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Nith the coming of NASA's
Space Shuttle, new and almost limit-
less horizons have been opened up
to us. Space is seen no longer as
only a realm to explore: it is viewed
more as a bright and limitless natur-
al resource from which can be
derived important benefits on Earth.
In many ways we are just now on
the threshold of what future genera-
tions wilk- come to consider the Age
of Space.

We at the Marshall Space Flight
Cenier are proud to have an impor-
tant role in the development of this
Space Transportation System. We
are also deeply involved in applica-
tion of space science and technolo-
2y, not only in space but also to
Earth processes as well. This broad-
based capability. developed over
many years, has prepared e
Center for continued participation
in ~rograms of the future. As we
identify needs that can be met
through the use of space, or space
technology, we will move to meet
them,

I'he purpose of this booklet is to
show vou how the Marshall Center
fits into the framework of the
nation’s hopes and plans for the
future in space. and to stress the im-
portance of our employees’ contri-
butions to our wide-ranging
activities. After reading this, we
think you will see why the Marshall
Space Flight Center is considered to
be one of the finest scientific and
cngineering mstitutions i the worid.

W.R. Lucas
Directon

NASA

George C Marshall Space Flight Center
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The Marshall Space Flight
Center, one of NASA's largest facil-
ities, is located just southwest of
Huntsville, Alabama, on an 1840-
acre tract bordered on the south by
the Tennessee River.

In the past, the division of respon-
sibility for manned space flight gave
the Marshall Center the role of
developer of NASA's propulsion
systems. But in its two decades at
the forefront of space exploration,
the Center has gained a wide range
of experience and capabilities in
spacecraft and experiment develop-
ment as well as in rocket propulsion

Marshall is one of the nation’s
pioneering space centers, born of
the Redstone team of rocket
pioneers headed by Dr. Wernher
von Braun. Before joining NASA in
1960. this group had already
pinnccrul the dL‘\Clnpnk'lll of re-
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entry protection for spacecraft and
had built the early Army rocket that
launched America’s first satellites
and was soon to carry the nation’s
first astronauts into space. When
these engineers and scientists form-
ed the nucleus of the new Marshall
Space Flight Center, they brought
with them their already-moving
program to build a family of giant
launch vehicles thai became known
as the Saturns.

In May of 1961, President John F.
Kennedy set an ambitious goal for
the nation: to land a man on the
moon and return him safely to Earth
by the end of the decade. This di-
rection accelerated a Marshall
Center program that in only six
vears produced the most powerful
rocket ever built, the Saturn V
which. with its lunar space craft.
stood 363 feet tall.

As the Saturn program grew, so

did the Marshall Center and neigh-
boring Huntsville. Aerospace
contractors came to the area with
great numbers of people to work on
the Saturn . Saturn IB and Saturn
V — some major elements of which
were manufactured at the Center.
After the initial success of the
Saturns came the urgent project to
develop a Lunar Roving Vehicle, the
unique machine that turned
America s lunar visitors into far-
ranging lunar explorers. The
Marshall Center was also respon-
sible for the development of man’s
first orbiting laboratory, Skylab.
These historic projects provided
the Marshall Center with a legacy of
experience and facilides that enabled
it to take on a wide variety of new
space challenges like those provided
today by the Space Shuttle, Spacelab,
Space Telescope, and a host of other
projects that this book will discuss.







The Space Shuttle, heart of the
agency’'s new space transportation
system. markedly expands man’s
ability to do things in space at lower
cost, more often, and more efiec-
tively than ever before.

What makes the Shuttle so differ-
ent is its reusability. It is launched
like a conventional rocket, operates
in orbit and reenters like a space-
craft, then glides back to Earth for
an airplane-like runway landing.
I'hen, after minor refurbishment.
the Shuttle is reassembled and
launched again

I'he Shuttle is actually a collec-
tion of several major elements. The
Orhireris the arrplane-hike compo-
nent which carries the payload and
the crew. The Farernal Tank carries
the Shuttle’s liquid propellants and

serves as the backbone of the whole
craft. Strapped to each side of the
tank is a Solid Rocket Booster
which provides thrust at liftoff and
early in flight. The orbiter’s three
Space Shuttle Main Engines fire in
unison with the two big boosters to
lift the combined craft off its pad
and thrust it towards orbit.

About two minutes into the eight
minutes of powered flight, the sohd
fuel in the boosters is expended.
Small rockets fire in the booster's
nose and tail sections, pushing them
away from the rest of the rapidly
accelerating Shuttle. The boosters
descend on parachutes into the
ocean where they are retrieved and
later refurbished for use on another
fhght.

['he Orbiter and the External
Tank continue until, just before
orbital velocity 1s achieved, the tank




's almost emptied of its liquid hydro
gen and lguid oxygen load. At that
point. the main engines shut down

and the tank is jettisoned to tumble

back to Earth and break up over the

Indian Ocean. This is the only
Shuttle element that was not
designed to be recovered and re-
used. The Orbiter gets its final push
into orbit from two small mancuver
ing rockets carried high in its il
Once parked in orbit around the
Earth, the Shuttle Orbiter’s big
cargo l‘L‘\ doors open torey cal its
cargo. instruments to be \\|\‘I.IIL'«| n
|‘|.I\'\‘. satellites to be \'\‘l‘\‘\l!\'(‘ n
space, or planetary spacecraflt to be
launched on distant journeys. On
some missions, the Orbiter’s boxcar

size cargo bay will hold a unique iself
facility called Spacelab, from which
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scientists can study both the space
environment and the Earth below.
I'hey can also perform vital re-
search in such arcas as the pro-
cessing of materials and the study
of weather-making mechanisms in
the clouds — both of which are
made possible only by the low-
gravity conditions thet operating
In space provides.

