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MISSION OVERVIEW

This is the 6th flight of Endeavour and the 62nd for the space
shuttle.

The flight crew for the 9-day STS-59 mission is commander
Sidney (Sid) M. Gutierrez, pilot Kevin P. Chilton, payload com-
mander Linda M. Godwin, and mission specialists Jay Apt, Michael
R. (Rich) Clifford, and Thomas (Tom) D. Jones. The crew will be
divided into a blue team, consisting of Apt, Clifford, and Jones, and
a red team made up of Gutierrez, Chilton, and Godwin. Each team
will work 12-hour shifts so that operations continue around the
clock.

STS-59 will be a landmark flight for scientific studies of Earth’s
changing environment. The mission’s primary objective is the first
of at least three planned flights of the Space Radar Laboratory
(SRL-1), a complex and powerful radar system that will gather a
variety of Earth images that will help improve man’s understanding
of our planet’s carbon, water, and energy cycles and the effect
humans have upon them. SRL will study vegetation, hydrology, tec-
tonics, topography, and global carbon monoxide distribution. The
data will be distributed to the international scientific community to
assist people around the world in making informed decisions about
protecting the environment. In addition to collecting valuable data,
this first flight of SRL will serve to verify the performance of the
radar system.

SRL comprises the Spacebormne Imaging Radar-C/X-Band Syn-
thetic Aperture Radar (SIR-C/X-SAR) and the Measurement of Air
Pollution from Satellites (MAPS). The Genman Space Agency
(DARA) and the Italian Space Agency (ASI) are providing the
X-SAR instrument. The SRL payload is installed on a standard
Spacelab pallet and a multipurpose equipment support structure.

The SIR-C/X-SAR imaging radar instruments can make mea-
surements over nearly any region in the world at any time and in any
type of weather. The radar waves can penetrate clouds and, under
certain conditions, “‘see” through vegetation, ice, and sand, allowing
scientists to explore inaccessible regions of the Earth’s surface.

SIR-C is the third generation of imaging radars flown on the
shuttle. Its two antennas—C-band and L-band—can transmit and
receive any combination of horizontally and vertically polarized L-
and C-band signals.

X-SAR is a follow-up to the Microwave Remote Sensing
Experiment (MRSE) flown as part of the Spacelab-1 mission (STS-9
aboard Columbia in November-December 1983). X-SAR consists
of an X-band radar that transmits and receives vertically polarized
signals.

Forty-nine science investigators and three associates from thir-
teen nations (Australia, Austria, Brazil, Canada, China, the United
Kingdom, France, Germany, Italy, Japan, Mexico, Saudi Arabia,
and the United States) will conduct the SIR-C/X-SAR experiments.

MAPS is a reflight of Earth photography and carbon monoxide
sensing equipment flown on two earlier missions. MAPS will mea-
sure the global distribution of carbon monoxide in the Earth’s tropo-
sphere, or lower atmosphere. Carbon monoxide is an important ele-
ment in a number of chemical cycles. By measuring its levels,
scientists can determine the ability of the Earth’s atmosphere to
clean itself of “greenhouse gases,” chemicals that can increase the
atmosphere’s temperature. MAPS is installed on an MPESS with a
tilted support structure to compensate for the rolled orbiter attitude
(26 degrees). This orientation points the MAPS optical axis toward
nadir.



Although the operation of SRL experiments does not require
extensive crew involvement, the astronauts will record personal
observations and take more than 6,000 photographs of the weather
and environmental conditions at the sites for use in the postflight
interpretation of the SIR-C/X-SAR and MAPS instrument data.

STS-59 secondary objectives include the Consortium for Mate-
rials Development in Space Complex Autonomous Payload (CON-
CAP) 1V, three Getaway Special (GAS) payloads and one GAS bal-
last payload, Space Tissue Loss (STL), Visual Function Tester
(VFT) 4, and the Shuttle Amateur Radio Experiment (SAREX) I1.
In addition, an improved thermal protection system tile known as
Toughened Unipiece Fibrous Insulation (TUFT) will be tested.

