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Space Transportation System

The Space Shuttle is America's newest and most versatile manned spacecraft. Unlike its predecessors-Mercury, Gemini, and
Apollo-it is a reusable, aircraft-like ship which is designed for years of service and makes space flight a relatively economical and
routine event.

The Shuttle will provide a flexibility never before achieved in space operations; it will allow space to be treated as the resource it
is, rather than as a hostile environment to be tested, examined, and explored.

Shuttle will enable man to use hard vacuum and zero gravity for further development of material processing in space. Space
flight has opened up this new environment which we have only begun to understand or take advantage of.

Our earth-bound environment limits certain material processes. In almost all human activities and industrial processes, gravity is
a dominant force; it constrains our motion, produces friction which must be overcome, and separates fluids. It causes layering in
alloys, contamination in glasses, separation in chemicals, and defects in electronic materials.

Experiments planned for Shuttle flights will explore the benefits of zero-gravity and hard vacuum. Actually a tiny gravitational
attraction is present: 1/3000 to 1/6000 of what we experience on earth. Neither is the vacuum perfect; there is one-trillionth of an
atmosphere. The findings to date from Apollo, Skylab, and Apollo-Soyuz Test Project missions have brought back materials
fashioned in space that were more pure and uniform than anything made on earth-almost physically perfect. If we could develop
materials to their full physical thermal, chemical, optical, and electric theoretical potential, major breakthroughs in medicine,
electronics, energy, instrumentation, and construction could be achieved. The development of the Space Shuttle and Spacelab opens
the door to routine work on commercially attractive material processes in space.

The spacecraft's large cargo capacity and relatively mild launch environment will enable it to carry into orbit a variety of
satellites, including some which could not be launched before because of size, shape, weight, or sensitivity to launch forces.

Malfunctioning satellites can be repaired in space by Shuttle crewmen or the satellite can be returned in the cargo bay for repair
on earth. The Shuttle also could serve as a launch platform for higher-orbit satellites or for interplanetary craft.

Eventually, the Shuttle can transport elements of large space structures to orbit and support the construction crews in space.
Such large structures could include satellite power systems, permanent space stations, multi-satellite service platforms, and orbiting
space power stations.

The potential of space is unlimited.

A special NASA study team recently reviewed the U.S. space program and identified specific contributions to the welfare of
mankind it could make in the next 25 years. These contributions-compiled in the team's report, Outlook for Space-range from
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weather and communications through manufacturing-processing
to earth-oriented activities. In the last category, a grouping of
contributions aimed at responding to "basic human needs," the
use of satellites and space laboratories was seen helping meet the
following needs:

• Food production, forestry management-Forecasting
of global crop production and water availability, land
use assessment, timber inventory, assessment of marine
resources and rangeland.

• Environmental protection-Large-scale weather fore­
casting, climate prediction, weather modification
experiments, stratospheric changes and effects, water
quality monitoring, global marine weather forecasting.

• Protection of life and property-Storm tracking,
tropospheric pollutant monitoring, hazard forecasting,
communication-navigation, earthquake prediction,
control of harmful insects.

• Energy and mineral exploration-Solar power relay to
earth from satellite power stations, disposal of hazard­
ous waste in space, world geologic atlas.

• Information transfer-Domestic, intercontinental, and
personal communications.

• Use of space environment-Basic physics and
chemistry, material science, commercial inorganic
processing, biological material research, effects of
gravity on terrestrial life, physiology and disease
processes.

• Earth science-Earth's magnetic field, crustal
dynamics, ocean interior and dynamics, dynamics and

)

energetics of lower atmosphere, ionosphere­
magnetosphere coupling, and structure, chemistry, and
dynamics of stratosphere/mesosphere.

SPACE SHUTTLE PROGRAM

The Space Shuttle is being developed by the National
Aeronautics and Space Administration. NASA will coordinate
and manage the Space Transportation System (NASA's name for
the overall Shuttle program) through the l 980's, including
inter-governmental agency requirements and international and
joint projects. NASA also oversees the launch and space flight
requirements for civilian and commercial use.

The Space Shuttle system consists of four primary ele­
ments: an orbiter spacecraft, two solid-rocket boosters, an
external tank to house fuel and oxidizer, and the three main
engines.

The orbiter is built by Rockwell lnternational's Downey,
Calif., facility. This facility also has contractual responsibility for
integration of the overall Space Transportation System. Both
orbiter and integration contracts are under the direction of
NASA's Johnson Space Center (JSC) in Houston, Tex.

The solid-rocket booster motors are built by the Wasatch
Division of Thiokol Corp., the external tank by Martin Marietta
Corp., and the Shuttle main engines by Rockwell's Rocketdyne
Division. These contracts are under the direction of NASA's
George C. Marshall Space Flight Center (MSFC) in Huntsville, Ala.

SHUTTLE REQUIREMENTS

The Shuttle will transport into near earth orbit 100 to 600
nautical miles (115 to 690 statute miles) up to 29,484 kilograms
(65,000 pounds) of cargo. This cargo (called payload) is carried
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Solid Rocket Booster
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in a bay 4.57 meters (15 feet) in diameter and 18 meters
(60 feet) long. It can bring back from space cargo weighing a
total of 14,515 kilograms (32,000 pounds).

Major system requirements are that the orbiter and the two
solid-rocket boosters be reusable, and that the orbiter have a
160-hour turnaround time; that is, be ready to return to space
160 hours (two weeks, based on 80-hour workweeks) after
landing from the previous mission.

