 Classified by: STS SCG, 17 Mar 86 il

Declassify on: OADR



PAYLOAD MISSION DURATION REQUIRED:

hours/days
no requirement

UNIQUE PAYLOAD CONSTRAINTS:

PAYLOAD CHARACTERISTICS: ¥ wgtllb/kg) max dialin/cm) max Igthlin/cm) cgfin/cm)
Launch
Retrieval/landing
Radio frequencies  T/M Cmd other

%k THE TERM PAYLOAD REFERS TO ALL USER PROVIDED EQUIPMENT

QUESTIONAIRE:
Has earnest money been submitted?

Is apportionment/assignment anticipated?

List any anticipated optional services you may require.

Does your organization have copies of standard STS documentation?

REMARKS:

8

/s/

Title:Asst _for Space Trangportation & Test




APPENDIX C

Glossary of terms



aft flight deck
That part of the Orbiter cabin on the upper deck where
payload controls can be located.

airlock

A compartment, capable of being depressurized without
depressurization of the Orbiter cabin, used to transfer
crewmembers and equipment. A similar compartment in the
Spacelab module is used to expose experiments to space.

announcement of flight opportunity
The process by which proposed investigations are solicited
for a specific space flight.

announcement of flight periods

The process by which proposed investigations are solicited
for space flight within a designated time period but without a
specific flight number identification. The flight period may in-
clude plans for one or more flights.

Atlas-Centaur class
Payloads weighing approximately 4000 to 4400 pounds
(1800 to 2000 kilograms).

azimuth
True launch heading from KSC or VLS measured clockwise
from 0° north.

barbecue mode
Orbiter in slow roll for thermal conditioning.

beta angle
Minimum angle between the Earth-Sun line and the plane of

the orbit.

capture

The event of the remote manipulator system end effector
making contact with and firmly attaching to a payload grap-
pling fixture. A payload is captured at any time it is firmly at-
tached to the remote manipulator system.

cargo
The total complement of payloads (one or more) on any one
flight. It includes everything contained in the Orbiter cargo
bay plus other equipment, hardware, and consumables lo-
cated elsewhere in the Orbiter that are user-unique and are
not carried as part of the basic Orbiter payload support.

cargo bay

The unpressurized midpart of the Orbiter fuselage behind the
cabin aft bulkhead where most payloads are carried. lts
maximum usable payload envelope is 15 feet (4.6 meters) in
diameter and 60 feet (18.3 meters) long. Hinged doors ex-
tend the full length of the bay.

cargo bay liner
Protective soft material used to isolate sensitive payloads
from the bay structure.

cargo integration review
The part of the STS planning process that results in a cargo
manifest, cost per flight, and billing schedule.

cargo integration test equipment
Setup at KSC that can provide testing of both payload-to-
payload and cargo-to-Orbiter interfaces.

certificate of compliance
Documentation prepared by the user confirming that a
payload has successfully completed interface verification.

commander

The crewmember who has ultimate responsibility for the
safety of embarked personnel and has authority throughout
the flight to deviate from the flight plan, procedures, and per-
sonnel assignments as necessary to preserve crew safety or
vehicle integrity. The commander is also responsible for the
overall execution of the flight plan in compliance with NASA
policy, mission rules, and Mission Control Center directives.

common payload support equipment
Spacelab-provided mission-dependent equipment that con-
sists of a top airlock and a viewport/window assembly.

core segment
Section of the pressurized Spacelab module that houses

subsystem equipment and experiments.

crew activity planning

The analysis and development of activities to be performed
in flight by the crew, resulting in a time line of these activities
and reference data for each flight.

deadband

That attitude and rate control region in which no Orbiter
reaction control system or vernier correction forces are
being generated.

Deep Space Network
Communications network managed by the Jet Propulsion
Laboratory for command and control of all planetary flights.

Delta class
Payloads weighing approximately 2000 to 2400 pounds
(900 to 1100 kilograms).

deployment

The process of removing a payload from a stowed or
berthed position in the cargo bay and releasing that payload
to a position free of the Orbiter.



