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FOREWORD

The year 1986 inevitably will be
remembered as the year of the
Challenger tragedy and the temporary
disruption of America’s launch
capability.

I hope it also will be remembered as
the year of a new beginning for NASA,
and the nation’s space program—a
program that will be better and more
reliable because we learned from our
mistakes. NASA's belief in the future of
space exploration and its attendant
goals to that end have not changed, nor
has the promise of public benefit
through aerospace research.

The Space Station, which NASA is
developing in cooperation with
friendly nations, will permit continu-
ous long-term space operations. It will
afford a significantly improved capabil-
ity for pursuing scientific and techno-
logical research, and provide poten-
tially enormous benefits to improve life
on Earth.

NASA's space science effort will con-
tinue to provide a wealth of new scien-
tific knowledge. That knowledge is
immensely valuable in its own right;
but it also is vital to provide an
expanded base for tomorrow’s practical
applications.

In the area of aeronautical research,
NASA’s major thrusts involve technol-
ogy for a 1990s generation of
superefficient subsonic aircraft and an
experimental aerospace plane able to
operate within or beyond the atmo-
sphere after ascent from a conventional
runway. Successful implementation of
the advanced aircraft program could

lead to a space transport system capa-
ble of delivering payloads that would
orbit at a fraction of today’s cost, and to
the development of a 21st century air-
liner flying passengers at hypersonic
speed.

NASA's new beginning comes at a
time when rapid technological progress
has created opportunities for revolu-
tionary aerospace advances. It is also a
time of increasingly intense compe-
tition among nations for the economic
and social benefits that will accrue
from such advances. It is vitally impor-
tant that the United States meet the in-
ternational challenge and maintain its
leadership in aerospace technology.
NASA is committed to meeting this
great challenge.

o

James C. Fletcher
Administrator

National Aeronautics and
Space Administration



INTRODUCTION

Technology, says a dictionary, is the
sum of the ways in which a society
provides the material objects of civi-
lization. In other words, it is technical
know-how, or simply knowledge. And,
like other forms of knowledge, it is
transferable; technology developed for
one purpose can be applied to uses
different—and often remote—from the
original application.

This secondary use of once-devel-
oped technology—spinoff—is impor-
tant to the Nation because it represents
an extra dividend on the original in-
vestment, hence is an aid to increased
national productivity.

NASA programs, by their challenging
nature, are particularly demanding of
technological advances and the tech-
nologics they generate are exception-
ally diverse. Thus, the large storehouse
of technology built over more than a
quarter century of space exploration
and six decades of aeronautical re-
search constitutes a national resource,
a bank of knowledge available for
new uses.

By Congressional mandate, NASA is
charged with stimulating the widest
possible use of this valuable resource.
Through its Technology Utilization Pro-
gram, NASA seeks to encourage greater
use of the knowledge bank by provid-
ing a link between the technology and
those who might be able to put it to
advantageous secondary use. The aim
is to accelerate and broaden the tech-
nology transfer process, thereby to gain
national benefit in terms of new prod-
ucts, new processes, new jobs and a
bonus return on the funds invested in
aerospace research.

This publication is intended to foster
that aim by heightening awareness of
the NASA technology available for
transfer and its potential for benefit.
Spinoff 1986 is organized in three
sections:

Section 1 outlines NASA's mainline
effort, the major programs that generate
new technology and therefore expand
the bank of knowledge available for
future transfer.

Section 2, the focal point of this
volume, contains a representative
sampling of spinoff products and
processes that resulted from technology
utilization, or secondary application.

Section 3 describes the various
mechanisms NASA employs to stimu-
late technology utilization and lists, in
an appendix, contact sources for further
information about the Technology
Utilization Program.

ot fullon

Isaac T. Gillam 1V
Assistant Administrator for
Commercial Programs

National Aeronautics and
Space Administration
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AEROSPACE AIMS




An illustrated summary of NASA’s

major aeronautical and space

programs, their goals and directions,

their contributions to American
technological growth, and their

potential for practical benefits




A national policy ‘roadmap’
charts an exciting course for
NASA aeronautical research

FLIGHT PLAN FOR TOMORROW

The United States has long been the
world’s leader in aeronautical technol-
ogy and it is vitally important that the
U.S. retain that leadership—important
to defense, to American jobs, to the
U.S. international trade balance and to
the national economy as a whole.
Today, however, U.S. aeronautical
preeminence is being challenged by a
wave of intense competition that has
narrowed the American technological
advantage. Countries of Western Eu-
rope, the Soviet Union, Japan and even
some emerging nations have advanced
their technical capabilities to the point
where, in a number of aeronautics-
related areas, they have achieved com-
petence at least comparable and in
some cases superior to that of the U.S.
Noting that the U.S. can ill afford or

allow any further erosion of its compet-

itive position, the White House Office
of Science and Technology Policy
(OSTP) responded last year with a pol-

icy “roadmap” for a research and devel-

opment program whose success would
assure continued U.S. aeronautical
leadership well into the next century.
The answer to revitalizing America’'s
competitive posture, said OSTP, is an
intensified R&D effort concentrated on
certain “high payoff” technologies,
those that offer really dramatic im-
provements in the cost and perfor-
mance of future aeronautical systems.
Such an effort, OSTP continued,
“would result in 21st century civil and
military aircraft of clear-cut superiority.
Their technical excellence and cost ad-

vantages would more than overcome
foreign competition.”

To focus the direction of aeronautical
R&D, OSTP made three specific rec-
ommendations, including an acceler-
ated effort to advance key technologies
for a new generation of superefficient
subsonic aircraft; work on pacing
technologies for sustained supersonic
cruise flight; and a program of “trans-
atmospheric” research aimed toward
development of an aerospace plane
that could operate routinely in the
atmosphere or into orbit from conven-
tional runways.

Administration acceptance of two of
those recommendations is reflected in
the President’s Fiscal Year 1987 budget
proposal being deliberated by Con-
gress. The proposed budget supports
continued NASA development of key
technologies for advanced subsonic air-
craft and also calls for initiation of a
National Aerospace Plane program.
Planned as a joint NASA/Department of
Defense effort, the latter program was
defined by OSTP as one “to develop
and demonstrate the technologies for a
revolutionary class of aerospace vehi-
cles, powered by airbreathing engines,
that would have the capability to take
off and land horizontally on a standard
runway, cruise in the atmosphere at
hypersonic speeds, or fly into Earth
orbit.”

The plan calls for accelerated devel-
opment of the enabling technologies,
including propulsion, materials, struc-
tures and airframe design. A decision to
proceed with construction of an experi-
mental technology demonstrator, or
X-plane, would be made in the latter
part of 1988. The Air Force has been



assigned program management respon-

sibility; NASA is responsible for overall

technology direction. Successful dem-
onstration of the advanced technol-

ogies in flight would pave the way for a

new family of important applications,

among them:

e A space transportation vehicle
providing rapid access to space and
delivery of payloads to orbit at lower
Costs.

e An entirely new class of military air-
craft of extraordinary performance
and survivability.

e A 21st century hypersonic passenger
transport, typically one flying at alti-
tudes above 100,000 feet at speeds of
4,000 miles per hour or more, possi-
bly much more.

The subsonics goal set forth by the

Office of Science and Technology Pol-

icy (OSTP) envisions an entirely new

generation of extraordinarily efficient
aircraft, including commercial trans-
ports, military airlifters and high speed
rotorcraft. They will burn substantially
less fuel than their current counter-
parts, have dramatically lower overall
operating costs, be producible—hence
at lower cost, and enable

salable
superior transportation at fares lower
than today’s.

That's a big order, but feasible. NASA
is already working on, and has made
considerable progress in, the four areas
of technology listed by OSTP as “inte-
gral” to the development of such sub-
sonic aircraft:

Propulsion systems. A major NASA
effort in propulsion research involves
investigation of advanced turboprop
systems that could power 1990s trans-
ports at jetliner speeds with fuel sav-

ings up to 30 percent (see page 14).
NASA is also developing technology—
including materials, instrumentation
and controls—for a generation of
highly advanced turbofan engines that
will be able to operate at higher tem-
peratures and pressures for increased
performance and efficiency.

Laminar flow control, a means of
controlling the layer of air next to an
airplane’s skin, keeping it smooth
(laminar) to reduce aerodynamic drag
and dramatically lower fuel consump-
tion. NASA has identified several prom-
ising technologies and some have
advanced to flight test status.

Structural materials. NASA has ac-
complished a great deal of research in
secondary structures made of compos-

ite materials, generally lighter vet stron-

ger than metals. Composites constitute

One type of airplane envisioned for “trans-
century service is the advanced turboprop
airliner, capable of operating at jetliner speeds
but with dramatically better fuel efficiency.
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FLIGHT PLAN FOR TOMORROW (continued)
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The “transatmospheric” goal, an aerospace

plane capable of operating within or outside the

atmosphere for more flexible, less costly Earth-
to-orbit operations.

about three percent of the structural
weight of the latest U.S. jetliners and
their use is growing, NASA is now
investigating a new generation of ma-
terials and advanced design concepts
that exploit the unique properties of
composites for reduced weight and
increased damage tolerance.

Flight controls. Research over the
past several years has built a strong
technology base for advanced digital
electronic—rather than mechanical—
flight controls and for systems of inte-



grated flight and propulsion controls
that offer greater airplane efficiency,
improved handling qualities and
reduced crew workload.

Another of OSTP'’s stated goals, the
transatmospheric goal, envisioned “a
capability to routinely cruise into and
out of the atmosphere with takeoff and
landing from conventional runways."
The National Aerospace Plane repre-
sents an experimental first step toward
that goal, a technology advancement
effort that could lead to operational
derivatives in the early 21st century.

Defined in a 1984-85 exploratory
researched program conducted jointly
by the Defense Advanced Research
Projects Agency and NASA, the aero-
space plane concept centers on a hy-
drogen-powered, horizontal takeoff and
landing aircraft capable of flying from
Earth to orbital altitudes at speeds up to
17,000 miles per hour.

The primary hypersonic propulsion
system for the aerospace plane is the
supersonic combustion ramjet, or
“scramjet,” burning a mixture of hydro-
gen and air; this obviates the need to
carry on-board liquid oxygen for com-
bustion, as is necessary in today’s
rocket-powered launch vehicles. The
aerospace plane’s horizontal takeoff
and landing capability would eliminate
the costly launch complex currently
required for the Space Shuttle and un-
manned boosters. Thus, a later deriva-
tive of the aerospace plane, needing no
on-board oxygen or vertical launch fa-
cilities, could potentially operate with
airplane-like flexibility and deliver pay-
loads to orbit at a fraction of today's
cost, with profound implications for
future space operations.

Although it might seem that little
technology exists for such an advanced
concept as the aerospace plane, NASA
in fact has a long history of interest and
involvement in hypersonic and trans-
atmospheric vehicle technologies. It
began in the 1950s with the X-15 re-
search airplane, which first explored
manned hypersonic flight; it continued
in the 1960s with research on hyper-
sonic airbreathing propulsion systems,
in the early 1970s with lifting body air-
craft research and more recently with
the Space Shuttle. Thus, although the
National Aerospace Plane will demand
extensive development of new technol-
ogy, there already exists a solid tech-
nology base to serve as a departure
point. a

- .

Successful development of the experimental

L —

National Aerospace Plane would make possible
a derivative hypersonic transport carrying
passengers at speeds upward of 4,000 miles
per bour

11
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For more than 20 years, the
military services have been
operating aircraft whose
wing sweep angles can be
changed in flight to get the
best aerodynamic efficiency
for a given speed. A long-
desired complement to the
variable sweep wing is the
variable camber wing, one
whose camber—the fore to
aft curve of the airfoil—can
also be changed to get the
optimum wing shape for a
given flight condition, for
example, approach, landing,
cruise, maneuvering or
maximum speed operation.
Such a wing, known as
the Mission Adaptive Wing
(MAW), is part of the Air
Force/NASA Advanced
Fighter Technology Integra-
tion (AFTI) program, which
involves flight testing of
aerodynamic and electronic
advancements that might be
incorporated in future mili-
tary aircraft. The MAW wing
was built under Air Force
contract by Boeing Military
Airplane Company and in-
stalled on a NASA NF-111
aircraft earlier used on
several research programs.
Known as the AFTI F-111
(top photo) the testbed
aircraft has variable sweep
capability (as does the
standard F-111 fighter) in
addition to variable camber.
Covered by a flexible
composite material, the

MAW wing has a computer-
ized system of sensors, con-
trols and internal hydraulic
acuators to change the fore
to aft contour. The MAW
program is intended to dem-
onstrate the use of variable
camber technology as a
means of effecting dramatic
improvements in aircraft
payload, range, maneuver-
ability, fuel efficiency and
handling qualities. First
flown in October 1985, the
AFTI F-111 completed its
flight test program this year
at NASA's Ames-Drvden
Flight Research Facility.
Also in flight test status at
Ames-Dryden is the X-29A
advanced technology dem-
onstrator (left center), spon-
sored by the Defense Ad-
vanced Research Projects
Agency with support from
NASA and the Air Force. The
X-29A features a unique for-
ward-swept wing, made of
composite materials, which
offers weight reduction of as
much as 20 percent in com-
parison with conventional
aft-swept wings. It also has a
variable-camber system,
similar in part to that of the
AFTI F-111, that alters the
shape of the wing’s trailing
edge to provide the best
wing shape for a given set



of flight conditions. Among
other advanced technol-
ogies incorporated in the
X-29A are a digital flight
control system; flaperons
that combine the functions

of flaps and ailerons in a sin-

gle airfoil; and forward “ca-
nard” wings whose angles
relative to the airflow are
computer-adjusted 40 times
a second as a means of im-
proving flight efficiency and
aircraft agility. The X-29A

program is intended to dem:-

onstrate that this combina-
tion of technologies makes
it possible to build smaller,
lighter and more eflicient
aircraft without sacrificing
performance.

Another AFTI project at
Ames-Dryden is the AFTI
F-16 (left bottom), a test
version of the General Dy-
namics F-16 in operational
service with the USAFE
Ames-Dryden earlier con-
ducted a Phase 1 program
that focused on evaluation
of the F-16's computerized
flight control system and, in
1985, initiated Phase 2 to in-
vestigate the aircraft's Auto-
mated Maneuvering Attack
System, which integrates
flight controls and fire con-
trols to achieve automatic
delivery of weapons. Phase
2 will be completed this
year.

In cooperation with the
Navy, NASA is starting a new

program that involves flight
testing of an advanced
oblique wing concept. An
oblique wing is one that can
be pivoted in flight to form
oblique angles with the air-
plane’s fuselage. During
takeoff and low speed oper-
ation, such a wing would be
at right angles to the fuse-
lage or “straight.”” At faster
speeds, it would swing
around a pivot so that the
leading edge on one side is
swept forward, the other
swept aft. In that configura-
tion, the airplane would en-
counter less air drag, so the
oblique wing concept offers
greater aerodynamic effi-
ciency at high speed while
maintaining efficiency at
low speed.

