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LONG RANGE PLANNING FOR NASA AND THE SPACE PROGRAM

by
Milton Silveira and Hans Mark

December 1991

I INTRODUCTION

A decade ago, both authors were serving at NASA Headquarters in
Washington, D.C. and were concerned about developing a long range plan for
NASA and the American space program. In the summer of that year, we
drafted a paper for submission to then Administrator, James M. Beggs,
entitled "Notes on Long Range Planning" which outlined some of the things
that we felt needed to be done in 1981.

Ten years later, it is obvious that a new effort must be made at
developing a good long range plan for the American space program and for
those institutions charged with implementing the plan. Since our purpose
is to update our earlier plan, the 1981 memorandum is reproduced in its

entirety in the next section of this paper.

II. "NOTES ON LONG RANGE PLANNING."

The development of long range planning for NASA should be based on
Section 5 in the 1958 Space Act requiring "the preservation of the role of
the United States as a leader in aeronautical and space science and
technology..." This may be a difficult thing to do in view of limited

funds that will be available to NASA in the coming years but the intent of

the statement in the law is crystal clear and NASA must act accordingly.




1) FACILITIES
Fundamental to all that NASA does are the facilities that exist at
NASA's research and development Centers. It is not always recognized but
the NASA aeronautical facilities are vital, not only to aircraft design,
but also to the development of our space technology. For example, the
40'x80' wind tunnel at the Ames Research Center which is justified solely
as an aeronautical facility was used for testing the flying qualities of
the Space Shuttle during the critical approach and landing phase. A one-
third scale model was tested many hundreds of hours in the wind tunnel to
insure performance, stability, and control characteristics. There are many
other examples where wind tunnel and high temperature facilities are used
to insure safe flight of a spacecraft as it passes through the atmospheric
portion of its flight.
Broadly speaking, NASA's facilities fall into five separate

categories:

1. Wind Tunnels

2. Flight and Operations Simulators

3. Propulsion Test Facilities

4. Experimental Airplanes

5. Computational Facilities
Recently, heavy investments have been made in required wind tunnel
facilities. Approximately $250M have been spent, improving the Ames
40'x80' wind tunnel and building at Langley the High Reynolds Number
Cryogenic Tunnel. Large investments have also been made in flight
simulators, although more needs to be done in developing and building

simulators to overcome current deficiencies. There is a need to develop




more facilities for the simulation of operations and construction in space
with a zero "g" environment and under demanding thermal conditions. The
major aeronautical propulsion facility in the country is being developed by
the United States Air Force at the Arnold Engineering Development Center.
NASA must take advantage of this facility as best it can. NASA must also
develop a policy toward the development of propulsion facilities at the
Lewis Research Center. Particularly, NASA must also see to it that the
rocket propulsion test stands are adequate for programs in launch vehicles
that may be initiated following the completion of the Space Shuttle
program. Experimental aircraft tend to be more specialized toward specific
flight configurations. However, there are some programs such as the F-8
fly-by-wire aircraft and the Boeing 737 control configured vehicle in which
the aircraft are used more-or-less as general purpose simulation
facilities. Computers are not usually regarded as facilities but they
should be viewed as such. The Numerical Aerodynamic Simulator now being
proposed is particularly important in this regard since it may overcome
certain limitations in the simulations of the other facilities now operated
by NASA (wind tunnels, propulsion facilities and flight simulators) if the
promise of computational methods in aerodynamics, chemically reacting
flows, and dynamic structures can be realized. The maintenance and
development of the necessary facilities to accomplish the mission stated in

the law must, therefore, have the highest institutional priority in NASA.

2) AERONAUTICS
Work in aeronautics by NASA, and the NACA prior to 1958, has

traditionally been oriented toward the support of military and civil




aviation. Future interest in the military is likely to be centered on the
development of a new long range combat aircraft (LRCA) by the United States
Air Force having low radar, infrared, and visible observable (i.e., stealth
technology), the creation of a new family of V/STOL aircraft for the Navy,
and the continuing enhancement of the performance of rotor craft for the
Army. To maintain a lead in civil aircraft sales, continual improvements
must be made for greater economy. The technology suitable for third level
carriers (i.e., commuter airlines) is likely to be the major civil
requirement. The latter is especially important in view of the inroads
being made by foreign competition in that field. Right now the Dehavilland
Twin Otter, the DHC-7, and the Shorts Skyvan dominate that field in the
United States. In addition to all of these things, a strong basic research
program in fluid mechanics, materials and other topics related to

aeronautics and space vehicles must be maintained.

3) THE SPACE SHUTTLE

The major technological development carried out by NASA in the last
decade is the Space Shuttle vehicle. That basic development is now nearly
complete and the next step is to turn it into an operational system. This
effort must have the highest programmatic priority in NASA for the coming
years to realize a return for this large investment. It should take about
three years to make the Space Shuttle an operational transportation system.
It is necessary to arrive at an agreed-upon definition of what is meant by
"operational" and to determine whether NASA should be the agency that
operates the Shuttle or whether some other institutional mechanism needs to

be provided for that purpose. The organizational structure needs to be



developed for Shuttle Operations. No matter how the matter of Shuttle
Operations is finally decided, the Johnson Space Center should phase out of
the operational mission during the next three years. It is very unlikely
that it will be possible to control costs of operations if the
developmental attitudes that prevail at the Johnson Space Center dominate
after the Space Shuttle becomes operational. The operations of the Space
Shuttle, both launch as well as mission control, should be handled by the
Kennedy Space Center and by Vandenberg Air Force Base once the West Coast

launch facility is complete.

4) THE SPACE STATION

While the Space Shuttle becomes operational, a project to establish a
permanent presence in space (i.e., a Space Station) should be initiated.
This should become the major new goal for NASA and, some time during the
next two years, the President should be persuaded to issue a statement
proclaiming a national commitment to that effect. The necessary arguments
that justify this step must be carefully developed now, and these arguments
range from national security (i.e., arms control verification, military
surveillance) to the improvement of space operations (i.e., satellite
maintenance on orbit and other things of this kind). The necessary
committees of the National Academy of Engineering, the National Academy of
Sciences, and other bodies of this kind should be established to set up now

the technical baselines for this new enterprise.




5) UNMANNED LAUNCH VEHICLES

The Shuttle program has led to the creation of a new propulsion
technology which should be further exploited. It is now generally agreed
that unmanned launch vehicles will not be phased out completely once the
Shuttle is operational. They will always be necessary to supplement the
Shuttle Taunch capability. The current launch vehicles, (Atlas, Titan,
Delta) are based on technology that is now thirty years old and should be
replaced by more efficient and economical vehicles. New unmanned launch
vehicles based on the Shuttle technology using solid rocket boosters and
the Shuttle's main engine system should be developed. The solid rocket
booster itself is an excellent rocket with a sea level thrust of the order
of 2.5M 1bs. Several solid rocket boosters strapped together could provide
a formidable launch vehicle in terms of payload capacities. Such a vehicle
with three solid rocket boosters could put into low earth orbit a payload
weighing something 1ike 100,000 1bs. and perhaps up to 20,000 1bs. into
geosynchronous orbit with an appropriate upper stage. An important feature
of the solid rocket boosters is that they are recoverable which means that
the cost advantages inherent in that property could be important. This new
generation of launch vehicles would not be "expendable" although it would

be unmanned.

6) SCIENTIFIC EXPLORATION

NASA has a fundamental responsibility to continue with the scientific
exploration of objects in space and conditions in space. In the coming
decade, scientific investigations conducted in earth obit will be the most

important because these take the best advantage of the unique properties of



the Shuttle. Specifically, this means that astronomy, experiments
involving certain cosmological things such as general relativity and
experiments in zero gravity using Spacelab will be the dominant trend in
scientific space research. An extremely important aspect of this are the
medical and biological experiments to be done using the Shuttle to
establish what must be done to permit people, animals, and plants to live
in zero gravity conditions for lengthy periods. It is probable that
planetary exploration will be de-emphasized somewhat until we have a Space
Station that can serve as a base for the launching of a new generation of
planetary exploration spacecraft. It is apparent that the return of
samples from various bodies in the solar system will be given highest

priority once that time arrives.

7) SPACE APPLICATIONS

The applications program should emphasize the scientific part of the
earth observations, specifically oceanography, geodesy, and things of this
kind. In view of the Administration's policies with respect to technical
demonstration programs, NASA should de-emphasize efforts to commercialize
various applications projects. The applications program should also
emphasize technology development and should cooperate closely with the
national security community in these efforts. It is likely that the
nation's surveillance satellites will move to geosynchronous orbit in the
next two decades. This means that large space structures will be required,
mirrors, antennas, and other systems of this type. NASA should be

extremely active in the development of this technology and should establish




the closest possible support of the national security community in

achieving these objectives.

A few thoughts regarding future directions for NASA have been
outlined in this paper. Obviously, much more detail needs to be done to
develop some of these ideas. It is very important to begin now by setting
up the proper procedural methods within NASA as well as the NASA advisory
structure to make certain that these ideas are properly considered and
developed into a coherent Tong range plan for the nation's aeronautical and
space programs.

Hans Mark
Milton Silveira

August 1981

IIT. NOTES ON LONG RANGE PLANNING FOR THE 1990s.

In updating our 1981 plan, we will follow the same format that we

used ten years ago and deal with the individual subjects in the same order.

1) FACILITIES AND PEOPLE

The NASA institution is still the most important base on which
everything else depends. We have little to add to what we said in 1981 on
the subject of facilities. Facilities are still the most important element
in keeping NASA's in-house technical capabilities alive, therefore,

upgrading of facilities continues to be the highest priority effort. We




notice that several of the things that we proposed in 1981, such as the
Numerical Aerodynamics Simulator (NAS), have now been constructed. This is
all to the good. Since we have both been away from NASA for some years, it
would not be appropriate for us to make detailed suggestions at this time,
except to draw attention to the importance of facility programs.

In 1981, we did not mention the subject of people. We had the good
fortune during our term of service at NASA Headquarters to be able to bring
aboard upwards of a thousand new, young engineers and scientists. This
group of people is now beginning to mature and will become the backbone of
NASA as time goes on. It is appropriate here to reiterate the importance
of continuing efforts to bring in the very best people available. The
space program is an exciting enterprise and it is not difficult to recruit
the very best yaung people to work on space related projects. These

efforts must continue.

2) AERONAUTICS

The NASA aeronautics program is a major success story. It is still
the best thing that NASA has going for it in terms of support from its most
important constituency, the aerospace industry. For some years now,
airplanes and aviation products have been the largest single U.S. export
item, amounting to some $20 Billion a year in the last fiscal year. This
fortunate result has been due to a strong "industrial policy" in aviation.
We have enjoyed stable R&D funding, good technology transfer from NASA to
the aviation industry and no adversarial relationships between the industry

and the government.



A1l of this has had the consequence that we are now on the threshold
of being able to exploit several new aeronautical developments that began
with NASA research. The technology of tilt-rotor aircraft is one example.
In spite of the move by the Defense Department to cancel the V-22 tilt-
rotor "Osprey" program, it has been kept alive by the Congress. There is
general recognition that both the military and civilian applications of
this technology are promising enough to warrant this step. The war in the
Persian Gulf provided numerous examples of the important applications of
the technology base provided by NASA. One of us (HM), during a term of
service as Director of NASA-Ames Research Center (1969 to 1977) supervised
the wind tunnel tests of models that later became the "Stealth" aircraft
that were so decisive in that conflict.