I'he Marshall Center has been
heavily involved for vears in the
development and testing of this new
craft. Of the principal elements just
described — the Orbiter, Main
Engines. External Tank. and Sohd
R cket Boosters this Center has
had responsibility for managing the

N |

development of all but the Orbiter
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Space Shuttle Main Engine

The Space Shuttle is powered by
three advanced design, high pres-
sure liquid rocket engines mounted
in the Orbiter’s tail section. Each
engine provides 470,000 pounds of
thrust. These engines developed by
the Marshall Center and its prime
contractor, the Rocketdyne Division
of Rockwell International, each
consume 64,000 gallons of liquid
hydrogen and liquid oxygen per
min:ite during flight.

When the Shuttle engine is com-
pared with the Saturn engines devel-
oped by Marshall previously. it
becomes apparent that the require-
ments established for this new
engine generated significant design
challenges. The Saturn engine flew
only once, for a lifetime of no more
than ten minutes. The Shuttle’s
engine had to be designed to fly
again and again — for a minimum




of 55 flights and a design life of 7.5
hours of burn time. Added to this
was the requirement that thrust
levels be varied over a throttle range
of 65 percent to 109 percent of rated
thrust during flight, something
totally new for manned space ve-
hicle boosters. And to get the
efficiency required, combustion
chamber pressures three times
higher than Saturn's were necessary,
bringing unprecedented challenges
in the pump design and materials
areas.

Obviously. this engine had to be
designed to endure higher stresses
and thermal levels, and to meet
more extensive fatigue and mainte-
nance rcquircmcms than any rocket
engine built before. The challenges
presented by the Space Shuttle
Main Engine were recognized from
the outset to require the most signi-
ficant technological advancement of
the whole Shuttle program.

Fxternal Tank

I'he External Tank is the largest
element of the Shuttle. With a total
length of about 154 feet and a
diameter slightly more than 27 feet,
the tank dwarfs many rockets used
on manned flights in the past. such
as the Titan of the Gemini series. Its
rocket-like appearance may lead
some to mistake it for the Shuttle’s
launcher. In reality, 1tis two tanks
linked !\\ﬂt‘lht‘l‘ h_\ a sleeve called an
“intertank.” The liquid oxvgen tank
forms the forward section: the bot-
tom two-thirds is a liquid hydrogen
tank. Although the hvdrogen tank s

the much larger of the two, at
waunch it weighs only one-feurtiy as
much as its companion because
liquid oxygen weighs 16 times riore
than hydrogen. Together, the
520,000 gallons of propellants and
the tank itself weigh a total of 1.63
million pounds.

To maintain the low temperature
required for the liquid propellants,
the skin of the tank is covered by an
inch of foam insulation. Because the
External Tank receives and distri-
butes stress loads to and from the
Orbiter and the Solid Rocket
Boosters attached to it in flight, its
aluminum alloy structure has been
designed to accommodate complex
load conditions. To minimize costs
in the non-recoverable tank. its fluid
controls and valves were iocated in
the Orbiter.

The External Tank is being de-
signed and marufactured under
Marshall's managemenu at the
Center's Michoud Assembly Facil-
ity, New Ori ans, by the Denver
Division of Martin Marietta Aero-
space.

Solii Rocket Booster

The Solid Rocket Booster is the
first large solid propellant rocket
ever used to boost a manned ve-
hicle. Two of these boosters are
used on each Shuttle flight to give
the craft the thrast it reeds auring
the early minutes of flight while it is
laden with a full propellant load and
struggling against maximum gravity.
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Unlike liquid rocket engines, which
have a complex system of pumps
and feedlines, the Solid Rocket
Booster's motor is essentially a long
cylinder packed with a solid mix of
fuel and oxidizer. This cylinder has
a hol’ow center which allows the full
length of the motor’s propellant to
burn at once, unleashing a thrust of
almost three million pounds at its
peak. The thrust of each motor is
almost twice that of the Orbiter’s
whole complement of three main
engines.

While the motor makes up about
127 feet of the booster's almost 150
feet in length, the Solid Rocket
Booster has many other important

subsystems. The structural sub-
system gives the booster the neces-
sary support it needs to serve as the
“legs” of the whole Shuttle when the
vehicle stands on the pad. It also
enables the booster to handle the
enormous thrust loads that must be
transferred to the tank and Orbiter
during flight. The exhaust nozzle on
the aft segment of each motor can
be moved by as much as eight
degrees by the booster's Thrust
Vector Control subsystem to help
steer the vehicle. Eight separation
motors, four housed in the forward
compartment and four more mount-
ed in the aft skirt, push the spent
boosters away from the remainder
of the Shuttle. The recovery sysiem,
consisting of parachutes and a
homing device, is located in the

forward section of the booster and
within the nose cap.

