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MISSION OVERVIEW

This is the 14th flight of Discovery and the 45th for the space
shuttle.

The flight crew for the STS-42 mission is commander Ronald
(Ron) J. Grabe, Col., USAF; pilot Stephen (Steve) S. Oswald;
mission specialist David (Dave) C. Hilmers, Lt. Col., USMC;
mission specialist Dr. Norman (Norm) E. Thagard; mission
specialist William (Bill) F. Readdy; and payload specialists
Ulf D. Merbold of the European Space Agency and Dr. Roberta L.
Bondar of the Canadian Space Agency. The crew will be divided
into a blue team, consisting of Grabe, Oswald, Thagard, and
Bondar, and a red team, comprised of Hilmers, Readdy, and
Merbold. Each team will work consecutive 12-hour shifts,
providing for around-the-ctock operations.

STS-42’s primary mission objective is to perform the planned
operations of the International Microgravity Laboratory (IML) 1
payload conducted in the Spacelab long module. IML-1 consists of
a series of multidiscipline experiments that will investigate the
effects of microgravity on materials processes and living
organisms.

IML-1 materials science investigations include studies of the
effects of microgravity on the growth of various types of crystals
and fluid medium behavior, as well as measurements of space
accelerations and the critical point at which many physical
properties assume extreme values or at which profound changes in
material properties occur. Life sciences investigations include
biological investigations on plants, tissues, cells, bacteria, and
insects; studies of space adaptation and space motion sickness;
investigations of the radiobiological importance of cosmic ray
particles of high mass number and energy and nuclear
disintegration stars; crew mental performance in zero gravity; and

measurements of the effect of radiation on biological materials in
space. Several of the IML-1 experiments have flown previously on
earlier Spacelab missions. :

The IML-1 consists of a pressurized module located in -
Discovery’s payload bay and connected to the crew cabin by an
access tunnel. Most experiments are mounted in racks in the
module, which is internally configured with eight double racks,
four single racks, and 14 overhead stowage lockers. In Discovery’s
crew cabin, five middeck stowage lockers with two refrigerator/
incubator modules (RIMs) are used for experiment stowage and
ancillary items, Twelve getaway special (GAS) canisters located in
the payload bay hold additional experiments.

Activation of the IML will immediately follow cabin unstow on
Flight Day 1 and continue through to Flight Day 7.

Discovery will provide IML-1 with a stable attitude, power,
and cooling. A tail down, “pseudo” gravity gradient attitude will be
employed to minimize the number of orbiter reaction control
system firings necessary during the mission, which can disturb
microgravity experimentation. In addition, due to the orbital
altitude and inclination at this time of year, Discovery will be in
continuous sunlight for four days of the mission. This thermally
challenging environment will be compensated for by the orbiter’s
cooling systems.

This maiden voyage of the IML series of Spacelab flights is a
cooperative effort between NASA, six international space science
research organizations, and over 200 scientists from 16 different
nations. Marshall Space Flight Center, Huntsville, Ala., is
responsible for IML mission management. Data collected from the



first flight will be used in subsequent flights and will also become
part of the research base for Space Station Freedom.

STS-42 is the latest effort in the U.S. manned space program’s
continuing investigations into materials processing and life sciences
microgravity research. Several more flights are planned, including
the STS-50 United States Microgravity Laboratory (USML) 1
mission in mid 1992 and the STS-47 Spacelab-J mission, currently
scheduled in the September 1992 time frame.

Secondary objectives for STS-42 include a series of middeck
and GAS experiments, including the following: Gelation of Sols:
Applied Microgravity Research (GOSAMR); Investigations Into
Polymer Membrane Processing (IPMP); Radiation Monitoring
Equipment III; IMAX camera; two student experiments
(Convection in Zero Gravity and Capillary Rise of Liquid Through
Granular Porous Media); and 10 GAS canister experiments
mounted on a GAS bridge assembly (GBA) in Discovery’s payload
bay. The crew of STS-42 will also conduct continuing life sciences
research in preparation for planned extended duration orbiter
(EDO) operations and will gather Earth observation data
throughout the flight.