Other features of the Shuttle:

•

•

•

•

The orbiter normally will carry a flight crew of three,
plus four additional passengers. A total of IO persons
could be carried under emergency conditions.

The basic mission is seven days in space; with
additional supplies, a 30-day mission is possible.

The crew compartment has a shirtsleeve environment,
and the acceleration load is never greater than 3 g's.

The Shuttle can be on launch pad standby for up to 24
hours, and can be launched from standby within 2
hours .

• In its return to earth, the orbiter has a cross-range
maneuvering capability of I I 00 nautical miles ( 1265
statute miles).

The Shuttle is launched in an upright position, with thrust
provided by the three main engines and the two solid-rocket
boosters. After about two minutes, at an altitude of about 24
nautical miles (28 miles), the two boosters are spent and are
separated from the orbiter. They fall into the ocean at
predetermined points and are recovered for reuse.

The main engines continue firing for about eight minutes,
cutting off at about 59 nautical miles (68 statute miles) altitude
just before the craft is inserted into orbit. The external tank is
separated. It follows a ballistic trajectory back into a remote area
of the ocean but is not recovered.

Two smaller liquid rocket engines (orbital maneuvering
system) are used to put the orbiter into orbit, for maneuvers
while in orbit, and for slowing the vehicle for reentry. The
spacecraft's velocity in orbit is about 7743 meters per second
(25,405 feet per second); the deorbit velocity decrease is 9 I
meters per second (300 feet per second).

After reentry, the unpowered orbiter glides to earth and
lands on a runway like an airplane. Normal touchdown speed is
184 to 196 knots (213 to 226 mph).

There are two launch sites for the Shuttle: Kennedy Space
Center (KSC), Florida, and Vandenberg Air Force Base,
California. The orbiter normally will land at the site from which
it was launched.

Basic Shuttle characteristics:

Overall Shuttle Orbiter

Length

Height

Wingspan

Approx. weight
Gross liftoff

Landing with
payload

5 6.14 meters
(184.2 ft)
23.34 meters
(76.6 ft)

2,041,200 kilograms
(4.5 million pounds)

4

37.24 meters
(122.2 ft)
17.27 meters
(56.67 ft)
23 .79 meters
(78.06 ft)

96,163 kilograms
(212,000 pounds)
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Overall Shuttle Orbiter

Thrust (sea level)
Solid-rocket
boosters

Orbiter main
engines

Cargo bay:
Length

Diameter

12,889,200 Newtons
(2.9 million pounds)
of thrust each at
sea level

1,668,000 Newtons
(3 7 5 thousand
pounds) of thrust
each at sea level

18.28 meters
(60 ft)
4.57 meters
(15 ft)

BACKGROUND AND STATUS

On July 26, 1972, NASA selected Rockwell's Space
Transportation System Development and Production Division, in
Downey, Calif., as the industrial contractor for design,
development, test, and evaluation (DDT&E) of the orbiter. The
contract called for fabrication and testing of two orbiter
spacecraft, a full-scale structural test article, and a main
propulsion test article. The award followed years of NASA and
Air Force studies on definition and feasibility of a reusable space
transportation system.

NASA previously (March 31, 1972) had selected Rockwell's
Rocketdyne Division to design and develop the Space Shuttle
main engines. Contracts followed to Martin Marietta for the
external tank (August 16, 1973) and Thiokol's Wasatch Division
for the solid-rocket boosters (June 2 7, 19 74).

In addition to the orbiter DDT&E contract, Rockwell's
Space Transportation System Development and Production
Division was given contractual responsibility as industrial
integrator for the overall Shuttle system.

The first orbiter spacecraft, Enterprise (OVorbiter
vehicle 101), was rolled out on Sept. 17, 1976. On Jan. 31,
1977, it was transported overland from Rockwell's assembly
facility at Palmdale, Calif., to the Dryden Flight Research Center
at Edwards Air Force Base (36 miles) for the approach and
landing test (ALT) program.

The ALT program was conducted from February through
November, 1977, and demonstrated that the orbiter could fly in
the atmosphere and land as an airplane. The program consisted
of:

• Five "captive" flights in which the orbiter, unmanned,
was mounted atop a specifically modified 747 Shuttle
carrier aircraft (SCA).

5

• Three manned captive flights in which two-man astro­
naut crews operated the orbiter control systems .

• Five "free" flights, in which the orbiter was released
from the SCA and maneuvered to a landing at
Edwards. In the first four such flights the landing was
on a dry lake bed; in the fifth, the landing was on
Edwards' main concrete runway under conditions
simulating a return from space. The last two free
flights were made without the tail cone, which is the
spacecraft's configuration during an actual landing
from earth orbit.

On March 13, 1978, the Enterprise was ferried atop the
SCA to NASA's Marshall Space Flight Center in Huntsville, Ala.,
to undergo a series of mated vertical ground vibration tests.
These were completed in March, 1979. On April l 0, 1979, the
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Enterprise was ferried to the Kennedy Space Center, mated with
the external tank and solid rocket boosters, and transported via
the mobile launch platform to launch complex 39A. At launch
complex 39A, the Enterprise served as a practice and launch
complex fit check verification tool representing the flight
vehicles. It was ferried back to NASA's Dryden Research Center
at Edwards AFB, CA, on August 16, 1979, and then returned
overland to Rockwell's Palmdale final assembly facility on
October 30, 1979. Certain components were refurbished for
use on flight vehicles being assembled at Palmdale. It will
eventually be used as a practice and fit check verification tool at
Vandenberg AFB. The Enterprise was built as a test vehicle and is
not equipped for space flight.