The detailed design and integra-
tion work on these subsystems was
performed by the Marshall Center
“in-house.” This very active program
involved abcut 280 development
and qualification tests at the Center.
The subsystem design and integra-
tion effort was in addition to
Marshall role as overall projec.
manager for the development of the
entire booster, including the motor.

The structural elements of the
booster are being manufactured to
Marshall design by the McDonnell
Douglas Astronautics Corporation
of Huntington Beach, California.
Thiokol Corporation’s Wasatch
Division in Brigham City, Utah,
developed and produces the motors.

I'he motor casing, thrust vector
control system, structural assembily,
and electrical systens of the re-
usable Solid Rocket Booster were
planned for a hifetime of 20 flights:
the recovery system was planncd
for ten.

Shuttle Svsten:s Work

Shuttle Systems Engineering and
Analysis is a major Marshall activity
that uses the Center’s technrcal
competence in the areas of propul-
ston systems, large launch vehicle
structures, and acrodynamices and
flight predictions to perform many
varied Shuttle tasks. These include
those tasks which are a part of the
Shuttle projects assigned to the
Center.

In addition. Marshall people are
working on systems tasks for the
total Shuttle vehiele. These efforts
include tasks in systems engineering
and integration, determination of
ground and flight operations re-
quirements, the development and
integration of systems common (o
more than one Shuttle element, and
on other spectil systems tasks
assigned to Marshall



Major Testing

All the major elements of the
Shuttle came to the Marshall Center
for developmental testing on their
way toward space. The External
Tank underwent exhaustive struc-
tural tests here in various facilities.
A former Saturn V moon rocket
test-firing stand was converted, at
considerable cost savings, to hold
the large liquid hydrogen tank for
structural testing. The liquid oxygen
tank and intertank underwent
structural testing in 2 building used
for similar testing of Saturn vehicles.
And another facility originally built
for testing Saturn I and Saturn IB
first stages was converted for use in
testing the Solid Rocket Booster’s
structure.

The most spectacular of the
Shuttie tests at the Marshall Center
was the year-long Mated Vertical
Ground Vibration Tests, which tock
place during 1978 and 1979. For
these tests, various Space Shuttle
configurations were assembled
inside a 400-foot tall dynamics test
stand. The information derived
allowed Marshall engineers to verify
mathematical models used to
predict how the Shuttle’s control
systems and structures would react
to the vibrations the spacecraft
would encounter during actual
flight.

Marshall is also responsible for
single engine tests conducted at
NASA's National Space Technology
Laboratories at Bay St. Louis.
Mississippl. The main engine had to
be test fired numerous times during
its development, and each flight
engine must undergo acceptance
testing there before it is installed in
an operational Orbiter

Another Maishall Shuttle test
responsibility at Bay St. Louis. the
Main Propulsion Test. involved test
firings using a cluster of three Space
Shuttle Main Engines drawing
propellants from an actual External
lank. These tests verified the opera
tion of the overall main propulsion
system and showed that the separate
¢lements would function properly
together




Continuing Shuttle Development

Inertial Upper Stage

As new requirements are identi-
fied, the Shuttle will be modified to
meet these demands. Marshall will
continue (o have responsibility for
follow-on development of its propul-
sion system — the Main Engines,
External Tank and Solid Rocket
Boosters.

The Center is investigating ways
to increase the weight-carrying
capability of the Shuttle by adding
thrust-augmenting rocket engines
beneath the External Tank. This
extra “boost module™ will be avail-
able in the mid-1980s for use on any
Shuttle mission that requires more
pounds-to-orbit capability.

Since the Space Shuttle is a rela-
tively low-orbit vehicle, both NASA
and the Department of Delense
need a Shuttle “upper stage” to
boost certain payloads to high orbit,
or to send interplanetary craft out of
Earth orbit entirely. To put a satel-
lite into high orbit where it will stay
over one spot on the Earth’s surface

a communications satellite, for
example — it must be placed far
cbove the operating ceiling of the
Shutile. That boost will come frem
an Inertial Upper Stage.

Prior to launch, this Shuttle upper
stage is mated directly to the
paylead it will boost. That assembly
is then loaded into the Shuttle
Orbiter payload bay. In an orbit
about 150 miles above the Earth, the
upper stage with spacecraft attached
is deployed and the Orbiier departs.
Then, in response to a command
programmed into it earlier, the
Inertial Upper Stage motor ignites,
boosting the spacecraft to a higher
orbit or toward another planet.

wsecause of the variety of its
missions an payloads. the Inerual
Upper Stage is designed as a flexible
system that can be put to use in
three different configurations using
combinations of two different sizes
of solid rocke: motors, The Air
Force. which has prinary responsi-
bility for development of he upper
stage, will use the basic two-stage
configuration. NASA is also partici-
pating in the development and. for
its missions. will develor and use
two NASA-unique planietary con-
figurations in addition to the bes
two-stage system

As the NASA organization for
management and coordination on
the Inertial Upper Stage program
Marshall Space Flight Center pro
vides NASA'S requirements to the
Air Foree and participates in con
tract direction to insure that the
aperational model
NASA and other non-Defense user
I<'\!III¥L'IHL,'|17\

satisfies both




One of the Shuttle’s most impor-
tant roles is to serve as both trans-
porter and support platform for
Spacelab. This laboratory facility,
when placed inside the cargo bay of
the Shuttle Orbiter, becomes a
versatile orbital research center.