CONCAP 1V is contained in a standard GAS canister mounted
on the GAS bridge assembly in Endeavour’s payload bay. CONCAP
IV will grow crystals and thin flims through physical vapor trans-
port. It consists of nonlinear optical (NLO) organic materials in
microgravity and is a continuation of the NLO crystal growth
research conducted on previous shuttle flights. Nonlinear optical
materials are considered a key to many current and future optical
applications, such as optical computing. The payload, activated dur-
ing ascent by a baroswitch, is controlied by the autonomous payload
control system in the orbiter’s aft flight deck. Deactivation is per-
formed as late as possible in the mission to allow a long crystal-
growing period.

NASA’s GAS program, which has flown 101 payloads on 20
previous shuttle missions, allows individuals and organizations
around the world access to space for scientific research. On STS-59,
three GAS experiments from the United States, France, and Japan
are manifested, plus the CONCAP IV payload and a GAS ballast
payload. The GAS payload consists of various small, self-contained
experiments integrated in a customer-provided standard canister.
Each canister can be made up of one or multidisciplinary experi-
ments, each with its own support system. They are controlled by the
autonomous payload controller, a small hand-held keyboard used by

a crew member in the aft flight deck. The GAS payloads are
mounted on 2 bridge assembly that spans the full width of the pay-
load bay and is installed with standard orbiter longeron and keel
fittings.

The STS-59 GAS experiments are as follows:

¢ (-203 is a New Mexico State University experiment that
will examine the freezing and crystailization process of
water in space.

* (G-300, sponsored by Matra Marconi Space of Paris,
France, will explore thermal conductivity measurements on
liquids (distiled water and two silicon oils) in
microgravity. '

* (G-458, sponsored by the Society of Japanese Aerospace
Companies, Inc., will determine whether small fruiting
bodies (cellular slime molds) can be grown in microgravity.

The STS-59 STL experiment is a cooperative cell biology ini-
tiative between Walter Reed Army Institute of Research (WRAIR),
Washington, D.C., and the National Institutes of Health (NIH). This
special cell culture system, developed by WRAIR, will examine the
effects of microgravity on muscle, bone, and endothelial cells to val-
idate models of biochemical and functional loss induced by micro-
gravity stress. STL will evaluate cytoskeleton, metabolism, mem-
brane integrity, and protease activity in target cells in addition to
testing tissue-loss pharmaceuticals for efficacy. Previous STL
flights have shown that microgravity may affect growth rates for
muscle, bone, and endothelial cells. This research will enhance
understanding of astronaut bone loss and muscle deterioration dur-
ing space flight, which can be applied to bone loss and muscle atro-
phy on Earth as well.

STL objectives require implementation of two independent and
complementary analytical configurations to address the full spec-



trum of data. The STL-A module will address the micromolecular-
level responses, and the STL-B module will study the macro-
morphological alterations.

STL-B, an advanced cell culture device, will be tested for the
first time on STS-59. This new system includes a video microscope
that will permit scientists on Earth to see real-time video images of
their experiments in space, opening up the possibility for scientists
to monitor and control their space experimenis from the ground.
Fish eggs will be used to test the imaging capability of the system.,

VFT-4 is an Air Force Armstrong Laboratory middeck experi-
ment that will study the effects of weightlessness on human vision
to determine if changes occur in space and, if so, whether the
changes are clinically significant and how quickly the individual
recovers. Once a day, the crew members will look into a hand-held,
battery-powered device that measures the sensitivity of the eye to
image conirast changes. Measurements will be taken of the near and
far point of clear vision, as well as the ability to change focus within
the range of clear vision. Data will be used to evaluate on-orbit
refractive and accommodative changes in vision over time, derive a
quantitative model of refractive changes in vision, and provide a
database for microgravity effects on vision.