Several aeronautical developments are on the horizon for which more
research and engineering development is required before judgments can be
made as to their broader applications. One is in the area of cargo
airplanes. Civil cargo aircraft today are all converted passenger
airplanes. Air cargo is likely to be the fastest growing sector in air
transportation in the coming years. An example of this trend is the recent
completion of the construction of Alliance Airport north of Fort Worth,
Texas. This facility is intended solely for air cargo. There is a
question then as to whether a civilian cargo aircraft designed from the
ground up for that purpose might be useful. This would be the equivalent
of the containership in ocean transportation.

A second area is the application of composite primary structures.

These have already been applied in small aircraft and the B-2 is the first

10



airplane in which synthetic composite materials are employed on a large
scale in the primary structure of the aircraft.

A good argument can be made that the time has come to revisit the
question of an efficient and cost effective supersonic transport. The
Concorde has operated for over a decade but its limits are now well
understood. The range is too short and the payload is too small for
economical performance. There have been advances in technology, such as
the large variable geometry aircraft represented by the B-1-B, that could
be applied to the development of a new civil supersonic transport that
might have economic viability.

Finally, there is the National Aerospace Plane (NASP). This is an
important long range future development but in our view somewhat premature

for full scale expenditures at the present time.

3) THE SPACE SHUTTLE AND OTHER SPACE LAUNCH VEHICLES

In 1981, we recommended that the operation of the Space Shuttle be
moved from the Johnson Space Center to the Kennedy Space Center. In our
view, this move is more important now than it was ten years ago. The
Shuttle is now a mature vehicle and the time has come to separate the
operational responsibilities from those that have to do with the
development of new space systems. We recommend that the Space Shuttle
management be moved to the Kennedy Space Center. This recommendation is
consistent with the one recently made by the outgoing Deputy Administrator
of NASA, Dr. J. R. Thompson. We believe the Mission Control Center for
Space Shuttle Flights should be moved to the Kennedy Space Center. The

Astronaut Office should be kept at the Johnson Space Center, because Space
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Station requirements will eventually dominate the use of people in space.
The Mission Control Center for the Space Station should also be established
at the Johnson Space Center. Currently existing facilities both at the
Kennedy Space Center and the Johnson Space Center can be used to accomplish
the purposes that we have just outlined.

In the 1981 paper, we predicted that unmanned Taunch vehicles would
not be phased out, even though at the time, it was the policy of the
federal government to do just that. It is for this reason, of course, that
we have elected to combine the Shuttle and unmanned Taunch vehicles in one
section in this updated paper. We now have retained Delta, Atlas and Titan
as large operational unmanned Taunch vehicles. The Titan program is
essentially military in nature and it should remain that way. If there is
a civilian or NASA requirement for a Titan launch, then the appropriate
agency should contract with the Air Force to execute it. The Delta and
Atlas programs are supervised by NASA even though there are now
commercially available launches in both cases. We would recommend that the
current relationships be retained.

In the longer term, we believe that a new organization should be
established to run all civilian launch vehicles, including the Space
Shuttle. This new organization should be a quasi-public corporation on the
COMSAT model which was instituted for communication satellites in 1962.
This new organization would contract with General Dynamics in the case of
Atlas and McDonald-Douglas in the case of Delta to operate these launch
vehicles. This new entity would not be purely commercial in its initial
phase but then neither was COMSAT. It took seven or eight years for

communication satellites to demonstrate their commercial viability and even
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after that period, government subsidies were still necessary in terms of
launch services to make communication satellites a good commercial
proposition. The same would be true for the proposal we are making here.
There is nothing wrong with subsidizing new transportation systems. In the
19th Century, the federal government subsidized the railroads through land
grants because it then was in the public interest to do so. The government
subsidized the early airlines with mail carrying contracts for the same
reason. And, of course, the automobile industry is heavily subsidized
through a large and extensive road building program. The same arguments
should apply in the case of space transportation.

In our paper ten years ago, we suggested that a heavy 1ift launch
vehicle be developed that was based on the new propulsion technology
created in the Space Shuttle program. We still believe that this is a good
idea because it would be much more expensive to do anything else and still
provide the same weight 1ifting capability. The real problem with heavy
1ift launch vehicles is that there is no compelling requirement to develop
one at this time. Neither the civilian sector -- even if a trip to Mars is
included -- nor the military sector through the Strategic Defense
Initiative absolutely require a new heavy 1ift launch vehicle. There is no
doubt that it would be useful to have a heavy 1ift launch vehicle but the
fact is that it is not absolutely necessary.

The suggestion has been made to use Russian heavy 1ift launch
vehicles such as the Proton or the new Energia. The Proton is a good
vehicle with a capability similar to that of the Titan IV and might
eventually turn out to be useful. The Energia has just been completed and

has yet to be successfully tested. There have been two launches and both
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had major failures. If the Energia launch vehicle turns out to be
successful, then adopting it might be a good policy. The problem is,
unfortunately, political instability in the former Soviet Union makes the
use of Energia a very uncertain proposition.

In addition to the launch vehicles that we have mentioned, there are
some small vehicles, and some orbital transfer vehicles and upper stages,
that have been developed. Some of these are commercial enterprises. We

would recommend that the current activities in these areas be continued.

4) THE SPACE STATION

In our 1981 paper, we recommended that the development and deployment
of a Space Station to achieve a "permanent presence in space" be
undertaken. In 1984, President Reagan included this program in his State
of the Union Message. The Space Station program has now evolved to Space
Station "Freedom" which we believe is, unfortunately, in some trouble.
During the last congressional session, NASA was put on notice that the
project is too expensive and that the management structure is too complex.
There are too many approval levels and the abandonment of the "Lead Center"
concept by NASA has led to very complicated interfaces among the various
NASA institutions that are responsible for developing the Space Station
"Freedom." After almost eight years and $5 Billion there is still not any
flight hardware.

We believe that the Space Station project survived the last
congressional debate only because the opposition was not well organized and
because of the heavy international participation in the project. It is

probable that international participation was the strongest reason for
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maintaining the Space Station program as it is currently configured. If
this is indeed the case, then we have no choice but to go ahead with the
current project in a technical sense because we have chosen not to
disappoint our international partners. However, there are a number of
management changes that can and should be made. First, we believe it is
important to reestablish the Lead Center concept for the Space Station
"Freedom" program. Specifically, the Johnson Space Center should be given
the Lead Center responsibility for the management of the program. (This is
consistent with a recommendation recently made by outgoing NASA Deputy
Administrator J. R. Thompson.) Second, we recommend that the Space Station
management organization located in Reston, Virginia be disbanded. In terms
of contractor arrangements, the relationship between the Johnson Space
Center and McDonnell-Douglas, between the Marshall Space Flight Center and
Boeing, and between the Lewis Research Center and Rocketdyne, should be
maintained. Since the Johnson Space Center under our recommendation would
become the lead development center, McDonnell-Douglas would become the Tead
contractor. The general idea of this recommendation is to collapse the
management organization and to focus responsibility at one center with one
contractor for the execution of the Space Station "Freedom" program.

In view of the difficulties that have been encountered by the Space
Station "Freedom" program, it is important to have a backup plan. In spite
of the international arrangements that have been made, Congress may elect
to ki1l the program. If that happens, we would recommend that the
Industrial Space Facility (ISF) be used as a substitute. It is most
important not to abandon the concept of the space station. The ISF would

be an excellent way to keep the Space Station concept going and to




eventually provide the "permanent presence in space" that we have in mind.
The ISF program as currently formulated also has the great advantage that
it can be implemented in an incremental manner. In managing this program,
a "skunk works" approach should be used and the Johnson Space Center should
still be used as the lead center for this backup program.

It has also been suggested in this connection that we consider the
purchase of a MIR Space Station from the Soviets. This proposition is
technically more attractive than using the Energia launch vehicle since MIR
is a flight tested piece of hardware. One might even think of visiting the
MIR Space Station currently in orbit for the conduct of research that bears
on the deployment of Space Station "Freedom." The only caution here would
be the same one that we have made with respect to the use of Soviet launch
vehicles. Political instability in what was once the Soviet Union is

probably the biggest hindrance to progress in this area.

5) SCIENTIFIC EXPLORATION

In its report on the nation's space program submitted late in 1990,
the Committee headed by Norman Augustine put scientific research and
exploration at the highest level of priority. The Committee also
recommended that scientific exploration take up approximately twenty
percent of NASA's total budget. We believe that this recommendation is a
reasonable one and we concur with the approach adopted by the Augustine
Committee. The term "highest priority" in our judgment, means not that the
twenty percent is the biggest item in NASA's budget, but that it is
protected. As we said in our 1981 paper, space science and exploration is

exceedingly important to the fundamental mission of NASA.
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In the past few years, there have been significant problems in
scientific missions. We are speaking here of the Space Telescope and
Galileo. The common thread here is that both of these spacecraft spent
much time on the ground in storage for years waiting for a flight
opportunity. Very little testing on either of these spacecraft was
performed during these long quiescent periods. An appropriate and not very
extensive test program would probably have eliminated both problems. It is
necessary to tighten up the management of large space science programs and
to provide for continuing test programs. It should also be recognized,
however, that in the case both of the Space Telescope and Galileo the
problems might be fixed. The Space Telescope was designed from the
beginning to be man-tended and plans are now under development to visit the
telescope and fix the problem with the mirror focus. In the case of
Galileo, the mission may be rescued through the launch of a relay satellite
that could take the signals from the defective antenna on Galileo and relay
them to Earth with an appropriate high gain antenna. However, this is a
costly proposition. Therefore, even though there are problems, both can

probably be repaired provided that the necessary resources are available.

6) SPACE APPLICATIONS

In the case of space applications, our comments in the 1981 paper
still apply. The aversion to the conduct of demonstration programs is
still with us in the current administration. However, environmental
measurements seem to be more important now in the public eye than they were
ten years ago. It is this circumstance that has given rise to the so-

called EOS program or "Mission to Planet Earth." The use of satellites for
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environmental measurements must, in our view, be traded off against the use
of airplanes for the same purpose in each case. Airplanes are now
extensively used both for earth observations and for environmental
monitoring. Many of these airplane based programs are run by commercial
enterprises on a profit making basis. It is our view that satellites have
an important but relatively limited role to play in earth observations.
This role is related to the unique capabilities of satellites that have to
do first with synergistic views of the entire Earth and second with the
measurement of Tong range trends.

The most useful contribution that NASA can probably make to
environmental monitoring is instrument development. There have been some
genuine successes along this line already and there is every reason to
expect more in the future.

In addition to environmental monitoring, NASA should also do
technology for new communication satellites. High frequency 1links with
more data carrying capacity and laser communication systems are on the
horizon. These should be developed to maintain what is today an American

lead position in space communications.

7) THE SPACE EXPLORATION INITIATIVE
On July 20, 1989, the twentieth anniversary of the landing of Neil
Armstrong and Buzz Aldrin on the moon, President Bush spoke about the
American space program. He recognized the anniversary and then laid out
the plan for the future. This plan consisted of three separate steps:
First, finish Space Station "Freedom" to establish the "permanent

presence in space."
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Second, go back to the Moon "this time to stay."