In 1980-81, with a small
research craft known as the
AD-1, NASA successfully
demonstrated the feasibility
of pivoting a wing in
flight—but only at low
speeds. The new program,
which will employ the fuse-
lage of a NASA F-8 research
plane with a new oblique
wing (upper right), will ex-
tend the technology to tran-
sonic and supersonic speeds
—up to Mach 1.4 or close to
1,000 miles per hour. First
flights are planned for 1988.

- -

Among other NASA
projects are flight tests of a
Navy F-18 fighter to investi-
gate further stability and
control problems and other
phenomena experienced by
high performance aircraft
operating at high angles of
attack (the angle of the
wing to the airflow moving
over it); the F-15 HIDEC
(Highly Integrated Digital
Electronic Controls) pro-
gram, involving flight re-
search of advanced technol-
ogy for integration of flight

controls and propulsion
controls; tests of advanced
flight and engine controls
and cockpit displays in a
Marine Corps AV-8B vertical
lift shipboard fighter; and
wind tunnel tests of various
configurations for a super-
sonic STOVL (Short Take-
Off and Vertical Landing)
aircraft (above). a
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ADVANCED TURBOPROPS

Despite moderation of jet
fuel prices in recent years,
fuel cost remains a pressing
problem for the airline
industry and operators of
business jets. Today, fuel ac-
counts for about 30 percent
of an airline’s total operating
costs and no one can be
sure that there will not be
another sharp price escala-
tion, such as those experi-
enced in the oil crises of
the 1970s. Thus, there is in-
creasing interest in the po-
tential of the advanced tur-
bine/propeller engine, or
turboprop, which has inher-
ently better fuel consump-
tion than the jet engine.
When the jetliner made
its U.S. debut in the late
1950s, the turboprop rapidly
lost favor among commer-
cial operators, because the
propellers of that day were
limited in tip speed and that
in turn restricted airplane
speed. Now, however, re-
searchers have found that
advanced propellers, or

propfans, can provide
jetliner speeds when cou-
pled with similarly advanced
drive systems and other new
propulsion technologies—
and they can do so at fuel
consumption rates 15 to 30
percent lower than a turbo-
fan engine of the same time
period. If this potential is
confirmed by flight research,
and if other turboprop draw-
backs—such as noise and vi-
bration—can be overcome,
the propeller may stage a
comeback in commercial air
service and allow airline
fuel savings of billions of
dollars annually.

For several years, Lewis
Research Center has been
developing technology for
propfan systems that could
be available to aircraft man-
ufacturers in the early 1990s.
The type of propeller that is
emerging from Lewis
research bears little resem-
blance to the turbine-driven
propeller of the 1950s. In-
stead of the straight blades
of their ancestor, propfan
designs feature extremely
thin blades that sweep away
from the direction of rota-
tion (top left) to provide
greater efliciency at high tip
speeds. The blades are
shorter than those of earlier
turboprops, so the tips do
not have to move as fast for
a given airplane speed re-
quirement. And where the

old turboprops generally
had four blades, the propfan
has more, typically eight, in
order to compensate for the
thrust reduction caused by
shortening the blades.

One advanced turboprop
system has been extensively
ground tested and is now
being readied for flight test-
ing under NASA’s Propfan
Test Assessment program.
The system includes a nine-
foot-diameter propfan as-
sembly developed for Lewis
by Hamilton Standard Divi-
sion of United Technol-
ogies; a drive system
consisting of a modified ex-
isting engine and gearbox,
built by General Motors' Al-
lison Gas Turbine Division;
and a new-design engine
nacelle built by Rohr Indus-
tries, Inc. The whole assem-
bly will be mounted as an
“extra engine” on the wing
of a twinjet Gulfstream 11
light transport (lower left)
being modified by Lock-
heed-Georgia Company.
The latter company will con-
duct a series of flight tests,
beginning late this year and
focusing on propfan struc-
tural integrity and acoustic
characteristics, the two re-



maining technical issues that
cannot be adequately inves-
tigated at model scale. Lock-
heed-California Company
will conduct separate
ground tests, analyze acous-
tic data from the flight tests
and develop new concepts
for cabin noise reduction, an
important part of the pro-
gram if the reborn propeller
is to gain passenger accep-
tance and realize its poten-
tial in commercial service.
The Hamilton Standard/
Allison propfan is a single
rotation system. Lewis is
also conducting research,
both analytical and experi-
mental, on counter-rotating
propellers and their drive
systems to determine the
aerodynamic and acoustic
characteristics of both
geared and ungeared de-
signs and to evaluate the rel-
ative merits of the single ro-
tation and counter-rotation
systems. Now undergoing
ground test at General Elec-
tric Company is a unique
type of propfan known as
the “unducted fan" or UDF
(right), a counter-rotation
system with two rows of
eight blades. The UDF's fan
blades are highly swept air-
foils made of composite ma-
terial to provide stiffness
and strength at light weight;
the fans are driven directly
from the turbine without an
intervening gearbox. a
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ROTARY WING RESEARCH

At left is a model of a new
“X-wing" rotor concept that
will be extensively flight
tested, beginning this year,
in a NASA/Defense Ad-
vanced Research Projects
Agency program managed
by Ames Research Center.
The X-wing rotor has been
designed for proof-of-con-
cept testing on a Rotor
Systems Research Aircraft
(RSRA), two of which were
built by Sikorsky Aircraft for
investigations of promising
rotorcraft concepts with fu-
ture commercial or military
potential.

The X-wing rotor has four
extremely stiff blades that
can be stopped in flight to
become, in effect, an X-
shaped fixed wing. For take-
off, hovering and low speed
flight, the rotor operates in
the spinning mode as a

16

helicopter rotary wing; at a
speed of about 200 miles
per hour, the rotor is
stopped and locked in place
to provide fixed-wing lift

for attaining much higher
speeds, perhaps approach-
ing 500 miles per hour. The
rotor can be restarted in
flight for landing in the heli-
copter-mode. The X-wing
concept offers utility as a
¢ivil or military short-haul
transport beginning about
the end of the century.

In another area of rotary
wing research, NASA signed
an agreement with the Fed-
eral Aviation Administration
and the Department of De-
fense to study the possible
national benefits of further
development of tilt-rotor air-
craft, which combine the
vertical lift advantages of the
helicopter with the greater
forward speed of the fixed-
wing airplane. The feasibil-
ity of this concept has been
demonstrated in seven years
of flight tests—conducted
by Ames Research Center
and Bell Helicopter
Textron—of the XV-15 Tilt-
Rotor Research Aircraft pic-
tured at left, a joint NASA/
Army project. Bell built the
two experimental XV-15s,
which have helicopter-like
rotors that provide vertical
lift for takeoff, then tilt for-
ward to become propellers

for cruise flight at speeds up
to 350 miles per hour.

The success of the XV-15
led to a Department of De-
fense design and develop-
ment program for a larger,
more advanced tilt-rotor
known as the V-22 Osprey,
being built by Bell Helicop-
ter Textron and Boeing
Vertol Company. The three-
agency study will center on
the V-22, including the po-
tential for other versions and
sizes, both civil and military;
the considerations of certify-
ing tilt-rotors for civil opera-
tions; the impact of civil
production on the defense
industrial base; and identifi-
cation of possible technol-
ogy spinoffs. Targeted for
first flight in 1988, the V-22
is expected to bring tilt-rotor
technology closer to matu-
rity and thereby reduce the
investment risk involved in
developing commercial
versions. A



Earlier this year, Ames Re-
search Center introduced to
service the High Speed Pro-
cessor-1, a Cray 2 system
that is the fastest super-
computer yet designed. It
represents the first major
building block in the NASA.-
Ames Numerical Aerody-
namic Simulation (NAS)
program, an effort to de-

velop the world’s most pow-

erful computational facility
for aeronautical research
and development.
Researchers have long
employed computer design
techniques in developing
new aircraft, creating math-
ematical airplane models
and “flying” them by com-
puter simulation; this en-
ables study of the perfor-
mance and structural
behavior of many different
designs before settling on
one configuration. In recent

vears, computational simula-

tion has expanded enor-
mously to embrace calcula-
tion and visual imagery
(right) of many types of
forces acting on airplane
and engine components,
including phenomena that
cannot be realistically
simulated in wind tunnels.

The NAS will be an evolu-

tionary development; in

1989, when its extended op-

erating capability has been
attained, the facility will

permit realization of a major
goal in aeronautical science:
the ability to simulate rou-
tinely the immeasurably
complex three-dimensional
airflow about a complete
airplane. Such a capability
will allow solution of many
previously intractable prob-
lems and it will make possi-
ble performance of most of
the calculations required to
develop an advanced air-
plane with increased accu-
racy and reliability. Thus,
NAS will not only improve

the design process, provid-
ing cost savings and aircraft
performance gains, it will
also reduce the long and
expensive wind tunnel and
flight testing necessary to
validate a design.

The key to attainment of
the goal is far greater com-
puter capability than has
hitherto been available to
NASA and industry. The

High Speed Processor-1 can

perform 250 million opera-
tions a second, more than
three times faster than the
previous generation of
supercomputers. But even
that extraordinary perfor-
mance represents only one
step toward the goal; NASA

hopes to expand NAS in
1987 to a processing rate of
orne billion operations per
second. In addition to its
important advantages in air-
craft design, NAS will fur-
ther benefit U.S. science

and industry as a national
facility for research in other
areas, such as non-aerospace
structures, materials,
weather and chemistry. a
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STORM HAZARDS RESEARCH

The airplane pictured
above, though more than a
quarter century old, is
extremely rugged and the
ideal craft for an unusual
flight research job: trying to
get hit by lighting. Operated
by Langley Research Center,
it is an extensively
instrumented and lightning-
hardened F-106B that has
recorded more than 650
lightning strikes on its
surfaces.

The work of the F-106B
and its pilots is part of
NASA’s Langley-conducted
Storm Hazards Program,
intended to improve the
capability for detecting and
avoiding severe storm haz-
ards and to provide a know-

ledge base for protecting
aircraft against hazards that
cannot be avoided.
Equipped with two movie
cameras and other sensors,
the F-106B serves as a
laboratory for studying the
electromagnetic characteris-
tics of lightning strikes and
improving knowledge of the
susceptibility to lightning of
various parts of the aircraft
surface. This lightning phys-
ics research is important to
the safety of tomorrow’s air-
craft. Current airplanes are
protected by their alumi-
num skins, which are natural

conductors; but future air-
craft may have skins of less
conductive composite ma-
terials and they will also
have electronic controls
potentially more sensitive to
lightning damage than to-
day’s mechanical controls,
SO protective measures must
be devised.

Another part of the Storm
Hazards Program is research
on heavy rain effect. Heavy
rain can momentarily blur
airfoil shapes, hence change
the airflow and cause loss of
airplane performance, possi-
bly severe enough to affect
safety. Investigations are
conducted in the Langley fa-
cility shown below, a wind
tunnel equipped with a



spray system that simulates
moderate to extremely
heavy rainfall on a wing
model instrumented to
record force, moment and
pressure data. The aim is
improved understanding of
the mechanisms involved
and predictability of rain-
caused changes in airplane
performance (right).

Flying a B-57B research
airplane, Langley is acquir-
ing detailed data on turbu-
lence in severe environ-
ments, including tornadoes,
funnel clouds and thunder-
storm “outflows.” Measure-
ment of gust velocities in
vertical, lateral and longitu-
dinal components are made
by “flow booms”™ (above)
on either wingtip and on the
nose of the B-57B. This in-
formation is important to air-
craft structure design and to
formulation of pilot training
programs.

A related effort is research
on wind shear, a sudden
shift in wind velocity and

direction often associated
with severe storms. The
“microburst,” the most vio-
lent form of wind shear, has
been identified as the prob-
able cause of many aircraft
accidents. NASA research is
directed toward develop-
ment of technology for ad-
vanced ground and airborne

systems to detect wind shear

and cockpit displays for
warning and avoidance of
the hazard.

In a separate program,
Lewis Research Center is
engaged in laboratory and
flight investigations of icing
on fixed-wing and rotary-
wing aircraft. Icing can
cause increased aircraft
drag, reduced lift, stall, en-
gine power loss and other
hazards. Lewis’ Icing Re-
search Tunnel simulates
natural icing conditions for
tests of full-scale aircraft

components, ice protection
systems and instrumentation
for flight tests. The center
also operates an
instrumented research
airplane to fly into icing
conditions and study icing
problems under natural,
rather than simulated condi-
tions. Researchers are seek-
ing ways to prevent ice from
forming, remove it after
forming, or both. a
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NASA’s space science and applica-
tions program seeks greater
knowledge of the universe and
expanded Earth benefits through
practical applications of space
technology

20

TO THE PLANETS AND BEYOND

Uranus, the seventh planet of the solar
system, was discovered in 1781 by Sir
William Herschel, a British musician,
astronomer and telescope builder. Two
hundred and five years later, the Voy-
ager 2 interplanetary probe made the
first spacecraft encounter with Uranus
and provided scientists their first close
view of the distant planet, some two
billion miles from Earth.

That great distance makes the plan-
et's detail visible only to the most pow-
erful Earth-based telescopes and then
only dimly, so not much was known
about Uranus, its moons and its rings,
until the Voyager reconnaissance. Thus,
science has learned far more about the
Uranus system from the Voyager 2 en-
counter than was learned in all the
prior years since the planet's discovery.

Voyager made its closest approach to
Uranus—>50,000 miles—on January 24,
1986. However, the Uranus encounter
officially began on November 4, 1985
and continued for 113 days, through
February 25, 1986. During that time,
the spacecraft’s 11 instruments sent to
Earth volumes of data and thousands of
images of incalculable scientific value.

Among Voyager’s findings,

s In addition to the five known moons
of Uranus, which range in size from
300 miles in diameter to more than
1,000, there are 10 others, small satel-
lites averaging about 30 miles across.

s Never before seen in detail, the two
largest Uranian moons—Oberon and
Titania—have wide cracks in their
surfaces and are crater-pocked like
Earth’s moon. Voyager 2 also con-
firmed earlier telescopic observations
of ice on the moons.

e Unusual Miranda, innermost of the
five large moons, has a crazy quilt
surface made up of virtually all the
geologic forms found elsewhere in
the solar system, for example, high
cliffs, cratered areas, rolling hills,
grooved terrain, linear valleys and
ridges, fault systems and varying
surface reflectivity.
Uranus has 10 rings, not nine as
previously believed; the nine rings,
incidentally, were not discovered
until 1977.
The planet has a surprisingly strong
magnetic field and its magnetic poles
are tilted sharply away from the axis
of rotation. The degree of tilt—about
55 degrees—is unique in the solar
system; in other planets, including
Earth, the magnetic and rotational
poles are separated by only a few
degrees.
 Temperature readings indicated that
the surface of Uranus is about 390
degrees below zero Fahrenheit.

Voyager 2's close flyby—at 45,000
miles per hour—Ilasted for six hours.
Voyager then flew into a trajectory
wherein Uranus’ immense gravity was
utilized as a “slingshot” to hurl the
spacecraft toward Neptune, the eighth
planet, 2.8 billion miles from Earth.
Voyager 2 is scheduled to make a very
close approach to Neptune—within
800 miles—on August 25, 1989. That
will be the spacecraft’s fourth planetary



encounter over a 12-year span. Along
with a companion craft—Voyager 1—
it left Earth in 1977, flew past Jupiter
(1979) and Saturn (1981) and returned
some 70,000 images of those planets.