SAREX-II, sponsored by NASA, the American Radio Relay
League/Amateur Radio Satellite Corporation, and the Johnson
Space Center Amateur Radio Club, is a middeck payload that will
establish two-way communication with amateur radio stations
within the line of sight of the orbiter. Configuration C, planned for
this mission, is capable of operating in the robot and voice modes. It
consists of a suite of amateur radio equipment, including a hand-
held transceiver, window antenna, headset assembly, interface mod-
ule, spare battery set, packet module, and personal tape recorder.
SAREX-H will be operated in the robot mode for most of the flight.
Intermittent voice operations will be performed by crew members
Linda Godwin and Jay Apt as time permits. Contacts with students
in the United States, Finland, and Australia are planned. The crew

members will educate students about STS-59 mission objectives and
what it is like to live and work in space.

TUFI is a new thermal protection tile material being tested for
the first time on STS-59. An advanced version of the material that
protects space shuttles from the intense heat of atmospheric reentry,
TUFI is designed to reduce damage from debris hits, resulting in
faster and easier repairs and lower repair costs between missions.
The material has been certified for testing on six shuttle flights. If the
tests are successful, TUFI may be used to replace tiles in specific,
limited areas of the orbiter susceptible to significant impact damage.
The test TUFI tiles are located on Endeavour’s base heat shield,
between the three main engines. TUFI was developed at NASA's
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Ames Research Center, Mountain View, Calif, The tiles were pro-
cessed by Rockwell’s Space Systems Division.

Endeavour will fly in a 57-degree inclination, 26-degree roll
bias for all payload operations. It will be in a tail-forward attitude for
all but 40 hours of the planned 9-day flight. The low orbital altitude
of the mission (120 nautical miles) is required for SRL and second-

ary payload operations. More than 460 orbiter manevers—the most
ever on a shuttle flight—will be performed to support SRL
operations.

Sixieen development test objectives and 15 detailed supplemen-
tary objectives are scheduled for STS-59.



MISSION STATISTICS

Vehicle: Endeavour (OV-105), 6th flight

Launch Date/Time:
4171/54 8:07 a.m. EDT (day)
7:07 am. CDT
5:07 a.m. PDT

Note: The launch team is protecting an option in the countdown
time line that would allow Endeavour to launch one hour sooner at
7:07 a.m. EDT. By building flexibility into the launch time, NASA
managers can e¢valuate predicted climatological and atmospheric
conditions for the KSC area during the final part of the countdown
and then select the optimum time forlaunch. A specific launch time
will be decided no later than 24 hours before launch.

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

Launch Window: 2 hours, 30 minutes (crew-on-back constraint)

Mission Duration: 9 days, 5 hours, 7 minutes. An additional day is
highly desirable and may be added if consumables (e.g., fuel, oxy-
gen) allow. Planning will accommodate the longer duration when-
ever appropriate. Two days can be added for contingency operations
and weather avoidance.

Landing: Nominal end-of-mission landing on orbit 150:

4/16/94 1:14 p.m. EDT (day)
12:14 p.m. CDT

10:14 am. PDT

Runway: Nominal end-of-mission landing on Runway 15,
Kennedy Space Center (KSC), Fla., Altemnatives are Edwards Air
Force Base (EAFB), Calif., and Northrup Strip (NOR), White
Sands, N. M.

Transatlantic Abort Landing: Zaragoza, Spain; alternatives:
Moron, Spain; Ben Guerir, Morocco

Return to Launch Site: KSC
Abort Once Around: NOR; altematives: EAFB, KSC
Inclination: 57 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 opportunity
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 two 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 propulsion system propellant dump.