European Space Agency

An international organization acting on behalf of its member
states (Belgium, Denmark, France, Federal Republic of Ger-
many, ltaly, the Netherlands, Spain, Sweden, Switzerland,
and the United Kingdom). The ESA directs a European in-
dustrial team responsible for the development and manufac-
ture of Spacelab:

experimenter
A user of the Space Transportation System, ordinarily an in-
dividual whose experiment is a small part of the total

payload.

experiment racks

Removable and reusable assemblies in the Spacelab module
that provide structural mounting and connections to sup-
porting subsystems (power, thermal control, data manage-
ment, etc.) and experiment equipment.

experiment segment
Section of the pressurized Spacelab module that houses ex-

periments and sensors.

external tank
Element of the Space Shuttle system that contains liquid
propeliant for the Orbiter main engines. It is jettisoned before

orhit insertion.

extravehicular activity
Activities by crewmembers conducted outside the
spacecraft pressure hull or within the cargo bay when the

cargo bay doors are open.

extravehicular mobility unit

A self-contained (no umbilicals) life support system and
anthropomorphic pressure garment for use by crewmembers
during extravehicular activity. It provides thermal and
micrometeocroid protection.

flight

The period from launch to landing of an Orbiter — a single
Shuttle round trip. One flight might deliver more than one
payload or more than one flight might be required to ac-

complish a single mission.

flight control team
That group of MCC personnel on duty to provide real-time

support for the duration of each STS flight.

flight data file

The onboard complement of crew activity plans, pro-
cedures, reference material, and test data available to the
crew for flight execution. Normally, both an STS flight data
file for STS crew activities and a payload flight data file for
payload crew activities will be onboard.

c-2

flight-dependent training
Preparation of a mission or payload specialist(s) for a
specific flight, depending on the mission goals. Part of the
training involves integrated simulations with the rest of the
flightcrew and ground teams.

flight design

The trajectory, consumables, attitude and pointing, and
navigation analysis necessary to support the planning of a
flight.

flight-independent training
Standard preparation of a mission or payload specialist for
any flight.

flight kit

Optional hardware (including consumables) to provide addi-
tional, special, or extended services to payloads. Kits are
packaged in such a way that they can be instalied and

removed easily.

flight manifest
The designation of a flight, assignment of the cargo to be
flown, and specific impiementing instructions for STS opera-

tions personnel.

flight phases
Prelaunch, launch, on orbit, deorb:t entry, landing, and

postlanding.

flight types

Payload deployment and retrieval, on-orbit servicing of
satellites, and on-orbit operations with an attached payload,
as suited to-the purposes of a mission. A single flight may in-
ciude more than one of these purposes.

free-flying system
Any satellite or payload that is detached from the Orbiter

during operational phases and is capable of independent
operation.

igloo
A pressurized container for Spacelab paliet subsystems

when no module is used.

inclination y
The maximum angle between the plane of the orbit and the

equatorial plane.

instrument pointing system
Spacelab hardware and software for precision pointmg and

stability for experiment equipment.



integration
A combination of activities and processes to assemble
payload and STS components, subsystems, and system ele-
ments into a desired configuration and to verify compatibility
among them.

interface
The mechanical, electrical, and operational common bound-
ary between two elements of a system.

interface verification

Testing of flight hardware interfaces by an acceptable
method that confirms that those interfaces are compatible
with the affected elements of the Space Transportation
System.

inertial upper stage

Solid propulsive upper stage designed to place spacecraft
on high Earth orbits or on escape trajectories for planetary
missions.

launch pad

The area at which the stacked Space Shuttle undergoes
final prelaunch checkout and countdown and from which it is
launched.

launch-readiness verification

The process of ensuring the continuing operational
capability of the Space Shuttle system, upper stages, and
Spacelab.

launch site support manager
The individual at KSC who is the single point of contact with
users in arranging payload processing at the launch site.

