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MISSION OVERVIEW

This is the 12th flight of Atlantis and the 49th for the space
shuttle.

The flight crew for the 7-day STS-46 mission is commander
Loren J. Shriver; pilot Andrew (Andy) M. Allen; payload com-
mander (lead mission specialist) Jeffrey (Jeff) A. Hoffman; mission
specialists Franklin R, Chang-Diaz, Claude Nicollier, and Marsha S.
Ivins; and payload specialist Dr. Franco Malerba, The crew will be
divided into a blue team, consisting of Nicollier, Allen, and Malerba,
and a red team, comprising Ivins, Hoffman, and Chang-Diaz.
Shriver is not assigned to a team and is free to adjust his hours real
time as necessary. Each team will work consecutive 12-hour shifts,
providing for around-the-clock operations.

STS-46 has two primary objectives:

1. To successfully deploy, operate, and retrieve the Tethered
Satellite System (TSS) 1, a satellite attached to the orbiter
by a superstrong 0.1-inch-diameter electrically conducting
tether that will be reeled into space approximately 12.5
miles above Atlantis’s payload bay. A joint project of
NASA and the Italian Space Agency, TSS-1 is designed to
(a) evaluate the capability for safely deploying, controlling,
and retrieving a tethered satellite; (b) validate predictions
of the dynamic forces at work in a tethered satellite system;
(c) conduct exploratory electrodynamic science investiga-
tions; and (d) demonstrate the capability of the system to
serve as a facility for research in geophysical and space
physics.

2. Tosuccessfully deploy the European Space Agency’s Euro-
pean Retrievable Carrier (EURECA) 1L platform, housing
15 materials sciences, life sciences, and radiobiology

experiments. EURECA will remain in orbit and be
retrieved during a 1993 shuttle mission.

TSS-1

TSS-1 is the first in a planned series of TSS missions. Tethers
such as the one to be demonstrated on STS-46 have numerous poten-
tial applications for future space operations, including generating
electricity for space station Freedom or other orbiting satellites, use
as thrusters to maintain a spacecraft’s orbit or to raise or lower a sat-
ellite’s orbit, and to explore regions of the upper atmosphere that
have previously been inaccessible to direct investigation, Lessons
learned on STS-46 will be applied to subsequent flights of the TSS
and to the development of an advanced system,

TSS-1 consists of three basic elements: the deployer (including
the tether), the satellite, and a science complement.

The deployer comprises the structure that supports the satellite
during launch and landing; an extendable/retractable deployment
boom to initially deploy the satellite; motor and reel assembly to
store, deploy, and retrieve the tether that connects the satellite to the
deployer; a system for distributing power to the satellite before it is
released; and data acquisition and control equipment. A canister in
the support structure houses the folded deployment boom and satel-
lite until deployment begins. TSS-1 hardware is carried on two sup-
port structures in Atlantis’s payload bay: a Spacelab enhanced multi-
plexer/demultiplexer pallet (EMP) and a mission-peculiar
equipment support structure (MPESS).

The TSS tether is a multilayer insulated copper conductor with
astranded Nomex core. It is expected to develop a 5,000-volt electri-
cal potential and carry a maximum current of 1 ampere. When fully
deployed, it will create a large current in the Earth’s ionosphere,



allowing scientists to measure for the first time the level of charge or
electric potential a spacecraft acquires because of its motion through
the Earth’s magnetic field lines.

The TSS satellite is a 5-foot-diameter sphere weighing 1,139
pounds and is held atop the deployment boom by six latches. It con-
sists of two hemispheres and a propulsion module.

The primary goal of the TSS-1 science activities is to character-
ize the electrodynamic characteristics of the satellite-tether system.
Researchers are particularly interested in how the system interacts
with the charged particles and electric and magnetlc fields in the ion-
osphere. The experiments performed on this mission are expected to
pave the way for further mvestlgahons of naturaily occurring phe-
nomena and processes throughout the solar system, including the
Earth’s magnetosphere.

There are 12 scientific investigations on the TSS-1 mission.
Séven of the experiments simulate or monitor the tether system and
its environment. In two cases, instruments on the ground will mea-
sure electromagnetic emissions from the TSS. Three investigations
will seek to support dynamics and electrodynamics theory.

The TSS-1 mission is divided into several distinct phases. Dur-
ing the first, the predeployment quiescent phase, the EMP will be
activated, its performance verified, and deployer power tumed on.