Altitude: 120 nautical miles (138 statute miles), circular orbit

Space Shuttle Main Engine Thrust Level During Ascent: 104
percent

Space Shuttle Main Engine Locations:

No. 1 position: Engine 2028
No. 2 position: Engine 2033



No. 3 position: Engine 2018

External Tank: ET-63

Solid Rocket Boosters: BI-065

Mobile Launcher Platform: 2

Cryo Tank Sets: 5 (fully loaded)

Software: OI-22 (7th flight)

Note: The following weight data are current as of March 21, 1994:
Total Lift-off Weight: Approximately 4,510,987 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately
246,575 pounds

Orbiter (Endeavour) Empty and 3 SSMEs: Approximately
173,669 pounds

Payload Weight Up: Approximately 27,536 pounds
Payload Weight Down: Approximately 27,536 pounds
Orbiter Weight at Landing: Approximately 221,713 pounds

Payloads—Payload Bay (* denotes primary payload): Space
Radar Laboratory (SRL) 1,* Consortium for Materials Develop-
ment in Space Complex Autonomous Payload (CONCAP) 1V, Get-
away Special (GAS) bridge assembly with four GAS payloads
(G-203, G-300, G458, and one GAS ballast payload)

Payloads—Middeck: Space Tissue Loss (STL), Visual Function
Tester (VFT) 4, Shuttle Amateur Radio Experiment (SAREX) I1

Other Payloads and Activities: Toughened Unipiece Fibrous
Insulation (TUFI)}

Flight Crew Members (dual shift):

Red Shift:

Commander: Sidney (Sid) M. Gutierrez, second space shuttle
flight

Pilot: Kevin P. Chilton, second space shuttle flight

Payload Commander (Mission Specialist 3): Linda M.
Godwin, second space shuttle flight

Blue Shift:

Mission Specialist 1: Jerome (Jay) Apt, third space shuttle
flight

Mission Specialist 2: Michael R. (Rich) Clifford, second space
shuttle flight

Mission Specialist 4: Thomas (Tom) D. Jones, first space
shuttle flight

Ascent and Entry Seating:
Ascent:

Flight deck, front left seat, commander Sidney (Sid)
M. Gutierrez

Flight deck, front right seat, pilot Kevin P. Chilton

Flight deck, aft center seat, mission specialist Michael R. (Rich)
Clifford

Flight deck, aft right seat, mission specialist Jerome (Jay) Apt

Middeck, payload commander Linda M. Godwin

Middeck, mission specialist Thomas (Tom) D. Jones



- _/’
S

Entry: Entry: Automatic mode until subsonic, then control-stick steering
Flight deck, front left seat, commander Sidney (Sid) Flight Directors:
M. Gutierrez i i
Flight deck, front right seat, pilot Kevin P. Chilton Ascent/entry/Orbit 1: Rich Jackson
Flight deck, aft center seat, mission specialist Michael R. (Rich) Orbit 2 and STS-59 lead: Al Pennington
Clifford Orbit 3: Bob Castle
Flight deck, aft right seat, mission specialist Thomas
(Tom) D. Jones Notes:
Middeck, payload commander Linda M. Godwin
Middeck, mission specialist Jerome (Jay) Apt = The remote manipulator system is installed in Endeavour’s pay-
load bay for this mission

Extravehicular Activity Crew Members, If Required: = The shuttle orbiter repackaged galley and middeck utility panel

are installed in Endeavour’s middeck
Extravehicular (EV) astronaut 1: payload commander
Linda M. Godwin » NASA Select television is available through Spacenet 2, Trans-
EV-2: mission specialist Thomas D. Jones ponder 5, located at 69 degrees west longitude with horizontal
polarization. The frequency is 3880.0 MHz; audio is 6.8 MHz.
Intravehicular Astronaut: Kevin P. Chilton
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MISSION OBJECTIVES
* Primary objective * Middeck
— Space Tissue Loss (STL)
*  Space Radar Laboratory (SRL) 1 operations
— Visual Function Tester (VFT) 4
»  Secondary objectives
— Shuttle Amateur Radio Experiment (SAREX) 11
¢ Payload bay :
¢ Other

— Consortium for Materials Development in Space Com-
plex Autonomous Payload (CONCAP) IV

— Four Getaway Special (GAS) payloads, including one
GAS ballast payload

— Toughened Unipiece Fibrous Insulation (TUFI)

16 development test objectives/I5 detailed supplementary
objectives






