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ABSTRACT

The paper introduces a session that reviews
some NASA-derived technology that may be useful
in the automotive industry. Several examples in
the paper illustrate acrospace technology already
at work in that industrv, Services offered by
NASA to facilitate access to its technology are

described. \\\\
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THE SESSTON "MAKING AEROSPACE TECHNOLOGY WORK
for the Automotive Industry'" is motivated by an
important objective of the National Aeronautics
and Space Administration - to ensure maximum
value from national aerospace activities,

At its present level of 54 billion per year,
the aerospace program is less than a penny out
of the Federal budget dollar, but it is a sub-
stantial part of the 526 billion that the
Federal Government invests annually in research
and technology. Federal expenditures for re-
search and technology are more than hali of the
national total. Thus, it is important that the
Nation use the results of all these expenditures
as effectively as possible.

The premise underlying the session is that
advances made in one technical field can contri-
bute to other fields. Anyone can fmmediately
think of his own examples. For instance, space
exploration was made possible by the development
of rocket propulsion, the computer, and minia-
turized electronics. To continue the example,
modern rocket propulsion evolved from rockets
developed for military purposes, and it traces
its antecedents to Chinese pyrotechnics. But
along the way development of rocket propulsion
has both advanced and helped create turbopump
technology, modern metallurgy, digital control
systems, new understanding in fluid mechanics
and thermodynamics, and more.

Based on this premise, subjects believed to
have relevance and potential uscfulness to the
automotive industry have been selected from con-
temporary NASA programs and projects for this
session.

I'ASA's total program is annually authorized
by act of Congress, with inputs from NASA; other
agencies of government, federal, state, and
local; industry; scientific and engineering aca-
demies and societies; and other organizations
and individuals. Execution of the program is
largely conducted through nine major field cen-
ters, each with its own technical orientation,
or mission; for example, space launches at
Kennedy Space Center, sclentific satellites and
tracking networks at Goddard Space Flight Cen-
ter, propulsion and power technology at Lewis
Research Center, to mention a few.

NASA's program has several major components.
One is space exploration, in which new knowledge
is being acquired from the laboratory of space
itself. This new knowledge is about the physics
ot the earth-sun environment, about the moon and
plancets, and about the stars and galaxies them=-
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selves with observations across the spectrum un-
obscured by atmosphere.

A second major component comprises the new
services from earth satellites: vastly improved
communications, weather data, aid to navigation,
and earth observations useful to agriculture,
forestry, mining, water management, transporta-
tion, urban development, pollution control,
geodesy, and mapping.

A third major component in the NASA program
is development of aeronautical technology through
research and experimental engines to demonstrate
the technology.

Also, behind the obvious space speculations
and advances for aircraft is a fourth major com-
ponent, the large body of rescarch and technology
both to support current activities and to make
future options ;ossible.

Finallv, NASA has an objective of dissemi-
nating the findings and results of its work as
widely as practicable. Some of the technology
generated by or for NASA has transferred to other
than aerospace activities easily and on its own.
But NASA also works at overcoming inherent bar-
riers to communicating technical information be-
tween fields, especially when that information is
so profuse, so fragmented, and so isolated [rom
potential users by company, by industry, by geo-
graphy, and by other factors, such as the form in
which it appears.

While it is always difficult to pinpoint all
of the roots of a technical achievement, there
are hundreds of instances in which new ideas or
information, new inventions or devices, new
methods or techniques from acrospace have [lowed
into such diverse activitics as communications,
weather scervices, transportation, health ser-
vices, tood production and processing, education,
electric utilities, petroleum and gas, construc-
tion, manufacturing, and consumer poods. Here
are some «xamples from the automotive industry:

® Elcctronics desipn, computer systems, and

Juality control experience gained by an

automobile manufacturer managing the fa-

cility for the Saturn I/IB systems devel-

opment at Huntsville, Alabama has been

used by that manufacturer to develop both

new products and new methods of produc-

tion line testing for most of its cars

and trucks, Olson
® A combustion analysis computer program

developed by NASA's Lewis kesearch Center

has been used extensively for automotive 3

engine research and deve lopment since 1970,
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® An infrared scanner and television dis-
play developed for the Marshall Center
was converted into a commercial scanner
and is regularly used by a tire manufac-
turer to analyze tire designs and per-
formance, and also to investigate how heat
shortens service lite for V=belts, shock
mounts, brakes, and rubber bearings.

