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MISSION OVERVIEW

This is the 18th flight of Discovery and the 60th for the space
shattle.

The flight crew for the eight-day STS-60 mission is commander
Charles (Charlie) F. Bolden, Jr., pilot Kenneth (Ken) S. Reightler,
Jr., and mission specialists Franklin R. Chang-Diaz, N. Jan Davis,
Ronald (Ron) M. Sega, and Sergei K. Krikalev of the Russian Space
Agency (RSA).

STS-60’s primary mission objectives are to deploy and retrieve
the Wake Shield Facility (WSF) 1 and to use the orbiter Discovery as
a science platform for experiments on the SPACEHAB 2 payload.

WSF-1, built by Space Industries for the University of Houston
Space Vacuum Epitaxy Center, will create a high-quality vacuum
environment in which materials processing experiments can be con-
ducted to aid in developing advanced manufacturing techniques for
material processing on Earth, WSF will attempt to grow innovative
thin-film materials for use in electronics, measure accelerations, and
investigate plume impingement effects and pressures.

The Wake Shield Facility payload consists of a 12-foot-diame-
ter free flyer experiment platform, a cross-bay carrier structure, and
two “smart” canisters mounted on the carrier. Most of the WSF
experiments are mounted on the satellite’s “shield” side (the side
pointing away from the direction of travel). WSF-1 can be con-
trolled by the crew with a payload and general-support computer or
the ground through the WSF-provided communications link,

Half an hour before the WSF is unberthed, Discovery will be
mancuvered to a controlled free-drift attitude (i.e., tail down gravity
gradient with a 60-degree deadband). It will remain in this attitude
while the WSF, held by the orbiter’s remote manipulater sysiem,

undergoes a cleaning process and systems checkout and for several
hours after the satellite is released. Following its scheduled release
on orbit 35 at a mission elapsed time of 1/03:21, the WSF free flyer
will use its 2-0z. cold-gas thruster to separate from the orbiter and
will fly in formation with Discovery, with its ram side into the veloc-
ity vector, at a distance of up to 46 statute miles from the orbiter (to
minimize orbiter contamination) for 54 hours. During this time, the
ground will control the growth of up to seven thin films via an orbit-
er-carrier-free flyer link.

Before the satellite is retrieved, after all WSF science is com-
plete, a plume impingement investigation will be performed. The
crew will fire the orbiter’s reaction control system jets on the +Vbar
and -Vbar in an effort to improve current orbiter plume models. The
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Workers at KSC prepare to place Wake Shield Facility in the payload
transporter.



free flyer will measure accelerations, plume pressures, and constitu-
ents. The orbiter will record free flyer data on the operations record-
ers and video data on the closed-circuit television system.

Following WSF’s scheduled retrieval on orbit 69 at MET
3/05:49, it will be moved to an “overnight park” position designed
to provide additional data for the Charge Hazards and Wake Studies
(CHAWS) experiment and the Case Western University Materials
Laboratory experiment. On the following flight day, the RMS will
be moved to a CHAWS position, and the orbiter will be maneuvered
to various attitudes relative to the velocity vector to support the
study of plasma flows in Earth orbit.

Besides the plume impingement, CHAWS, and Case Western
experiments, other Wake Shield experimenis are the Construction
Engineering Research Laboratory Containerless Coating Process
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The Wake Shield Facility dwarfs workers performing a vacuum leak
check.

(CERL CONCOP) experiment, Molecular Beam Epitaxy (MBE),
and the Stand-Alone Acceleration Measurement Device (SAAMD).

Case Western’s experiment is a passive experiment that will
study environmental effects in low Earth orbit. It consists of several
witness plates mounted on the free flyer.

CERL CONCOP, a U.S. Army-sponsored experiment, will
study the effects of the space environment on vapor deposition pro-
cesses. Samples of aluminum will be vented to vacuum, vaporized,
and deposited on substrates.