The predeployment checkout phase marks the actual beginning
of the TSS-1 mission, During this phase, the satellite and science
equipment will be activated and checked out and the deployment
boom extended.

Upon satisfactory checkout of the TSS, flight controllers at the
Mission Control Center in Houston will give the Atlantis crew the
go-ahead to begin deployment. The nominal planned opportunity
for TSS deploy is on orbit 51 with backup opportunities on orbits 52

and 66. At that time, the housing canister will rotate and the boom
unfold and extend slowly until it reaches its full 40-foot length. As
electric motors on the tether unwind the tether and an electric motor
on the end of the boom pulls the tether off the reel, the satellite will
begin to slowly pull away from the shuttle at an orbital altitude of
160 nautical miles, reaching its station about 5-1/2 hours later. The
gravity gradient between the satellite and the shuttle will provide the
force of separation. During the deployment phase, several dynamic
functional objective tests will be conducted at varying tether lengths
to investigate the control and dynamics of a tethered satellite.
Attempts will be made to impart natural disturbances to the tether
and correct them while maintaining a constant tension on the tether.

Once the 12.5-mile tether length is reached, the approximately
10-1/2-hour on-station 1 phase begins. During this phase, electrical
power generation will be demonstrated and the current-voltage
response of the system will be characterized. When the tether is fully
extended to its 12.5 mile length, the combination of the orbiter,
tether, and satellite will be the longest structure ever flown in space.

Once this phase is completed, the satellite will be slowly
retrieved to within 1,5 miles of Atlantis during the retrieve-1 phase,
which lasts approximately 7 hours.

When the satellite is about 1.7 miles from Atlantis, the satellite
retrieval rate will be slowed to approximately 0.3 meter per second
for approximately 4-1/4 hours during the creep phase, which pro-
vides time in the retrieval process to carry out any activities neces-
sary to control tether dynamics.

When TSS reaches the 1.5-mile point, the second on-station
phase begins, lasting 5 hours. During this phase, science operations
will be conducted and final preparations for retrieval will be made.
The rate of retrieval will gradually decrease from about 1.5 mph at
the start to a closing rate before docking with the deployment boom
of 0.1 mph. During this phase, pendulous motion and any residual
skip rope motion will be damped.



After the satellite docks, power will be removed from the satel-
lite and deployer. Science activities will be conducted in this phase,
called the postretrieval safing phase.

The postretrieval quiescent phase continues until the EMP is
deactivated just before deorbit preparations begin,

EURECA 1L

EURECA 1L is a reusable free-flying European Space Agency
spacecraft that will be deployed from Atlantis and spend 6 to 9
months in orbit conducting microgravity processing and life science
experiments.

The 10,000-pound EURECA payload is scheduled to be
deployed by the orbiter’s remote manipulator system (RMS) on
Flight Day 1 (nominal deploy is on orbit 12; backup deploy opportu-
nities exist on orbits 13 and 28, while contingency deploy opportuni-
ties éxist on orbits 14-16 and 29-31). Following deployment from
Atlantis’s payload bay, EURECA’s on-board propulsion unit will
boost it to an operatlonal altitude of about 270 nautical miles,

The EURECA 1 mission consmts of 15 experiments in maten-
als science, life sciences, and radiobiology. Some of the investiga-
tions involve protein crysta]llzatlon, the biological effects of space
radiation, measurements of fluids’ critical points in microgravity,
measurements of solar irradiation, the solar-terrestrial relationship
in acronomy and climatology, and electric propulsion in space. Sci-
entists from Belgium, Germany, Denmark, France, Italy, Great Brit-
ain, and The Netherlands will participate in the mission.

The EURECA platform contains an attitude control system, an
orbital transfer assembly that permits orbital height and phasing
adjustment, and solar panels to provide power.

A shuttle mission“i:_n 1993 will rendezvous with the satellite,
capture it using the shuttle’s RMS, and return it to Earth for experi-
ment evaluation and satellite refurbishment,

EURECA has a five-mission or 10-year lifetime. Future
EURECA missions will carry space science payloads in astronomy
and solar physics and Earth conservation payloads. The spacecraft
can also be used to test interorbit communications, rendezvous, and
docking. Much of EURECA’s research will be applicable to space
station Freedom.