Third, mount a journey to Mars to explore that planet.

The President gave no time table in his speech but he did ask NASA to
develop a plan to implement what he had in mind. NASA performed the so-
called "Ninety Day Study" in which a program plan was submitted that called
for a return to the moon sometime after the year 2000 and a flight to Mars
sometime between the year 2014 and 2019. This time schedule is so lengthy
that the Congress has been very reluctant to fund the program. In our
view, it is not surprising that something which comes to fruition thirty
years hence is of little political interest today.

We believe that it is possible to conduct the President's program,

which has come to be called the "Space Exploration Initiative" (SEI), on a
much shorter time scale. We believe that it is possible to return to the
moon by 1996 or 1997 and to reach Mars in the year 2003 or 2004. It is
most important in our view to mount a program to achieve these objectives.
There is no doubt in our minds that NASA has the capability to execute this
plan. One of us (HM) has been active in working out this plan and the
details are described in the following publications: Aerospace America,
August 1991, "Fast Track to Mars"; Paper Number IAF-91-462 presented in
October 1991 at the 42nd Congress of the International Astronautical
Federation: "The Human Exploration of the Solar System"; and Luft und
Raumfahrt, Juli/August 1991, September/October 1991 and November/Dezember

1991 "Mission Zum Mond und Mars."
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As in 1981, this paper is meant to be only an outline. Much more
detailed work needs to be done to develop some of the ideas that have been
described. A decade ago, we urged that the plan we had developed be

executed as soon as possible. We urge the same today.

Hans Mark was Director of the NASA Ames Research Center from 1969 to
1977 and Deputy Administrator of NASA from 1981 to 1984. He is currently
Professor of Aerospace Engineering and Engineering Mechanics at The
University of Texas at Austin and Chancellor of The University of Texas

System. He resides in Austin, Texas.

Milton A. Silveira worked on the Apollo Program and was Deputy
Manager of the Space Shuttle Orbiter Program from 1972 to 1981 at the
Johnson Space Center and Chief Engineer of NASA from 1983 to 1986. He is
currently a consultant to the Aerospace Industry residing in Washington,

D.C.
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We a1

\"Madamv 'g”’:ﬂg § 2

g research on'the funding priorities of the United
States and would like your perspective. We are interested in
ho 'ewtheﬁmdingmmccingmerdmdthe
sed space station proj Station Freedom) in

particular. It would be helpful to know:

1) whether you think these areas should receive increased,
level, or decreased funding,

2) your reasons for favoring these or different funding
priorities,

3)any suggestions about additional organizations (governmental
or private) that have a strong opinion about this issue.
Thanks in advance for your help.

Sincerely, -
Norman Price and David Cash 5
Science Department

Amberst Regional Junior High School

Amberst, MA 01002




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

March 18, 1992

Dear Mr. Price and Mr. Cash:

Thank you for your letter inquiring about Space Station Freedom. This program, the
largest international R&D project ever undertaken, will enable the performance of life
sciences and materials research in a premier space laboratory for extended periods.
Specific experiments during the initial operation of Freedom will lead to new knowledge in
semiconductor and biotechnology fields, and may lead to eventual production of unique
commercial products from space. When Freedom’s crew is aboard full time, emphasis will
shift to life sciences research, necessary for the long-term space flights of the next century.

The President’s fiscal year 1993 budget request provides $2.25 billion for space station.
This includes an increase of 10% over the 1992 enacted level of development, and initial
funding for Space Station operations. This amount will support finalization of detailed
designs, and allow fabrication, qualification, and assembly tests of various critical
components in preparation for first element launch in 1996, the attainment of a man-tended
capability in 1997, and a permanently manned capability in late 2000.

The President remains firmly committed to his long-term goal, articulated in 1989, of
manned and unmanned exploration of the solar system. Space Station Freedom will play

a major part in that exploration.

If you require any additional information, please feel free to contact the Space Station
Freedom Office at 600 Independence SW, Washington DC 20546. Thank you for your time.

Sincerely,

b

Dr. J. as Beason
Senior Policy Analyst

Mr. Norman Price and David Cash
Science Department

Ambherst Regional Junior High School
Ambherst, MA 01002
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NASA

National Aeronautics and

Space Administration RE CEfy ED
Washington, D.C.
20546 81 SED
U £ L g n .
Office of the Administrator 1 SLP 2 "“éLpthﬁber 23, 1991

{
Vi

The Honorable D. Allan Bromley
Assistant to the President
for Science and Technology and
Director, Office of Science and
Technology Policy
Executive Office of the President
Washington, DC 20506

(bhlirey™
Dear Dr. ey:

Concurrent with the FY 1992 budget deliberation process,
an engineering review was initiated to examine possible
alternative approaches to flying NASA’s Earth Observing System
(EOS) remote sensing instruments. A prestigious group of
scientists and engineers, led by Dr. Edward Frieman, was
established by NASA to conduct this review. The Committee
conducted its review this summer and has submitted its
findings to NASA in the form of the "Report of the Earth
Observing System (EOS) Engineering Review Committee." 1In
accordance with the Terms of Reference for this review, I am
pleased to forward you a copy of the Report.

DIRECTOR

The Report provides important inputs to the restructuring
of the EOS program. It also makes recommendations regarding
the broader United States Global Change Research Program
involving agencies other than NASA. For its part, NASA has
been in the process of restructuring the EOS program, and the
Committee Report endorses these actions. The restructuring
will provide greater flexibility and robustness, and also will
accommodate current and anticipated fiscal realities.

I would be pleased to arrange a briefing for you by
Dr. Frieman and other members of his Committee at your
convenience, if you so desire. I would also like to offer you
a briefing on NASA’s EOS activities. We are confident that
our actions to restructure the EOS program will lead to a
robust global change research effort which will permit
environmental policymakers to make wise choices in the future.

Sincerely,

Richard H. Trul
Administrator

Enclosure
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Aerospace
Industries
Association

——

Don Fuqua September ]0, 1991

President

The Honorable D. Allan Bromley

Assistant to the President for Science & Technology
Office of Science & Technology Policy

Old Executive Office Bldg., #358

17th St. & Pennsylvania Avenue, N.W.

Washington, DC 20500

The aerospace marketplace of the 1990s is highly competitive, complex
and global. Long the dominant player in this market, the U.S. aerospace
industry is more dependent on export sales than ever in order to maintain
its position. U.S. aerospace firms are therefore more exposed to the
competitive practices of other countries. Foreign firms are expanding
their sales base through international alliances. They are also working
closely with their governments to position themselves for market share
growth. As a result, advantages that the U.S. aerospace industry has
long enjoyed--e.g., the economies of scale that result from a large
domestic market--will not be so easily realized in the future.

The Aerospace Industries Association has just published a report that
looks closely at the global aerospace market--and at the U.S. industry's
advantages and disadvantages. "The U.S. Aerospace Industry in the 1990s:
A Global Perspective" also discusses how major regional and product
markets are developing, and explores a key market issue: technology
development and transfer.

From my perspective, an important conclusion to be drawn from the
report is that the traditional adversarial relationship between
Government and industry works against maintaining a strong U.S. aerospace
industry.

I sincerely hope that the strategies AIA proposes can form the basis
of a positive dialogue between the industry and government
policy-makers. The global aerospace market of the 1990s strongly
challenges U.S. aerospace firms. The industry will not maintain as
dominant a position in all market segments as it has in the past.
However, I believe that Government and industry--in partnership--can
ensure that the U.S. continues to Tlead the world in aerospace
capabilities and sales.

Don Fuqua

DF: vcl
Enclosures (2)

e

Aerospace Industries Association of America, Inc.
1250 Eye Street, N.W., Washington, D.C. 20005 (202) 371-8400



THE WHITE HOUSE

WASHINGTON

September 20, 1991

Dear Don:

Many thanks for sending me a copy of your latest report "The U.S. Aerospace
Industry in the 1990s - A Global Perspective." This, as are all your previous reports,
is an excellent piece of work and I have enjoyed reading those parts of it that I have
had time to focus on. I can assure you that my staff considers these documents from
the AIA to be models of the kind of road map that I can only wish other private
sector organizations would produce for technologies of major interest to them.

You will be interested in knowing that we have decided that it is time for us to bring
together a group to update the so-called Bird Books on the status of the U.S. position
in aeronautics. Obviously, we will want to work closely with you and your associates

in this activity and some of my people will be in touch with you shortly.

With warmest best wishes,

Sincerely yours,

_ Ao -

D. Allan Bromley
The Assistant to the President
for
Science and Technology

Mr. Don Fuqua

President

Aerospace Industries Association
of America, Incorporated

1250 Eye Street, N.W.

Washington, D.C. 20005
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SUMMARY & HIGHLIGHTS

The U.S. Aerospace Industry in the 1990s

A Global Perspective

The United States is the world leader in aerospace design and manufacturing but
other countries are strong competitors. Inanew report, “The U.S. Aerospace Industry
in the 1990s: A Global Perspective ” the Aerospace Industries Association takes a
hard look at where it stands and how it can maintain or increase its market position.

The aerospace industry of the 1990s is global, dynamic, and complex—driven by fast-
paced technological change and heavily influenced by national government support.
The aerospace market is also characterized by numerous international partnerships of
every sort. In this environment, the traditional “modus operandi” of many U.S. firms
and the U.S. Government may be inappropriate for continuing success.

The U.S. Aerospace Industry in 1991

Since AIA published its 1988 report
on The U.S. Aerospace Industry and the
Trend Toward Internationalization, the
U.S. industry has increased its interna-
tional activities. As aresult, both exports
and imports continue to rise, but export
growth has been considerable enough to
ensure a continuing string of record trade
surpluses. Aerospace has the largest
positive trade balance of any U.S. manu-
facturing sector. Still, the U.S. world
market share in aerospace is declining.
Despite growing demand for aerospace
products, there are an increasing number
of market competitors.

In a changing world, where market
accessisoftenonaquidpro quobasis,U.S.
companies cannot depend only on direct
sales abroad of U.S. products manufac-
tured in the United States. Other avenues
of trade must be pursued. Consequently,
the number of U.S./foreign partnerships
isrising and U.S. companies are explor-
ing new roles in these relationships.

U.S. aerospace manufacturers are
producing fortwo very different markets,

although strong foreign competition and
international cooperation—to one degree
or another—are characteristic of both.

Defense Aerospace Market With the
end of the Cold War, and despite linger-
ing concern over a Soviet threat, the
United States and its allies are more con-
centrated on regional threats to global
peace. A lesson of the Persian Gulf War
is that a strong defense is still necessary;
at the same time, that lesson will not
prevent the decline of the defense bud-
gets of the United States and its allies.
Instead, there will be increased emphasis
ontactical systems, and on force mobility
and deployment.

The U.S. defense industry is enter-
ing this new era from a weakened finan-
cial position resulting from government
policies that limited profits and reduced
the cash flow needed to meet increased
operating capital requirements. Defense
exports can offset some of the lost sales as
the U.S. Government cuts defense spend-
ing. However, any number of sales are
politically problematic for the United

States, and with enormous excess defense
production capacity in the world, Ameri-
can companies can easily be supplanted
as suppliers. The loss of key defense
markets could mean loss of national in-
fluence in certain regions of the world.