Managed by Jet Propulsion Labora-
tory, the Vovager project exemplifies
one aspect of an area of NASA effort
known as space science and applica-
tions. The space science program em-
braces four main avenues of research:
solar system exploration, or investiga-
tion of the planets, moons, comets,
asteroids and other phenomena in the
solar system; astrophysics, the study of

These computer-generated views show Voyager 2
on its historic encounter with the planet Uranus,
never before visited by spacecraft and observed
only dimly by Earth-based telescopes. At left,
Voyager is 2! bours away from its closest ap-
proach to Uranus; above, the spacecraft is

flying past Miranda, innermost of Uranus' five

major moons. On January 24, 1986, Voyager 2

flew within 50,000 miles of Uranus and 18,000

miles of Miranda.



The above is a color composite of the Uranian
moon Miranda, taken by Voyager 2 from a
distance ry'QI,OOO miles. The picture was con-
structed from several images acquired by the
narrow-angle camera’s green, violet and ultra-
violet filters. Smallest of Uranus’ major satellites,
Miranda is more potato-shaped than spherical
and has an unusual surface made up of many
different geologic forms. The upper right image is
a clear-filter closeup of Miranda taken from
26,000 miles; it shows a variety of grooves, ridges
and valleys. There are also many impact craters,
the largest about 20 miles in diameter, some of
the others ranging from three to six miles in di-
ameter. Taken still closer to Miranda, at 22,000
miles, the lower image covers an area about

150 miles across. Two distinct terrain types are
visible: the rugged, higher elevation terrain at
right and a lower, striated terrain. The big cra-
ter in the lower part of the image is estimated

at 15 miles in diameter.
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distant stars and galaxies; solar terres-
trial research, study of the Sun’s energy
processes and their interactions with
Earth’s environment; and life sciences
research, aimed at understanding the
origin and distribution of life in the
universe and at utilizing the space me-
dium to improve Earth knowledge of
biology and medicine.

The related applications program in-
volves use of space technology to gen-
erate direct public benefit on Earth.
Examples include technology for the
now-operational systems of communi-
cations, weather and Earth resources
survey satellites, which NASA pio-

neered in the 1960s and 1970s. Among
more recent examples are a space-
based system designed to aid search
and rescue operations and, in develop-
ment, an orbital laboratory for monitor-
ing the upper atmosphere and an
ocean dynamics survey satellite of
importance to maritime operations. a

These are Voyager 2 images of the two largest

moons in the Uranus system, Titania at left and
Oberon above, both about 1,000 miles in diame-
ter. The Titania picture is a reconstruction of
three frames taken when Voyager was about two
million miles from the satellite; the Oberon view
was made slightly closer, at 1.72 million miles.
The surfaces of both moons show areas of lighter
and darker material, probably associated with
impact craters formed during long exposure to
cosmic bombardment. The lack of strong color
in both satellites is a distinctive characteristic

of the moons and rings of Uranus.
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riKy!r Cumel!l ENCUUNIEK

In the scientific quest for
understanding how the solar
system began and how it
evolved, spacecraft and tele-
scopic studies of the planets
have provided much impor-
tant evolutionary data. But
the planets, particularly the
inner planets, have changed
considerably since the solar
system was formed some
four and a half billion years
ago. Scientists need a way of
looking back to the begin-
ning. Comets have become
priority research targets
because they are believed to
contain materials relatively
unchanged since the forma-
tive epoch, hence offer valu-
able clues to the earliest
physical and chemical
makeup of the solar system.
The first of a number of
planned closeup cometary
studies was accomplished
on September 11, 1985,
when NASA's International
Cometary Explorer (ICE) in-
tercepted Comet Giacobini-
Zinner, a relatively small
comet that makes a pass
around the Sun every six
and a half years. At a point
44 million miles from Earth,
ICE flew through the com-
et’s tail within 4,800 miles
of the nucleus. Traveling at
45,000 miles per hour, ICE
took 20 minutes to cross the
tail, establishing tail width
at 14,000 miles, about three
times wider than antici-

pated. The spacecraft
reported data without
interruption during the
encounter and emerged
unscathed; scientists at
Goddard Space Flight Cen-
ter, which manages the ICE
program, had feared that
the spacecraft might be
destroyed by a blizzard of
high velocity dust particles
in the comet’s tail.

In its brief encounter,
ICE provided a wealth of
important data that scientists
will be studying for years.
Among initial findings, data
revealed that no clear-cut
bow shock accompanied the
comet; the existence or lack
of bow shock, a phenome-
non like the bow wave that
builds up in front of an air-
craft approaching the speed
of sound, had been a matter
of conflicting conjecture
among scientists. An unex-
pected finding was the de-
tection—while ICE was still
more than a day and some
1.4 million miles away from
the nucleus—of electrical
wave (plasma) disturbances
coming from the comet; sci-
entists had theorized that
first detection might occur
just a few hours before 1CE
reached Giacobini-Zinner.

ICE’s instruments discov-
ered ions—electrically

charged particles—more
than 1.1 million miles from
the intercept point; it was
believed that gas molecules
escaping from Giacobini-
Zinner’s nucleus were ion-
ized by solar ultraviolet
light, then picked up and
accelerated back toward the
comet by the solar wind, a
constant outpouring of mag-
netized, electrified gas from
the Sun. ICE also made the
first direct measurement of
molecules in a comet, find-
ing mainly water vapor ions
and supporting the general
view that comets are “dirty
snowballs™ composed of
dust, rock and water ice.

The comet interception
climaxed a seven-year odys-
sey through space for ICE,
which began life as the
International Sun/Earth
Explorer. Launched in 1978,
the spacecraft spent four
years acquiring data on solar
phenomena, in particular
the interaction between the
solar wind and Earth. ICE
was diverted to comet inter-
cept duty at the suggestion
of Goddard engineer Dr.
Robert Farquhar. After thou-
sands of computer simula-
tions, Farquhar maneuvered
ICE past the moon five
times in 1983, using lunar
gravity to give the spacecraft
the additional thrust needed
to send it into its intercep-
tion trajectory. A



HALLEY OBSERVATIONS

At right is a false-color
ultraweight image of Comet
Halley’s 12%% million mile
long coma, the cloud of gas
surrounding the comet. This
is a side view of the comet;
the concentric colored areas
show gradations in comet
brightness, declining from
the center outward. The
image was made by NASA’s
Pioneer Venus Orbiter,
whose ultraviolet telescope
made 20,000 scans of the
‘coma over a 72-hour period
in February 1986, when the
comet was near perihelion
—its closest approach to the
Sun—on its once-every-706-
years swing around the Sun.
The image was part of a
10-week investigation of
Comet Halley by Pioneer
Venus from its position in
orbit around the planet
Venus; the spacecraft has
been studying the cloud-
covered planet since 1978,
Pioneer Venus was con-
verted to temporary comet-
watching duty because of an
important scientific opportu-
nity: from its vantage point
in Venus orbit, it was the
only observatory able to
study Halley at perihelion.
The comet was on the op-
posite side of the Sun from
Earth at perihelion, hence
not visible to Earth-based
telescopes or Earth-orbital
spacecraft. The international
fleet of four Halley close

encounter spacecraft—
two Soviet, one Japanese
and one European Space
Agency—Iflew through the
comet’s tail about a month
after perihelion.

Pioneer's successfully
accomplished assignment
was to record, by means of
its instruments, day-to-day
changes in Comet Halley
occasioned by mounting
heat as the comet came
closer to the Sun. In addi-
tion to the imagery, Pioneer
provided data on water
evaporation, jets and
outbursts from the comet,
the coma’s composition and
the velocities and lifetimes
of atoms in the coma.

The Pioneer program is
managed by Jet Propulsion
Laboratory.

Pioneer Venus was one of
three veteran U.S. spacecraft,
all launched vyears earlier for
other scientific programs,
participating in the con-
certed international investi-
gation of Comet Halley. The
others were the Interna-
tional Cometary Explorer
(see opposite page), which
provided data on solar wind
and the comet’s ion tail, and
the Solar Maximum Mission
satellite, which produced
images of Halley and used

its ultraviolet spectrometer
to analyze the comet’s
coma.

In addition to the flight
activity, NASA played—and
continues to play—a lead-
ing role in coordinating the
flow of Halley information
through the International
Halley Watch (IHW). Jet
Propulsion Laboratory is one
of two lead centers in the
ITHW, serving the Western
Hemisphere, Japan and
Australia; the other center,
serving Europe, Africa
and the rest of Asia, is the
Astronomical Institute of
West Germany’s University
of Erlangen-Nurnberg. The
47-nation IHW embraces
about 100 observatories
around the world, 900 pro-

fessional astronomers and
more than 700 amateur
astronomers. The organiza-
tion made observations
from Earth, analyzed data
and monitored the opera-
tion of ground-based instru-
ments plus the instruments
aboard the international
fleet of spacecraft, sounding
rockets, aircraft and bal-
loons. Halley data is now
being collated and orga-
nized in preparation for its
1989 publication as a com-
prehensive archive for study
by researchers until Halley
makes its next appearance
in 2061. a



The planet Venus approxi-
mates Earth in age, size,
mass, density and orbital
distance from the Sun. Yet
in many other respects
atmosphere, temperature,
water content, for exam-
ple—the two planets differ
markedly. Scientists want to
know why two similar plan-
ets evolved in such dissimi-
lar fashion. The answers are
important to the continuing
scientific quest for knowl-
edge of the origin and evo-
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lution of the solar system.
There is, additionally, an

underlying practical aspect
of more immediate poten-

tial benefit: expanded
knowledge of Venus may
provide clues to greater
understanding of the many
factors that influence Earth's
complex environment.
From Venus flyby mis-
sions, from instrumented
probes that descended into

the atmosphere and observa-

tions by the Pioneer Venus

Orbiter (see page 25), scien-

tists have acquired infor-

mation on the planet’s
atmospheric composition,
temperatures, pressures,
wind forces and other
elements of the Venusian
environment. Pioneer Venus
also provided the first real
look at Venus' topography;
its radar altimeter penetrated
the planet's permanent
cloud cover and measured
93 percent of the surface.
Maps prepared from radar
data show that about 60 per-
cent of the surface is rela-

tively flat, rolling plain and
about one quarter of it is
highland, with mountains
taller than Everest.

Radar mapping by Pio-
neer Venus and by Soviet
orbiters allows study of the
planet from a new informa-
tional plateau, but much
remains to be learned. The
next step is amplification
of Pioneer Venus' findings
by a new planetary space-
craft named Magellan (left),
for the 16th century Portu-
guese explorer.

The Magellan mission
will map 100 percent of the
surface, using an advanced
instrument called a synthetic
aperture radar; it will orbit
the planet about once every
three hours and dip as close
as 150 miles above the
surface. Magellan will map
with resolutions about 10
times better than were
obtained by prior Soviet
missions. That will enable
identification of such small
scale features as volcanos,
craters, lava flows, faults,
erosion channels and possi-
bly the remnant shorelines
of long-ago oceans. Such in-
formation will help identify
geological processes and
establish a geological history
of the neighbor planet.
Planned for service about
the end of this decade,
Magellan is managed by Jet
Propulsion Laboratory. a



MARS STUDY

Mars, the fourth planet of
the solar system, is closely
linked to Earth by its volca-
nic and erosional charac-
teristics and by the fact that,
like Earth, it experiences
climatic changes. It is the
outermost member of the
triad of Earthlike planets—
Venus, Earth, Mars. Al-
though seemingly very dif-
ferent, the members of the
triad exhibit a number of
common features. They are
the subjects of a continuing
program of detailed com-
parison studies intended to
advance understanding of
the evolution of the inner
solar system and thereby
increase knowledge of
Earth's own evolution.
Along with the Magellan
mission to Venus (see oppo-
site page), the next step in
exploration of the triad is a
long term investigation of
Mars designed to expand
the knowledge of the Red
Planet acquired by Earth
observatories and earlier
spacecraft missions. Desig-
nated Mars Observer, the
mission will be the first of
a series of Observer flights
to the planets and small
bodies of the solar system.
To minimize costs, these
missions will employ a
common basic spacecraft, an
adapration of an existing,
proven type of Earth-orbital
satellite that can be custom-

ized to each Observer

mission’s requirements.
The Mars Observer will

utilize a number of ad-

vanced instruments to deter-

mine—on a global basis-
the elemental and mineral-

ogical character of the plan-

et’s surface and to establish
the nature and chronology
of the surface forming proc-
esses that have occurred
over millenia. Additionally,
the Observer's instruments
will investigate the Martian
climate, present and past.
Managed by Jet Propulsion
Laboratory, the Mars
Observer is targeted for
service in the early 1990s. a




SPACE TELESCOPRE

Earth’s veil of atmosphere
filters out or blurs most of
the radiation coming from
distant parts of the universe.
Thus, even the most power-
ful Earth-based telescopes
can “see” only a small

portion of the cosmos. Since
the early 1960s, NASA has
flown a number of increas-
ingly sophisticated observa-
tories designed to surmount
the problem of atmospheric
distortion by operating
above the atmosphere. A
giant step in this continuing
program is the Hubble
Space Telescope, potentially
the most dramatic single
advance in astronomy since
the invention of the
telescope in 1610.

The Hubble Space Tele-
scope is more than a space-
craft; it is a major long

duration astronomy facility
intended to operate well
into the 21st century with
periodic on-orbit servicing
and provide astronomers a
view of the universe 10-30
times greater than current
capability. Viewing in both
visible and ultraviolet light,
it will be able to peer much
farther into space, detect
objects 50 times fainter and
return images with 10-20
times better clarity than the
largest Earth telescopes.
Because light from distant
galaxies takes so long to
reach us, scientists will liter-
ally be looking back in time
as far as 14 billion years.
Estimates of the age of the
universe range from 12 to
20 billion years—so, when
observing the most distant
celestial objects, the Hubble
Space Telescope will be
capturing light that began its
cosmic journey when the
universe was in its infancy.
This extraordinary capability
should provide immensely
important clues to the
origin and history of the
universe.

The largest scientific pay-
load ever built, the 12} ton
43-foot telescope was devel-

oped by Lockheed Missiles
& Space Company, Sunny-
vale, California, spacecraft
prime contractor, and
Perkin-Elmer Corporation,
Danbury, Connecticut,
prime contractor for the
optical telescope assembly.
The European Space Agency
furnished the power-gener-
ating solar array and one of
the five major instruments.
The system has been com-
pleted and it awaits launch
assignment.