Spacelab is a flexible laboratory,
featuring several interchangeable
elements that can be put together in
various configurations to meet the
particular needs of a given flight. A
two-section pressurized module
provides either a short, or long,
habitable workshop for scientists.
Five unpressurized pallets can also
be placed in the Shattle cargo bay
to hold instruments which require
direct exposure to space. As many
as eight different combinations of
pallets and modules are presently
planned.

The first Spacelab mission, one of
three being managed by the
Marshall Center. will employ the
two-section laboratory module and
one pallet. The second mission will
use three pallets and no workshop
module. For such a mission. the
science crew will oversee operation
of the pallet-mounted expzriments
from inside the Orbiter’s cabin.

The development of the Spacelab
system is being done by the Euro-
pean Space Agency, with NASA's
guidance and assistance. The
Marshall Ceiioci 1s NASA's lead
center for this project and. as such,
provides guidance to the European
Space Agency and its contractor
consortium which is designing and
manufacturing the equipment to be
furnished to NASA. It is also direct-
Iy responsible for development of
certain related equipment. such as
the.tunnel through which crew
members will vransfer to the
Spaceiab from Shuttle living quarters.

Spacelab Mission Management

As indicated earlier, the Marshall
Center has another role in Spacelab
that is quite apart from the develop-
ment of the facility itself. The
Center's Spacelab Payload Project
Office is the focal point for planning
and directing the actual Spacelab
missions.

Preparations for the first three
Spacelab flights are already well
underway. These pace-setting mis-
sions v/ill fly in the early 1980s.

Preparing for a mission is a com-
plex task. In some cases, Marshall's
people manage the development of
an experiment to be flown aboard
Spacelab. In others, they guide non-
NASA users in the definition.
design, and preparation of their own
experiments. The Center also devel-
ops requirements for mating the
finished experiment to Spacelab-
provided equipment. such as racks,
pallets and the data management
system, and for checking out each
picce to make sure it will work both
independently and as an integrated
part of the whole Spacelab payload.
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One of the most unique features
of Spacelab is that it affords scien-
usts the opportunity to actually go
into orbit to operate their own
experiments, or select some special-
ist to do this for them. In the past,
scientific investigators had to rely
on NASA's astronauts to operate
their experiment equipment. The
people selected to do this work on
Shuttle flights are called payload
specialists. Their extensive training
is another of the Marshall Center's
responsibilities as mission manager.

The paylcad specialists for the
first two Spacelab missic as have
been in training for some time.
Because the first mission is a joint
mission sponsored by both NASA
and the European Space Agency,
the payload specialists for that flight
will include a European — the fiost
to fly in space from another free-
world country. In training for this
flight are five pavload specialists:
two Americans and three Euro-
peans. Two will be identified to fly
aboard Spacelab, the other three
will operate grouna-based experi-
ment equipment and assist the pair
in orbit.

The Spacelab 2 payload crew
consists of four Americans, in-
cluding a woman. Two will go into
space and two will operatze from the
ground.

As plans arc made for future
Spacelab flights, the Marshall
Center is expected to remain a
major participant in mission
management.

Fxperiment Preparation

In recent years, an increasing
amount of the Center's effort has
been devoted 1o the development of
experiments to be flown in space
aboard Shuttle and Spacelab. In this
role. Marshall's own scientists often
become “customers” for the
Center's mission management ser-
vice just described.




During the 1970s highly-respected
“cells o excellence™ were developed
within the Center in many of the
space-related sciences. Leaders in
these disciplines are now preparing
for flight opportunities for their
experiments — over X such
proiects are now under way at the
Center. These projects are assigned
to many organizations of the Center,
with the heaviest concentration
being in the Space Sciences Lab-
oratory.

One major area where the
Shuttle and Spacelab are used for
extensive experimentation is in the
study of the effects of gravity on
processes essential to the produc-
tion of important materials used on
the Earth. This work, which was
initiated on Apollo. Skylab and
sounding rocket flights, is a Mar-
shall Center specialty aimed at
exploring the fundamental charac-
teristics of material behavior and
investigating how various materials
interact during their formation.

The primary benefit of this work
is expected to be in the application

~

of space experiment-derived
knowledge to the Earth-based pro-
duction of such things as optics,
composite materials used in weight-
critical products, electronics crystals
and pharmaceuticals. But there is a
strong possibility that this work may
also result in the production in
space of some unique products with
small volume market demands and
high commercial value.

The experiments now underway
cover an extremely wide variety of
materials and processcs. Examples
include investigations i:*o the
growth of high performance crystals
and semiconductors, the formation
of unique alloys and composites, the
precise separation of biological

substances such as enzymes, the
formation of unique glasses, the
preparation of very pure materials
through the use of containerless
processing and ultra-high vacuum
processing techniques, and the
preparation of unique chemicals.
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The science of astronomy deals
with the most fundamental issues
that face reasoning man: how did
my world come into being, what is
the order of the universe, and what
role does my world play: what lies
ahead for me and my descendants?