The second orbiter (OV-102), Columbia, will be the first to
fly into space. It was transported overland on March 8, 1979,
from Palmdale to Edwards for mating atop the SCA and ferrying
to Kennedy Space Center, Fla. It arrived at KSC on March 25,
1979, to begin preparations for the first flight into space.

Columbia will land at Edwards AFB in the initial develop­
ment flight tests, with the last development flight landing on the
concrete runway at Edwards AFB.

The structural test article, after 11 months of extensive
testing, is being modified at Rockwell's final assembly facility at
Palmdale to become the second orbiter available for operational
missions. It is redesignated OV-099, the Challenger.

The main propulsion test article (MPTA-098) consists of an
orbiter aft fuselage, a truss arrangement which simulates the
orbiter mid fuselage, and the Shuttle main propulsion system
(three main engines and the external tank). This test structure
is at the National Space Technology Laboratory in Mississippi.
A series of static firings were conducted in 1978 through 1981
in support of the first flight into space.

) )

NASA named the first four orbiter spacecraft
after famous sailing ships. In the order they will
become operational, they are:

• Columbia (0V-102), after a sailing frigate
launched in 1836, one of the first Navy
ships to circumnavigate the globe.
Columbia also was the name of the
Apollo 11 command module which carried
Neil Armstrong, Michael Collins, and
Edward (Buzz) Aldrin on the first lunar
landing mission, July 20, 1969.

• Challenger (0V-099), also a Navy ship,
which from 1872 to 1876 made a pro­
longed exploration of the Atlantic and
Pacific Oceans. It also was used in the
Apollo program, for the Apollo 17 lunar
module.

• Discovery (0V-103), after two ships, Henry
Hudson's which in 1610-11 attempted to
search for a northwest passage between
Atlantic and Pacific oceans and instead
discovered Hudson Bay, and Captain
Cook's which discovered the Hawaiian
Islands and explored southern Alaska and
western Canada.

• Atlantis (OV-104), after a two-masted
ketch operated for the Woods Hole Ocean­
ographic Institute from 1930 to 1966,
which traveled more than half a million
miles in ocean research.

)
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On Jan. 29, 1979, NASA contracted with Rockwell for the
manufacture of two additional orbiters, OV-103 and OV-104
(Discovery and Atlantis), conversion of the STA to space flight
configuration (Challenger), and modification of Columbia from
its developmental configuration to that required for operational
flights.

LAUNCH SITES

During normal operations, Shuttle launchings will be from
both KSC and the Western Test Range (Vandenberg AFB).
Shuttle missions destined for equatorial orbital trajectories will
be launched from KSC and those requiring polar orbital planes
will be launched from WTR.

Orbital mechanics and the complexities of mission require­
ments, plus safety and the possibility of infringement on foreign
air and land space, prohibit polar orbit launches from KSC.

KSC launches have an allowable path no less than 35
degrees northeast and no greater than 120 degrees southeast.
These are azimuth degree readings based on due east from KSC as
90 degrees.

A 35-degree azimuth launch places the spacecraft in an
orbital inclination of 57 degrees. This means the spacecraft in its
orbital trajectories around the earth will never exceed an earth
latitude higher or lower than 57 degrees north or south of the
equator.

7
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A launch path from KSC at an azimuth of 120 degrees will
place spacecraft in an orbital inclination of 39 degrees (it will be
above or below 39 degrees north or south of the equator).

These two azimuths 35 and 120 degreesrepresent the
launch limits from KSC. Any azimuth angles further north or
south would launch a spacecraft over a habitable land mass,
adversely affect safety provisions for abort or vehicle separation
conditions, or would be undesirable because of the possibility
that the solid rocket boosters or external tank could land on
foreign land or sea space.

Launches from the Western Test Range have an allowable
launch path suitable for polar insertions south, southwest, and
southeast.

Space Shuttle Launch Sites

The launch limits at WTR are 201 and 158 degrees. At a
20 I-degree launch azimuth, the spacecraft would be orbiting at a
I 04-degree inclination. Zero degree would be due north of the
launch site and the orbital trajectory would be within 14 degrees
east or west of the north-south pole meridian. At a launch
azimuth of 158 degrees, the spacecraft would be orbiting at a
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70-degree inclination, the trajectory would be within 20 degrees
east or west of the polar meridian. Similar to KSC, the WTR has
allowable launch azimuths which do not pass over habitable areas
or affect safety, abort, separation, and political considerations.

Mission requirements and payload weight penalties also are
major factors in selecting two launch sites.

The earth rotates from west to east at a speed of
approximately 900 nautical miles per hour (1035 miles per
hour). A launch to the east uses the earth's rotation somewhat as
a springboard. This means, for example, that the Shuttle can
carry a 29,484-kilogram (65,000-pound) payload from a KSC
launch, but only 18,144 kilograms (40,000 pounds) with a
launch inclination of 90 degrees from WTR. Incidentally, the
earth's rotational rate is also the reason the orbiter has a
cross-range capability of 1 I 00 nautical miles (l 265 statute
miles) to provide the abort once around (AOA) capability in
polar orbit launches.