Long Duration Exposure Facility

Free-flying reusable satellite designed primarily for small
passive or self-contained active experiments that require
prolonged exposure to space. It is launched in the Orbiter
cargo bay and deployed and retrieved by the remote
manipulator system.

manned maneuvering unit
A propulsive backpack device for extravehicular activity. it
uses a low-thrust, dry, cold nitrogen propellant.

mission

The performance of a coherent set of investigations or
operations in space to achieve program goals. A single mis-
sion might require more than one flight, or more than one mis-
sion might be accomplished on a single flight.

Mission Control Center
Central area at JSC for control and support of all phases of
STS flights.

mission-dependent equipment
Spacelab optional equipment that can be added to a flight if
needed for the mission involved.

mission-independent equipment
Spacelab subsystem and support equipment that is carried
on every Spacelab flight.

mission kit
Flight kit is the preferred term.

mission specialist

The crewmember who is responsible for coordination of
overall payload/STS interaction and, during the payload
operation phase, directs the allocation of the STS and crew
resources to the accomplishment of the combined payload
objectives. The mission specialist will have prime respon-
sibility for experiments to which no payload specialist is
assigned and/or will assist the payload specialist when
appropriate.

mission station

Location on the Orbiter aft flight deck from which payload
support operations are performed, usually by the mission
specialist.

mixed payloads
Cargo containing more than one type of payload.

mobile launch platform

The structure on which the elements of the Space Shuttle
are stacked in the Vehicle Assembly Building and are moved
to the launch pad.

mobility aid
Handrails or footrails to help crewmembers move about the
spacecraft.

module
Pressurized manned laboratory suitable for conducting
science, applications, and technology activities.

module exchange mechanism
Part of the Multimission Modular Spacecraft flight support
system that is used for servicing.

Multimission Modular Spacecraft

Free-flying system built in sections so that it can be adapted
to many missions requiring Earth-orbiting remote-sensing
spacecraft. It is launched in the Orbiter cargo bay and
deployed and retrieved by the remote manipulator system.



multipurpose support group

That group of MCC personnel responsible for prefiight plan-
ning, procedures development, systems expertise, and man-
power. During a flight, this group reports systems and trajec-
tory status to the flight control room.

multiuse mission support equipment
Hardware available at the launch site for handling payloads,
or common flight hardware used by various payload dis-

crplmes

nadir
That point on the celestial sphere vertically below the ob-

server, or 180° from the zenith.

off-line integration
Assembly of payload elements or multiple payloads that

does not involve any STS element.

on-line integration
Mating of payloads with the Orbiter, Spacetab or upper
stage. Level | is with the Orbiter; Level il is with the

Spacelab, upper stage, etc.

operations planning
Performing those tasks that must be done to ensure that
vehicle systems and ground-based flight control operations

support flight objectives.

orbital flight test
One of the first four scheduled developmental space flights

of the Space Shuttle system.

orbital maneuvering system
Orbiter engines that provide the thrust to perform orbit inser-

tion, circularization, or transfer; rendezvous; and deorbit.

Orbiter
The manned orbltal flight vehicle of the Space Shuttle

system.

Orbiter Processing Facility

Building near the Vehicle Assembly Building at KSC with two
bays in which the Orbiter undergoes postflight inspection,
maintenance, and premate checkout before payload in-
stallation. Payloads are also installed horizontally in the Or-

biter in this building.

paliet
An unpressurized platform, designed for installation in the

Orbiter cargo bay, for mounting instruments and equipment
requiring direct space exposure.

paliet train
Two or more pallets rigidly connected to form a singie unit.

payload

The total complement of specific instruments, space equip-
ment, support hardware, and consumables carried in the Or-
biter (but not included as part of the basic Orbiter payload
support) to accomplish a discrete activity in space.

payload assist module
Propuisive upper stage designed to deliver spacecraft ofthe
Delta and Atias-Centaur classes to Earth orbits beyond the
capabilities of the Space Shuttle.