e Exhaust gas analyzers that provide auto-
mated testing ftor production quality con-
trol, trouble shooting, and state and fed-
eral emissions certification have derived
trom hazardous gas analyzers developed
Lrom Saturn rockets

® A device for suppressing noise propagated
through ducts is being evaluated by a
manufacturer of truck mufflers as a way
of meeting future truck noise levels.

® A 510 000 test vehicle desipgned to meas-
ure airport runway skid resistance is
providing required measurements for high-
wity skid resistauce on an equivalent basis
with commercial skid testers costing
560 000 to $200 000.

And one could go on listing developments
and spin-offs in production processes, design
methods, data management systems, materials tech-
nology, reliability and satety, and highway im-
provements that have transferred from aerospace
to automotive uses, It is hoped that this ses-
sion will encourage turther technology transfer.

The general subjects of this session include
a structural analysis computer program called
NASTRAN developed by NASA for wuse on spacecraft
and launch vehicle designs. The program, and
variants of it, has had wide application: oil
refineries, nuclear plants, buildings, aircraft,
ships, rail cars, trucks, tractors, automo=-
biles, - even roller coasters. The rest of the
subjeets relate to engine rescarch and develop-
ment. That is not a bias, of this session organ-
izer, who comes from the Lewis Research Center,
but rather reflects the national needs of redu-
cing both highway vehicle fuel consumption and
air pollution,

A word about the Lewis Research Center in
Cleveland, NASA's center for propulsion and pow-
er research, might be useful. At present it is
a 350-acre complex of laboratories and environ-
mental test facilities (altitude chambers, wind
tunnels) with a 3000-person staff. Opened in
1942 as a laboratory of the National Advisory
Committee for Aeronautics, the Center contributed .
to fuels technology, supercharging, and engine
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cooling during World War II. From immediately
after that war, the Center conducted research

and advanced technology on.aircraft gas turbines,
jets, props, and fans. Every United States tur-
bine flying today = and they comprise about

80 percent of the world's commercial fleet -
bears some mark of Lewis' work. Aircraft propul-
sion systems currently comprises about half of
the work of the Center.

Lewis work in space propulsion, dating from
experiments with high energy liquid propellants
in the late 1940's, helped cre:te the capabili-
ties for the rewarding venture into space; that
work, including Centaur, the first hydrogen-
tueled rocket, and electric rockets, continues,
dlong with work on space power systems such as
luel cells, batteries, solar cells, and small
sas turbines.

And increasingly, the facilities, experi-
ence, and capabilities at Lewis are being brought
to bear on terrestrial problems, for example,
management of projects for the Department of
Energy on assessment of power generation cycles
for central electric power generating stations
and cogeneration, large wind turbine-generators,
and solar cell tests and applications.

Recently, the Lewis Rescarch Center was
asked by the Department of Enerpgy to manage pro-
jects for alternative propulsion systems for
highway vehicles. These projects are part of a
broad Department of Energy program aimed at re-
ducing highway vehicle fuel consumption and
broadening the fuel options for such vehicles.

One of these projects is directed at ad-
vancing technology so that a gas turbine engine
and a Stirling engine might each become a pos-
sible alternative to the conventional spark ig-
nition engine. Implementation will be through a
joint effort between the United States govern-
ment and the U.S. automotiv: industry. Goals
include providing the requisite technology base
within the industry by 1983 for the gas turbine
and by 1984 for the Stirling engine to permit a
decision by the automotive industry to enter in-
to production development of an improved version
of ch an engine. Further, enough technology
should be in hand then to allow a programmatic
decision on whether to pursue a more advanced
version of either engine; a more advanced ver-
sion would incorporate significant advances in
technology and would offer major improvements in
several system performance indices such as fuel
economy, driveability, alternative fuels, low
emissions, cost, and marketability,
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The second project is for electric and hy-
brid vehicle propulsion systems. The objective
is to develop and demonstrate the overall pro-
pulsion systems technology required to provide
e¢lectric and hybrid vehicles with the perform-
ance life cyele, and operating costs required
for broad public acceptance. Included within
this project is an effort to provide performance
data and improvements for existing commercial
components in the next two years both to support
the industry and to be a base from which to mea-
sure improvements. Also, the project is to de-
velop and demonstrate advanced components and
propulsion systems by late 1983 and to provide
fully developed components and systems based on
new propulsion concepts by late 1986,