Attempting to launch and place a spacecraft in polar orbit
from KSC to avoid habitable land mass would be uneconomical
because the Shuttle's payload would be reduced severely-down
to 77 I I kilograms (l 7,000 pounds). A northerly launch into
polar orbit 8 to 20 degrees azimuth-would necessitate a path
over a land mass, and most safety, abort, and pohtical constraints
would have to be waived. This prohibits polar orbit launches
from KSC.

The following orbital insertion inclinations and payload
weights exemplify the Shuttle's capabilities:

I. Equatorial orbit from KSC (for low earth orbit,
geosynchronous orbit, or interplanetary escape)-at an
orbital inclination of 28.5 degrees from KSC, maxi­
mum payload weight is 29,484 kilograms (65,000
pounds); at an inclination of 57 degrees, maximum
payload weight is 25,855 kilograms (57,000 pounds).

)
/

2. Polar orbit from WTR-at an orbital inclination of 90
degrees, maximum payload weight is 18,144 kilograms
(40,000 pounds) or 14,515 kilograms (32,000 pounds)
at an inclination of I 04 degrees.

MISSION PROFILE
In the launch configuration, the orbiter and two

solid-rocket boosters are attached to the external tank and all are
in a vertical position (nose up) on the launch pad. Each
solid-rocket booster is attached at its aft skirt to the mobile

d

launch platform by four bolts.

Emergency exit for the flight crew while on the launch pad
up to 30 seconds prior to liftoff is by slide wire. There are five
365-meter ( 1200-foot) slide wires, each with one basket. Each
basket is designed to carry normally two persons but could
handle three. The baskets, 1.5 meters (5 feet) in diameter and
106 centimeters (42 inches) deep, are suspended beneath the
slide mechanism by four cables. The slide wires carry the baskets
to a bunker at ground level. The bunker is designed to protect
personnel even from an explosion on the launch pad.

At launch, the three Shuttle main engines-fed liquid
hydrogen fuel and liquid oxygen oxidizer from the external
tank-are ignited first. When it has been verified that the engines
are operating at the proper thrust level, a signal is sent to ignite
the solid-rocket boosters. At the proper thrust-to-weight ratio,
initiators (small explosives) at the eight holddown bolts are fired
to release the Shuttle for liftoff. All this takes only a few
seconds .

Maximum dynamic pressure (max q) is reached early in the
ascent, nominally at l 0,24 l meters (33,600 feet) about 60
seconds after liftoff.

Approximately a minute later (two minutes into the ascent
phase), the two solid-rocket boosters have consumed their

)
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MAIN ENGINE
CUTOFF I EXTERNAL
TANK SEPARATION

Altitude: 59 nmi
(68 miles); velocity: 7796
mps (25,581 fps, 17,440
mph) about 8 minutes
after launch (just before
orbit insertion)

SRB SEPARATION

Altitude: 24 nmi (28 miles);
velocity: 1383 mps
(4,538 fps, 3,094 mph)
2 minutes after launch

ORBIT INSERTION
AND CIRCULARIZATION
Altitude varies
according to
mission

} ORBITALI OPERA~IONS
Mission from 7 to 30 days;
100 to 600 nmi (115 to

_._.__,,_ , ·, . _,, 690 miles) c:,rbits; 7743,pgs».ms

DEORBIT

Velocity decreased nominal
91 mps (300 fps, 204 mph)
from earth orbit operations

9

LAUNCH

Maximum dynamic
pressure at 10,241 meters
(33,600 ft);about 60
seconds after launch

MAINTENANCE Two-week turnaround
(14 days-160 hours)

Shuttle Mission Profile

LANDING
Touchdown speed
184 to 196 knots
(213 to 226 mph)
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propellant and are jettisoned from the external tank. This is
triggered by a separation signal from the orbiter.

The boosters briefly continue to ascend, while small motors
fire to carry them away from the Shuttle. The boosters then turn
and descend, and at a predetermined altitude, parachutes are
deployed to decelerate them for a safe splashdown in the ocean.
Splashdown will occur approximately 141 nautical miles (162
statute miles) from the launch site. The boosters are recovered
and reused.

Meanwhile, the orbiter and external tank continue to
ascend, using the thrust of the three main engines. Approxi­
mately eight minutes after launch and just short of orbital
velocity, the three engines are shut down (main engine cutoff­
MECO) and the external tank is jettisoned on command from the
orbiter.

The external tank continues on a ballistic trajectory and
enters the atmosphere, where it disintegrates. Its projected
impact is in the Indian Ocean, in the case of equatorial orbits
(KSC launch), and in the extreme southern Pacific Ocean, in the
case of WTR launch.

Two orbital maneuvering systems (OMS) at the aft end of
the orbiter are used in a two-step firing, to complete insertion
into earth orbit, and to circularize the spacecraft's orbit. Forward
and aft reaction control system (RCS) thrusters provide attitude
control (pitch, yaw, and roll) of the orbiter, as well as any minor
translation maneuvers along a given axis. The orbiter is designed
to operate in earth orbit between I 00 to 600 nautical miles ( 115
to 690 statute miles).

At completion of the orbital operations (from 1 to 30
days), the orbiter is oriented to a tail-first attitude. The two OMS
engines are then used to slow the vehicle for deorbit.

)

The RCS thrusters then turn the orbiter nose forward for
entry. These thrusters continue to control the orbiter until
atmospheric density is sufficient for the pitch and roll aero­
dynamic control surfaces to become effective.

Entry is considered to occur at 12 I ,920 meters (400,000
feet) altitude approximately 4400 nautical miles (5063 statute
miles) from the landing site and at approximately 7620 meters
per second (25,000 feet per second) velocity.