payload canister
Environmentally controlied transporter for use at the launch
site. It is the same size and configuration as the Orbiter

cargo bay.

payload carrier

One of the major classes of standard payload carriers cer-
tified for use with the Space Shuttle to obtain low-cost
payload operations. The payload carriers are identified as
habitabie modules (Spacelab) and attached but uninhabita-
ble modules (pallets, free-flying systems, satellites, and up-
per stages).

payload changeout room ,
An environmentally controlled room at the launch pad for in-
serting payloads vertically into the Orbiter cargo bay.

payload discipline training

Preparation of a mission or payioad specialist for handling a
specific experiment. This training is usually the respon-
sibility of the user.

Payload Operations Control Center

Central area, located at any of three NASA centers, from
which payload operations are monitored and controlled. The
user, in many instances, will have direct command of a

payload from this control center.

payload preparation room
Facility at the Vandenberg Launch Site for processing and

checking payloads.

payload specialist

The crewmember who is responsible for the operation and
management of the experiments or other payload elements
that are assigned to him or her, and for the achievement of
their objectives. The payload specialist will be an expert in
experiment design and operation and may or may not be a

career astronaut.

payload station
Location on the Orbiter aft flight deck from which payload-
specific operations are performed, usually by the payload or

mission specialist.

oo



payload supplier
Owner/operator of any Space Shuttle payload.

pilot

The crewmember who is second in command of the flight and
assists the commander as required in the conduct of all
phases of Orbiter flight.

planning operations management team

That group of MCC personnel that performs preflight func-
tions and assists the user in requesting facilities, software,
command, telemetry, and flight requirements and POCC
interfaces.

principal investigator
Research scientist who is in charge of the conduct of an ex-
periment carried by any STS element.

program
An activity involving manpower, material, funding, and
scheduling necessary to achieve desired goals.

reaction control subsystem

Thrusters on the Orbiter that provide attitude control and
three-axis translation during orbit insertion, on-orbit, and
reentry phases of flight.

remote manipulator system
Mechanical arm on the cargo bay longeron. It is controlled
from the Orbiter aft flight deck to deploy, retrieve, or move

payloads.

retrieval

The process of using the remote manipulator system and/or
other handling aids to return a captured payload to a stowed
or berthed position. No payload is considered retrieved until
it is fully stowed for safe return or berthed for repair and
maintenance tasks.

simulator
A heavily computer-dependent training facility that imitates
flight hardware responses.

solid rocket boosters

Element of the Space Shuttle that consists of two solid
rocket motors to augment ascent thrust at launch. They are
separated from the Orbiter soon after lift-off and recovered
for reuse.

Spacelab

A general-purpose orbiting laboratory for manned and auto-
mated activities in near-Earth orbit. It includes both module
and pallet sections, which can be used separately or in
several combinations.

Space Shuttle
Orbiter, external tank, and two solid rocket boosters.

Space Flight Tracking and Data Network
A number of ground-based stations having direct com-
munications with NASA flight vehicles.

Space Transportation System

An integrated system consisting of the Space Shuttle (Or-
biter, external tank, solid rocket booster, and flight kits), up-
per stages, Spacelab, and any associated flight hardware
and software.

stability rate
The maximum angular rate error during steady-state limit-
cycle operation.

stowing
The process of placing a payload in a retained position in
the cargo bay for ascent or return from orbit.

tiit/spin table
Mechanism installed in the Orbiter cargo bay that deploys
the payload assist module with its spacecraft.

Tracking and Data Relay Satellite System
Two-satellite communication system providing principal
coverage from geosynchronous orbit for all STS flights.

trainer

A training device or facility that primarily provides a physical
representation of flight hardware. It may have limited com-
puter capabilities.

upper stage

Payload assist module or inertial upper stage. Both are
designed for launch from the Orbiter cargo bay and have
propulsive elements to deliver payloads into orbits and tra-
jectories beyond the capabilities of the Shuttle.

user
An organization or individual requiring the services of the

Space Transportation System.

utilization planning

The analysis of approved (funded or committed) payloads
with operational resources, leading to a set of firm flight
schedules with cargo manifests.