Marshall Space Flight
Center manages the project.
Goddard Space Flight Cen-
ter led scientific instrument
development and will be
responsible—when the
observatory is in orbit—for
controlling the telescope
and processing the images
and instrument data it re-
turns. Goddard will forward
the processed data by land
line to the Space Telescope
Science Institute, located
30 miles away in Baltimore,
Maryland. There astrono-
mers will view the images
and get visual and printed
readouts of the data flowing
from the Hubble observa-
tory’s instrument module.
The Space Telescope
Science Institute is oper-
ated for NASA by the
17-member Association of
Universities for Research in
Astronomy. a



X-RAY OBSERVA

A comprehensive space
astronomy program requires
observations of the universe
not only in visible light but
in other forms of radiation
that are largely or totally
invisible to ground observa-
tories—x-rays, ultraviolet
and infrared, for example—
because each of these areas
of the electromagnetic spec-
trum offers a different set of
clues to the origin and evo-
lution of the universe. One
area of investigation that has
been particularly productive
of valuable information is
study of x-ray emissions
from celestial objects.

Since the 1960s, NASA
has operated a series of
orbital x-ray systems that
have provided a broad
knowledge base about non-
visible emanations from
stars, pulsars and galaxies.
The knowledge base will be
considerably expanded by
an advanced observatory
planned for service in this
decade. Being developed
jointly by NASA and the
West German Federal Minis-
trv for Research and Tech-
nology, it is called ROSAT,
for Roentgensatellit (upper
right); West Germany is
building the spacecraft and
x-ray telescope, NASA is
providing a high resolution
imaging system. ROSAT will
conduct a sweeping survey
of x-ray sources and make

AT D o B |
TORIES

dedicated observations of
specific sources for long
periods of time, allowing
astronomers to study in
greater detail many of the
phenomena discovered by
earlier x-ray satellites.
Goddard Space Flight
Center and the German
Aerospace Research Estab-
lishment are the managing
organizations for the U.S.
and German portions of
the program.

For service in the 1990s,
NASA is planning the Ad-
vanced X-ray Astrophysics
Facility (AXAF), a 10-ton
observatory intended to op-
erate at least 15 years with
on-orbit servicing. AXAF
(lower right) will have
instruments 100 times more
sensitive than those aboard
the second High Energy
Astronomy Observatory
(HEAO-2); launched in
1978, HEAO-2 provided the
broadest data yet acquired
on x-ray sources. AXAF's
instruments will collect data
on the entire range of ob-
jects known to astronomy,
including stars, quasars, gal-
axies, clusters of galaxies
and intergalactic space. An
important objective will be
imaging and measuring the
iron produced and expelled
by galaxies, because the

amounts of iron detected
will tell much about the
early history and star forma-
tion processes in the galax-
ies observed.

Managed by Marshall
Space Flight Center, AXAF
is considered as important
an advance in x-ray astron-
omy as the Hubble Space
Telescope (see opposite
page) will be in optical
astronomy. The two will be
operating in the same time
frame, along with the
Gamma Ray Observatory, in

development for launch late
in this decade, and the pro-
jected Space Infrared Tele-
scope Facility. This family of
orbiting telescopes, known
as the Great Observatories,
will provide the capability
for simultaneous observa-
tions of cosmic sources at
visible, ultraviolet, infrared,
x-ray and gamma ray wave-
lengths. a



Since the start of the space
program, NASA has devoted
a good part of its space sci-
ence effort to study of Earth

and its environment, includ-

ing such broad areas of in-
vestigation as the transfer of
solar energy to Earth’s land,
oceans and atmosphere;
studies of the oceans; and
examination of the proc-
esses that take place in
Earth’s atmosphere. In the
latter area, space-acquired
data has produced an enor-
mous volume of scientific
knowledge about the vari-
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UPPER ATMOSPHERE RESEARCH

ous regions of the atmos-
phere, but all this effort has
served to underline that
there is still a great deal
to be learned about the
extraordinarily complex
near-Earth environment.
Among a number of NASA
environmental programs in
being or planned is the
Upper Atmosphere Research
Satellite (UARS), which is at
the same time a scientific
satellite for advanced study
of the upper atmosphere’s
physical and chemical proc-
esses, and an application
system intended to provide
direct Earth benefit through
greater understanding of

weather, climate and the
atmospheric effects of man-
made pollutants. Formal
development of UARS be-
gan in 1985 with the award
of a contract to General
Electric Company’s Valley
Forge (Pennsylvania) Space
Center for development and
construction of the observa-
tory. Goddard Space Flight
Center has project manage-
ment responsibility.
Scheduled to enter ser-
vice in 1990, UARS will op-
erate in a 373-mile circular

orbit, well above the air
drag level, so that it will be
able to report continuously
for several years. It will
carry a complement of 10
remote sensing instruments
that will provide—for the
first time—essentially global
data about the composition
and dynamics of the upper
atmosphere. The area of
study embraces the strato-
sphere, mesophere and the
thermosphere, regions of
the atmosphere extending
from about six miles alti-
tude to an indefinite bound-
ary in near-Earth space.
Among the major objec-
tives are understanding of
the mechanisms that control
the structure and variability
of the upper atmosphere
and the role of the upper
atmosphere in climate and
climatic changes. In addi-
tion, UARS will explore how
the upper atmosphere
responds to natural and
human-related perturba-
tions. The observatory is ex-
pected to provide previously
unavailable insight as to
whether man’s industrial
and technological activities
adversely influence the layer
of ozone that protects Earth
from the potentially harmful
ultraviolet rays of the Sun,
and how the stratosphere re-
acts to such natural particle
injections as those caused by
volcanic eruptions. a



OCEAN

In 1978, NASA launched
and operated for three
months a satellite called
Seasat, a brief but highly
successful experiment in
collecting ocean surface data
using microwave remote
sensing techniques. Seasat
was a companion project to
the Landsat Earth resources
survey satellites developed
by NASA and operated con-
tinuously since 1972, ini-
tially by NASA, later by the
National Oceanic and At-
mospheric Administration
(NOAA) and, beginning last
year, by the commercial
Earth Observation Satellite
Company (EOSAT), a joint
venture of Hughes Aircraft
Company and RCA Corpora-
tion. EOSAT has assumed
responsibility for further

| U.S. development of land

observation satellites. NASA,
accordingly, is placing re-
newed emphasis on systems
for monitoring the oceans
from space, for scientific
study and for practical bene-
fit in such areas as weather
and climate prediction,
coastal storm warning, mari-
time safety, waste disposal,
ship design, ship routing
and food production from
ocean sources.

Shown in the accompany-
ing illustration is a planned
ocean observation satellite
known as TOPEX, for
Ocean Topography Experi-

OBSERVATIONS

ment. Intended for service
in the early 1990s, the radar
altimeter on TOPEX is a
much more advanced suc-
cessor to the one that flew
on Seasat. It is designed to
make highly accurate meas-
urements of sea surface
L‘IL‘\-"H“(]IIH over entire ocean
basins for several years.
Integrated with subsurface
measurements, this informa-
tion will be used in models
to determine ocean circula-
tion and its variability.
Reporting continuously on
such changing factors as
wave heights, surface wind
speed, current and tide pat-
terns, TOPEX will provide
improved knowledge of
ocean dynamics for scien-
tific studies and will estab-
lish an information base for
practical applications.

[n a related project, NASA

is participating—in coopera-

tion with the Navy, Air
Force and NOAA—in the
Navy Remote Ocean Sens-
ing System (NROSS) pro-
gram, planned for initial
service in 1990. NROSS will
provide oceanographic
measurements on a continu-
ous, near-real-time, all-
weather, global basis for
fleet operation require-

ments and for fundamental
research. NASA’s contribu-
tion to NROSS involves
development of a key com-
ponent of the satellite
system called a “scatter-
ometer,” a microwave radar
that enables calculation of
wind speeds and directions
by measurement of reflec-
tions from the waves on the
ocean surface. NASA pio-
neered that technique with
the Seasat scatterometer and
is using the Seasat technol-
ogy as a base for developing
the more advanced NROSS
scatterometer, called
NSCAT. NSCAT data will
provide a basis for research
studies of waves, ocean cir-

culation, and the interaction
between the oceans and the
atmosphere. Together with
surface elevation data from
TOPEX, oceanographers
will have a first-ever view of
the oceans’ primary driving
force (winds) and their
response (surface eleva-
tions) to that force. This will
permit a fundamental break-
through in man's under-
standing of how the oceans
work as a dynamic system
and the oceans' role in
climate and climatic
variability. a
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Recommendations of the National
Commission on Space offer an
exciting glimpse of the next half
century in space
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TOMORROW [N SPACE

Human settlements on Earth's moon
and on Mars, robot-manned extraterres-
trial prospecting, mining and manufac-
turing, a network of orbiting spaceports
serving as way stations for routine
travel in the inner solar system—these
are a few of the prospects for the 21st
century, according to a report by the
National Commission on Space. It
sounds like science fiction but it is
actually a matter-of-fact statement pre-
pared by a group of highly respected
space experts, including a former
NASA administrator, government and
industry scientists and engineers, past
and current astronauts. Entitled Pio-
neering the Space Frontier, Our Next
Fifty Years in Space, the report—re-
leased in May 1986—recommends a
series of exciting space goals for 21st
century America and offers a step-by-
step program for their attainment.

The commission’s scenario begins
with the assumption that the U.S./inter-
national manned Space Station will be
initially operational by 1994 and goes
on from there. A first requisite, to be
accomplished within the next 15 years,
is cheaper transportation to space of
both cargo and people, the report says.
“It is especially important that the cost
be dramatically reduced for free enter-
prise to flourish with commercializa-
tion of space operations. The commis-
sion is confident that the cost of
transportation can and should be re-
duced below $200 per pound (1986
dollars) by the year 2000." The $200
figure represents a small fraction of
current cost.

The first steps on what the commis-
sion calls the “Highway to Space™ are
a low cost Earth-to-orbit cargo vehicle
and a companion passenger craft, to be
flight ready around the turn of the cen-
tury. Among other foreseeable vehicle
developments are an electric propul-
sion cargo ship for transfer to destina-
tions beyond Earth orbit, to be flying
carly in the 21st century; a manned
Mars exploration spacecraft, about
2010; and, after 2015, large nuclear
powered spaceships capable of deliver-
ing great amounts of cargo and, pre-
sumably, people, because the report
predicts vast expansion of space travel
and commercial development.

The commission sees the Space Sta-
tion expanding around the year 2000
to an “initial spaceport,” meaning a
growth version including laboratory,
factory, servicing facilities and a supply
depot. Continuing growth would
produce, around 2010, an even larger,
more mission-capable “full spaceport”
in Earth orbit.

The “Bridge Between Worlds,” a
phased expansion of operations in the
inner solar system, would begin mod-
estly with an unmanned lunar sample
return mission in the late 1990s to
assav lunar mining possibilities. That
would be followed by establishment
of a manned lunar outpost, a scientific/
prospecting base, around 2005. The
base would grow, in a few years, into a
pilot plant producing rocket propellant
from moon materials and, about 2020,
a full-scale lunar manufacturing facility.
During this time frame, there would be
expanded study of accessible asteroids,
followed by unmanned prospecting
missions to selected asteroids and,



finally, robotic mining of asteroids for
mineral and other resources.

Development of bases beyond Earth
would include construction of a full Ju-
nar spaceport around 2012; a station
between Earth and lunar orbit, some
time about 2015; and finally, between
2020-25, a Mars spaceport. Habitation
of Mars would precede the full space-
port, beginning with a robot-operated
facility about 2012, a manned outpost
in 2015, followed by a gradually ex-
panding settlement that would reach
“full base” status before 2030. The ulti-
mate goal within the 50-year span is
permanent settlements on the moon
and on Mars that would use local re-
sources for human-supervised robotic
fabrication of products to sustain the
activities of the settlements and the
network of spaceports.

It all sounds “far out” but 50 years
in an era of snowballing technology
advancement is a long time. The com-
mission is not offering fanciful notions
of what might happen in space but
what should occur over the next 50
vears. The report sums the potential in
succinct manner: “Technically chal-
lenging but feasible.” a

This artist's conception shows a 21st century

lunar operation in which crews are mining
ilmenite,a moonsoil component from which oxy-
pen can be produced to support the lunar base
and other facilities in space. Ferry vehicles, such
as the one in the lower illustration, would link
the moon base with other spaceports in the inner
solar system.
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Shown above is a computer-
generated representation of
a new NASA reference con-
figuration for the permanent
multipurpose Space Station
being developed for initial
occupancy in the mid-1990s.
The new “dual keel” design
features two vertical keels,
or latticework beams (center
photo), each the length of a
football field, joined at top
and bottom by connecting
beams to form a rectangular
structure. The two keels are
crossed near midsection by
a single large horizontal

beam that supports the solar
cell arrays and radiators.

Intended to increase the
structural area, the dual keel
configuration is a refine-
ment of an earlier “power
tower" design. The change
stemmed from a study of
user requirements, includ-
ing the types of payloads
and station growth that must
be accommodated well into
the 21st century. It was felt

that a larger structure with
greater stiffness would be
needed for mounting more
station systems and experi-
ments. The rectangular
structure and the larger lat-
ticework beams—now more
than 16 feet wide—pro-
vided the requisite stiffness
and the 361-foot-long verti-
cal keels, plus their connect-
ing beams, substantially
increased the area available
for exterior mounting of
payloads and equipment.

At right is a closeup view
of the station's pressurized
modules, which are
arranged in a raft pattern
and connected by a series of
external airlocks and tun-
nels. The design refinement
moved the modules closer
to the station’s center of
mass, the most advanta-
geous spot for conducting
experiments that require a
microgravity environment.
The effective volume of the
modules has been substan-
tially increased, first by ex-
tending their length 9.5 feet
and second by taking the
airlocks out of the module
itself and putting them out-
side, increasing the usable
interior area. Modules are
now 44.5 feet long and ap
proximately 13.8 feet in di
ameter, about the size of a
large bus.

Operating in low Earth
orbit at an altitude of about



300 miles, the Space Station
will serve as a laboratory for
basic research, a “look up”
observatory for astronomy,
astrophysics and a “look
down" observatory for Earth
studies, a plant for manufac-
ture of many important
products not producible on
Earth and a facility for such
Earth applications as com-
munications, weather ob-
servation and remote sens-
ing. In all these areas, man's
presence will afford an extra
measure of capability for
observations where human
judgment and skill are im-
portant, for example, in in-
strument selection and ad-
justment, in managing the
data required by the instru-
ments and in overall system
operation and maintenance.
Additionally, the Space
Station will be an operations
base, allowing continuous
rather than intermittent
operations in orbit, thereby
significantly increasing the
amount of useful work that
can be performed. It will be
an assembly center for struc-
tures too large to be carried
in the Shuttle Orbiter’s
cargo bay; a depot for servic-
ing and repairing free-flying
satellites; a warehouse for
spare parts or replacement
satellites; a base for vehicles
capable of delivering pay-
loads to higher orbit and
returning them when neces-

sary. In future years, the
Space Station can become

a departure point—Iike the
base camp of a mountain
climb—for such activities as

building a permanent moon
station, manned missions to
Mars or to the asteroids, and
unmanned missions for
collecting and returning to
Earth samples from the
distant planets.