Specific choice of content for the session
today was puided by correspondence and consulta=
tion with technical representatives of the auto-
motive industry. In particular, a working group
assembled by Emmett E. Hixon, Hercules, Incor-
porated, discussed and rated for possible inter-
¢st to automotive engineers 15 difterent techni-
cal toples suppested by NASA as possible presen-
tations. The group included Harold N. Hogart,
Director, Manufacturing Engincering and Techni-
cal Systems Office, Ford Motor Co., Robert G.
DeGrazia, Manager, Rubber and Plastics Dept.,
Crysler Corporation, Jerry J. Harvey, Superin-
tendent, Industrial Enginecring, Chevrolet
Pressed Metals Division, General Motors Corpora-
tion, and Aaron . Rosenstein, Supervisor, Ad-
vance Materials, Rubber and Plastics Department,
Chrysler Corporation. We are grateful to them
tor their helpful advice.

IThe session papers include one on the use
of NASA technology, especially NASTRAN and frac-
ture mechanics, by engineers ol Eaton Corpora-
tion to improve fatigue life for truck axles,
and a presentation on the current and future
content of the NASTRAN Computer program by the
NASA manager of the NASTRAN systems office.
"Technology for Gas Turbines', "Instrumentation
tor Propulsion Systems Development', and "Bear-
ing, Gearing, and Lubrication Technology', all
from the Lewis Center, comprise the rest of the
session,

The Department of Energy studies managed by
NASA on gas turbine, Stirling, and electric pro-
pulsion technologies for highway vehicles are
too new for thorough reporting yet. But the gas
turbine paper in this session is an overview
that depicts the technology from acrospace that
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can assist the development of the automotive pas
turbine engine.

It is, of course, impossible to predict ex-
actly what item of technology an engineer will
need at any instant. So rather than attempt to
convey transferrable technology all "packaged
up', the session is intended to convey an im-
pression of the kinds of technical information
available from NASA programs. Potential users
are Invited to acquire it.

To facilitate access to its technelopy,
NASA operates a Technology Utilization program,

There are a number of services offered in
this program,

NASA Tech Briefs is a quarterly publication
available Iree to any U'.8. citizen or organiza-
tion, Its one=page descriptions of new tech=
nology cover potential products, fabrication
processes, lab and shop techniques, e¢lectronic
circuits, computer programs, and technical data,
and are categorized and indexed to make a useful
current-awarcness document.

Technical support packages that more fully
desceribe a Tech Brief subject when necessary
are available on request,

NASA sponsors six Industrial Applications
Centers (Table 1). These Centers have access to
some 2 million documents in many major data
banks, and offer clients such specialized ser-
vices as literature searches, custom=-designed
current-awareness abstracts, evaluation and ap-
plications of literature search results, and
consultation with NASA ficld centers.

An extensive library of computer programs
is available through the Computer Softwear and
Information Center (COSMIC), Suite 112, Barrow
Hall, University of Georgia, Athens, GA 30602,
COSMIC staff will help customers identify their
computer softwear needs, follows up to determine
successes and problems, and provides updates and
corrections. Charges are nominal.

A Technology Utilization Officer at each
NASA field center will assist you directly
(Table 11) when necessary.

NASA inventions that have been patented are
available for licensing in the United States,
both exclusively and non-exclusively, The Pa-
tent Counsel at the NASA field center that spon-
sored the invention can advise and assist on pa-
tent status and licensing,

Thousands of spinoffs of NASA research to
virtually every area on the economy attest to
the successful workability of this l5-ycar-old
program. Try it.
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