Answering these questions is the
astronomer's challenge. He seeks to
learn and understand the laws gov-
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erning the structure and evolution
of his universe by observation and
interpretation. Yet, the scaie of
distances to even the nearby stars is
sO great as to prevent modern man
from visiting them for study. The
astronomer can only be an observer
— not an experimenter. He can
learn only from observing what
nature is doing.

Never before have astronomers
had such capabilities to observe as
can now be provided through the
use of spacecraft. High above the
Earth’s blanket of obscuring atmos-
phere, astronomical observatories
like those being developed and
flown by the Marshall Center can
now give astronomers a new look at
the heavens.

3 "I:I caminmng '
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High Energy Astronomy Observatory

Marshall's three-mission High
Energy Astronomy Observatory
project has given astronomers new
means of studying some of the most
intriguing mysteries of the universe:
pulsars, quasars, exploding galaxies,
and black holes in space.

The high energy rays produced by
such sources cannot be studied
through Earth-based telescopes
because of the obscuring effects of our
atmosphere. They were observed
initially by instruments on sounding
rockets and balloons, and by small
satellites. Greatly improved capabil-
i'tes were built into the three space-
craft of the High Energy Astronomy
Observatory series.

The first was launched in 1977.
During its extended 17 months in
space. it mapped the X-ray sources in
the heavens. The second satellite
provided the earliest spacecraft-
generated X-ray images of selected
“wide™ objects, such as galaxies and
nebulae. The role of the third mission
is to collect celestial gamma ray and
cosmic ray data.

Some other achievements of this
series thus far are: the discovery of a
universal hot plasma constituting a
major fraction of the mass of the
universe: the location of a new black
hole candidate that brings the total
known to four: the expansion of the
list of the known X-ray sources from
330 to nearly 1.500: and the produc-
tion of the first spacecraft-generated
X-ray images of celestial objects
other than our own sun.

As participating scientists continue
to sift through the enormous volume
of information provided by these
observatories. this list is expected to
grow tremendously.




Space Telescope

The science of astronomy makes
use of many types of observations,
from low-energy radio waves
through the ultra-high energy gamma
rays, but most scientists still believe
that the greatest supplier of astron-
omy information is the optical
telescope that brings in the ultra-
violet and infrared parts of the
spectrum as well as light that can be
seen by man. Again, however, the
conditions of working in the Earth’s
gravity and through the turbulence
and absorbing power of the Earth’s
atmosphere impose practical restric-
tions on all but a few types of ob-
servations.

This means that the only practical
successor to existing Earth-based
telescopes is a high-quality telescope
in space.

Marshall's Space Telescope pro-
ject will provide a 2.4 meter optical
telescope that will revolutionize
astronomy. The Space Telescope
will enable astronomers to see seven
times deeper into space than is now

possible with the finest Earth-based
instruments. It will expand the
volume of space open to inspection
by 350 times. This superb system
will fully exploit the advantages of
space observation. Many astron-
omers believe that this natural step
in the evolution of 1stronomy will
be viewed by history as ranking with

the establishment of the Copernican
concept of the universe 500 years ago.
The Shuttle will launch the Space
Telescope into Earth orbit in the
mid-1980s. Once in orbit, the Space
Telescope will be deployed as a free-
flying satellite, operated by an inde-
pendent Space Telescope Science
Institute under contract to NASA.




from pioneering efforts in the initial
exploration and use of space is now
paying off in some unexpected
ways. Increasingly, Marshall's space
expertise is being applied to the
non-space sector as well.

Solar Energy Project

One of the best examples of this is
the Center’s participation in the
National Solar Heating and Cooling
Program and the Solar Demonstra-
tions Applied to Federal Buildings

Program, both directed by the
Department of Energy.

The first of these two programs,
the National Solar Heating and
Cooling Program, is itself a two-
pronged effort. One objective is to
develop new types of systems; the
other to demonstrate existing com-
mercially available hardware. Under
these programs, the Marshall Center
is managing the installation and
evaluation of solar energy systems in
schools, homes, hospitals, office
buildings, hotels and a national park
welcome center.

Marshall engineers are also
providing technical management of
a multi-million dollar program to
stimulate the use of solar energy to




heat and cool federal buildings. This
program is designed to demonstrate
to the public the government’s
confidence in solar energy as a
viable energy source by installing
off-the-shelf solar equipment in
federal buildings.

The Center is well equipped for
this solar energy role. Its large
outdoor test facility provides an
outstanding means for testing and
evaluating solar energy systems and
components in varying combina-
tions. In addition to outdoor testing.
tests are also conducted indoors
under controlled conditions with a
solar simulator, a very large lamp
array that provides the “continuous
sunshine™ necessary to permit com-

parison of collector performance.

As part of the Solar Heating and
Cooling program, the Marshall
Center is managing a joint govern-
ment and industry effort to speed
development and establishment of a
rating, certification, and labeling
standard for solar collectors. The
end result will be a catalog of solar
collector ratings to aid the con-
sumer in selecting the right system
for his or her particular need.

All of these programs. of course,
draw on the experience Marshall's
people have gained through years of
develuping solar energy systems and
thermal control measures for
spacecraft.