The issue of economic competitive-
ness has grown in importance relative to
purely defense-related concerns in the
United States. Worries about the indus-
trial/technology base have heightened
discussion over foreign sourcing for de-
fense system components, foreign invest-
ment in the United States, offset sales
arrangements, and technology export
through international defense coopera-
tion. While many would have the United
States pull back from cooperative rela-
tionships, other countries, particularly in
Europe, are forging closer ties; this could
limit U.S. participation in those markets.
European countries are also strong com-
petitors for defense sales around the globe.

Civil Aerospace Market The market
for civil aerospace products is more
promising than the defense market.
Commercial production is the growing
share of total U.S. industry output and



commercial products have long domi-
nated U.S. aerospace exports. With world
airline capacity expected to double by
2005, prospects for the commercial
transport sector are particularly bright.

Problems confronting U.S. produc-
ers include economic recession and air-
port congestion, which could limit ex-
pected expansion of this market. Another
concern is the need to harmonize airwor-
thiness requirements to preventadditional
costs to U.S. manufacturers, and to pre-
clude these requirements becoming tech-
nical barriers to trade between nations.
Probably the most serious threat to all
U.S. civil aircraft and space vehicle
manufacturers is foreign government
support of their aerospace companies.

The U.S. civil helicopter industry is
not faring as well as the commercial trans-
port sector. Strong foreign competition,
often subsidized, has made substantial
market inroads. Rotorcraft manufactur-
ers have suffered from recession in the oil
industry. Today, they are pinning hopes
on the need to replace aging fleets, a
rebound in energy markets and the
economy, and new technology models
under development. Long-term, expan-
sion of this market depends on develop-
ment of an infrastructure to support regu-
larly scheduled rotorcraft operations.

American general aviation manufac-
turers have experienced serious decline in
the piston-powered aircraft market, due to
excessive product liability claims and the
resulting high cost of insurance. Higher-
value commuter and business turboprops
and business jets are selling well and
exports are rising. New technology air-
craft and sizable military contracts should
lead to stronger sales.

The space vehicles and launch ser-
vices sector is expanding steadily. Mili-
tary requirements for space systems will
continue to grow. The commercial space
market will develop more slowly and re-
quire substantial government support and
encouragement.

Two regional markets are particu-
larly important to the U.S. aerospace in-
dustry in the 1990s — Western Europe
and the Asia-Pacific Rim.

Western European Aerospace Market

The market landscape is being al-
tered for U.S. manufacturers by the emer-
gence of a unified Western European
economy, parallel efforts to integrate the
European defense market (which already
has significant cross-borderrelationships),
the unification of East and West Ger-
many, and the opening of other Eastern
European countries. The U.S. relation-
ship with Europe through NATO has been
a cornerstone of the American defense
market. Events in Eastern Europe and the
Soviet Union may mean that the NATO
alliance will take on a more political than
military cast — with considerable effect
on European defense purchases and U.S./
European manufacturing arrangements.

Western countries will continue to
need defense equipment suchasdeepstrike,
theater ballistic missile defense, air defense,
chemical/biological warfare protection,
command and control, surveillance and
verification, early warning and reconnais-
sance, and long-range targeting systems.
These needs should provide opportunities
for joint U.S.-European cooperation.
However, joint programs have notoccurred
onany significantscale. Instead, European
countries are cooperating among them-
selves—as are American companies—to a
greater degree.

Cross-border relationships have been
central to European strategic planning for
years, and they have been akey element in
keeping the European aerospace sector
viable. Meanwhile, U.S. defense manu-
facturers were able to be successful by
concentrating on the large U.S. domestic
market, and competing against each other.

Exports have been extremely im-
portant to European aerospace manufac-
turers for years, and—as the U.S. defense
market shrinks—their importance to U.S.
companies is growing. Both U.S. and

European aerospace companies lean
heavily on direct exports and on licensing
to achieve foreign sales objectives. In
addition, European manufacturers are
pursuing international joint ventures and
mergers at a pace unparalleled in the in-
dustry. While most of these efforts are
aimed at consolidating their regional posi-
tion, European manufacturers are also
making inroads in the U.S. and Asian
markets. The emergence of these larger
corporate entities and interfirm alliances
is spearheading a global change in the
industry.

Factors that figure prominently in
the European embrace of a transnational
strategy, and the development of larger
companies, include: the rising price of
advanced technology, the increasing risk
of undertaking aerospace programs, re-
gional overcapacity, and the need to bal-
ance the United States’ competitive ad-
vantages in terms of a greater sales base
and strong R&D funding.

European governments have fostered
international aerospace alliances by:

+ Allowing companies to participate in
transnational partnerships—particularly
those involving defense contracts and na-
tionalized firms. European governments have
notoverburdened partnerships with oversight
and technology-transfer restrictions.

+ Continuing to fund joint venture
projects which, in many cases, would
have been impossible without govern-
ment assistance.

* Supporting European economic
unification, joint aeronautical R&D, and
the efforts of the Independent European
Program Group, which has called for co-
operative R&D and greater regional com-
petition to strengthen Europe’s defense
industrial base.

Nine of the 12 European Community
members can produce some form of air-
craft and several have the capability to
design and assemble state-of-the-art
products. Depending on the extent of their




current capabilities, these countries use
international collaboration to supplement
their domestic programs, build their cre-
dentials in the world aerospace market or,
in the case of new market entrants—
Greece, Portugal and Turkey—to build
their industrial base.

Japan and the Asia-Pacific Rim
Aerospace Market

Twenty-three countries comprise the
Asia-Pacific Rim region and the robust
economic growth of this region will con-
tinue to create demand for aerospace
products. Commercial air traffic is in a
growth mode. Defense spending is also
on the increase, with annual regional in-
creases of 6 percent. The region is an
important market for U.S. aerospace
manufacturers and commercial sales, par-
ticularly, have shown growth. European
manufacturers have also gained a share of
this market—once totally dominated by
U.S. industry. European firms are cur-
rently engineering a more aggressive
marketing campaign in the region.

Many nations in the Asia-Pacific Rim
are launching their own aerospace pro-
grams. Japan has ambitions to be a major
player in the world aerospace market.
While its efforts have not always met with
success, Japan continues to move forward
and is currently involved in several im-
portant aerospace projects. China is an-
other active regional aerospace market
participant, although with more limited
capabilities. Taiwan and South Korea
bothhave programs underway, which they
hope will provide the start necessary to
build at least some aerospace capacity
within their countries. While these na-
tions will not be able to challenge U.S.
“big-ticket” programs such as the manu-
facture of commercial transports, they
will increase competition in other seg-
ments of the market—e.g., in the pro-
duction of components and parts. Because
alarge national commitment will be needed
for success, government support of aero-
space programs in the Asia-Pacific Rim
will be substantial and long-term.

Japan is the economic power in the
region and its actions may be a guide to its
neighbors. In the defense sector, the Japa-
nese aerospace industry has used its strong
position as a buyer to obtain technology
and manufacturing skills from foreign
companies, particularly those in the United
States. The Japanese domestic market
alone is not of sufficient size to allow Japan
to sustain a large commercial aircraft
manufacturing effort. Instead, the Japa-
nese have concentrated on niche markets,
such as parts and subassembly production,
and have targeted export demand.

The Japanese government has been
strongly behind the development of its
aerospace industry. It has identified
projects, solicited foreign collaboration,
set up and coordinated domestic consor-
tia, and arranged financing and R&D
funding. Japan considers cooperation
between government and industry in de-
veloping market capabilities not only de-
sirable, but necessary. The government
sees aerospace as a strategic industry, and
the key to advancing high-technology de-
velopment generally.

Japan is pursuing an aerospace de-
velopment strategy centered on:

« Continuing R&D aimed at enabling
Japanese manufacturers to shoulderalarger
role in development and production of
future or next-generation technology (e.g.,
high speed civil transport). Japan will seek
an equal partner role in such an effort.

 Attempting to launch a regional
aircraft program with foreign partners.

* Improving design and production
processes by remaining a high-quality re-
liable supplier of aircraft parts and sec-
tions, particularly fuselage subassemblies
and wing parts.

* Becoming a world leader in aero-
space systems and components produc-
tion. Japanese industry is looking for joint
development opportunities in this area.

* Developing high technology space
systems, including unmanned launch ve-
hicles and manned space systems.

At the subcontractor level, Japanese
firms compete against each other and for-
eign companies for business. For large
projects, whichrequire highlevelsof R&D
funding, national competition is limited;
major Japanese aerospace firms form do-
mestic consortiaand negotiate workshares.
Consortia enable Japan to present a stron-
ger position on the international market.

Changing U.S. Role in International
Space Activities

For years, the United States domi-
nated free world space efforts, cooperat-
ing with other nations to establish world-
wide satellite communications capabili-
ties, but continuing to develop guidance
systems, electronics, computer software,
new materials, propulsion equipment, and
so forth, in the United States—and almost
solely for government needs. Today many
nations have space capabilities and any
nation with the ability to pay for a launch
can have access to space. At least seven
nations offer launch facilities and vehicles.
Space is on the way to becoming a busi-
ness, not simply a function of national
prestige or dominance driven by political
and military considerations.

Worldwide, it is estimated, nearly
$80 billion a year is being spent on space-
related activities. Of that $80 billion, the
United States accounts for about 42 per-
cent, the Soviet Union 45 percent, and the
rest of the world 13 percent. Of that 13
percent, Europe predominates followed
by China and Japan. Many newcomers to
space have piggybacked on American
technology.

In a world of tighter space transpor-
tation and R&D budgets, the United States
must make decisions about its investment.
Billions of dollars have been spent to
support a serious space program. How-
ever, large near-term outlays for long-
range, visionary programs may be in doubt
in light of program setbacks and budget



deficits. The United States will maintain a
broad capability in space—in part, for
national security reasons. But it must
better position itself to capture the ben-
efits of space in the commercial sector.

Over the next few years, it will be
important to maintain confidence in the
U.S. space program, and to sustain an
appropriate level of funding. In addition,
space programs need stronger coordina-
tion and focus within the government.
With a spotty history of success in interna-
tional cooperative programs, the nation
also needs to recognize that international
partnerships will be necessary for many
new space endeavors—and operate ac-
cordingly. Finally, there are some tough
trade issues to be faced including how to
ensure that U.S. private companies can
compete against the space products and
services of nonmarket economies.

Aerospace Technology - Trends and
Strategies

Technology development and tech-
nology export are priority concerns for
the aerospace industry. Technology is a
key issue in either creating or impeding
international partnerships. The high cost
and risk of new technology, access to
technology advantages of partners, and
market entry are reasons favoring coop-
eration. But technology leaders such as
the United States also face the possible
loss of a key element of business advan-
tage. It is important to ask: What must be
held back to protect future competitive
advantage? What can be shared to achieve
today’s sales, today’s market access,
today’s mutual benefit?

Nations are collaborating more to
develop and apply new aerospace tech-
nology, and the capabilities of U.S. com-
petitors are growing. An additional com-
plication is that some technology being
applied in aerospace is “dual-use,” with
both military and civil applications. This
has led to a situation where some U.S.
products are—or may be—restricted from
export, while similar products of competi-
tors are not.