NASA, U.S. industry and
cooperating foreign nations
are now in the late stages of
a 21-month Phase B defini-

tion and preliminary design
study, during which design-
ers will identify and evalu-
ate alternative systems, com-
ponents and philosophies to
arrive at a Space Station con-
figuration that best meets
the needs of potential users,
is cost-effective in operation
and maintenance, and is
flexible in terms of eventual
growth in size and capabil-
ity. Phase B is scheduled for
completion next January and
hardware contracts will be
awarded later in 1987. Plans
call for assembly of the
Space Station in orbit
during 1993-96. a



In keeping with NASA’s
long term policy of promot-
ing cooperation with other
nations in space projects,
the Space Station is an inter-
national endeavor. NASA has
signed agreements with the
European Space Agency
(ESA), Canada and Japan
that provide a framework for
cooperation during the cur-
rent Phase B definition and
preliminary design activity.

ESA is contemplating two
types of unmanned plat-
forms and a pressurized
module that could be used
as a laboratory portion of
the Space Station proper
with facilities for materials
processing and life sciences
experimentation. Above is a
full-scale mockup of the ESA
module, named Columbus,
at the Aeritalia plant in
Rome, ltaly.
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Japan is studying a multi-
purpose research and devel-
opment laboratory with a
pressurized segment and an
exposed workdeck fitted
with a remote manipulator.
Canada is focusing its study
effort on a Mobile Servicing
Center that builds upon
Canada’s experience in
developing the Space Shut-
tle Orbiter’s robot manipula-
tor arm. The illustration at
right, a Johnson Space Cen-
ter concept, shows the inter-
national elements in place;
in addition to the U.S.-built
central modules, there is the
Columbus module (center
right) with the ESA insignia
and, also at center right, the

(Continued)




Japanese module with the
Rising Sun emblem. On the
underside of the top boom
is the Space Station Remote
Manipulator System, an ele-
ment of Canada's Mobile
Servicing Center.

In the above concept pro-
vided by TRW, Inc., an Or-
bital Maneuvering Vehicle is
tugging an unmanned space
platform toward the manned
base; the solar array that
generates power for the
platform in normal opera-
tion is folded during
towing. The Space Station
plan contemplates a number
of free-flying platforms
carrying instruments and
experiments for scientific,
technological and product
research.

One of them will operate
in the same orbit as the
main base, an orbit inclined

28.5 degrees to Earth's equa-
tor, but it will be some dis-
tance removed to avoid dis-
turbance or contamination
from main station activities.
For routine inspection and
maintenance, the co-orbiting
plattorm can be visited by
astronauts equipped with
Manned Maneuvering Units;
when payload changeout is
necessary, the platform is
brought to the main station
as pictured. This process of
tending, servicing and re-
pairing unmanned platforms
and other satellites in com-
patible orbits increases the
lifetimes of expensive assets
and allows periodic upgrad-
ing of such space systems as

technology advances. There

will be other unmanned
platforms in high inclination
or polar orbits; they will be
launched and serviced by
the Space Shuttle.

A Marshall Space Flight
Center concept (above)
illustrates another Space
Station capability: orbital
assembly of structures too
large to be delivered in one
piece by the Shuttle, future
systems such as unmanned
platforms, telescopes or
large antennas. At the bot-
tom of the illustration, two
astronauts wearing Manned
Maneuvering Units are
completing assembly of a
very large antenna that may
become part of the Space
Station or may be deposited
in orbit as a free-flyer. a



The above concept shows
the power generating sys-
tem planned for the Space
Station, a hybrid that com-
bines the familiar photovol-
taic solar arrays, which con-
vert sunlight directly into
electricity, with a new ther-
mal dynamic heat engine.
In the latter system, the
large dishes at either end of
the central boom contain a
number of hexagonal mir-
rors that collect solar heat,
which is used to drive an
electricity-generating tur-
bine. The combined system
will produce 75 kilowatts of
electricity. The hybrid de-
sign was adopted because
the heat engine is a more
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efficient way of generating
power and the use of solar
panels alone would have re-
quired an enormous array,
increasing drag and necessi-
tating more frequent adjust-
ment of the Space Station’s
orbital position.

The Rockwell Interna-
tional concept at left center
depicts a growth version
that goes well beyond the
Initial Orbiting Capability.
This advanced station in-
cludes, among other equip-
ment, a number of large en-
closed bays (above the core
of pressurized modules),
which are servicing garages
for repair of satellites in an
enclosed environment and
hangars for two types of ve-
hicles planned for use with
the Space Station. One is the
Orbital Maneuvering Vehi-

(Continued)

cle (OMV) shown approach-
ing its hangar at left center
in the illustration.

At center right is a close-
up artist’s rendering of an
OMV as seen by Martin
Marietta Denver Aerospace,
one of three manufacturers
competing for a contract to
build the vehicle; the others
are TRW Inc. and LTV Aero-
space and Defense.

The OMV is a reusable,
free-flying spacecraft oper-
ated by remote control after
deployment from the Space
Shuttle or the Space Station.
A “smart tug” capable of
moving satellites and other
objects from one orbit to an-
other, the OMV is a versatile

spacecraft that can be con-
figured—by use of modifi-
cation kits—to perform as
many as 17 different mis-
sions. For delivery of pay-
loads, for example, it can
propel a satellite as far as
1,200 miles from the Space
Station or it can extend the
Shuttle’s reach by that dis-
tance. When mated with a
modular “servicer,” the
OMV can provide routine or
contingency on-orbit servic-
ing, maintenance or payload
changeout. It will also be a
useful system for construc-
tion of large space struc-
tures, including the Space
Station. First flight is
planned for 1991; Marshall
Space Flight Center is OMV
project manager.



At far right is a Martin
Marietta Denver Aerospace
concept of an Orbital Trans-
fer Vehicle (OTV) that
would be used to transfer
payloads between low and

high Earth orbit, particularly

_geosynchronous orbit
(22,3000 miles), where
spacecraft are figuratively
stationary with respect to a
point on Earth. In Shuttle
operations, such transfer is
now a two-step process; the
payload is deployed from

the Shuttle Orbiter in low
Earth orbit, then boosted to
the higher altitude by an up
per stage propulsion unit.
Existing upper stages are
not reusable, nor can they

retrieve payloads.
Targeted for operational
service in the 1990s, the
OTV would be a reusable
system that could deliver

payloads to high orbit and,

when necessary, return
them to the Space Shuttle
or the Space Station for
refurbishment.

The OTV may be perma-
nently based at the Space
Station or it may be ground-
based, operating as an
adjunct of the Space Shuttle.
Initially it will be an un-
manned system but the ulti-
mate goal is development
of an OTV that can ferry a
manned capsule to and from
geosynchronous orbit, al-
lowing on-orbit servicing of
spacecraft or multipayload
platforms in orbits beyond
the Shuttle’s reach. Martin
Marietta and Boeing Aero-
space are conducting OTV
studies for Marshall Space
Flight Center. a
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The core of the Space Sta-
tion consists of a series of
pressurized cylindrical com-
mon modules serving as
living quarters and labora-
tories. The exact number of
U.S. modules will be deter-
mined in the course of
Phase B studies now under
way, but the initial Space
Station will probably have
two to four, interconnected
by airlocks and tunnels.
The atmosphere inside
the modules will be nearly
identical to Earth'’s, so that
scientists will be able to
compare data acquired from
Earth-based testing with data
gathered in orbit. An envi-
ronmental control and life
support system will provide
the crew with oxygen for
breathing; supply water for
drinking, bathing and food
preparation; remove con-
taminants from the module’s
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artificial atmosphere; and
process biological wastes. It
will be a closed cycle sys-
tem that will enable recov-
ery of oxygen from carbon
dioxide expelled by the
crew and will allow reuse
of wash water, urine and
condensate. Only food and
nitrogen will have to be
periodically resupplied.

The aerospace companies
working on Phase B defini-
tion and preliminary design
of the Space Station have
conducted extensive studies
of interior arrangements and
built mockups of variously
configured modules. At up-
per left is Martin Marietta’s
mockup, showing an exte-
rior view with hatches for
interconnection with other

modules and a space-suited

astronaut for size compari-
son. At lower left is an
interior view of the same
mockup, configured as a
manufacturing technology
laboratory.

Above is Boeing Aero-
space Company's mockup of
an interior configured as a
microgravity and materials
processing facility, with all
the equipment needed for
the types of experiments en-
visioned compactly stored in
wall cabinets.

At upper right is a Rock
well International mockup
of a common module that
would serve as both living
and working quarters. The
lower right illustration
shows a McDonnell Doug-
las Corporation concept of
what the company calls a
“quiet module,” wherein
crew members would work



and sleep; the sleeping facil-
ity is the small partitioned
area from which the astro-
naut is emerging.

The initial Space Station
will probably have a crew of
eight; they will serve for pe-
riods of approximately three
months at a time. The Space
Station will have a docking
hub in the pressurized mod-
ule complex to allow Space
Shuttle docking for rotating
crews and for periodic re-
supply. a
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NASA seeks to stimulate private
investment in space-related
ventures to assure U.S. leadership
in a promising new field of
space endeavor.

42
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In 1985, NASA launched a new pro-
gram intended to stimulate interest and
investment in commercial space activi-
ties. The program involves establish-
ment of Centers for the Commercial
Development of Space, not-for-profit
joint research undertakings composed
of industrial firms, academic institu-
tions and government organizations.

NASA seeks to encourage space re-
lated research and development in the
interest of the U.S. economy, because
such activity holds promise for devel-
opment of new products and processes
with commercial potential, for exam-
ple, superior crystals for improved
electronic systems; metallic superalloys
for construction and manufacturing
use; pure glass, free of container
contamination, for laser, optical and
other uses; a new class of high pu-
rity biological materials for more
effective health care; and a variety of
industrial process equipment and
instrumentation.

The program also seeks to expand
interest in space-based services, such
as remote sensing for land and ocean
observations and types of satellite com-
munications not yet available to the
public—mobile communications for
road vehicles, for example, or
electronic mail for remote areas.

In August 1985, NASA selected five
industry/academic/government teams
to establish Centers for the Commer-
cial Development of Space. The Cen-
ters will work closely with NASA field

centers in developing and executing re-
search programs; each will concentrate
in a particular area of research activity,
although there will inevitably be some
overlap. The Centers, and their areas of
focus, are:

Battelle Columbus (Ohio) Labora-
tories, multiphase materials processing;
University of Alabama, Birmingham,
macromolecular crystallography; Uni-
versity of Alabama, Huntsville, materi-
als processing; Institute for Technology
Development, National Space Technol-
ogy Laboratories, Jackson, Mississippi,
space remote sensing; and Vanderbilt
University, Nashville, Tennessee,
metallurgical processing.

NASA will initially—for a period not
exceeding five years—provide funding
for the Centers, the amounts ranging
from $750,000 to $1.1 million a year;
continued funding will depend on a fa-
vorable annual review of progress. After
five years, the Centers are expected to
be self-sustaining.

In the spring of 1986, NASA was
evaluating proposals submitted by a
number of other teams preparatory to a
planned second round of selections for
Center establishment.

The Centers for the Commercial
Development of Space represent the
latest step in NASA's program to en-
courage and facilitate commercial use
of space. NASA provides technical as-
sistance to companies interested in pur-
suing commercial space ventures and
offers reduced rate space transportation
for some high technology endeavors.
NASA also conducts workshops and
seminars that bring together govern-
ment, industry and academic research-
ers and other interests, such as the



investment banking and insurance
communities. NASA's aim is to pro-
mote expanded private sector invest-

ment and involvement in space activi-

ties, the key to exploiting space for
Earth benefit. a

Above, a Space Shuttle payload specialist is
readying an experiment in growing crystals in
orbit. The experiment was developed by the Cen-
ter for Commercial Development of Space at the
University of Alabama, Birmingham, one of sev-
eral such NASA-sponsored centers. In the upper
right photos are examples of crystals grown by
the Birmingham Center aboard the Shuttle. The
low gravity environment of space allows growth
of crystals much larger and with fewer defects
than Earth-grown crystals, offering advantage in
production of improved electronic systems.
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MATERIALS PROCESSING

At left, McDonnell Douglas
Corporation payload special-
ist Charles D. Walker is
checking procedures during
operation of the company's
materials processing system
aboard the Space Shuttle on
a December 1985 flight. The
system, called EOS (Electro-
phoresis Operations in
Space), separates materials
in solution by subjecting
them to electrical stimula-
tion in a computer con-
trolled process. The EOS
system has demonstrated its
ability to produce in a
microgravity environment
more than 700 times the
material that could be ex-
tracted from similar Earth-
based processing, with a
fourfold increase in purity.
The EOS project is aimed
at separating biological ma-
terials—cells, enzymes, hor-
mones and other proteins—
in sufficient quantities and
purities to enable produc-
tion of advanced pharma-
ceuticals for more effective
treatment of many diseases.
On the flight pictured, the
seventh orbital operation of
EOS, the system was used to
produce quantities of a hor-
mone for advanced testing.
When Shuttle flights re-
sume, McDonnell Douglas
plans to introduce an ad-
vanced, fully-automated
EOS-1 manufacturing unit
that will have 24 times the

capacity of the initial EOS
system.

Another major U.S. firm—
3M Company—has been
pursuing a different type of
effort in orbital materials
processing. At lower left,
3M scientists are opening—
after a Shuttle flight—the
company’'s DMOS (Diffu-
sion Mixing of Organic So-
lutions) experiment, a study
of space-grown crystals. In
space, crystals can be grown
larger and more nearly flaw-
less than on Earth, hence
have potential for advanta-
geous applications in such
areas as electronics, optics
and communications. 3M
has flown the DMOS system
twice and another type of
crystal growing apparatus
once. The company's em-
phasis is on research rather
than product development,
but it is exploring the pos-
sibility of eventual use of
space-grown crystals in im-
aging, electronic and health
care systems.

A recent magazine survey
disclosed that there are
about 20 U.S. companies
engaged in some form of
microgravity materials pro-
cessing research, including
ground-based experiments
and planned flight projects:

research areas include bio-
logical processing, crystal
growing, metallurgy, pure
glass processing and
research in fluid dynamics.
Among those who have
signed agreements with
NASA, in addition to Mc-
Donnell Douglas and 3M,
are Microgravity Research
Associates (crystallography);
Martin Marietta Corporation
(fluid dynamics research);
Deere & Company (research
in alloy formation);
Honeywell Inc. (crystallog-
raphy); Boeing Aerospace
Company (electro-optical
crystals); Grumman Aero-
space Company (crystallog-
raphy); and GTE Corpora-
tion (organic and polymeric
microgravity growth tests).

While one group of com-
panies is directly engaged
in materials processing, an-
other group is working in
a related area of space com-
mercialization: fabrication of
equipment for sale or lease
to materials processing
experimenters.

Rockwell International,
for example, has developed
a Fluids Experiment Appa-
ratus (FEA) designed to
handle a range of process-
ing applications, including
liquid chemistry, fluid phys-
ics, thermodynamics, crystal
growth and biological cell
culturing. About the size of
a TV set, the FEA can heat,



cool, expose to vacuum and
manipulate experiment sam-
ples, which may be gaseous,
liquid or solid. Grumman
Aerospace is developing a
processing furnace for use
on the Space Shuttle.