At 121,920 meters the spacecraft is maneuvered to zero
degrees roll and yaw (wings level) and a predetermined angle of
attack for entry. (In the initial development flights, the angle of
attack is 40 degrees; in later flights, it will be between 28 degrees
and 38 degrees.) The flight control system issues the commands
to roll, pitch, and yaw RCS jets for rate damping.

The forward RCS jets are inhibited at 121,920 meters, and
the aft RCS jets maneuver the spacecraft until a dynamic
pressure of 517 mmHg per square meter (10 pounds per square
foot) is sensed, which is when the arbiter's ailerons become
effective. The aft RCS roll jets are then deactivated. At a
dynamic pressure of 1035 mmHg per square meter (20 pounds
per square foot), the arbiter's elevators become active and the aft
RCS pitch jets are deactivated. The arbiter's speed brake is used
below Mach 10 to induce a more positive downward elevator
trim deflection. At Mach 3.5, the rudder becomes activated and
the aft RCS yaw jets are deactivated at 13,716 meters (45,000
feet).

Entry guidance must dissipate the tremendous amount of
energy the orbiter posseses when it enters the earth's atmosphere
to assure that the orbiter does not either burn up (entry angle
too steep) or skip out of the atmosphere (entry angle too
shallow) and that the orbiter is properly positioned to reach the
desired touchdown point.

) )
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During entry, energy is dissipated by the atmospheric drag
on the arbiter's surface. Higher atmospheric drag levels enable
faster energy dissipation with a steeper trajectory. Normally, the
angle of attack and roll angle enable the atmospheric drag of any
flight vehicle to be controlled. However, for the orbiter, angle of
attack was rejected because it creates surface temperatures above
the design specification. The angle of attack schedule used during
entry is loaded into the orbiter computer as a function of relative
velocity, leaving roll angle for energy control. Increasing the roll
angle decreases the vertical component of lift, causing a higher
sink rate and energy dissipation rate. Increasing the roll rate does
raise the surface temperature of the orbiter, but not nearly as
drastically as an equal angle of attack command.

If the orbiter is low on energy (current range-to-go much
greater than nominal at current velocity) entry guidance will
command lower than nominal drag levels. If the orbiter has too
much energy (current range-to-go much less than nominal at the
current velocity), entry guidance will command higher than
nominal drag levels to dissipate the extra energy.

Roll angle is used to control cross-range. Azimuth error is
the angle between the plane containing the arbiter's position
vector and the heading alignment cylinder tangency point and
the plane containing the arbiter's position vector and velocity
vector. When the azimuth error exceeds a computer-loaded
number, the arbiter's roll angle is reversed.

Thus, descent rate and down ranging are controlled by bank
angle. The steeper the bank angle, the greater the descent rate
and the greater the drag; conversely, the minimum drag attitude
is wings level. Cross-range is controlled by bank reversals.

The entry thermal control phase is designed to keep the
backface temperatures within the design limits. A constant
heating rate is established until below 5791 meters per second
(19,000 feet per second).

The equilibrium glide phase shifts the orbiter from the
rapidly increasing drag levels of the temperature control phase to
the constant drag level of the constant drag phase. The
equilibrium glide flight is defined as flight in which the flight
path angle, the angle between the local horizontal and the local
velocity vector, remains constant. Equilibrium glide flight pro­
vides the maximum downrange capability. It lasts until the drag
acceleration reaches 33 feet per second squared.

The constant drag phase begins at that point. In the
development flight the angle of attack is initially 40 degrees but
it begins to ramp down in this phase to approximately 36 degrees
by the end of this phase.

The transition phase is where the angle of attack continues
to ramp down, reaching the approximately 14-degree angle of
attack at the entry terminal area energy management (TAEM)
interface, approximately 25,298 meters (83,000 feet) altitude,
762 meters per second (2500 feet per second), Mach 2.5, and 52
nautical miles (59 statute miles) from the landing runway.
Control is then transferred to TAEM guidance.

During the entry phases described, the arbiter's roll com­
mands keep the orbiter on the drag profile and control
crossrange.

TAEM guidance steers the orbiter to the nearest of two
heading alignment cylinders (HAC's) whose radii are 5480 meters
(18,000 feet), which are located tangent to and on either side of
the runway centerline on the approach end. In TAEM guidance,
excess energy is dissipated with an S turn and the speed brake
can be utilized to modify drag, L/D (lift/drag) ratio, and flight
path angle in high energy conditions. This increases the ground
track range as the orbiter turns away from the nearest HAC until
sufficient energy is dissipated to allow a normal approach and
landing guidance phase capture, which begins at 3048 meters
(l0,000 feet) altitude. The orbiter also can be flown near the

11
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velocity for maximum lift over drag or wings level for the range
stretch case. The spacecraft slows to subsonic velocity at
approximately 14,935 meters (49,000 feet) altitude, about 22
nautical miles (25.3 statute miles) from the landing site.

At TAEM acquisition, the orbiter is turned until it is aimed
at a point tangent to the nearest HAC and continues until it
reaches the point, WP-I (way point one). At WP-I, the TAEM
heading alignment phase begins. The HAC is followed until
landing runway alignment plus or minus 20 degrees has been
achieved. In the TAEM prefinal phase, the orbiter leaves the
HAC, pitches down to acquire the steep glide slope, increases
airspeed, and banks to acquire the runway centerline and
continues until on the runway centerline, on the outer glide
slope, and on airspeed. The approach and landing guidance phase
begins with the completion of the TAEM prefinal phase and ends
when the spacecraft comes to a complete stop on the runway.