The issue of technology transfer was
at the heart of the controversy over the
FSX fighter project with Japan. The issue
has also caused problems between Europe
and the United States. If the United States
is not willing, or U.S. companies not al-
lowed, to pursue cooperative efforts—
sometimes from initial R&D on—com-
panies from other nations will not hesitate
to fill the void. The agreement between
Germany’s Daimler-Benz and Mitsubishi
of Japan to discuss a range of collabora-
tive efforts is a striking example.

What can be lost in discussions about
cooperation between the United States
and other countries is the fact that technol-
ogy flows both ways. Other countries
have made advances from which the
United States can benefit. Agreements
can be structured to protect critical, pro-
prietary information while taking advan-
tage of the market potential cooperative
arrangements provide.

The United States has no strategy to
foster technology development and satis-
factorily address technology-sharing
questions. Its approach is an ad hoc blend
of government and private industry initia-
tives, offensive and defensive. Defensive
initiatives include Buy American legisla-
tion, offsetrestrictions, anti-foreign direct
investment measures, and exportcontrols.
Unfortunately, export controls are not co-
ordinated, delaysinissuing exportlicenses
can be extreme and American manufac-
turers are often prevented from making, or
must report at length, special arrange-
ments needed to secure foreign sales.

Strategies that place the United States
on the offensive include research and de-
velopment incentives, teaming domesti-
cally for research and development, and
targeted spending on critical technolo-
gies. The Aerospace Industries Associa-
tion has launched a Key Technologies
initiative to keep the United States aero-
space industry in the forefront. AIA iden-
tified important enabling technologies,
and is developing technology roadmaps
and development plans, and working co-

operatively with the government and uni-
versities to focus funding and research.

Government policy makers and in-
dustry continue to debate what a national
technology strategy should be, and the
issue is often contentious. Technology
strategy is frequently cast, and negatively,
in terms of “industrial policy”—the
choosing of winners and losers. The ques-
tion is: what middle ground can be found
between a government-directed and sup-
ported approach to business and leaving
things as they are? Meanwhile, U.S. com-
panies compete in a marketplace where
other nations’_resolve to subsidize and
otherwise assist their industries is influ-
encing the outcome of sales.



The World Aerospace Market

The aerospace market is a global mar-
ket that will strongly challenge U.S.
aerospace firms in the 1990s.

The aerospace market is character-
ized by numerous international busi-
ness partnerships—from joint ventures
through subcontracting relationships. In
this environment, the traditional modus
operandi of many U.S. firms and the
U.S. Government may be inappropriate
for achieving success.

The U.S. aerospace industry will con-
tinue as the world leader in aerospace
for the foreseeable future—given the
right balance of policy and programs.
It will not maintain as dominant a
position asin the past in all segments of
the market.

The prescription for market suc-
cess calls for maintaining the industry’s
scientific and technical strengths and
enhancing them with greater manufac-
turing capability. Success dependsupon
the industry s ability toexport, its access
to affordable investment capital—and
to well-educated workers.

New market opportunities are avail-
able for U.S. aerospace firms.

With sales and exports at record
levels, the U.S. aerospace industry is in
a strong position to capitalize on the
market opportunities of the next decade.
The world’s defense market will con-
tinue to be an important source of sales.

Conclusions

However, the commercial sector is now
the area of market growth.

U.S. aerospace producers face
greater competition.

Every national market will be more
competitive. Manufacturers from the
Soviet Union and Eastern Europe will
be moving into Western markets for the
first time. Aerospace firms in Western
Europe will be stronger and more ca-
pable than ever. Countries in the Asia-
Pacific Rim are intent on developing
their own aerospace industries.

Trends In International
Aerospace Cooperation

Foreign firms will continue to seek out
U.S. companies for collaborative ef-
forts, particularly on commercial
projects.

Aerospace companies are cooper-
ating internationally in order to com-
pete. The size of the U.S. military and
commercial markets makes U.S. com-
panies attractive partners. At the same
time, foreign companies—particularly
European firms—are competing with
the United States for key roles in inter-
national partnerships

Defense cooperation between the
United States and other nations will
not live up to recent expectations.

The decline in defense funding and
the changing threat will reduce defense
cooperation between the United States and
other countries from expectations of sev-
eral years ago. Paradoxically, these same
trends and events will highlight the useful-
ness of cooperation as a means of spread-
ing costs, sharing risk, and increasing mar-
ket access.

In Western Europe and Japan, co-
operation is viewed as a fundamental
partof the defense industrial strategy. In
general, in the United States, coopera-
tion is not seen as essential to building
an effective defense.

Cooperation among U.S. defense
contractors is increasing.

Americancompanies are beginning
to work together, as are the Europeans,
to rationalize their defense technology
resources.

International collaboration will often
take different forms than in the past.

The competitive pressure on the
United States for more genuine collabora-
tion is resulting in new types of partner-
ships and new, sometimes subordinate,
roles for U.S. manufacturers. But critical
U.S. technologies will be more closely
guarded by both companies and the gov-
emnment for competitive reasons.




The Space Market

The United States will continue to be a
leader in space but will face increasing
competition in commercial markets.

U.S. space leadership will continue
thanks to the large investment in space-
related research and the significant space
infrastructure the United States has cre-
ated. However, the trend is towards
sharing of a larger space market and
away from the dominance of the United
States and the Soviet Union.

Inthe years justahead, it will be difficult
for NASA to do ambitious “‘big ticket”
projects.

Political consensus is necessary to
fund ambitious large-scale space projects
and, at a time of budget restraints, that
will be difficult for the United States to
achieve. A new attitude of long-term
commitment by the government is nec-
essary in order to accomplish the goals
of large-scale programs. It will be
necessary to establish discrete short-
term goals, concentrated on enabling
technologies.

U.S. commercial space business pros-
pects could be enhanced by more cen-
tralized decision-making.

Programs that could lead to com-
petitive products and services suffer from
a lack of focused, business-oriented
management. The diffusion of respon-
sibility and lack of focus make funding
decisions difficult for Congress.

U.S. government help will be needed to
get the commercial space sector estab-
lished.

The U.S. Government should sup-
port space-oriented commercial busi-
ness—as other governments are doing.

International space consortia are pro-
ceeding without U.S. participation.

The United States will be excluded
from some international arrangements
because of its reputation as an unreliable
partner and its restrictive technology
transfer policies.

Technology Trends and Strategies

The United States needs a national
technology strategy and commitment
toastrongindustrial/technology base.

The United States does not yethave
a coherent strategy to support industry
on high technology issues. A strong
case is building for a strategy of nurtur-
ing generic, enabling technologies—
technologies that encompass both civil
and military applications and are vital to
worldwide competitiveness.

The United States needs to step up its
investment in manufacturing capabil-
ity.

While maintaining the vitality of
science and technology, the United States
cannot afford to underinvest in manu-
facturing technology. The true cutting
edge in world competition is how fast,
how well and how cost-effectively
products are manufactured.

The prospects of the U.S. aerospace
industry will be affected by tighter
R&D budgets and the debate over how
technology dollars should be spent.

Technology demonstration will
become more important than ever in
order to shorten the time from concept to
application and to learn how various
advanced technologies work together.

Validation of generic technology—
to reduce the risk of application for
manufacturers—is as important in the
civil as in the military sector. Over the
long term, lack of validation funding
will inhibit technological preeminence
in civil aeronautics.

More codevelopment and copro-
duction among American companies
will strengthen the competitive posi-
tion of the United States.

Coproduction ventures among U.S.
firms will help companies build upon
joint research, and create profits they
can reinvest in the technology base.

Trying to stop the international flow of
advanced technology through exces-
sive restrictions on products or on co-
operative programs is nonproductive.

Company proprietary know-how
and technologies critical for national
security must be protected. Beyond
that, restrictions on technology are less
productive than working to continually
advance the state-of-the-art, improve
manufacturing technology, and speed
up the cycle of concept to application.

An educated, motivated work force is
one of the most important components
of competitive success for aerospace.

The aerospace industry will be
challenged to meet its future work force
needs. Other countries are doing a better
job of preparing workers who can meet
the requirements of high technology
industries.



Create Better, Lower-cost
Products Faster Than
Competitors

Industry

* Give technology planning and
development as much priority in busi-
ness planning as profits.

* Expand the use of concurrent
engineering whereby engineering de-
signers and manufacturing planners
work hand in hand from the first stages
of product development.

¢ Pursue the aerospace industry’s
Key Technologies for the Year 2000
program.

* Commit to a strong, continuing in-
vestment in manufacturing capability.

* Emphasize use of Total Quality
programs to motivate employees and
improve the productivity of the aero-
space work force.

* Put more effort into building better
working teams, both in domestic partner-
ships, and with foreign companies.

Government

¢ Support industry-led Key Tech-
nologies program and work with indus-
try to develop consensus technology
development plans.

* Provide sustained, strong, balanced
funding of the technology base and tech-
nology demonstration/validation.

* Provide incentives for private
R&D investment.

¢ Enactlegislation supporting forma-
tion of U.S. production-based consortia.

Recommendations

* Support major space initiatives
such as Space Station Freedom, the
Missions to and from Planet Earth, and
the Space Exploration Initiative within
the context of a strong overall U.S.
space program and the incremental de-
velopment of technology.

* Pursue bilateral or multilateral
cooperative efforts in space.

 Supportacompetitive commercial
spaceindustry in the United States through
a strong public-private partnership.

¢ Increase IMIP funding within the
DoD budget, set unified policy for man-
agement of programs across services,
and streamline IMIP contract imple-
mentation.

¢ Support development of the Na-
tional Defense Manufacturing Technol-
ogy Plan.

¢ Foster use of management con-
cepts for continuous productivity im-
provement.

Establish An Investment Climate
That Supports A Strong
Industrial/Technology Base

Industry

* Build partnerships with U.S. sup-
pliers and promote productivity through
assistance withemployee training, R&D,
manufacturing investment.

* Develop international partner-

ships that provide a strong flowback of
financial and technology resources.

Government

* Pursue fiscal and spending poli-
cies that will make capital available and
affordable for business investment.

* Place greater effort into improving
the dialogue between government and in-
dustry,andinvolvingindustry inthedevel-
opment of program requirements.

¢ Encourage industry’sinvestmentin
technology and innovation by allowing
full recovery of the costs of IR&D/B&P.

¢ Increase progress payments to
defense contractors.

* Reorient the defense budgetcycle
to allow more multi-year procurements.

¢ Rescind the current DoD policy
on recoupment of RDT&E costs and
apply recoupment surcharges only to
major defense equipment sold to for-
eign countries.

Educate, Attract, And Develop
A High-calibre Work Force

Industry

« Continue and strengthen support of
the public education system, particularly
science, mathandlanguage programs from
K-12 through university level.

* Expand enhanced in-house edu-
cation programs for those with special-
ized and critical skills, and to increase
productivity and competitiveness of the
work force as a whole.

¢ Expand in-house remedial educa-
tion for workers, stressing fundamen-
tals such as English, communications,
and computations.



¢ Expand recruitment and training
of women and minorities.

¢ Continue to pursue and develop ties
with the university community in support
of research objectives and development of
an educated work force.