CHAWS, a U.S. Air Force-sponsored experiment, will study
WSF’s wake characteristics while the satellite is still attached to the
RMS. It consists of three microchannel plate detectors, several elec-
trometers, and a microprocessor controller mounted on the ram side
of the free flyer. A Langmuir probe and up to five MCPs are
mounted on the wake side of the facility. The operation will take
place on flight day 6 after WSF is grappled by the RMS.

The MBE experiment will grow high-purity crystalline thin
films. Seven MBE source cells will be used. The experiment will be
controlled from the ground through the orbiter-carrier free flyerlink.
The MBE substrates are housed in a carousel assembly that rotates
to expose each sample to the molecular beam flux for epitaxial
growth.

The plume impingement experiment will characterize the orbit-
er’s reaction control system plume. Before the WSF retrieval, the
RCS thrusters will be fired so that their plumes will impinge the sat-
ellite. The free flyer will measure accelerations, plume pressures,
and constituents. The data may be used in the design of the interna-
tional space station.

SAAMD will measure accelerations along three orthogonal
axes. Six devices mounted on the WSF will record data on shuttle
and payload responses to launch and landing loads. Data from these



devices will provide new insight into orbiter launch and landing
environments.

STS-60’s second primary objective is the second flight of
SPACEHAB (also known as the commercial middeck augmentation
module [CMAM]}), a commercially developed, pressurized, man-
rated module that adds approximately 1,100 cubic feet of pressur-
ized volume to the shuttle’s manned work space and supports pri-
marily orbiter middeck-type experiments. Leased t0 NASA by
SPACEHAB, Inc. (McDonnell Douglas and Alenia), SPACEHAB
has two primary objectives: (1) to support NASA’s commercial
development of the space program by providing additional crew-
tended, middeck locker or experiment rack space for testing, demon-
strating, or evaluating techniques or processes in microgravity and
(2) to foster the development of a space infrastructure that can be
marketed by private firms to support commercial microgravity
research payloads.

SPACEHAB is installed in the forward quarter section of the
orbiter payload bay. Crew members enter the module from the mid-
deck through an airlock/tunnel adapter. Its configuration is flexible,
significantly increasing its accommodation options for payload
developers. Payloads are primarily mounted in middeck-type lock-
ers (up to 60) or in a limited number of Spacelab-type racks. Experi-
ments may also be mounted externally on the top of the module. The
SPACEHAB subsystems require orbiter resources, including dc and
ac electrical power, cooling via the Freon heat exchanger, atmos-
phere makeup (oxygen and nitrogen), humidity control, and carbon
dioxide scrubbing.

SPACEHARB is expected to offer its users frequent flight oppor-
tunities with reduced lead time. SPACEHAB, Inc., may lease mod-
ule space to other commercial customers on upcoming flights.

For STS-60, SPACEHAB will house 13 payloads. The cargo is
primarily microgravity oriented with emphasis on materials and life
science.

SPACEHARB 2 experiments are as follows:

Three-Dimensional Microgravity Accelerometer (3-DMA) will
measure the effects of deviations of microgravity on the
SPACEHAB experiments.

Astroculture (ASC-3) will supply water and nutrients to plants
growing in microgravity.

Bioserve Pilot Lab (BFL) consists of a refrigerator/incubator
module and several minilabs that will conduct several biomedi-
cal and fluid studies.

Commercial Generic Bioprocessing Apparatus (CGBA) uses a
refrigerator/incubator module to process biological fluids.

Equipment for Controlled Liquid-Phase Sintering Experiment
(ECLIPSE) uses a fumace to study liquid-phase sintering of
metals in microgravity.

Organic Separation (ORSEP) will determine whether the sepa-
ration process for cells and heavy molecules in microgravity
results in a purer product.

Space Acceleration Measurement System (SAMS) measures
low-level shuttle accelerations with three triaxial heads and
stores the data on optical disks.

Stirling Orbiter Refrigerator/Freezer

Commercial Protein Crystal Growth (CPCG) will reproduce
large, high-quality crystals of selected proteins under controlled
conditions in microgravity.

IMMUNE-01 will measure the tissue and humoral immune
responses of 12 normal rats to microgravity. The data collected
will allow computer modeling of human immune system
disorders.