At right, John M.
Cassanto, president of In-
strumentation Technology
Associates (ITA) displays
another kind of Shuttle-use
equipment for materials pro-
cessing: cylindrical canisters
(here shown without their
outer casings) for
Shuttleborne Getaway Spe-
cial experiment packages.
Getaway Specials are small,
self-contained payloads
flown on Shuttle missions
where there is leftover
space after primary payloads
have been accommodated.
Managed by Goddard Space
Flight Center, the Getaway
Special program offers low
cost opportunities for orbital
research projects to experi-
menters who could not jus-
tify or could not afford the
cost of a primary payload
educational institutions, re-
search organizations, indus-
try researchers or private
individuals. Getaway Special
experiments require no use
of Shuttle resources or crew
tending; they are exposed to
the space environment in
the open payload bay, then
returned to Earth for
analysis.

The photo shows two
sizes of canisters offered by
[TA, the five cubic foot
module at left and a 2.5 cu-
bic foot module; each pro-
vides basic electronic equip-
ment in the bottom bay, as
shown in the photo of the
small canister. Avionics in-
clude a power supply, a data
recorder, pressure and tem-
perature sensors and a pro-
grammer/sequencer; addi-
tional equipment—such as a
video recorder—can be in-
cluded at the experimenter’s
option.

ITA is developing a larger
experiment module for use
with NASA Hitchhiker pay-
loads, which are Shuttle bay
experiment packages weigh-
ing up to 1,000 pounds,
more complex than Get-
away Specials and generally
requiring use of Shuttle re-
S0urces, SUCh as |)(_'1\V(‘,‘r,
commands, recording and
telemetry. The ISEM-H (ITA
Standardized Experiment
Module for Hitchhiker) will
consist of an exterior pres-
sure vessel capable of being
pressurized or vented into
space and an interior struc-
ture for mounting experi-
ments or hardware for pro-
duction of space processed
materials. The unit also

provides avionic equipment
for tapping into Shuttle
resources.

ITA typifies a number of
companies that are not only
providing equipment for
materials processing but
also offering a full range of
related services. For experi-
menters who have a re-
search idea but are new to
the field, they can design
and assemble an experiment
apparatus, install it in a
module, deliver it to NASA
for Shuttle integration and
handle all the requisite
safety tests and adminis-
trative detail. a
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Although materials process-
ing activities constitute the
broadest area of commercial
space development thus far,
some companies are focus-
ing their attention on an-
other area: development of
flight systems intended
primarily for commercial
space operations.

One such system is the
Industrial Space Facility
(ISF) shown in cutaway
view at upper left. Being
developed by Space Indus-
tries, Inc. for service around
the end of the decade, the
ISF is designed as a Shuttle-
serviced orbiting facility for
experimental or operational
materials processing, alter-
natively as a scientific lab-
oratory or a technology

development facility for test-

ing new space equipment
and procedures.

In the basic form shown
in the cutaway view, the ISF
is a single module, 35 feet
long and 14 feet in diame-
ter, with a large solar array
power source being devel-
oped by Lockheed Missiles
& Space Company. The
module has built-in power

storage, temperature control,

communications and data
management equipment,
along with laboratory/fac-
tory equipment customized
to the job the facility is to
accomplish. As many as six
modules can be docked to-
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gether to create what the de-

velopers call a “space indus-
trial park.” The lower left
photo shows a mated two-
module system.

The ISF is designed as an
unmanned automated sta-
tion, but a unique aspect of
the design is provision of
2,500 square feet of pressur-
ized volume in each mod-
ule. Thus, Shuttle-delivered
servicing crews will be able
to work in shirtsleeves for
the two or three days it
might take for repairs or
adjustments, equipment
changeouts, product harvest-
ing and cleaning/restocking
production hardware.

In a shuttle/ISF resupply
and servicing operation, the
Shuttle Orbiter is docked to
the ISF by means of a
berthing adapter. Astronauts
enter the pressurized part of
the facility through a dock-
ing tunnel. Connected to
the facility module is a
separable supply module
containing oxygen for
pressurization and other
consumables; resupply
modules, six to 11 feet long,
will be delivered every
three or four months and
depleted modules returned
to Earth. The periodically
man-tended ISF will operate

in the same orbit as that of
the U.S./international Space
Station and it will also be
able to dock with the Space
Station for servicing. By
agreement, NASA and Space
Industries will work to-
gether on technical matters
and operational support
requirements, and will ex-
change non-proprietary data.

Another area of privately
funded space activity is
development of upper stage
propulsion systems for
boosting payloads to higher
orbits, for example the
22,300 mile high geosyn-
chronous orbit where
commercial communica-
tions satellites and other
“geostationary” satellites
operate. This is a two-step
process wherein the pay-
load is first deployed from
the Shuttle Orbiter in low
Earth orbit, then transferred
to geosynchronous orbit by
a secondary boost from an
upper stage launch vehicle
affixed to the satellite.

The first privately devel-
oped upper stage was the
PAM (Payload Assist Mod-
ule) built by McDonnell
Douglas Astronautics Com-
pany and employed for all
Shuttle launches of com-
mercial communications
satellites thus far. The com-
pany has developed an ad-
vanced PAM-DII that can
boost 4,160 pounds to geo-



synchronous orbit.

A new medium capacity
upper stage is under devel-
opment as a commercial en-
terprise in cooperation with
NASA. Known as the Trans-
fer Orbit Stage (TOS), it is
being developed by Orbital
Sciences Corporation (OSC)
with private capital. NASA is
not contributing any direct
financial support but pro-
vides technical monitoring
of TOS progress through a
project office at Marshall
Space Flight Center. This ar-
rangement will make a new
space transportation system
available for government as
well as commercial service
while saving the govern-
ment the estimated $50
million required to develop
the system.

In March 1986, NASA se-
lected the TOS system as
the upper stage vehicle to
be used after Space Shuttle
deployment of the Mars
Observer mission in 1990.

TOS is being built by
Martin Marietta Denver
Aerospace, prime contractor
to OSC. Powered by a solid
propellant rocket motor,
TOS is being developed un-
der a design philosophy that
combines extensive use of
space-qualified hardware
with selective application of

new technologies. The stage

is expected to be ready for
service by late 1986.

OSC and Martin Marietta
are also developing a com-
plementary upper stage
called the Apogee and
Maneuvering Stage (AMS),
which employs space
storable liquid rocket tech-
nology. Used as a combined
two-stage vehicle, the TOS/
AMS can deliver a 6,500-
pound payload to geosyn-
chronous orbit. On such

missions, the TOS stage de-
livers a high-thrust, short-du-
ration injection into ellipti-
cal transfer orbit; the AMS

provides insertion into cir-
cular orbit and precise final
positioning of the payload.
The photo above shows
AMS boosting a large satel-
lite following separation of
the TOS stage. TOS/AMS is
targeted for initial service
availability in December
1987. a



TECHNOLOGY TWICE [JSED

Spinoff developments bighlighted in this section are
based on information provided by secondary users of
aerospace technology, individuals and manufacturers
who acknowledge that aerospace technology contributed
wholly or in part to development of the product or
process described. Publication berein does not constitute
NASA endorsement of the product or process, nor
confirmation of manufacturers’ performance claims
related to the particular spinoff development.




A representative selection of new
products and processes adapted from

technology originally developed for

NASA mainline programs, underlining

the broad diversity of spinoff
applications and the social /feconomic

benefits they provide




A NASA-developed breathing
system for firefighters exemplifies
the benefit potential of aerospace
technology transfer
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SPACE TECHNOLOGY FOR THE

FIRE DEPARTMENT

Firefighting and fire prevention are
areas of activity that seem to be espe-
cially productive of aerospace spinoffs.
In recent years, for example, aerospace
technology has been beneficially trans-
ferred to such civil-use applications as a
portable firefighting module; protective
outergarments for workers in hazardous
environments; a broad range of fire-
retardant paints and foams; fireblocking
ablative coatings for outdoor structures;
and a number of types of flame resis-
tant fabrics for use in the home, office,
or in public transportation vehicles.

Perhaps the broadest fire-related
technology transfer is the breathing ap-
paratus worn by firefighters for protec-
tion from smoke inhalation injury.
Breathing equipment widely used
throughout the United States is based
on a NASA development of the 1970s
that coupled NASA's design expertise
and lightweight materials developed
for the U.S. space program. That
project was the first concerted effort to
improve firefighter breathing systems,
which had not changed appreciably
since the World War 11 era.

It started in 1971 in response to a
need expressed by many of the nation's
fire chiefs. The traditional breathing
system was heavy, cumbersome, mobil-
ity-restricting and so physically taxing
that it often induced extreme fatigue.
Many firefighters preferred not to use
the equipment, electing to take their
chances of being overcome by smoke
rather than risk collapse from heat and
exhaustion. As a result, smoke inhala-
tion injuries were on the rise.

In cooperation with the Fire Tech-
nology Division of the National Bureau
of Standards, NASA established a public

interest technology utilization project
under the direction of Johnson Space
Center (JSC). JSC embarked on a
multiyear design and development ef-
fort centered on application of technol-
ogy developed for portable life support
systems used by Apollo astronauts on
the moon. Specifications were drawn |
from input provided by a User Require-
ments Committee made up of fire
chiefs and city managers. In addition,
such fire service organizations as the
National Fire Protection Association,
the International Association of Fire
Fighters and the International Associa-
tion of Fire Chiefs periodically re-
viewed the program. Two companies—
Martin Marietta Corporation and Struc-
tural Composites Industries, Inc.—
were awarded contracts to build light-
weight air cylinders patterned on tech-
nology originally developed for rocket
mMOtor casings. Scott Aviation, Lancaster,
New York, received the contract to
build the other components of the
breathing apparatus. JSC conducted its
own extensive testing of the new sys-
tem and this was followed by a series
of field tests—in 1974-75—Dby the fire
departments of New York (the nation’s
largest), Houston and Los Angeles.
What emerged from the four year
development effort was a breathing sys-
tem weighing slightly more than 20
pounds, about one-third less than
predecessor systems, with a reduced
profile design intended to improve the
mobility of the wearer. The system in-
cluded a face mask, frame and harness,



a warning device and the air bottle
with its associated valves and regulator.
The basic air cylinder offered the same
30-minute operating time as predeces-
sor systems, but it was lighter and slim-
mer; this was accomplished by using
aluminum/composite materials and by
pressurizing the cylinders at 4,500
pounds per square inch, roughly twice
that of earlier tanks. NASA also pro-
vided an optional 45-minute duration
special use cylinder that was still within
the allowable weight. The frame and
harness was made easier to put on and
take off and the system’s weight was
shifted from shoulders to hips to im-
prove wearer comfort. The new face
mask offered better visibility and closer
fit, and the air depletion warning de-
vice was designed so that the beeping
alarm could be heard only by the
wearer, to minimize confusion in the
hectic environment of a fire scene.
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“It was a major improvement in
firefighting equipment, no question,”
says Chief James Manahan of the New
York City Fire Department’s Safety
Operating Battalion. He qualifies as a
leading expert on breathing apparatus.
A veteran of 29 vears service, he has
worn both the old and new systems in
actual firefighting operations. As a cap-
tain with Squad Company Four, he was
project officer for the NYFD participa-
tion in the 1974-75 field tests. And in
his current work with the safety battal-
ion, part of his job is observing the use
of breathing systems at fire scenes and
looking for problems that may crop up
in breathing system operation and
maintenance. “The NASA technology
definitely made a contribution toward
reducing firefighter fatigue.”

(Continued)

At lefi, the firefighters are wearing a protective
breathing system designed and developed by
NASA's Jobuson Space Center (JSC). The project
adapted materials and technology from the
space program to a national need for lighter,
less bulky breathing apparatus. Shown above is
the original JSC design, which served as a depar-
ture point for new systems developed by major
manufacturers of firefighting equipment.
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At a fire in a New York City office building,
NYFD firefighters group in the lobby awaiting
assignment (above), their breathing apparatus
stacked for use if needed. It was
electrical fire generated much smoke. At right,
one firefighter belps another adjust bis breathing
system.

At his office on Randall’s Island, New
York, safety battalion Chief James
Manahan compared the modern
firefighter's breathing apparatus, based
on NASA technology, with pre-NASA
equipment.

“This one,” he said, tapping a metal
case containing the old system, “was
heavy, bulky, had narrow eye pieces
and the weight pulled down on the
shoulders. When you wore that thing
for 15 minutes, you couldn’t wait to get
out of it. And this"—he indicated an
“is the current system
we use, with a smaller, lighter air cylin-

adjacent case-

der, better mask and harness.” Aside
from the lighter weight, firefighters

N
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SPACE TECHNOLOGY
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consider the waist-mounted harness a
big plus; it shifted the weight from
shoulders to hips, provided better
weight distribution and therefore
makes the pack seem lighter than it is.
Has the NASA technology met the
original objective of inspiring greater
use of breathing systems? Firefighters
are generally more hazard-aware today,
Chief Manahan said, because greatly

expanded use of exotic chemicals, plas-

tics and other synthetics in industrial
operations, building materials, home

and office furniture has increased the

FOR THE

(continued)

incidence of toxic fume generation in
fires. There is greater readiness to use
protective gear, and no doubt the avail-
ability of a more comfortable breathing
system contributed to that attitude,
After completion of the field tests a
decade ago, the New York City Fire
Department became one of the first of
the nation'’s fire services to adopt the
new technology on an operational ba-
sis. Use of the lightweight apparatus
spread quickly across the country as
producers of firefighting equipment
used the NASA technology as a depar-
ture point for their own development
of new breathing systems. Each com-



A
A NYFD firefighter is disposing of bazardous ma-
terial, protected by a “hazmat " suit. In Level
One work, where the material is known or sus-
pected to generate toxic fumes, the breathing
apparatus is worn under the hazmat outer gear.
pany made its own modifications and
refinements to the original design, and
new features are continually being
added, but today every major manufac-
turer of breathing apparatus is produc-
ing units that incorporate the NASA
technology in some form.

“The existence of these units offers
the fire services a wide variety of
breathing systems that would not have
been available without NASA's efforts,”
says J. Tom Smith, Firefighter Health
and Safety Specialist of the U.S. Fire
Administration. “As a result of the in-
troduction of lightweight breathing sys-
tems, inhalation injuries to firefighters
have been drastically reduced.” a

At the NYFD Randall's Island training facility,
firefighters undergo “mask confidence training,
carrying out such fire operations as hosing
(above) and probing building interiors (right),
squeezing through narrow areas as might be
necessary in a real fire with their breathing units
attached and (below ) momentarily detached.
The NASA-developed breathing system was
designed with reduced profile wherever possible

to improve mobility in tight confines.
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A fire resistant textile ingredient
highlights a sampling of spinoffs
in the field of public safety
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FIREBLOCKING FIBERS

Sometimes an aerospace spinoff prod-
uct is a ““late bloomer,” meaning that
its adaptation to civil uses may not hap-
pen until years, even decades, after the
original development. An example is
the fireblocking fiber known to chem-
ists as polybenzimidazole and to every-
one else as PBI. It was almost a quarter
century ago that Celanese Corporation
of New York developed PBI for NASA
and the Air Force Materials Laboratory,
but it was not until the 1980s that PBI's
real commercialization began. Now
PBI is a full-fledged commercial prod-
uct in wide use and its range of appli-
cations is broadening rapidly.