¢ Continue to provide Key Tech-
nologies information to universities to
help guide curriculum changes.

Government

* Provide strong support nation-
wide for the study of science, math and
languages.

¢ Provide financial incentives to de-
velop university-industry partnerships.

Academia

* Work with industry to develop
and integrate curricula that respond to
the needs of knowledge-intensive pro-
duction.

* Work with industry and govern-
ment to develop sound Key Technology
development plans, coordinate with them
on university-based research efforts and
relate curriculum where possible to im-
portant generic technologies.

Remove Barriers To Trade

Government

* Work toward a free and open
climate for international trade and in-
vestment including greater harmoniza-
tion of country practices on R&D and
production subsidies, and elimination
of non-tariff barriers and technical bar-
riers such as some standards, testing and
certification requirements.

* Take aggressive action against
violatorsof international trade agreements.

¢ Continue to support the Uruguay
Round of the GATT and work to
strengthen the multilateral trading sys-
tem.

* Effectively regulate the entry of
space launch systems developed in

nonmarket economies into the limited
commercial market.

Establish Pro-trade Policies

Government

¢ Seek active FAA role in promo-
tion of U. S. aviation interests world-
wide, including strong efforts to main-
tain the integrity of U.S. federal airwor-
thiness regulations (FARs).

* Work toward speedy harmoniza-
tion of product liability laws in the inter-
national arena, and reform present U.S.
product liability law and penalties.

* Affirm an Administration policy
on defense exports and international
cooperative programs.

e Work toward a multilateral
framework on offset understandings
and take no unilateral action to limit
offsets.

* Ensure adequate financing for all
exports.

Implement Technology Export
Policies That Make National
Security And Market Sense

Industry

¢ Foster discussion of industrial/
technology base issues from a global
perspective.

* Focus internal activities on key
company strengths—critical product
and process technology—while coop-
erating internationally to enhance U.S.
market opportunities.

* Structure cooperative agreements
for strategic acquisition—as well as
sharing—of technology.

Government

* More clearly define products and
technologies to be controlled rather than
imposing broad, generalized prohibi-
tions.

¢ Provide asingle DoD policy guid-
ance on defense exports, technology
transfer, the industrial base, and arms
cooperation.

* Clarify jurisdiction between De-
partments of State and Commerce with
respectto “dual-use” commodities, with
final appeal to the President.

* Conform U.S. Munitions List to
COCOM International List to put U.S.
suppliers on equal footing with foreign
competitors.

* More narrowly define “defense
articles and services.”

¢ Streamline export controls ad-
ministration.

* Pursue technology developed
abroad through government to govern-
ment efforts.

The Aerospace Industries Asso-
ciation (AlA) is the non-profit trade
association representing the nation’s
manufacturers of commercial, military,
and business aircraft, helicopters, air-
craft engines, missiles, spacecraft, and
related components and equipment.

The full report on The U.S. Aero-
space Industry: A Global Perspectiveis
available to AIA nonmembers for $20.
Contact AIA at 202/371-8561.
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In 1988, the Aerospace Industries Association pub-

lished a report, The U.S. Aerospace Industry and the
Trend Toward Internationalization, that described
growing foreign competition and the steps American
companies were taking to adjust to global realities.
The marketplace was being transformed into anetwork
of global, cooperative business relationships.

The View From 1988

The 1988 report concluded that internationaliza-
tion of the aerospace industry would continue. Coop-
eration in civil aerospace was already well estab-
lished. Cooperation in defense programs was grow-
ing, too, as many nations developed aerospace capa-
bilities. This would make it more difficult for U.S.
companies to market “off the shelf”” military products,
and would promote their participation in international
programs. U.S. defense contractors were sometimes
handicapped from deeper involvement in collabora-
tive efforts by government technology transfer poli-
cies. Ifthe United States were to continue as the leader
in both defense and civil aerospace products, the
industry would have to be in sound financial health
and maintain its technological vitality.

Trends Since 1988

Events have moved faster and farther than ex-
pected just a few years ago. General trends were for
the most part anticipated but some of the events
speeding them along could not be foreseen. Some of
the changes:

Introduction

» Commercial aerospace business replaced the de-
fense sector as the greatest source of industry growth.

» U.S. defense contractors, already feeling the pinch

of government policies that make it difficult to raise
operating capital, now face severe defense budget
cuts.

* The Soviet bloc fragmented—unexpectedly—
heightening the pressure to reduce defense spend-
ing.

* The Persian Gulf War demonstrated that regional
conflicts—including matters of technology transfer
and arms control—will take center-stage in U.S.
strategic thinking. The war also demonstrated the
value of the U.S. investment in high technology
weaponry, and increased the attractiveness of battle-
proven U.S. systems. However, export restrictions
for many of these products are unlikely to be relaxed
in the near future.

* The role of the North Atlantic Treaty Organization
(NATO) alliance is changing, hastened by the
opening of Eastern Europe, improved but uncertain
relations with the Soviet Union, and the reuniting of
the two Germanies. It is unclear how efforts to
maintain “rationalization, standardization and
interoperability” or “RSI” of defense systems among
the United States and other NATO members will
fare; however, the new multinational, crisis-reaction
force structure and the experiences of the Persian
Gulf War reinforce the importance of RSI.




« Europe continues as the leading regional market for
U.S. aerospace products (defense and commercial
combined). But as the Soviet threat diminishes, the
U.S. market in Europe will shrink. = Economic
unification is strengthening European aerospace
firms, and presenting the United States with stiff
competition.

» The U.S. aerospace industry’s ties to Asia/Pacific
Rim nations have grown in importance. The bal-
ance of trade is overwhelmingly in favor of U.S.
companies and the future market in that region,
especially for commercial products, is consider-
able. At the same time, the aerospace industries of
countries in that region are growing rapidly.

Dozens of nations are developing market niches in
the space business, while the United States—which
still dominates that sector—struggles to fund a
broad range of programs.

« There is growing concern in the U.S. political arena
that international cooperation will build competi-
tion and erode the industrial base. This concern is
the basis for a stronger government hand in estab-
lishing requirements in matters such as trade, export
finance, offsets, and foreign direct investment.

« There is also growing friction among western trading
partners as the threat provided by the Soviet bloc
diminishes, as trade relationships between Europe,
Japan and the United States become more competi-
tive, and as economic systems and strategies clash.

« International leasing companies exercise growing
influence over competition in the commercial trans-
port sector. Their ability to place major orders
creates fierce competition among producers and can
have a significant effect on prices. American jet
transport manufacturers, who do not have the ben-
efit of the government support available to com-
petitors, are at a disadvantage.

» Technology life cycles are shorter and shorter and
U.S. companies must quickly exploit technological
advantage. Advancements must be incorporated
into products before they are duplicated by competi-
tors—or before the technology becomes obsolete.

These trends provide some context for this
report and are all factors shaping the markets
for U.S. aerospace products. It is readily
apparent that market success or failure depends
heavily on maintaining a global view.

This Report

Specifically, this report addresses these questions:

» What advantages and disadvantages does the U.S.
aerospace industry possess as it faces the global
marketplace of the 1990s? What are its challenges?

» What developments are shaping two major regional
markets: Europe and the Pacific Rim?

« What forces are shaping the space market as other
countries step up efforts in areas once dominated by
the United States and the Soviet Union?

» What will be the effects of the exponential dispersal
of technology around the globe, and what effects
will U.S. technology policies—or lack thereof—
have on the market viability of U.S. companies?

» What strategies should U.S. companies and the U.S.
Government follow to keep the American aerospace
industry strong and innovative?




Conclusions

The internationalization of the aerospace market is continuing at a rapid pace. __

The U.S. aerospace industry is well positioned for continuing success in the marketplace but
must take steps to insure that this remains the case. __

The government has an important role to play in the continuing health of the U.S.

The World Aerospace Market

The aerospace market is a global market
that will strongly challenge U.S. aerospace
firms in the 1990s.

The aerospace market is characterized by numer-
ous international business partnerships of every sort
and at every level—from subcontracting relation-
ships through joint ventures. In this environment, the
traditional modus operandi of many U.S. firms and
the U.S. Government may be inappropriate for
achieving success. The U.S. industry has capable
competition in many countries—firms that offer out-
standing technology and a wide range of product
offerings. The advantages U.S. firms once achieved
from economies of scale—based on a large domestic
market—may be more difficult to realize as foreign
firms expand their sales base through international
networking. The U.S. Government, forits part, is used
to functioning in a period when the United States was
the undisputed economic leader. Foreign government
practices of support for their industries including
subsidies and various nontariff barriers to free trade
were generally overlooked or worked around because
the cost to U.S. manufacturers did not appear to be
great. In addition, the government/business relation-
ship in the United States continues to be strongly
adversarial, while such relationships in other coun-
tries have a long history of cooperation and mutual
respect, With greater reliance on and exposure to the

aerospace industry. __

international market, past U.S. advantages may not be
enough to keep the U.S. aerospace industry in its
current leadership position.

The U.S. aerospace industry will continue
as the world leader in aerospace for the
foreseeable future—given the right balance
of policy and programs. It will not maintain
as dominant a position as in the past in all
segments of the market.

The prescription for market success calls for main-
taining the industry’s scientific and technical strengths
and enhancing them with greater manufacturing ca-
pability. Success depends upon the industry’s having
access to affordable investment capital—and to well-
educated workers. In the marketplace of the 1990s,
success is a blend of staying ahead in key technical
areas, restricting access for a reasonable time to im-
portant new knowledge, and developing the manu-
facturing skills to translate knowledge quickly into
world-class products. Success also depends on the
ability to export—to enter the market at the right time
with quality products at a competitive price.

Technology is not static, development cycles are
getting shorter, and the United States cannot maintain
dominance inevery technology, and every sector. The
goal should not be to hoard technology but to outrun
competitors by picking up the pace.




New market opportunities are available
for U.S. aerospace firms.

With sales and exports at record levels, the U.S.
aerospace industry is in a strong position to capitalize
on the market opportunities of the next decade. The
world’s defense market will continue to be an important
source of sales. However, the commercial sector is
now the area of market growth. Eastern Europe, the
Asia-Pacific Rim region, and possibly the Soviet
Union, represent areas of new and expanding demand.
Western Europe will continue to be a market for U.S.
defense and civil aerospace products although con-
ventional force agreements could dampen some growth
in this market.

U.S. aerospace producers face
greater competition.

Every national market will be more competitive.
Manufacturers from the Soviet Union and Eastern
Europe will be moving into Western markets for the
first time. Most will probably seek joint venture
arrangements with western firms. Also, aerospace
firms in Western Europe will be stronger and more
capable than ever. Countries in the Asia-Pacific Rim
are intent as well on developing their aerospace indus-
tries.

With more nations producing defense systems,
nations will tend to purchase more from domestic and
regional sources. Strong competition will allow pur-
chasing nations to drive hard bargains with
nondomestic suppliers. While the huge cost and risk
of commercial aircraft and engine programs limits
entry into the civil market as original equipment
manufacturers, companies around the world are de-
veloping as suppliers in the lucrative commercial
market. Even in the United States, U.S. companies
will be competing more fiercely as imports rise and
foreign direct investment in America grows. U.S.
aerospace suppliers at the sub-tier levels will be the
most directly affected, and many will leave the aero-

space industry. Partnerships built on long-term com-
mitments to productivity and quality enhancement
between U.S. prime equipment manufacturers and
suppliers can help reduce this attrition.