Mineral Extraction

In another interesting venture, the
Marshall Center is applying tech-
nology developed for space use to
help remedy one aspect of the
nation's energy shortage by making
coal mining safer, more productive
and more economical.

The Center is working with the
Department of Energy to apply an
automated guidance and control
system to a longwall shearing ma-
chine, used to grind coal from the
seam. Sensors will locate the seam
edge and digital electronic controls
will direct the machine’s cut, allow-
ing the machine to mine coal faster,
vielding more coal per seam, and
reducing cutter wear by preventing
the machine from mining into adja-
cent rock and dirt. The techniques
being applied to this project are
ad:ipted from those used earlier to
develop the guidance and control
system for the Lunar Roving Vehicle.

Sharing the Gains

Solutions to everyday problems
here on Earth are often discovered
in the process of solving problems
for space systems. Marshall is
aggressive in communicating these
new developments o American
industry and the public. A small,
full-time staff is dedicated to making
this kind of technology known and
available.

In an av Crage year, these pcoplc
will publish about 150 detailed
reports on new technology
developed at the Marshall Center.
Recently, these reports have ranged
from a computer program for body
fluid analysis, to a lightweight, port-
able firefighting module.

Two developments that have
gained much national attention
recently are a Power Factor Con-
troller and an Image Fnhancement
Process. The power device is \lmplc
and can be put together by even a
knowledgeable hobbyist with parts
bought at any electronies store. It
cuts the electrical consumption of
motors to which 1t is attached by as
much as 70 percent! It does this by
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automatically providing only as
much voltage as the motor needs to
do its work. Power that would nor-
mally be wasted as heat from the
motor is saved. Many private
companies have already been
licensed to manufacture and sell
these small devices. Soon, they will
be an important part of home
appliances.

The Image Enhancement Process
was discovered by a Marshall chem-
ist who had been asked to find a
way to salvage underexposed astron-
omy films. She tound that she
could irradiate the apparently blank
film with a harmless level of radia-
tion, then sandwich it together with
another piece of unexposed film.
Traces of silver in the original, too
faint to be seen, would then cause a
stronger image on the second film.
A normal print can be made from
this new negative. The process was
found to work as well with old,
badly faded photographs. The
inventor has shown that the process
can be used to restore C;lr‘_\ histor-
ical photographs.

The process has since been found
to offer great possibilities in the
medical and dental Xe-ray field. The
dosage of X-rays used for diagnosis
can be cut by as much as N percent
and the films later enhanced to
show normal detail.

M e iy, T S—— e e e







Through their involvement in
the development of the agency's
long-range plans, Center planners
have contributed, and continue
contribute, to NASA's overall
objectives by focusing on those
areas where Marshall has special
capability. Within Marshall and
NASA, the overriding considera-
tions in advanced program pianning
are to fulfill national needs, make
maximum use of existing space
systems. and to advance the nation’s
capabilities and objectives in a step-
by-step. logical manner.

Power Systems

Perhaps the key system that dem-
onstrates this philosophy is the
25-Kilowatt Power System. The
power system will be a free-flyving
solar power source which, when
docked to the Shuttle Orbiter, can
provide it and an onboard Spacelab
with power that gives them extend-

ed mission duration capability. The
power system will also provide
attitude control and stabilization, as
well as additional heat rejection
capability for the Orbiter and
whatever payload is aboard. These
augmentations will increase indi-
vidual mission durations from the
current 7-12 days to 60-90 days a 1,
at the same time. provide a major
increase in the power available to
operate onboard experiments.

I'he power system will also work
in a free-flying payload mode. Ex-
periments or spacecraft can be left
attached to the system in space
while the Orbiter returns to Earth.
I'his mode is extremely attractive to
a large number of users, particularly
those whose instruments require
lorg flight duration and need high
levels of power. The power system
uses i new concept in solar energy
collectors. a conceeplt that is also a
kev part of the Solar Electric
Propulsion System which is dis-
cussed later.




Another concept being pursued
by Marshall which may prove to be
a simple and cost-effective solution
to achieving long-term flight, in-
volves the use of an orbiting space
platform on which science and
applications instruments can be
mounted. Power, telemetry, stabili-
zation, and othcr support services
would be provided to each of these
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attached payloads by the platform’s
owr. power system. Effort is concen-
trated now on small, simple plat-
form concepts, but a number of
more sophisticated platforin con
cepts, like those for a geostationary
communications platform or a
multi-discipline platform, have been
examined.

In order to provide the capabil-
ities necessary to construct and
maintain such platforms and other
large space systems, a large struc-
tures study activity has been under-
way for some time. [his activity has
three areas of effort: definition
studies of var'ous modes of con-
struction for Jeployable structures
such as antennas: development and
testing of a ground demorstration
model of an automated beam builder
which makes triangular truss beams
from rolls of thin aluminum stock.,
and simulations of various assembly
and joining techniques in a unique
underwater Neutral Buovancy
Simulator.

I'hese large structures, platforms,
and power systems activities are
complementary and, when coupled
with the Marshall Center's exper
ience on Spacelab and in Spacelab
pavload planning and integration.
they form a solid foundation for
planning near-term utilization and
augnientation of NASA'S Shuttle-
based transportation system.