PBI fiber emits very little smoke or
“offgassing’’ at temperatures up to 1040
degrees Fahrenheit. Fabrics made from
PBI are durable and comfortable, they
do not burn in air or melt, they have
very low shrinkage at high tempera-
tures and they retain their flexibility
after exposure to heat or flames. They
also resist strong acids, solvents, fuels
and oils. This combination of proper-
ties makes them attractive candidates
for a broad spectrum of thermal
protection and related applications.

PBI's development was originally in-
tended to provide a flight suit material
that would afford astronauts and mili-
tary pilots maximum protection against
fire. After successful development of
the fiber, Celanese designed a manu-
facturing process and produced PBI in
limited amounts for military and space
applications; it was used, for example,
in Apollo and Space Shuttle astronaut
gear and in webbings and tethers on
Apollo Skylab flights. But during most
of the 1970s, PBI found no large-scale
civil applications.

That changed in 1980 when
Celanese moved to full commercializa-
tion and announced plans to build a
new plant for PBI production. One rea-
son for the company’s decision was
that a market had opened for an alter-
native material to asbestos. Another
was stricter government anti-pollution
standards; PBI's ability to resist corro-
sive gases and chemicals made it an
attractive material for filtering stack
gases. There were also applications in
thermal protective wear for foundry
workers, chemical plant employees,
firefighters and others whose occupa-
tional activities expose them to flame
and intense heat.

Located at Rock Hill, South Carolina,
the Celanese PBI plant started produc-
tion—in 1983—of fibers for conversion



into fabrics by other manufacturers for
both military and industrial applica-
tions. The company has since increased
production substantially and also ex-
panded its market through agreements
with Teijin Limited, Osaka, Japan to
market PBI in the Far East and Hoechst
A.G., Frankfurt, Germany for European
marketing.

The range of PBI uses is similarly
expanding. Last year, the fiber found a
new application in fabrics for a new
line of auto racing driver suits manu-
factured by Pyrotect, Inc., Minneapolis,
Minnesota. And, since 1984, Celanese
has been working on what could be-
come the most important application
from the standpoint of public safety: a
fireblocking covering for the foam
cushions in commercial airliner seats
(see page 50).

At lefi, a Celanese Corporation laboratory tech-
nician is acid bath-testing a batch of PBI fibers.
Originally developed as material for fire ress-
tant flight suits, the fibers are now being used
in a widening range of civil applications.

The firefighter pictured above is wearing a
jacket whose fabric incorporates PBI fibers. The
fabric does not burn or crack, thus providing
Sflame protection to its wearer, and it is light-
weight, allowing greater maneuverability with
less fatigue. These and otber properties make PBI
altractive for a variety of thermal protection
applications, such as the gloves and outer
garment worn by the foundry worker at left.
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FIREBLOCKING FIBERS

In October 1984, the Federal Aviation
Administration (FAA) issued new and
more stringent flammability require-
ments for aircraft seat cushions, a
source of flame and smoke propaga-
tion in the event of an aircraft fire. De-
signed to give commercial airline pas-
sengers an extra 40 to 60 seconds to
evacuate a burning airplane by delay-
ing the spread of fire, smoke and toxic
fumes, the new rules required that air-
liners carrying more than 30 people
must—within three years—install
burn-resistant seats.

Just two days later, Celanese Cor-
poration announced that fabrics made
of its PBI fiber meet the FAA require-
ments: no more than 10 percent cush-
ion weight loss and no spread of flame
across the full width of the seat after
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exposure—for two full minutes—to a
temperature of 1900 degrees Fahren-
heit. Prior to the FAA’s issuance of the
new guidelines, Celanese Fiber Opera-
tions, Charlotte, North Carolina, had
set up its own seat burn facility for ad-
vanced research and testing of PBI in

cooperation with airlines, seat manufac-

turers and fabric manufacturers.

PBI, which does not burn in air, is
used in a fabric covering around the
polyurethane foam seat cushion, creat-
ing a fireblocking layer between the
seat’s upholstery and the foam, thus all
but eliminating the toxic fumes and
fire-spreading gases emitted by burn-
ing foam. PBI fabrics have consistently
displayed superior fireblocking perfor-
mance in tests and additionally have
impressed airline officials with their
durability, ease of fabrication, comfort,
weight and in-service maintainability—
all big factors in selecting coverings for
thousands of airliner seats. A range of
PBI airline seat fabrics has been de-
signed and a number of airlines have
specified or are testing PBI fireblocked
seats. A

The first two photos show a seat burn test of a
fabric that does not contain Celanese PBI; the far
left photo shows the seat after 30 seconds expo-
sure to a temperature of 1900 degrees Fahren-
beit, the adjacent photo at 90 seconds. The latter
two photos illustrate the dramatically reduced
flame involvement, at the same time intervals
and temperature, in seats incorporating PBI.



FIRE DETECTOR

For use in the Space Shut-
tle's main engines and other
rocket systems, NASA stores
liquid hydrogen in large
spherical tanks at Kennedy
Space Center (KSC) and
feeds it to launch pads
through a network of pipes,
valves and return lines. A
high energy propellant, hy-
drogen is important to space
operations but it requires
careful handling on the
ground; it is easily ignited
and a spark could touch off
an intensely-burning fire
that is especially trouble-
some because hydrogen
burns with an invisible
flame. NASA thus saw a
need for a portable hydro-
gen fire detector that would
enable technicians to moni-
tor regularly the spread-out
propellant storage and
delivery system.

The answer was a hand-
held ultraviolet fire detector,
developed under NASA con-
tract by Detector Electron-
ics, Minneapolis, Minnesota,
manufacturer of a wide array
of permanently-mounted
ultraviolet and infrared fire
detectors. Shown in use at
KSC (above) and in closeup
(far right), the system devel-
oped for NASA has become
a commercial product for
use in hydrogen generating
plants, pipelines and other
hydrogen handling facilities.

The hand-held detector
has sensors that can spot an
invisible hydrogen flame at
distances up to 100 feet. It
has a visual readout that
shows the level of ultravio-
let radiation and it also pro-
vides an aural fire alert, a
buzzing sound in the oper-
ator’s earphones. Because
the sensors are designed to
react only to a narrow band

of ultraviolet radiation, the
detector cannot be fooled
by sunshine, reflections, in-
candescent or fluorescent
lights. Detector Electronics
delivered the first commer-
cial units in 1985. a
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PERSONAL COOLING SYSTEM

At left above, Arizona crop
duster Gary Owens is about
to board his agricultural air-
plane. In Arizona, most crop
dusting work is done in the
late afternoon or evening, so
Owens' plane has been
exposed to hot sunlight for
hours and the cockpit tem-
perature may be as high as
125 degrees Fahrenheit. And
the plane’s cockpit is not air
conditioned—few are,
because of the expense.

Cockpit heat poses a ma-
jor problem for Gary Owens
and others of his profession
because elevated body tem-
perature can cause fatigue,
dehydration and even col-
lapse, extremely dangerous
possibilities to a pilot flying
at times only two to four

feet above the vegetation
(above). But Gary Owens
has an answer; in July 1985
he became the first crop
duster to purchase a Cool
Head™ personal cooling
system from Life Support
Systems, Inc. (LSSI),
Mountain View, California.
At far right, Owens mod-
els the Cool Head system.
He is wearing a lightweight
vest unit through which
cooling liquid circulates
and, under his flight helmet,
he has a companion cooling
headliner. Visible in the

cockpit is the portable cool-

ing package, which includes
a heat exchanger that cools
the working fluid circulated
through vest and headliner,
and a control display unit
containing a pump, a liquid
reservoir, temperature con-
trol and power unit. Cool
Head can operate from its
own rechargeable battery or
from the airplane’'s—or
other vehicle's—power sys-
tem. With Cool Head, says
LSSI, 40 to 60 percent of
body heat storage caused by
high temperature can be
eliminated and heart rate
can be lowered by 50 to 80
beats a minute.

Cool Head user Gary Ow-
ens calls it “a winner.” In a
letter to LSSI, he wrote: “'1




don't sweat at all with the
Cool Head system. This
makes me more comfort-
able, more alert, less fa-
tigued and provides much
greater safety in flight. For
the first time in my (eight
year) crop dusting career, 1
am fresh, alert and without
mental pressure.”

The Cool Head technol-
ogy originated in a 1968
NASA development program
that produced a channeled
cooling garment for space
wear. In 1971, NASA's Ames
" Research Center awarded a

contract to Acurex Corpora-
tion for an extension of the
technology involving devel-
opment of a heat stress alle-
viating liquid-cooled head-
liner for helicopter pilots.
In the mid-1970s, NASA and
the Bureau of Mines jointly
sponsored an Acurex pro-
gram for development of a
self-contained cooling sys-
tem for mine rescue work-
ers. In 1980, William Elkins,
formerly with Acurex and
long associated with cooling
system research, formed
LSSI to pursue commercial
uses of the technology.

Cool Head personal cool-
ing systems have been ac-
quired by the Army and the
Air Force for use by person-
nel who must perform ardu-
ous work while wearing hot
and bulky protective gear,
such as garments to prevent
contact with chemical/bac-
teriological warfare agents.
Cool Heads have also been
bought by the U.S. Navy for
evaluation in helicopters
and light aircraft, and by
military units of foreign
governments.

Among commercial appli-
cations are use by employ-
ees susceptible to on-the-
job heat stress in such
industries as primary metals
reduction, deep mining,
chemicals, paper and glass.
Other commercial uses in-
clude personal cooling for

heavy equipment operators
and workers wearing toxic
waste clean-up suits. Cool
Head is also being used by
a number of auto racing
drivers, notably Paul New-
man of motion picture fame
and Bill Elliott.
Additionally, Cool Head
is being evaluated by
NASA's Research Triangle
Institute (North Carolina)
Technology Applications
Team, which is conducting a
program to utilize aero-
space-derived technology to
improve on-board equip-
ment in public service heli-
copters, such as those en-
gaged in law enforcement,
search and rescue, drug en-
forcement, border patrol
and forest service activities.
The NASA application team
and LSSI are working to
identify possible improve-
ments in the Cool Head sys-
tem that would enhance its
utility in the public service
helicopter application. a

™ Cool Head is a trademark of

Life Support Systems, Inc.
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Among spinoff innovations in
medicine is a line of efficiency
enhancing products for separat-
ing chemical compounds in fluids
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AID FOR THE MEDICAL [ABORATORY

In the early 1970s, Jet Propulsion Lab-
oratory (JPL) undertook a community
service project to meet a need of the
Los Angeles Police Department. The
department’s forensic chemistry labor-
atory needed a reliable but more rapid
way of detecting drugs in blood or
urine samples taken from suspected
narcotics users. JPL applied its world
renowned technological expertise, in-
vented a technique for speedier separa-
tion of biological compounds, then ad-
vanced the technique another step by
developing a method of automating the
process. The JPL effort provided a tech-
nology base for a line of sample prepa-
ration products developed by
Analytichem International, Harbor City,
California and sold all over the world.
Liquid/liquid extraction is a term
used in chemistry to describe a method
of separating chemical compounds
contained in blood, urine or other bio-
logical fluids for research or forensic
work, medical treatment or pharma-
ceutical manufacture. At the time JPL
began its research, the conventional
extraction process involved transferring
the compounds to be separated into a
solvent liquid in a series of compli-
cated operations—agitation, emulsion
formation, centrifuge spinning,
mechanical filtration and other steps,
each step time-consuming and each
requiring certain special equipment.
Looking for a simpler, easier way,
JPL developed a new single step extrac-
tion process that sharply cut processing
time, reduced cost and eliminated
much of the equipment requirement.
The technique involved use of dispos-
able tubes called “extraction columns”
partially filled with an absorbent pack-

ing material, such as ceramic wool,
shredded filter paper, glass wool, cellu-
lose powder or absorbent cotton. In a
typical extraction, a liquid sample was
poured into an extraction tube where
the packing material absorbed water
and impurities from the sample and
spread the specimen as a very thin film
over a large area; this made the drug-
bearing components easily separable
through contact with organic solvents.
To extract a particular compound, an
appropriate liquid solvent was intro-
duced to the tube. As the solvent
passed through the packing material,
the desired compound became dis-
solved in the solvent and exited
through the tube’s bottom stem, to be
collected for further processing. By in-
troduction of another solvent, a differ-
ent compound could be extracted
from the remaining sample.

JPL then developed an automated
system for analyzing the extracted com-
pound. Called AUDRI—for Automated
Drug Identification—the device com-
bined computer, spectrographic and
gas chromatograph technology in a sys-
tem that removed the solvent from the
extract, vaporized the extract, then
directed the vapor into a series of gas
chromatographs, instruments that sepa-
rate and identify the various gases in a
mixture and their amounts (AUDRI had
a separate gas chromotograph for each
family of compounds to be identified).
The data from the chromatographs and
other AUDRI instruments was sent to a



computer, which compared the data
with a repertoire of drug characteristics
stored in its memory and thus made a
final drug identification.

NASA waived title for the extraction
tube and AUDRI technology to JPL's
parent organization, California Institute
of Technology (Caltech) and Caltech
granted licenses for commercial use of
the technology to three companies,

one of them Analytichem International.

Analytichem initially introduced the
JPL disposable extraction column un-
der the trade name Extube™ and is still
producing it in two forms: Chem Elut™
columns for applications demanding
exceptional purity and Tox Elut®,
specifically designed for urine drug
abuse screening.

Analytichem has advanced the origi-
nal technology by developing—for
applications in sample preparation,
analysis and pharmaceutical manufac-
turing—a range of Sepralyte® chemical
isolation products based on silica ad-
sorbing materials, or sorbents. A key
Sepralyte product is Bond Elut®, a lig-
uid/solid extraction column designed
for fast, efficient, economical process-
ing. The company also produces a vari-
ety of Bond Elut accessories, including
a Vac Elut™ processing station that can
handle up to 10 Bond Elut columns
simultaneously and provide results
in a few minutes.

In addition, Analytichem used the
" JPL/AUDRI technology as a departure
point for company development of an

automated sample extraction and analy-

sis system known as AASP”. The instru-
ment is manufactured by Varian Asso-

ciates and Analytichem produces AASP
Cassettes with 10 sorbent cartridges for

10 simultaneous sample extractions;
the cassettes embrace the complete
spectrum of Sepralyte sorbents to
accommodate virtually any separation
application. Analytichem’s products
have found wide and growing accep-
tance; thus, JPL's community service ef-
fort of a decade and a half ago played
an important part in bringing new, effi-
ciency-enhancing products to the
marketplace and in generating sales
running into the millions of dollars. a

™ Extube, Chem Elut and Vac Elut are
trademarks of Analytichem International, Inc.

* Tox Elut, Sepralyte, Bond Elut and AASP are
registered trademarks of Analytichem
International, Inc.