Trends In International Aerospace
Cooperation

Foreign firms will continue to seek out
U.S. companies for collaborative efforts,
particularly on commercial projects.

Aerospace companies are cooperating internation-
ally in order to compete. The global network of
relationships continues to expand and at an accelerat-
ing rate. The size of the U.S. military and commercial
markets makes U.S. companies attractive partners—
and investment in the United States an attractive
option. Access to U.S. technology is also an incentive
for foreign companies to seek partnerships with the
United States. Atthe same time, foreign companies—
particularly European firms—are competing with the
United States for key roles in international partnerships.

In the civil aerospace market, cooperation has deep
roots. The major western manufacturers of large
commercial transport aircraft have well-established,
worldwide networks of suppliers; some programs
involve coproduction or equity sharing partnerships.
New market opportunities in Asia and Eastern Europe
will increase the number of cooperative relationships
in civil aerospace.

Just as foreign firms will seek out partnerships with
U.S. companies, American firms will actively seek to
collaborate internationally.




Defense cooperation between the United
States and other nations will not live up to
recent expectations.

The decline in defense funding and the changing
threat will reduce international defense cooperation
from expectations of several years ago. However,
these same trends and events will highlight the useful-
ness of cooperation as a means of spreading costs,
sharing risk, and increasing market access—impor-
tant concerns for both industry and government.

Among the nations of Western Europe, coopera-
tion on defense programs will be spurred by cross-
country mergers and acquisitions and shrinking defense
budgets. With the opening of Eastern Europe, these
relationships will multiply. Important cooperative
relationships will also continue among the three major
power blocs—Europe, the United States and Asia,
particularly Japan. However, in the United States,
lack of emphasis on defense trade, poor coordination
of cooperative efforts, little support among the mili-
tary services, and weak political support have worked
against the success of international defense coopera-
tive programs. U.S. technology transfer restrictions
are the primary obstacle to cooperation. In Western
Europe and Japan, cooperation is viewed as a funda-
mental part of the defense industrial strategy. In
general, in the United States, cooperation is not seen
as essential to building an effective defense. How-
ever, this may change. Because U.S. defense spend-
ing is declining, there should be greater urgency and
increased motivation within the U.S. Government and
industry to participate in collaborative efforts.

Despite efforts to harmonize U.S. and European
national acquisition processes, critical differences will
remain for some time. Governments will have to
provide industry with the flexibility to operate more
effectively within the differing acquisition processes
of the United States and the European nations, if they
want cooperation to flourish.

Cooperation among U.S. defense
contractors is increasing.

American companies are beginning to work to-
gether, as are the Europeans, to rationalize their de-
fense technology resources. In several recent military
programs where investment costs are high and finan-
cial and technological risks considerable, U.S. manu-
facturers have teamed—with the blessing and encour-
agement of the government. To some extent, this will
offset the need to team with firms in other countries,
and will also protect critical U.S. technology.

International collaboration will often
take different forms than in the past.

The competitive pressure on the United States for
more genuine collaboration is resulting in new types
of partnerships and new, sometimes subordinate, roles
for U.S. manufacturers; in the past, U.S. firms were
generally project leaders. There is also a trend toward
more long-term and risk-sharing arrangements, and
more cooperation that begins with research and de-
velopment, rather than production.

Critical U.S. technologies will be more closely
guarded by both companies and the government for
competitive reasons. Collaborations with foreign
partners will involve greater equity in technology
transfers. There will be less ambiguity regarding
technology transfer in future agreements.

For the most part, U.S. firms have not been as
aggressive in pursuing international ties as their for-
eign counterparts. As atechnology leader, the United
States has more to lose from cooperation —but it still
has much to gain. For one thing, access to markets
may be slanted to favor companies that have a pres-
ence there based on cooperative relationships. But
other countries also have technology that the United
States can use. U.S. firms can come out ahead if they
emphasize assimilating and adapting knowledge and




experience from cooperative relationships and struc-
ture them where possible for technology flowback.

Company to company ties may prove a stronger
element of U.S./European cooperation than govern-
ment to government relationships. American and
European companies are forming alliances to bid on
work in each other’s market, to sell each other’s
products in home markets, or to develop and sell a
project jointly in third countries. They are taking
equity stakes in each other’s companies. Few U.S.
companies have set up manufacturing plants abroad
but they are upgrading their presence in other coun-
tries, finding partners for specific projects or products,
and sometimes establishing agreements which may
develop into broader, more permanent relationships.

The Space Market

The United States will continue to be a
leader in space but will face increasing
competition in commercial markets.

U.S. space leadership will continue thanks to the
large investment in space-related research and the
significant U.S. space infrastructure. However, in
some space fields the barriers to entry have fallen and
U.S. leadership and cooperation is no longer essential
to other nations. The trend is towards sharing of a
larger space market and away from the dominance of
the United States and the Soviet Union. Still, there is
ample room for growth in the U.S. industry and for
vigorous U.S. commercial space leadership.

The U.S. Government approach to space has been
more geo-political than economic and has focused on
a full-service space capability. Most other nations are
investing in targeted, specialized areas with a view to
present and future market opportunities. They will
use their combined government and industry muscle
to compete for a part of major programs, such as the
Space Station. They will focus on developing strate-
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gic technology or hardware in support of the program
(e.g., terrestrial electronics or receiving equipment).
Then, in more strictly commercial competition—
against private American companies that do not have
the same government support system—foreign com-
panies may well have an economic advantage.

In the years just ahead, it will be
difficult for NASA to do ambitious
“big ticket” projects.

Political consensus is necessary to fund ambitious
large-scale space projects and, at a time of budget
restraints, that will be difficult for the United States to
achieve. A new attitude of long-term commitment by
the government is necessary in order to accomplish
the goals of large-scale programs such as the Missions
to and from Planet Earth. There must be a commit-
ment beyond the normal election cycles of an ad-
ministration—acommitment that is sustained through
the attainment of the goal. To achieve long-range
goals, it will be necessary to establish discrete short-
term goals, concentrated on enabling technologies. A
building block approach will lay the groundwork to
accomplish long-range program objectives while living
within NASA budget constraints. It will also be
essential for both government and industry to explore
and participate in international teaming on major
projects.

U.S. commercial space business prospects
could be enhanced by more centralized
decision-making.

U.S. space research and development and space
operations and commerce are commingled within
several U.S. Government agencies, and thus in the
budgets that are reviewed by several different Con-
gressional oversight committees. Programs that could
lead to competitive products and services suffer from
a lack of focused, business-oriented management.




The diffusion of responsibility and lack of focus make
funding decisions difficult for Congress.

U.S. government help will be needed to
get the commercial space sector
established.

With the exception of government contract work
and communication satellites, there is a noticeable
lack of commercial interest in investing in space. The
payoff from space lies beyond the financial planning
horizon of most of today’s business executives. Since
this is not likely to change soon, the U.S. Government
should support space-oriented commercial business—
as other governments are doing.

International space consortia are
proceeding without U.S. participation.

Consortia of nations that do not include U.S. par-
ticipation are forging ahead with state-of-the-art space
programs. The United States will be excluded from
some international arrangements because of its repu-
tation as an unreliable partner and its restrictive
technology transfer policies.

Technology Trends and Strategies

The United States needs a national
technology strategy and commitment to a
strong industrial/technology base.

While the Bush administration has issued a Na-
tional Technology Policy statement, the United States
does not yet have a coherent strategy to support
industry on high technology issues. A strong case is
building for a strategy of nurturing generic, enabling
technologies—technologies that encompass both civil
and military applications and are vital to worldwide
competitiveness. The case for a national technology
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strategy is strengthened by the increasing speed with
which technology is being developed and transferred
globally.

The United States needs to step up its
investment in manufacturing capability.

While maintaining the vitality of science and tech-
nology, the United States cannot afford to underinvest
in manufacturing technology. Strong government
commitment to state-of-the-art manufacturing tech-
nology, and to incentives for industry investment—
such as the Industrial Modernization Incentives Pro-
gram (IMIP)—is needed. The true cutting edge in
world competition is how fast, how well and how cost-
effectively products are manufactured. The Japanese
have amply demonstrated this. They have used their
manufacturing capability to rise to the top in several
industry sectors.

The prospects of the U.S. aerospace industry
will be affected by tighter R&D budgets and
the debate over how technology dollars
should be spent.

In the future, U.S. Government R&D funding will
focus more on dual-use technology, and on obtaining
a commercial payoff from defense technology, than it
has in the past. Greater integration of the defense and
civil technology bases makes sense. Some advanced
requirements of defense systems can be met with
commercial products; thus, it makes sense for the
Department of Defense to buy commercially, where
possible. However, there continue to be areas where
defense technology needs diverge from those of the
commercial sector. Performance and endurance re-
quirements of materials, parts and systems for military
purposes often go beyond anything required for the
commercial market.




In an era of tight defense budgets and changing
threat, there has been much discussion of open-ended
technology development—of developing technology
and putting it “on the shelf” until needed. Technology
that is not tied to specific products and programs, and
that has possibly never been field tested, will not
adequately support a strong defense technology base.
Technology demonstration will actually become more
important than ever in order to shorten the time from
concept to application and to learn how various ad-
vanced technologies work together.

Validation of generic technology—to reduce the
risk of application for manufacturers—is an important
part of aerospace technology development and is as
importantin the civil as in the military sector. Funding
for technology and technology validation within the
National Aeronautics and Space Administration has
declined, and although funding is now being increased
to some extent, it is still insufficient. Over the long
term, this will inhibit technological preeminence in
civil aeronautics.

More codevelopment and coproduction
among American companies will strengthen
the competitive position of the United States.

Legislation enacted in 1984 made it easier for U.S.
companies to cooperate on research and development
ventures. Later legislation permitted government
laboratories to join these R&D consortia. A natural
follow-on would be legislation that removes antitrust
inhibitions against certain coproduction joint ventures.
Coproduction ventures among U.S. firms will help
companies build upon joint research, and create profits
they can reinvest in the technology base.

The U.S. Government is already encouraging U.S.
aerospace company teaming on major programs—in
much the way that companies in other countries have
been working together for decades. The comparative
ease with which American companies can form joint
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ventures abroad, but not at home, probably prepared
the way for this level of cooperation. Without team-
ing, U.S. defense contractors will not be able to take
part in some future projects that require a considerable
investment on their part. Years of poor return on
investment—the result of a combination of govern-
ment regulatory policies—have increased debt and
reduced company funds for R&D and plant and equip-
ment.

Trying to stop the international flow of
advanced technology through excessive
restrictions on products or on cooperative
programs is nonproductive.

In the global marketplace, one company or nation
will not be likely to maintain all of the technological
advantages indefinitely. Already, there are competi-
tive products for many of the products restricted from
export by the U.S. Government. In addition, col-
laboration with foreign companies provides opportu-
nities for the U.S. aerospace industry to expand its
knowledge base; increasingly, technology is flowing
back into the United States.