The approach and landing trajectory capture phase begins at
the TAEM interface and continues to guidance lock on to the
steep outer glide slope. The approach and landing phase begins at
about 3048 meters (l 0,000 feet) altitude at an equivalent air
speed (EAS) of 290 plus or minus 12 knots, 6.9 nautical miles
(7 .9 statute miles) from touchdown. Autoland guidance is
initiated at this point to guide the orbiter to the minus 20° glide
slope (which is over seven times that of a commercial airliner's
approach) aimed at a target 0.86 nautical mile (one statute mile)
in front of the runway. The spacecraft speedbrake is positioned
to hold the proper velocity. The descent rate in the later portion
of TAEM and approach and landing is greater than 3048 meters
(10,000 feet) per minute (approximately 20 times higher rate of
descent than a commercial airliner's standard three-degree instru­
ment approach angle).

At 533 meters (1750 feet) above ground level, a pre-flare
maneuver is started to position the spacecraft for a 1.5-degree
glideslope in preparation for landing with the speed brake

)

positioned as required. The flight crew deploys the landing gear
at this point.

The final phase reduces the sink rate of the spacecraft to
less than 2.7 meters per second (9 feet per second). Touchdown
occurs approximately 7 62 meters (2500 feet) past the runway
threshold at a speed of 184 to 196 knots (213 to 226 mph).

ABORTS

The Shuttle has three abort alternatives, depending on when
it becomes necessary. These are to return to launch site (RTLS),
abort once around (AOA), and to abort to orbit (ATO).

RETURN TO LAUNCH SITE. This mode will be used in
the event of a main engine failure between liftoff and the point
at which the next abort mode (AOA) is available. RTLS will not
begin until the solid-rocket boosters complete their normal
thrusting period and are jettisoned, as in a normal ascent.

The Space Shuttle (orbiter and external tank) continues to
thrust down range, with the two remaining main engines, the two
OMS, and the four aft +X RCS thrusters firing, until the
remaining propellant for the main engines equals the amount
required to reverse the direction of flight.

A pitch-around {plus pitch) maneuver is then performed at
approximately 5 degrees per second; this places the orbiter and
external tank in a "heads-up" attitude, pointing back toward the
launch site. Main engine cutoff is commanded when altitude,
attitude, flight path angle, heading, weight, and velocity /range
conditions combine for acceptable orbiter-external tank separa­
tion [tank impact no closer than 24 nautical miles (28 statute
miles) from the U.S. coast] and orbiter glides to the launch site
runway.

ABORT ONCE AROUND. This mode will be used from
approximately two minutes after normal solid-rocket booster

) )
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separation to the point at which the abort-to-orbit mode
becomes available. Again, this abort would occur in the event of
a main engine failure.

The Space Shuttle vehicle continues to thrust with the
remaining main engines and the OMS and aft RCS +X thrusters.
In the initial development flights the OMS and aft RCS +X
thrusters will not be used before MECO. The OMS and RCS
thrusting periods terminate when the amount of propellant
remaining in these two systems will support two OMS thrusting
periods after MECO.

Main engine cutoff is followed by jettisoning of the external
tank. The OMS thrusters are fired after jettisoning the external

tank to obtain an apogee of an intermediate orbit. The second
firing of the OMS places the spacecraft into a suborbital coast
phase and "free return" orbit for the desired entry interface. The
flight conditions-range, flight path angle, headings, and
velocity-at entry resulting from this orbit will enable the orbiter
to glide to the landing site runway.

ABORT TO ORBIT. This mode begins after the AOA point
is passed and also would occur in the event of a main engine
failure. The Space Shuttle continues to thrust with the remaining
main engines to main engine cutoff and external tank jettisoning.
The OMS thrusters fire twice, to insert the orbiter into orbit and
then to circularize the orbit. The orbit coast time altitude and
the coast time before the deorbit maneuver depend on when the
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abort was initiated and the mission. Alternate missions may be
planned in case of an ATO orbit. The deorbit, entry, and landing
would be similar to a normal mission.

ORBITER GROUND TURNAROUND

NASA's Kennedy Space Center, Fla., is responsible for
orbiter recovery ground operations at all primary and
contingency landing sites. In addition to the prime sites at
Edwards Air Force Base, Calif., and the Kennedy Space Center,
Fla., KSC recovery operations are responsible for landing
activities at contingency sites at Northrup Strip, White Sands,
New Mexico; ROTA Naval Air Station, Spain; Kadena Air Force
Base, Okinawa, and Hickam Air Force Base, Hawaii.

The first four flights of the Columbia will land at Edwards
Air Force Base, Calif. The fifth and subsequent flights are
scheduled to land at the Kennedy Space Center.

The spacecraft recovery operations at Edwards Air Force
Base will be supported by approximately 160 Kennedy Space
Center team members. Ground team members wearing "SCAPE"
suits that protect them from toxic chemicals will approach the
spacecraft as soon as it stops rolling. The ground team members
will take sensor measurements to insure the atmosphere in the
vicinity of the spacecraft is not explosive. In the event of
propellant leaks, a wind machine truck carrying a large fan will
be moved into the area to create a turbulent air flow that will
break up gas concentrations and reduce the potential for an
explosion.