Gelation of Sols: Applied Microgravity Research (GOSAMR)
is a middeck experiment that will investigate the influence of
microgravity on the processing of advanced ceramics materials.

The research objective of the IPMP payload is to investigate the
formation of polymer membranes in microgravity, research that
could lead to possible advances in filtering technologies. The IPMP
requires one half of a middeck locker and approximately
30 minutes of crew time.

The RME-IIl payload in Discovery's middeck takes
measurements of the ionizing radiation levels in the orbiter crew
compartment. The handheld unit contains a liquid crystal display

for real-time data display and a keyboard for controlling its
functions. It occupies half of a middeck locker.

The IMAX camera, a large-format camera flown on several
shuttle missions as a joint project by NASA, the National Air and
Space Museum, and the IMAX Film Corporation, will be used to
film activities in the Spacelab module and crew compartment,
emphasizing the space physiology experiments that have a bearing
on future long-duration human presence in space. The crew will
also take advantage of the high inclination of the STS-42 orbit to
film Earth features at latitudes not overflown by most shuttle
flights. The scenes will be used in an IMAX film now in production
on mankind’s future in space.

The objective of Student Experiment 81-09, Convection in
Zero Gravity, is to study the effects of heat on surface tension-
induced flows in microgravity. The experiment is housed in
Discovery’s middeck.

The objective of Student Experiment 83-02, Capillary Rise of
Liquid Through Granular Porous Media, is to investigate the effects
of gravity on the flow characteristics of a fluid through granular
substances via capillary action. It is housed in Discovery's
middeck.

Attached cargo operations will be performed with the 10 GAS
canister experiments contained in the GAS bridge assembly
mounted in Discovery’s aft payload bay. Experiments from six
countries (United States, Japan, Sweden, Germany, Australia, and
China) will be conducted, encompassing materials processing, life
sciences, fluid physics, and astronomical observations. Crew
interface is minimal, requiring only switch activation/deactivation
from the aft flight deck.

Sixteen development test objectives and nine detailed
supplementary objectives are scheduled to be flown on STS-42.



\__,-/

MISSION STATISTICS

Vehicle: Discovery (OV-103), 14th flight

Launch Date/Time:
1/22/92 8:53 a.m., EST
7:53 a.m., CST
5:53 a.m., PST

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

Launch Window: 2 hours, 30 minutes

Launch Clearance Window for 1/22/92: 8:53 am. EST to
11:42 a.m. EST

Mission Duration: 7 days, 1 hour, 12 minutes
Landing: Nominal end-of-mission landing on Orbit 113

1/29/92 10:05 a.m., EST

9:05 am, CST

7:05 am., PST
Runway: Nominal end-of-mission landing on concrete runway
22, Edwards Air Force Base (EAFB) Calif. Weather alternates are
KSC and Northrup Strip (NOR), White Sands, N.M.

Transatlantic Abort Landing: Zaragoza, Spain; altemaies are
Moron, Spain, and Ben Guerir, Morocco

Return to Launch Site: KSC
Abort-Once-Around: NOR,; alternate is EAFB

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-insertion 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 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 propulsion system propellant dump.

Altitude: 163-nautical-mile (188-statute-mile) circular orbit

Space Shuttle Main Engine Thrust Level During Ascent:
104 percent

Space Shuttle Main Engine Locations:
No. 1 position: Engine 2026
No. 2 position: Engine 2022
No. 3 position: Engine 2027
Total Lift-off Weight: Approximately 4,507,474 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately
243,395 pounds

Orbiter (Discovery) Empty, and 3 SSMEs: Approximately
172,707 pounds

Payload Weight Up: Approximately 28,663 pounds

Payload Weight Down: Approximately 28,663 pounds

—t



Orbiter Weight at Landing: Approximately 218,016 pounds

Payloads—Payload Bay (* denotes primary payload):
International Microgravity Laboratory (IML)-1*, getaway special
(GAS) bridge, IMAX camera