Vehicle Assembly Building

High-bay building near KSC launch pad in which the Shuttle
elements are stacked onto the mobile launch platform. It is
also used for vertical storage of the external tanks.



VAFB NASA Resident Office
NASA operations at Vandenberg Air Force Base.

zenith 7
That point of the celestial sphere verticaily overhead. The

point 180° from the zenith is cailed the nadir.



APPENDIX D

Acronyms



ADA
AMPS
APP
ASE
ATL
BLS
BN
CAP
c.g.
CIR
CITE
CPC
CRT
DOD
Domsat
DSN
ECS
ESA
ETR
EVA
FDS
FM
FSS
GAS
GSE
GSFC
GSTDN
HPF
HRM
ICD
IMU
170
IPS
V]
JPL
JSC
KSC
LaRC
LDEF
LSSM
MCC
MMS
MSS
Nascom
Q&C

array deployment assembly
atmospheric magnetospheric plasma system
astrophysics payload ’
airborne support equipment
advanced technology laboratory
Bureau of Labor Statistics

ballistic number

crew activity plan

center of gravity

cargo integration review

cargo integration test equipment
compact payload carrier

cathode-ray tube

Department of Defense

domestic satellite

Deep Space Network

environmental control system
European Space Agency

Eastern Test Range

extravehicular activity

flight data system

frequency modulation

flight support system

getaway special

ground support equipment

NASA Goddard Space Flight Center
Ground Space Flight Tracking and Data Network
Hazardous Processing Facility
high-rate multiplexer

Interface Control Document

inertial measurement unit
input/output

instrument pointing system

inertial upper stage

Jet Propulsion Laboratory

NASA Lyndon B. Johnson Space Center
NASA John F. Kennedy Space Center
NASA Langley Research Center

Long Duration Exposure Facility
launch site support manager

Mission Control Center

Multimission Modular Spacecraft
mission specialist station

NASA communications network
Operation and Checkout Building




OMCF
OMS
OPF
PAM
PAM-A
PAM-D
PCR
PEP
PETS
PGHM
PIP
PM
POCC
POMT
POP
PPF
PPR
PRCA
PSK
PSS
RAU
RCS
RMS
RSS
SAEF
SAMSO
SDF
sLS
SMAB
SMM
SMS
SPIF
SPP
SRB
sscp
SST
STDN
STS
TBD
TDRS
TDRSS
VAB
VAFB
VLS
VPF
VPHD

Orbiter Maintenance and Checkout Facility
orbital maneuvering system

Orbiter Processing Fagcility

payload assist module

payload assist module for Atlas-Centaur class spacecraft
payload assist module for Delta class spacecraft
payload changeout room

power extension package

Payload Environmental Transportation System
payload ground handling mechanism

Payload Integration Plan

phase modulation

Payload Operations Control Center

planning operations management team
perpendicular to orbit plane

Payload Preparation Facility

payload preparation room

power regulation control assembly

phase shift keying

payload specialist station

remote acquisition unit

reaction control system

remote manipulator system

rotating service structure

Spacecraft Assembly and Encapsulation Facility
Space and Missile Systems Organization (USAF)
Safing and Deservicing Facility

Spacelab simulator

Solid Motor Assembly Building

solar maximum mission

Shuttle mission simulator

Shuttie POCC Interface Facility

solar physics payload -

solid rocket booster

small self-contained payload

single system trainer

Space Flight Tracking and Data Network
Space Transportation System

to be determined

Tracking and Data Relay Satellite

Tracking and Data Relay Satellite System
Vehicle Assembly Building

Vandenberg Air Force Base

Vandenberg Launch Site

Vertical Processing Facility

vertical payload handiing device
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