SECONDARY OBJECTIVES

STS-46 secondary objectives include Evaluation of Oxygen
Interactions With Materials I1I/Thermal Energy Management Pro-
cesses 2A-3 (EOIM-LIJTEMP 2A-3), Consortium for Materials
Development in Space Complex Autonomous Payloads II and III
(CONCAP Ii/11I), Limited Duration Space Environment Candidate
Materials Exposure (LDCE), Pituitary Growth Hormone Cell Func-
tion (PHCF), IMAX Cargo Bay Camera, and the Ultravnolet Plume
Instrument (UVPI)

EOIM-TEMP 2A-3 are independent experiments mounted on
the same multipurpose expenment support structure in Atlantis’s
payload bay.

EOIM-HI, sponsoned by NASA's Johnson Space Center, is
designed to study and quantitatively measure the interaction of
spacecraft materials with atomic oxygen, the principal constituent
within the low-Earth-orbit environment. The information will be
used to provide accurate reaction rate measurements and to deter-
mine suitable materials for long-duration space structures, indluding
space station Freedom.

TEMP 2A-3 will test a new cooling method that may be used in
future spacecraft, including space station Freedom. A small,
mechanically pumped two-phase thermal control system will be
tested in both the 1-g and 0-g environments. The system uses the
latent heat of vaporization of its ammonia working fluid to transport
large amounts of heat over large distances and yet maintain a nearly
constant temperature,

The objective of the CONCAP II materials processing experi-
ment is to expose different passive samples of high-temperature



superconducting thin films to the electron volt atomic oxygen flux
to achicve improved properties. The experiment will also study the
absorption of oxygen as a function of temperature and the effects of
oxygen on the surface of various passive samples. The experiment
is contained in a getaway special canister mounted in the payload
bay,

CONCAP III will determine if alow-gravity threshold exists for
the observed phenomenon of gravity-induced structural alteration.
If such a threshold exists, this experiment will determine if it is as
small as the change in gravity levels resulting from the TSS-1
deployment. The experiment is contained in a getaway special can-
ister mounted in the payload bay.

LDCE'’s primary objective is to introduce developmental com-
posite materials to a flux of atomic oxygen atoms in low Earth orbit.
The candidate materials—polymeric, coated polymeric, and light
metallic composite—will have undergone extensive ground-based
material performance testing prior to being attached to reusable test
fixtures designed for multimission space shuttle use. LDCE is con-
tained in a getaway special canister mounted in the payload bay.

PHCF is designed to determine if the exposure of cultured rat
pituitary cells to microgravity affects the capacity to produce biolog-
ically or immunologically active growth hormone. Tt will also per-
mit exploration of these effects as a possible mechanism for muscle
atrophy in manned space flight. The experiment is located in Atlan-
tis’s crew compartment.

The ICBC is a 70mm color motion picture camera system, con-
sisting of a camera, a 30mm lens, and a film magazine containing
approximately 3,850 feet of film, for 10-1/2 minutes of filming. The
camera is housed in an insulated pressurized enclosure with a mov-
able lens window cover mounted in the payload bay. The payload is
controlled from the aft flight deck with the autonomous payload

controller. Subjects to be filmed include EURECA deployment, the
TSS-1 deploy and retrieval, and Earth viewing. The footage will be
used in future IMAX productions,

UVPI is a Department of Defense payload located on the Low-
Power Atmospheric Compensation Experiment satellite, a Strategic
Defense Initiative Organization satellite in low Earth orbit. UVPI’s
sensors will be trained on the orbiter to obtain imagery and/or signa-
ture data to calibrate the sensors and to observe orbiter jet firings
during cooperative encounters of the orbiter with the LACE satel-
lite.

Eight detailed test objectives and eleven detailed supplementary
objectives are schedule: o be flown on STS-46.




MISSION STATISTICS

Vehicle: Atlantis (OV-104), 12th flight

Launch Date/Time:
7/31/92 9:56 a.m,, EDT
8:56 am., CDT
6:56 am,, PDT

Launch Site: Kennedy Space Center (KSC), Fla—Launch Pad
39B

Launch Window: 2 hours, 30 minutes
Mission Duration: 6 days, 22 hours, 9 minutes
Landing: Nominal end-of-mission landing on orbit 111

8/7/92 8:05 am., EDT

7:05 am., CDT
5:05 am., PDT

Runway: Nominal end-of-mission landing on concrete runway 15,
Kennedy Space Center, Fla. Weather alternates are Edwards Air
Force Base (EAFB), Calif., and Northrup Stnp (NOR), White
Sands, New Mexico.