Payloads—Middeck: Gelation of Sols: Applied Microgravity
Research (GOSAMRY)-1, Investigations Into Polymer Membrane
Processing (IPMP), Radiation Monitoring Equipment (RME)-I11,
Student Experiment 81-09: Convection in Zero Gravity, Student
Experiment 83-02: Capillary Rise of Liquid Through Granular
Porous Media

Flight Crew Members:
Blue Team:

Commander: Ronald (Ron) J. Grabe, third space shuttle flight

Pilot: Stephen (Steve) S. Oswald, first space shuttle flight

Mission Specialist 1: Dr. Norman (Norm) E. Thagard, fourth
space shuttle flight

Payload Specialist 1: Dr. Roberta L. Bondar, Canadian Space
Agency, first space shuttle flight

Red Team

Mission Specialist 2: William (Bill) F. Readdy, first space
shuttle flight

Mission Specialist 3: David (Dave) C. Hilmers, fourth space
shuttle flight

Payload Specialist 2: UIf D. Merbold, European Space
Agency, second space shuttle flight

Grabe, Oswald, and Readdy make up the orbiter crew, which
will operate the shuttle and Spacelab systems monitored by
the Mission Control Center at Johnson Space Center (JSC).
Hilmers, Bondar, and Merbold form the science crew, which
will operate the IML-1 experiments monitored by the Payload
Operations Control Center at Marshall Space Flight Center
(MSFQ).

Ascent Seating:

Flight deck, front left seat, commander Ronald (Ron) J. Grabe

Flight deck, front right seat, pilot Stephen (Steve) S. Oswald

Flight deck, aft center seat, mission specialist William (Bill)
F. Readdy

Flight deck, aft right seat, mission specialist Dr. Norman
(Norm) E. Thagard

Middeck, mission specialist David (Dave) C. Hilmers

Middeck, payload specialist Dr. Roberta L. Bondar

Middeck, payload specialist Ulf D. Merbold

Entry Seating:

Flight deck, front left seat, commander Ronald (Ron) J. Grabe

Flight deck, front right seat, pilot Stephen (Steve) S. Oswald

Flight deck, aft center seat, mission specialist William (Bill)
F. Readdy

Flight deck, aft right seat, mission specialist David (Dave) C.
Hilmers

Middeck, mission specialist Dr. Norman (Norm) E. Thagard

Middeck, payload specialist Dr. Roberta L. Bondar

Middeck, payload specialist Ulf D. Merbold

Extravehicular Activity Crew Members, If Required:

Extravehicular (EV) astronaut 1: mission specialist Dr. Norman
(Norm) E. Thagard
EV-2: mission specialist William (Bill) F. Readdy

Intravehicular Astronaut: Pilot Stephen (Steve) S. Oswald

STS-42 Flight Directors:

Ascent/Entry; Wayne Hale
Orbit 1 Team; Jeff Bantle

Orbit 2 Team (lead): Bob Castle
Planning Team: Chuck Shaw



STS-42 Control Centers:

Space Shuttle and Spacelab module: JSC
IML-1: MSFC

Entry: Automatic mode until subsonic, then control-stick
steering

Notes:

» ‘The remote manipulator system is not installed in Discovery’s
paylead bay for this mission

» The galley is installed in Discovery's middeck

+ Landing is planned at EAFB because of Discovery’s heavier
landing weight (return of the IML-1 laboratory)

« Upon its return to Florida, Discovery will be removed from
flight status for the next 8-1/2 months to undergo major .
modifications, upgrades, and required inspections. Discovery’s
next flight, STS-53, a Department of Defense flight, is planned
for this fall.