There are, however, other areas
of planning which are equally im-
portant. One of these is the prepai-
ation of science and applications
payloads.

I'he Advanced X-ray Astrophysics
Facility is a good example. It is
viewed as the next step in X-ray
astronomy after the High Energy
Astronomy Observatory series. This
new facility will extend current X-
ray surveys to greater distances and
will allow the study of presently
known source -+ greater detail and
resolution.

Another very challenging project
with which the Marshall Space
Flight Center has been involved for
some time is the Gravity Probe B.

A scientific research and testing
program is underway to develop an
ultra-precision cryogenic gyroscope
capable of testing specific predic-
tions of Einstein's General Theory
of Relativity. Recent observations
made with the High Energy Astron-
omy Observatory spacecraft have
increased the scientific community’s
interest in establishing a gravita-
tional theory that will best describe
various phenomena in our physical
universe including pulsars, quasars.,
and black holes. Gravity Probe B
would hL'lP to do that.

In addition to these science pay
loads, Marshall is studving several
.l('\.ll\\'k'\] Space I]I.I[('I'I.I]\ |Hl‘\'k'\\||lL‘
pavloads including a Space Vacuum
Research Facility and a Materials
EFxperiment Carrier. These pavloads
would utilize the unique properties
of space-microgravity and vacuum
to accomphish varied materiils
research to help private industry
develop unique and petter pharn:a
ceuticals, alloys, biologicals, and

other products for terresiral use

National problems in energy have
highlighted the npeed jor major
advances in the nation’s ability to
develop alternate energy sources at
acceptable costs and with minimum
effect on the environment. To meet
this need. the Marshall Center has
been working within NASA | with
the Department of Energy, and with
other government agencies to

define alternative energy programs
that would take advantage of the
technology of the space program.

One potential solution to easing
the world’s increasing demand for
clectrical energy is the Satellite
Power System. The Marshall Center
is now studying the feasibility and
definition of this concept, which
would use a satellite with a very
large blanket of solar cells to
convert solar energy directly into
clectrical energy via the
photovoltaic method.




This clectrical energy would then be
converted into microwaves and
beamed from an antenna on the

power satellite to a receiver-antenna,

called a rectenna, on the ground
where it would be reconverted to
electrical energy and fed into utility
power lines.

The near-term phase of this pro-
ject involves a number of techno-
logy and engineering activities, as
well as ground and space experi-
ments or demonstrations to investi-
gate critical areas. The technical
feasibility and environmental
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impacts of the microwave system
have to be determined, and the
problems of making energy con-
version devices and building such
large structures are being assessed.
This energy source offers great
promise as one of the future steps
toward diminishing the rapid deple-
tion of the world's fossil fuel supply.

Although the safe management of
nuclear waste generated by nuclear
power plants and nuclear weapons
production does not fall in the
category of alternate energy sources,
it is an area of vital importance to

the continued or increased use of
nuclear power in this nation. In
concert with the Department of
Energy. the Marshall Center is
assessing the desirability of disposing
of certain high-level nuclear wastes
in space as an augmentation of the
currently nlanned national nuclear
waste management program. Vari-
ous space disposal concepts have
been considered. including solar
system escape, imjection into the
Sun, placement on the Moon, and
mjection into a stable solay orbit.
The currently favored concept is
injection into a circular solar orbit
about halfway between Earth and
Venus. Orbital calculations indicate
thai this orbit is stable for at leasca
million years.

New Vehicle Concepts

Stdies are also underway at the
Marshall Space Flight Center on the
speciai transportation requirements
ol the Satellite Power System and
other missicns of such an era.
Concepts being investigated include
those for new heavy lift launch
vehicles and Shuttle improvement
or growth options., such as replacing
the Solid Rocket Booster with re
usable liquid boosters. These could
increase the Shuttle’s pavload
welght-to-orbit capability by
approximately S0 percent. Another
option could be used when pavload
return-to-Earth capability 1s not
required. The Shuttle Orbiter might
be replaced by a special cargo
carrier to accommuodate larger or
heavier pavloads than the Orbiter is
capable of handling. Launch facili
ties. with moderate modincations
would be capable of handhing any ol
these one-way vehicles

Another class of spacecralt known
as the Orbital Trensfer Vehiele is
required o mose cargo and people
between low Earth orbit where the
Shuttle operates and geosynchro
alse

nous orbit. Such vehicles are

necde! to place payloads on plan
ctary trapectones. Fhese sehicles

will ofler important features naot




available with the Inertial Upper
Stage described earlier: reusability.
greater payload capability, and the
ability to carry astronauts. A broad
spectrum of transfer vehicle con-
cepts are being studied in an attempt
to identify the system that will best
meet the nation’s future delivery
requirements.

Many vehicles of the future will
use solar electric propulsion. Elec-
tric propulsion systems. which
generate thrust by passing mercury
ions through an electrostatic field.
have been under study for many
yvears.

Based on seven years of concept
delinition and dpplu.nmns studies,
the Marshall concept of a standard
Solar Electric Propulsion System
has emerged as a cost-effective
approach to accomplishing the wide

variety of missions that require the
high efficiency. low thrust capabil-
ities peculiar to electric propulsion.