Transatlantic Abort Landing: Banjul, Gambia; alternates: Ben
Guerir, Morocco; Rota, Spain

Return to Launch Site: KSC
Abort-Once-Around: EAFB: altemates: KSC and NOR

Inclination: 28.45 degrees

Ascent: The ascent profile for this mission is a direct insertion.
Only one orbital maneuvering system thrusting maneuver, referred
to as OMS-2, is used to achieve insertion into orbit. This direct-in-
sertion profile lofts the trajectory to provide the earliest opportumty
for orbit in the event of a problem with a space shuttle main engine.

The OMS-1 thrusting maneuver after main engine cutoff plus
approximately 2 minutes is eliminated in this direct-insertion ascent
profile. The OMS-1 thrusting maneuver is replaced by a 5-foot-per-
second reaction control system maneuver to facilitate the main pro-
pulsion system propellant dump.

Altitude: 230 nautical miles (265 statute miles) circular orbit
(EURECA deploy); 160 nautical miles (184 statute miles) circular
orbit (T'SS operations); 128 nautical miles (147 statute miles) circu-
lar orbit (EOIM operations)

Space Shuttle Main Engine Thrust Level During Ascent:
104 percent

Space Shuttle Main Engine Locations:
No. 1 position: Engine 2032
No. 2 position: Engine 2033
No. 3 position: Engine 2027
External Tank: ET-48
Solid Rocket Boosters: BI-052

Editor’s Note: The following weight data are current as of July 21,
1992.

Total Lift-off Weight: Approximately 4,516,789 pounds



Orbiter Weight, including Cargo, at Lift-off: Approximately
256,031 pounds

Orbiter (Atlantis) Empty, and 3 SSMEs: Approximately 171,994
pounds

Payload Weight Up: Approximately 28,585 pounds
Payload Weight Down: Approximately 18,594 pounds
Orbiter Weight at Landing: Approximately 208,806 pounds

Payloads—Payload Bay (* denotes primary payloads): Tethered
Satellite System 1,* European Retrievable Carrier 1L,* Evaluation
of Oxygen Integration With Materials 1II/Thermal Management
Processes 2A, Consortium for Materials Development in Space
Complex Autonomous Payloads II and III, IMAX Cargo Bay Cam-
era, Limited Duration Space Environment Candidate Materials
Exposure

Payloads—Middeck: Pitvitary Growth Hormone Cell Function

Other Mission Objective—No Flight Hardware: Ultraviolet
Plume instrument (UVPI)

Flight Crew Members:
Commander: Loren J. Shriver, third space shuttle flight

Red Team:

Mission Specialist 2: Marsha S. lvins, second space shuttle
flight

Payload Commander (MS 3): Jeffrey (Jeff) A. Hoffman, third
space shuttle flight

Mission Specialist 4: Franklin R, Chang-Diaz, third space
shuttle flight

Blue Team:

Pilot: Andrew (Andy) M. Allen, first space shuttle flight

Mission Specialist 1: Claude Nicollier, European Space
Agency, first space shuttle flight

Payload Specialist 1: Dr. Franco Malerba, Italy, first space
shuttle flight

Ascent Seating:

Flight deck, front left seat, commander Loren J. Shriver
Flight deck, front right seat, pilot Andrew M. Allen

Flight deck, aft center seat, mission specialist Marsha S. Ivins
Flight deck, aft right seat, mission specialist Claude Nicollier
Middeck, payload commander Jeffrey A. Hoffman

Middeck, mission specialist Franklin R, Chang-Diaz
Middeck, payload specialist Dr. Franco Malerba

Descent Seating:

Flight deck, front left seat, commander Loren J. Shriver
Flight deck, front right seat, pilot Andrew M. Allen

Flight deck, aft center seat, mission specialist Marsha S. Ivins
Flight deck, aft right seat, mission specialist Claude Nicollier
Middeck, payload commander Jeffrey A. Hoffman

Middeck, mission specialist Franklin R. Chang-Diaz
Middeck, payload specialist Dr. Franco Malerba

Extravehicular Activity Crew Members, if Required:

Extravehicular (EV) astronaut 1: Jeffrey A. Hoffman
EV-2: Franklin R. Chang-Diaz

Intravehicular Astronaut: Marsha S. Ivins
STS-46 Flight Directors:

Ascent, Entry, Orbit 1: Ron Dittemore
Orbit 2: Chuck Shaw