MISSION OBJECTIVES

» Primary Payload
— International Microgravity Laboratory 1

» Secondary Payloads

Gelation of Sols: Applied Microgravity Research 1
Investigations Into Polymer Membrane Processing

Radiation Monitoring Equipment III

— Payload Bay Student Experiment 81-09; Convection in Zero Gravity
+ GAS bridge assembly with 10 getaway specials Student Experiment 82-03: Capillary Rise of Liquid
Through Granular Porous Media
- IMAX camera
+ Development Test Objectives/Detailed Supplementary
— Middeck Objectives

$TS-42 Crew Insignia



Flight Day 1

Launch

OMS-2

Unstow cabin

IML-1 activation

Transfer science specimens to Spacelab

IML-1 operations
Flight Day 2

IML-1 experiment operations
Flight Day 3

IML-1 experiment operations
Flight Day 4

IML-1 experiment operations
Flight Day §

IML-1 experiment operations
Flight Day 6

IML-1 experiment operations

Flight Day 7

IML experiment operations
IML-1 deactivation

FLIGHT ACTIVITIES OVERVIEW

RCS hot fire test
FCS checkout
Cabin stow

Deorbit preparation
Deorbit burn

Flight Day 8

Landing

Notes:

» Each flight day includes a number of scheduled housekeeping
activities. These include inertial measurement unit alignment,
supply water dumps (as required), waste water dumps (as
required), fuel cell purge, Ku-band antenna cable repositioning
and a daily private medical conference.

» Due to power requirements and the length of the mission, an
equipment powerdown (referred to as a Group B powerdown),
is executed on flight day 1 to conserve cryogenics for a full
mission duration plus two extension days (if required).
Powerdown activities include powering off three of Discovery's
four CRTs, placing three of Discovery’s five general-purpose
computers on standby, placing one of Discovery’s three inertial
measurement units on standby, and powering off three of
Discovery’s eight flight-critical multiplexers (two forward,
one aft).

."V/



STS-42 CREW

STS-42 crew members are (from left) pilot Stephen S. Oswald, payload specialist Roberta L. Bondar, payload commander
Norman E. Thagard, mission commander Ronald J. Grabe, mission specialist David C. Hilmers,
payload specialist Ulf Merbold, and mission specialist William F.Readdy.

\-—,_/
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DEVELOPMENT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

DTOs

Entry aerodynamic control surfaces test (Part 6) (DTO 242)
Ascent wing structural capability evaluation (DTO 301D)
Ascent compartment venting evaluation (DTO 305D)
Descent compartment venting evaluation (DTO 306D)
Entry structural evaluation (DTO 307D)

Vibration and acoustic evaluation (DTO 308D)

ET TPS performance—crew photography after ET separation
(DTO 312)

Shuttle/payload low frequency environment (DTO 319D)
Cabin air monitoring (DTO 623)

Eyewash——zero-g eyewash kit test (DTO 635)

On-orbit cabin air cleaner evaluation (DTO 637)
Spacelab CO7 control (DTO 641)

Electronic still photography (DTO 648)

EDO cycle ergometer hardware evaluation (DTO 651)

» Evaluation of the MK I rowing machine (DTO 653)

Crosswind landing performance (DTO 805)

DSOs

Variation in supine and standing heart rate, blood pressure, and
cardiac size (DSO 466)

In-flight radiation dose-distribution (DSO 469)

The relationship of space adaption syndrome to middle cerebral
artery blood velocity measured during entry, landing, and
egress {(DSO 470)

Orthostatic equilibrium control during landing/egress
(DSO 603B)

Air monitoring instrument evaluation and atmosphere
characterization (DSO 611)

Changes in endocrine regulation of orthostatic tolerance
following space flight (DSO 613)

Documentary television (DSO 901)
Documentary motion picture photography (DSO 902)

Documentary still photography (DSO 903)
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PAYLOAD CONFIGURATION

GOSAMR 1
IPMP

RME I
SE81-09
SE82-03

Tunnel

GAS Bridge
Assembly

International
Payload Microgravity
Controf Laboratory 1 | MAX
Station
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