T'he Icuhnulug) needed to build a
large deplovable solar array for the
solar eleciric stage was developed as
part of Marshall's electric propulsion

activities. This solar array has be- Power System. The currently plan-
come the basis for a common solar  ned first mission for the Solar Elec-
arrav development program at tric Propulsion System is a dual
Marshail designed to support not comet mission — a flyby of Halley's
only the Solar Electric Propulsion Comeu in 1985 followed by a 1988

System program, but also the 25 kW  rendezvous with the comet. Tempel 11.
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I'he Marshall Center's organi-
zation structure s based on clean
definition of functions o be per-
formed. Tt is fitted to the Center's
evolving mussion, and has been
substantially reconfigured in recent
veans o centralize and combine
functions, shorten communication
lines, and reduce organizational
entities,

At the head of the organization s
the Office of the Center Directon
I he director's stalf offices provide
spectalized advice and support in
such avcas as personnel manage
ment and Liscal affars

Fach of the tormally estabhshed
projects deseribed in the Current
Development Projects section ol
this book s managed by a project
otlice responsible to the Center
director. The projedt office respon
sibitliny aincludes the direction ol
both in-house design and develop
ment work . and also the manage
ment of a mulupheny of Large and
sl contracts with prvage mdusiny
Fach provides plannimg, control
techmeal direction and review
tuncuons, and blend together the
cliorts ol our own engimeerimy
Laboratones with those of our con
fractorns to torm a team cltort

There are three magor directon
ates within the Center structure

L he job ol the Program Deselop
ment Durectorate s o advanee new
deas and to generate plans tor
ProOmusing new programs

The Admumistration and Program
Support Directorate consists of the
oreantzations which mamtamn the
physical plane and provide servaces
SUCTT S l‘l\‘\’lll\'l”\'l\l \“‘\'l.llll‘l\ ol
center computens, lowisues, and

SCUCUEHY pratectos

T'he third major organization is
the Science and Engineering Direc-
torate, which employs more than )
percent of Marshall's people. This
directorate is discipline-oriented and
provides technical support to the
various task teams and project
offices. It also furnishes a research
base for the advancement of tech-
nology.

I'he Marshall Space Flight Conter's
streambined structure has enabled it
to meet the challenge of ever-rising
costs with increased productivity.

Facillties

Facthues worth more than S700
nulho= are i ouse at Marshall
Huntsville and at us other mstalla
tons. These include facihnes for
testing I.HL'C SPUCC SVSICMS, Lacithties
which are ighi . specialized. Labor
atories cquipped for awaide varien

of study, and off=site facilites avail-
able for the assembly of large space
hardware and large systems propul-
ston testing.

A number of these facilities are
unique within NASA. Some are not
duplicated anvwhere else in the
nation or free world. The Marshall
Center's major test factlities, Tor
example, were built for the
Apollo Saturn program. They were
maodified for use in Shuttle develop-
ment at a fraction of the cost of new
facihties. The Center's Science and
Fngineerig laboratories are housed
in 2.1 mllion square feet of com
bined office space, high bay area.
lab space. and associated work
arcas

Marchall's specal Tacilines include

alarge Neray telescope cahbration
and test system, an unusual Neutral
Buovaney Simulator, a special high
Revnolds-number wind tunnel, and
asolar heatung and coolimg system
and subsystem test tacthin




In New Orleans, Louisiana, Mar-
shall's Michoud Assembly Facility is
now being used to fabricate and
assemble the External Tank for the
Space Shuttle. This $130 million
plant, which formerly produced
Saturn rocket stages, provides a
tremendous capability for the pro-
duction and assembly of large space
systems. Ready access at Huntsville
to the Tennessee River, and
Michoud’s access to the Mississippi,
means that the two sites are linked
by economical barge transportation.
Both also have access by deep-water
transport to the launch facilities at
Kennedy Space Center.

I'he Marshall Center also operates
the $20 million Shdell Computer
Complex at Slidell, Louisiana, to
complement its Huntsville compu-
ter capability. Shdell provides
Marshall, Michoud. and other
NASA acuvities with critical auto-
matic data processing services. The
general purpose computation con-
cept emploved by Shdell serves o
climinate unnecessary duplication
of facilites and computer equipment.
and vields greater total capability
than would be achievable with
separate factlities at each location.

Marshall's many physical assets
constitute a national resource. i
ready resource which can be
brought to bear on a wide variety of
space-related projects within a short
period of time




People

Marshall's people, however, are its
strongest assets. They are well-
trained and unusually experienced.

This is also an exceptionally
seasoned workforce. It is not unusual
to find employees working on
current projects, such as Space
Shuttle, who also worked on the
carly Redstone Jupiter projects that
marked our country’s entrance into
the space age. Such experience is the
rule. rather than the exception.

T'his talent and skill has enabled
the Center to make the transition
from the early rockets to Saturn:
from Saturn to Skvlab and wne Lunar
Roving Vehicle: from those pro-
grams to today’s Space Shuttle,
Space Telescope. Spacelab, High
Energy Astronomy Observatories,
Materials Processing in Space. and
other pavloads. These are farsighted
people who have had a glimpse into
the future and have seen a potential
new world which reaps henefi's
available from space explortation.

I'hey now are helping to buiid
that world.
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