At left, a National Institute of Health technician
is assaying a laboratory sample prepared by use
of the equipment in foreground, a processing
unit and a series of “extraction columns” that
make possible rapid separation of the com-
pounds in biological or other fluids. Developed
by Analytichem International, the equipment
and technique derive from technology originally
developed by Jet Propulsion Laboratory to detect
drugs in blood or urine samples.

Shown in closeup are two members of the
Analytichem family of products for sample prepa-
ration and analysis: the Bond Elut (top) and

Tox Elut extraction columns, the latter specifi-
cally designed for drug abuse screening.

61



62

DIGITAL IMAGING

Image analysis is the art of
obtaining information from
pictures, for example,
through visual examination
of a photograph or x-ray.
But visual extraction and in-
terpretation of information
is slow, tedious and error
prone because it is subjec-
tive. To support space
requirements, NASA—in
particular Jet Propulsion
Laboratory (JPL)—devel-
oped the technique of
digital imaging, computer-
processed numerical repre-
sentation of physical images,
such as the planets and
moons of the solar system.
JPL also played a lead role
in developing digital image
processing, or enhancement
of images to improve their
quality and make them eas-
ier to interpret. Quantitative
digital image analysis goes a
step further and includes lo-
cation of objects within an
image and measurement
of each object to extract
quantitative information.

In the decade of the
1980s, these technologies

are finding scores of non-
aerospace applications. In
medicine, for example, CAT
scanners and diagnostic ra-
diography systems are based
on digital imaging; three-di-
mensional reconstruction
techniques are proving a
valuable aid to microscopy;
and computerized image
analysis of cardiological
x-rays is providing quantita-
tive data on heart valve and
artery functions. In industry,
digital imaging is notably
employed in quality control
inspection systems; it also
has applications in chemis-
try, cartography, manufac-
ture of printed circuitry,
metallurgy, ultrasonics and
seismography, in addition
0 many aerospace uses.
Shown in the accompany-
ing photo is the PSICOM
327, a stand-alone work sta-
tion designed to perform all
of the commonly used func-
tions in quantitative digital
image analysis. The photo
shows a medical applica-
tion—quantitative measure-
ments of a microscope spec-
imen—but PSICOM 327 is a
general purpose system with
broad industrial and scien-

tific uses in addition to its
clinical applications.

Introduced to the com-
mercial market in 1985, the
PSICOM 327 is manufac-
tured by Perceptive Systems,
Inc. (PSI), Houston, Texas.
PSI is a NASA technology
transfer company employing
a number of personnel with
NASA-acquired technical ex-
pertise, operating under a
NASA patent license, and in-
corporating in its products
digital imaging technology
developed by JPL. The com-
pany was founded in 1984
by Dr. Kenneth Castleman,
now vice president—
research and development,
and Don Winkler, vice presi-
dent—engineering. Both
are former NASA digital im-
aging experts, Castleman
with JPL and Winkler with
Johnson Space Center.

The PSICOM 327, now in
use at several universities
and industrial facilities, is
PSI's first product. The com-
pany recently introduced a
new PSICOM 427 high reso-
lution imaging system to
meet market demand for
greater accuracy and image
resolution in some applica-
tions, and it also developed
the first model of a 200 Se-
ries that will feature lower
cost, smaller, more mobile
systems designed for spe-
cific rather than general
purpose applications. a
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DIGITAL RADIOGRAPHY

The accompanying photo-
graphs show components of
a new digital radiography
system designed for im-
proved efficiency, flexibility
and cost-effectiveness in
hospital radiographic exami-
nations. Developed and
built by DigiRad Corpora-
tion, Palo Alto, California, it
is called System One and is
intended to reduce hospital
operating costs by eliminat-
ing the expense of film in
x-rays and other image
acquisition procedures.
With System One, patient
radiographic examinations
are conducted in the stan-
dard manner except that
body images are not re-
corded on film but on the
DigiRad RIM®, or Reusable
Image Medium, essentially
an intensifying screen that is
capable of retaining an im-
age. System One “reads”
the RIM with a laser scanner
(not pictured) and uses the

[ scan information to produce

a digital image in the image
processor shown at upper
right. The image is then
stored in the computer's
memory; the RIM, mean-
while, is automatically

" erased so that it can be used

again. Images are stored on
optical disks that can ac-
commodate 400 images

on a platter the size of a
phonograph record.

[n the reading room, a
radiologist selects images
from System One’s directory
for display on the physi-
cian’s console (lower
photo). A key element of
System One is what DigiRad
calls “energy selective imag-
ing,” an image enhance-
ment feature that improves
diagnostic capability by en-
abling the system’s operator
to subtract certain features.
For example, the radiologist
can “'dial away” the ribs in a
chest picture or remove soft
tissue from the image; this
permits the physician to
compare—on the three
image screens of the con-
sole—standard, bone-sub-
tracted or soft tissue-
subtracted views.

Filmless radiography, says
DigiRad, substantially lowers
the direct cost of making
images (film cost) and
provides additional indirect
savings of significant order
by eliminating the need for
film accessory equipment,
by compressing image stor-
age space and by improving
productivity in calling up
images. System One is com-
patible with all existing
radiographic equipment and
it produces high resolution

images, resolving the prob-
lem of image quality loss in-
curred in prior attempts to
eliminate film.

System One incorporates
digital imaging technology
—specifically the energy se-
lective technology—devel-
oped by Stanford University
with support from NASA
grants. One of the partici-
pants in the Stanford re-
search program, Dr. Robert
E. Alvarez, now chairman of
the board of DigiRad, ob-
tained a license from Stan-
ford for commercialization
of the digital radiography
system, which was intro-
duced to service in 1984. a

® RIM is a registered trademark of
DigiRad Corporation.
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X-RAY IMAGING SYSTEM

The unit pictured is a
FluoroScan™ Imaging Sys-
tem, a high resolution, low
radiation device for continu-
ous real-time viewing of sta-
tionary or moving objects.
Intended primarily for
medical applications, it is
produced under NASA
license by HealthMate, Inc.,
Northbrook, Ilinois.

The FluoroScan system is
a second generation spinoff
from NASA technology orig-
inally developed for use in
X-ray astronomy, where im-
aging at extremely low x-ray
intensity is required. The
technology was subse-
quently applied—by God-
dard Space Flight Center—
to development of an isoto-
pic, portable, minimal radia-
tion x-ray instrument known
as the Low Intensity X-ray
Imaging Scope, designed
principally for emergency
medical use. One of several
NASA licensees, HealthMate
replaced the isotope pene-
trating source with a variable
power x-ray tube and added
a number of improvements
while retaining the small
size, light weight and
maneuverability advantages
of the original system.

Major components of the
FluoroScan system include

an x-ray generator, an x-ray
scintillator, a visible light
image intensifier and a
video display; in the photo,
the cylindrical tube contains
the detector, intensifier and
video camera, while the
x-ray housing, tube and
power supply are in the “C-
arm” from which the cylin-
der is suspended. X-rays
from the generator cast a
shadow of the object being
examined—a bone, for ex-
ample—on the scintillator,
which converts the x-ray im-
age to a visible light image.
Intensified by the high gain
light intensifier, the image
can be viewed directly
through the tube or on the
closed circuit television
(CCTV) monitor; use of
CCTV allows images to be
recorded and stored.

Easy mobility is provided
by the wheel-and-caster base
and by the primary arm/
C-arm arrangement shown,
allowing the examining phy-
sician to position the unit
rather than position the pa-
tient. Moving the unit closer
to the patient is not danger-
ous because radiation levels
are far below those of con-
ventional x-ray equipment,
and such movement allows
magnification of the image
up to 4% times with higher
resolution. For all its ca-
pabilities, FluoroScan occu-
pies only two square feet of

space and weighs about 20
pounds. It can be plugged
into an electrical outlet or,
in portable use, operated by
power from a rechargeable
battery.

In medical applications,
FluoroScan has particular
utility in examination of
fractures, dislocations and
foreign objects and in place-
ment of catheters. In sur-
gery, its continuous real-
time imaging capability
offers continual monitoring;
for example, an orthopedic
surgeon can set a fracture
while viewing the insertion
of pins. In attending
newborns, especially those
requiring intensive care, it
offers the dual benefits of
lower radiation for tiny pa-
tients and higher resolution
of the area being viewed. In
veterinary medicine, Fluoro-
Scan permits examining
animals without sedation
because it does not require
a still patient to produce a
quality image. a

™ FluoroScan is a trademark of

HealthMate, Inc.
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A unit of the Washington
University School of Medi-
cine, the Mallinckrodt Insti-
tute of Radiology (MIR)

is engaged in medical re-
search in such areas as com-
puterized tomography, posi-
tron emission tomography;,
nuclear imaging, high en-
ergy radiation therapy and
angiography. With more
than 125 terminals, MIR's
computer system is the
largest radiology computer
facility in the world.

Since 1979, the institute
has been developing the
MIR Digital Image Process-
ing System, a transportable
system for medical image
enhancement. The system
has many potential applica-
tions in diagnostic imagery
analysis and has been used
in digital vascular imaging
studies of the coronary
arteries. For these studies,
blood vessels are injected
" with x-ray dye and images
are produced over a period
of time to analyze whether
the arteries have narrowed,
an indication of athero-
sclerosis (hardening of
the arteries).

The accompanying illus-
" trations exemplify digital
image processing, which al-
lows visualizing features that
would otherwise not be visi-
ble. At upper right is a digi-
tal image of coronary arter-
ies in a two-year-old child

IMAGE PROCESSING SYSTEM

with congenital heart dis-
ease. In the lower photo,
the image shows the carotid
arteries of a 50-year-old be-
ing evaluated for atheroscle-
rosis. Comparison tests of
the MIR Digital Image Pro-
cessing System with routine
cardiac examinations indi-
cate that the system offers
great potential in determin-
ing whether cardiac surgery
is necessary.

The MIR system employs
NASA-developed digital im-
age processing technology,
used to improve the quality
of diagnostic examination
by clarifying the images and
extracting specific quantita-
tive information on blood
flow in the arteries. As a ba-
sis for developing the com-
puter imaging routines for
data processing, contrast en-
hancement and picture dis-
play, Mallinckrodt radiolo-
gists relied on a computer
program, developed by
NASA's Jet Propulsion
Laboratory at the California
Institute of Technology,
known as Mini-VICAR/IBIS,
for Video Image Communi-
cation and Retrieval/Image
Based Information System.
The program was supplied
to MIR by the Computer
Software Management and
Information Center (COS-
MIC)®, a unit of NASA’s

=

technology transfer network.
Located at the University of
Georgia, COSMIC collects
and stores government-
developed computer pro-
grams that have secondary
applicability and makes
them available to industrial
firms, government agencies
and other organizations. a

COSMIC is a registered trade-
mark of the National Aeronautics
and Space Administration.
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VITAMIN D INVESTIGATION

At left, Dr. Bonny Specker,
an epidemiologist at the
University of Cincinnati
Medical Center, holds an in-
fant who is wearing a sun-
light-measuring device
known as a solar dosimeter.
A spinoff from NASA solar
cell technology developed
to provide spacecraft power,
the solar dosimeter played
a part in an important study
conducted last year by Dr.
Specker and her Medical
Center associates, bio-
engineer Neil Edwards, re-
search assistant Sean Lyon
and director of neonatology
Dr. Reginald Tsang.

The group investigated
the effect of sunlight expo-
sure on maintaining vitamin
D status in infants. Vitamin
D is derived from dietary
sources or produced by the
skin after stimulation by ul-
traviolet light. The effect of
sunshine on vitamin D is
particularly important to ex-
clusively breast-fed infants
who are not receiving sup-
plements, because the
vitamin D content of breast
milk is low.

In order to investigate the
relationship between sun-
shine exposure and vitamin
D, it was necessary to de-
velop a method of quantify-
ing sunshine exposure in
infants. This was accom-
plished in part by a specifi-
cally designed “sunshine

diary,” in which volunteer
mothers recorded—each
day for a week—how many
minutes the infant was
outdoors and what type

of clothing was worn.

Looking for a way to dou-
ble check the diary, engi-
neer Neil Edwards read an
article in the NASA publica-
tion Tech Briefs (see page
127) that described the solar
dosimeter, a miniature inte-
grating light meter originally
developed by Langley Re-
search Center for measuring
accumulated radiation in the
ultraviolet and other regions
of the spectrum.

Biomedical researchers at
the University of Virginia,
conducting long-term stud-
ies to clarify the role of sun-
light in inducing skin can-
cer, expressed a need for a
miniaturized solar dosim-
eter that could be worn by
study participants through-
out a day’s activity and pro-
vide data on the amount of
solar radiation to which the
wearer was subjected. Lang-
ley adapted the technology
to the simple, personal-use
dosimeter shown at right
center. The two circular
“eyes’ are silicon photovol-
taic detectors that collect in-

cident solar energy after pas-
sage through flters. The
received energy is converted
to electrical signals that are
proportional to the amount
of radiation absorbed. The
electric charge is transmitted
to E-cells that record the
charge by plating silver ions
onto an electrode; on com-
pletion of an activity period,
the total radiation received
by the wearer of the device
can be determined by mea-
suring the time required to
replate the silver. The do-
simeter was used in the
University of Virginia study
and later in another sun-
shine exposure study con-
ducted by Virginia Polytech-
nic Institute and State
University.

The University of Cincin-
nati's Edwards followed up
on the Tech Briefs article by
obtaining from Langley
Research Center a Technical
Support Package that pro-
vided details of the solar do-
simeter’s construction and
operation and by conferring
with Langley officials. Satis-
fied that the device was the
answer 1o its need, the Med-
ical Center sought and re-
ceived a license from NASA,
and Edwards’ engineering
group fabricated about 70
units of the dosimeter for
the vitamin D investigation.
The Cincinnati team em-
ployed the basic technology
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but modified the dosimeter,
making it tamper-proof by

sealing it, making it more

durable and making it small-

er for easy wear by infants.

| At upper right, medical stu-
dent Bill Brazerol, who as-
sisted the Cincinnati investi-
gators in the study, displays
the Medical Center's version
of the dosimeter. Right be-
low, an adult wearer of the
dosimeter is given a dosage
of ultraviolet in a light
chamber, part of an addi-
tional Medical Center study
relating vitamin D synthesis

" 1o skin pigmentation,

In the Cincinnati investi-
gation, readings from the
solar dosimeter correlated
well with the sunshine diary
data recorded by participat-
ing mothers. The study pro-

information on the sunshine
exposure/vitamin D rela-
tionship, including the fact
that vitamin D concentra-
tions in the blood of infants
correlated directly with the
degree of sunshine expo-
sure, and that infants were
able to maintain vitamin D
concentrations within nor-
mal ranges with sunshine
exposure of only 30 minutes
a week when wearing dia-
pers or two hours a week
fully clothed. a
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ELG0D PRESSURE CONTROL

In the photo, the model is
demonstrating use of the

Baro-Cuff, a system typical
of that developed for a car-

diovascular study of weight-

less astronauts; it may help
people who suffer from

congestive heart failure or
diabetes. The astronaut ex-

periment was conceived by

Veterans Administration Dr.
Dwain L. Eckberg; the
equipment w