An air conditioning purge unit is attached to the orbiter so
cool air can be directed through the orbiter's aft fuselage,
payload bay, forward fuselage, wings, vertical stabilizer, and
orbital maneuvering system/reaction control system pods to
dissipate the heat of entry. This heat, if not dissipated, will
"soak" to the orbiter systems within 15 minutes of landing.

A second ground cooling unit is connected to the spacecraft
Freon coolant loops to provide cooling for the flight crew and
avionics during post landing and system checks. The spacecraft
fuel cells remain powered up at this time. The flight crew will
then exit the spacecraft and a ground crew will power down the
spacecraft.

Within one to two hours the spacecraft and ground support
equipment convoy will be ready to move the spacecraft to the
service area at NASA's Dryden Flight Research Center at
Edwards. After detailed inspection and preparations at DFRC,
the Columbia is ferried atop the Shuttle Carrier Aircraft to the
Kennedy Space Center.

When the spacecraft lands and completes its runout at the
Kennedy Space Center, the same procedures as at Edwards
Air Force Base are accomplished, with the exception being that
it is expected that only one hour will be required before the
spacecraft and convoy is ready to move to the Orbiter Processing
Facility (OPF).

In later missions, the orbiter must be refurbished and
readied for another launch within 160 hours (14 working days).
This short turnaround decreases the maintenance cost (part of
the cost per flight), decreases the number of orbiters and support
elements needed, and increases the utilization rate of each
orbiter.

The spacecraft is towed to the Orbiter Processing Facility
where it is safed (fuel and oxidizer systems drained, tanks
purged, and ordnance removed). The OMS and RCS pods are
removed and reinstalled, if required, and other vehicle
maintenance performed. The payload is then installed and
spacecraft functioning verified. Activity in the OPF will take
about 96 hours.

The spacecraft is then towed to the Vehicle Assembly
Building (VAB), and mated to the external tank. These elements
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were stacked and mated on the mobile launch platform while the
orbiter was being refurbished. Shuttle connections and the
integrated vehicle are checked and ordnance is installed. Activity
in the VAB is scheduled for about 39 hours.

The mobile launch platform moves the entire Space Shuttle
system on four crawlers to the launch pad, where connections are
made and servicing, checkout, and pre-launch activities are
conducted. This takes about 24 hours.

The Space Shuttle is then ready for launch within
two hours.

In the event of a landing at an alternate site, a crew of about
eight team members will move to the landing site to assist the
astronaut crew in preparing the orbiter for loading aboard the
Shuttle Carrier Aircraft for transport back to the Kennedy Space
Center. If the landing is outside the U.S., personnel at the
contingency landing sites will be provided minimum training on
safe handling of the orbiter with emphasis on crash rescue
training, how to tow the orbiter to a safe area, and prevention of
propellant contamination.

Space Shuttle flights from the Western Test Range, Calif.,
will utilize the Vandenberg Launch Facility (SL6) which was
built for but never used for the manned orbital laboratory

program. This facility will be modified for Space Transportation
System use.

The runway at Vandenberg will be strengthened and
lengthened from 2,438 meters (8,000 feet) to 3,657 meters
(12,000 feet) to accommodate the orbiter returning from space.

Shuttle buildup at Vandenberg will differ from the NASA
Kennedy Space Center plan in that the integration-on-pad
technique will be employed. Solid rocket boosters will start
on-the-pad buildup followed by the external tank. The orbiter
will then be mated to the external tank.

The orbiter maintenance and checkout facility at
Vandenberg will be used for orbiter processing. It will also
provide an area for processing security classified payloads.
SL6 includes the launch mount, access tower, mobile service
tower, launch control tower, payload preparation room, payload
changeout room, solid rocket booster refurbishment facility,
solid rocket booster disassembly facility and liquid hydrogen and
liquid oxygen storage tanks.

A future liquid propellant thrust augmentation system
which • will use storable propellants will require some
modification to the pad to facilitate loading of propellants. The
launch processing system will be similar to the one at the
Kennedy Space Center.

16

PAYLOADS
The Space Shuttle is a transportation system. What it carries

to earth orbit and back is its reason for existence. The Shuttle
arbiter's 18.28-meter-long (60foot) cargo bay will take hundreds
of payloads into space.

All of NASA's centers are vitally concerned with the
Shuttle's payload capabilities. In the first 11 years of operation
through 1991, more than 400 Shuttle missions will be flown,
each carrying one or more payloads. Estimates are that nearly
every federal agency-as well as universities, the scientific

)

community, and private industry-will have Shuttle payloads
during the rest of this century.

Payloads already scheduled to be carried aboard the orbiter
include the Tracking and Data Relay Satellites, communications
and weather satellites, Spacelab, Department of Defense
non-weapon military payloads, the Space Telescope,
multi-mission modular spacecraft, Long Duration Exposure
Facility. The Department of Defense will total about 25 percent
of the Shuttle missions.
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Satellites that require high orbital altitudes will be carried
aboard the orbiter with a spinning solid upper stage (SSUS) or
other type of booster stage. The satellite and upper stage will be
deployed together from the payload bay, and the upper stage
used to boost the satellite to the required orbit. Weather,
communication, and navigation satellites, as well as deep space
probes, would require upper stages.

OSTA
(OFFICE OF SPACE TERRESTRIAL APPLICATIONS)-1

OSTA-1 is scheduled to fly on STS-2 and consists of five
experiments installed on a U-shaped 3-meter ( l O feet) long pallet
built by the British Aerospace Corp. under contract to ERNO
(Zentral Gesellschaft VFW-Fokker mbh) and the ESA (European
Space Agency). Rockwell's Space Operations is responsible for
the final assembly of the pallet, installation, integration, and
testing of the payload.

NASA's OSTA-1 scientific payload will occupy
approximately 0.84 cubic meters (30 cubic feet) of the
Columbia's payload bay in STS-2 and will weigh 2,449 kilograms
(5,400 pounds).

OSTA-I consists of five experiments, two from NASA's
Langley Research Center, two from the Jet Propulsion
Laboratory, and one from NASA's Goddard Research Center.
The five experiments are a Shuttle Imaging Radar-A (SIR-A);
Shuttle Multispectral Infrared Radiometer (SMIRR); a
Measurement of Air Pollution from Satellites (MAPS); a Feature
Identification and Location Experiment (FILE); and an Ocean
Color Experiment (OCE).

The SIR-A experiment is to evaluate potential use of
spacebome imaging radar for geological exploration and for
mineral exploration.

The SMIRR experiment is designed to measure the earth's
surface radiance. This will lead toward determining whether

instruments can be developed to discriminate between geological
formations.

MAPS is an experiment to measure concentration of carbon
monoxide in the troposphere over tropical areas.

FILE is an experiment to develop technology which will
recognize, acquire and track earth surface features, spectrally
sensing and classifying quantatively the surface of the earth into
cloud cover, water, bare earth and vegetation.

OCE is an experiment to map distribution of marine algae.
This will detect chlorophyll in the algae and will be used to
locate marine life and determine effects of pollution and
chemical waste.

OSTA-I
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The Jet Propulsion Laboratory manages the SIR-A and
SMIRR experiments, NASA's Langley Research Center manages
the MAPS and FILE experiments, and NASA's Goddard
Research Center manages the OCE.

The Pallet provides a platform for mounting the
experiments and can also cool equipment, provide electrical
power, and furnish connections for commanding and acquiring
data from the experiments.

TRACKING AND DATA RELAY SATELLITE SYSTEM.
Four Tracking and Data Relay Satellites (TDRS)/Advanced
Westar-shared service satellites and ground support equipment are
being built by TRW's Defense and Space Systems Group,
Redondo Beach, Calif., for Western Union Space
Communications Incorporated. Western Union will own and
operate the entire TDRS system, leasing tracking and data relay
services to NASA in its commercial communications capacity to
the Western Union Telegraph Company for its satellite
transmission.

The advantage to NASA and commercial users of sharing
telecommunications equipment and services is more flexibility in
handling different kinds of traffic and greater reliability at lower
cost. TDRS is the first such large-scale space undertaking to share
government and business telecommunications services. This
shared use concept will mean cost savings to the government and
will assure Western Union that its Advanced Westar satellite
needs will be fulfilled. For Western Union's customers, this will
provide continuity of existing services and the availability of the
most technologically advanced system.

Both the NASA tracking and data relay portion of the
telecommunications payload and the Western Union Advanced
Westar portion are fully integrated and share common
equipment. This payload is separate from but carried by the basic
bus which contains satellite operating and housekeeping
equipment. In another space first, TDRS incorporates three

)

frequency bands, adding the high capacity K-band to the
conventional S- and C-bands.

The four TDRS satellites are identical and interchangeable
for greater system redundancy. Two of the four satellites will be
used by NASA, another is planned for use by Western Union for
Advanced Westar commercial service, and the fourth satellite will
be an on-orbit spare, shared by both NASA and Western Union.
Two of the four satellites will be stationed over the Atlantic
Ocean and two are stationed over the Pacific Ocean.

The TDRS satellites will relay data to and from Space
Shuttle, unmanned Earth-orbiting spacecraft and the Earth
Station at NASA's White Sands, New Mexico, Test Facility.
TDRS offers simultaneous data relay services for up to 3 2 user
spacecraft in orbits up to approximately 2,693 nautical miles
(3,100 statute miles) through 85 to 100 percent of each
spacecraft's orbit. Today's Earth stations only provide an average
of 15 percent orbital tracking for each revolution due to the line
of sight acquisition and loss of signal line of sight of that ground
station in respect to the spacecraft.

The TDRS is carried into Earth orbit in the payload bay
of the Space Shuttle. At an on-orbit altitude of approximately
150 nautical miles (172 statute miles), the Space Shuttle remote
manipulator system is utilized to remove the TDRS with its
attached upper stage from the payload bay into space. The upper
stage is ignited with the attached TDRS to place the TDRS into
its 22,300 nautical mile (25,662 statute mile) geosynchronous
orbit. Once the TDRS is on-orbit, the upper stage backs off,
leaving the TDRS to drift in its assigned geostationary position.

Each TDRS satellite is I 7.42 meters (57.2 feet) wide with
its solar arrays deployed, 12.98 meters (42.6 feet) wide at the
deployed antennas, 4.5 meters (15 feet) deep and weighs 2,932
kilograms (4,700 pounds) on orbit. Each consists of solar panels
for electrical power supplemented with batteries during eclipse; a

)
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ORBITAL GEOMETRY shows howTDRSS looks down on
all NASA earth-orbiting spacecraft to keep track of them
and relay their communications. At the same time, TDRSS
looks down on the entire continental United States and
the Western Union and private commercial terminals
whose messages are relayed by the TDRSS Advanced
Westar payload.
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