International aerospace partnership arrangements
vary considerably in nature and can be structured for
mutual advantage without the loss of critical company-
proprietary knowledge. Anadvantage of the complex,
modular nature of aircraft is that systems and parts can
be produced independently without transferring
knowledge of the other parts, or about the integration
of the whole.

Company proprietary know-how and technologies
critical for national security must be protected. Be-
yond that, restrictions on technology are less produc-
tive than working to continually advance the state-of-
the-art, improve manufacturing technology, and speed
up the cycle of concept to application. Meanwhile,
“yesterday’s” technology is an asset that can be shared

or traded for market advantage.




An educated, motivated work force is one of
the most important components of
competitive success for aerospace.

The aerospace industry will be challenged to meet
its future work force needs in view of the inadequacies
of the U.S. education system. Other countries are
doing a better job of preparing workers that can meet
the requirements of high technology industries—
judging by the scholastic scores of young Americans
vis a vis their foreign counterparts. American youths
are also less interested in pursuing scientific and
technical careers than are those in other countries. The
aerospace industry is investing heavily in education
and needs to work even more closely with government
and academia to develop a globally competitive work
force. Yetmoney alone will not be sufficient. Industry
must provide new ideas and direction to the educational
process.
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Recommendations

Create Better, Lower-cost Products Faster than Competitors __

Establish an Investment Climate That Supports a Strong Industrial/Technology Base __
Educate, Attract and Develop a High-calibre Work Force __

Remove Barriers to Trade

Establish Pro-trade Policies

Implement Technology Export Policies that Make National Security and Market Sense __

Create Better, Lower-Cost Products  Emphasize use of Total Quality programs to
Faster Than Competitors motivate employees and improve the
productivity of the aerospace work force.
Industry
« Give technology planning and development as * Put more effort into building better working
much priority in business planning as profits. teams, both in domestic partnerships, and

- Include acquisition of foreign-developed with foreign companies.
technology as a key element of
international strategic alliances. Gavernment

» Support industry-led Key Technologies
» Expand the use of concurrent engineering program and work with industry to develop
" whereby engineering designers and consensus technology development plans.
manufacturing planners work hand in hand
from the first stages of product development. * Provide sustained, strong, balanced funding of
the technology base and technology
« Pursue the aerospace industry’s Key Technolo- demonstration/validation.
gies for the Year 2000 program. - Increase funding for DoD technology

- Work to develop national consensus integration demonstration programs.
technology plans and program priorities. - Increase National Aeronautics and Space

- Pursue establishment of industry/govern- Administration (NASA) funding for
ment/university cooperative endeavors. technology development/validation.

- Take the lead in identifying the most - Seek industry input on program priorities.
promising areas for cooperative - Establish closer cooperation on
development. aeronautical research and development

(R&D) between NASA and the Federal
+ Commit to a strong, continuing investment in Aviation Administration.

manufacturing capability.
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* Provide incentives for private R&D
investment.

- Make the R&D tax credit permanent to
permit long-term planning.

- Foster cooperation between industry and
academia.

- Accelerate depreciation of test facilities
and equipment.

* Enact legislation supporting formation of U.S.

production-based consortia

« Support major space initiatives such as Space
Station Freedom, the Missions to and from
Planet Earth, and the Space Exploration
Initiative within the context of a strong
overall U.S. space program and the
incremental development of technology.

- Identify enabling technologies and begin
funding shorter-term projects that will
provide the basis for future major
programs.

* Pursue bilateral or multilateral cooperative
efforts in space.

- Establish policy that reflects the existence
of new technological and market
challengers and accepts the role of other
nations as full partners—in areas where
cooperation will benefit all parties.

- Strive to change the image of Americans
as unreliable partners in space projects.

- Pick partners carefully, where economic
interests are at stake, and negotiate
agreements to provide for a fair and
equitable sharing of results.
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* Support a competitive commercial space
industry in the United States through a strong
public-private partnership.

- Take steps to reduce the differences
between the United States and other
countries in the way we do business in
space.

- Separate space research and development
and space operations and commerce
responsibilities within government to
strengthen management, provide a better
focus on market opportunities, and clarify
funding decisions.

- Focus NASA and the DoD on space
research and technology, sharing
capabilities where feasible.

- Increase private access to government
facilities and technology.

- Promote uniformity in the way countries
do business in space.

* Increase IMIP funding within the DoD
budget, set unified policy for management of
programs across services, and streamline
IMIP contract implementation.

* Support development of the National Defense
Manufacturing Technology Plan.

* Foster use of management concepts for
continuous productivity improvement.




Establish An Investment Climate
That Supports A Strong Industrial/
Technology Base

Industry

* Build partnerships with U.S. suppliers and
promote productivity through assistance with
employee training, R&D, and manufacturing
investment.

» Develop international partnerships that
provide a strong flowback of financial and
technology resources.

Government

* Pursue fiscal and spending policies that will
make capital available and affordable for
business investment.

- Expand the economic objective of
full-employment and price stability to
encompass promotion of a climate that
fosters long-term capital formation.

- Develop tax policies that make long-term
investments in productive assets more
financially attractive.

* Place greater effort into improving the
dialogue between government and industry
and involving industry in the development of
program requirements.

* Encourage industry’s investment in
technology and innovation by allowing full
recovery of the costs of IR&D/B&P.

* Increase progress payments to defense
contractors.

* Reorient the defense budget cycle to allow
more multi-year procurements.
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- Continue implementation of two-year
budgeting.

- Initiate project termination protection
measures for companies.

* Rescind the current DoD policy on
recoupment of RDT&E costs and apply
recoupment surcharges only to major defense
equipment sold to foreign countries.

Educate, Attract, And Develop
A High-calibre Work Force

Industry

» Continue and strengthen support of the public
education system, particularly science, math
and language programs from K-1 through
university level.

 Expand enhanced in-house education pro-
grams for those with specialized and critical
skills, and to increase productivity and
competitiveness of the work force as a whole.

* Expand in-house remedial education for
workers, stressing fundamentals such as
English, communications, and computations.

» Expand recruitment and training of women
and minorities.

+ Continue to pursue and develop ties with the
university community in support of both
research objectives and the development of
an educated work force.

* Continue to provide Key Technologies
information to universities to help guide
curriculum changes.




Government

* Provide strong support nationwide for the
study of science, math and languages from
K-12 through the university level.

» Provide financial incentives to develop
university-industry partnerships and to foster
and enhance, for example:

- University-based R&D activities,

- Training of new scientists, engineers and
technically-oriented managers, and

- Continued education for university-based
and industry-based holders of advanced
degrees.

Academia

» Work with industry to develop and integrate
curricula that respond to the needs of
knowledge-intensive production.

» Work with industry and government to
develop sound Key Technology development
plans, coordinate with them on university-
based research efforts and relate curriculum
where possible to important generic, enabling
technologies.

Remove Barriers To Trade

Government

» Work toward a free and open climate for
international trade and investment including
greater harmonization of country practices on
R&D and production subsidies, and
elimination of non-tariff barriers and
technical barriers such as some standards,
testing and certification requirements.
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» Take aggressive action against violators of
international trade agreements.

« Continue to support the Uruguay Round of
the GATT and pursue measures to strengthen
the multilateral trading system.

» Effectively regulate the entry of space launch
systems developed in nonmarket economies
(e.g., China and the Soviet Union) into the
limited commercial market.

Establish Pro-trade Policies

Government

* Seek active FAA role in promotion of U. S.
aviation interests worldwide, including strong
efforts to maintain the integrity of U.S.
federal airworthiness regulations (FARs).

» Work toward speedy harmonization of
product liability laws in the international
arena, and reform present U.S. product
liability law and penalties in light of a rapidly
changing economic environment.

 Affirm an Administration policy on defense
exports and international cooperative pro-
grams.
- Establish implementation guidance.
- Provide a single point of contact within
DoD on arms sales and cooperation.
- Consider export design requirements
during the product design phase.
- Support American products and concepts
at trade shows.
- Remove or limit recoupment of
development costs by DoD on non-major
defense items.




» Work toward a multilateral framework on
offset understandings and take no unilateral
action to limit offsets.

- Limit offset reporting requirements to
basic and essential facts.

* Ensure adequate financing for all exports.

- Maintain sufficient Eximbank program
authority to enable complete fulfillment of
its mandate to facilitate civil sales.

- Increase use of asset-based financing for
civil exports through financial guarantees
or political risk insurance.

- Extend allowable repayment term under
Large Aircraft Sector Understanding to 18
years.

- Establish government guarantees for
commercial bank financing of defense
exports to credit-worthy countries.

- Work with foreign export credit agencies
and private lending institutions to
encourage financing of international
collaborative programs.

Implement Technology Export Policies
That Make National Security And
Market Sense

Industry
» Foster discussion of industrial/technology
base issues from a global perspective.
- Promote understanding of the dangers of a
“protectionist” approach in the face of
strong world market competition.

* Focus internal activities on key company
strengths—critical product and process

technology—while cooperating
internationally to enhance U.S. market
opportunities.

* Structure cooperative agreements for strategic
acquisition—as well as sharing—of
technology.

Government

* More clearly define products and technologies
to be controlled rather than imposing broad,
generalized prohibitions.

* Provide a single DoD policy guidance on
defense exports, technology transfer, the
industrial base, and arms cooperation.

» Clarify jurisdiction between Departments of
State and Commerce with respect to “dual-
use” commodities, with final appeal to the
President.

* Conform U.S. Munitions List to COCOM
International List to put U.S. suppliers on
equal footing with foreign competitors.

- Better define items that belong on the
Militarily-Critical Technologies List.

* More narrowly define “defense articles and
services.”

« Streamline export controls administration.

* Pursue technology developed abroad through
government to government efforts.




The U.S. Aerospace Industry in 1991

The United States achieved—and maintains—world leadership in aerospace by capitalizing on
U.S. long-term macroeconomic growth, the largest defense market in the free world, and the
highest aerospace R&D spending of any national aerospace sector. —

The U.S. industry’s international business has increased, but so has its exposure to
the pressures of the marketplace. World market share figures indicate the industry

The U.S. aerospace industry is one of the fundamen-
tal sources of America’s economic strength and world
leadership. American aerospace products enable the
nation to project a military presence that is second to
none. U.S.-manufactured air transports dominate
world cargo and passenger traffic, facilitating busi-
ness and tourism.! The U.S. space program is respon-
sible foralong list of achievements thathave improved
the quality of life—from advances in medicine, to
global satellite networks that speed the exchange of
communications.

Even though the U.S. industry dominates the
world aerospace market, there is growing pressure
from other foreign companies attempting to gain a
larger portion of the increasing global demand. In
1970, U.S. market share of total free-world aerospace
production stood at 79 percent. Market share declined
in the 1970s, until increased U.S. defense spending
and commercial aircraft sales growth during the 1980s
pushed the U.S. share up to 73 percent in 1985. Since
then, U.S. market share has fallen to 60 percent even
as U.S. aerospace sales continued to increase, particu-
larly in the commercial sector. In contrast, European
market share has improved since 1985 from 21 to 33
percent.? Part of the recent U.S. decline in market
share comes from a reduction in domestic military
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faces some serious challenges. —

sales: in real terms, U.S. defense outlays turned
downward after 1986. But also contributing to the
general decline is the increasing European aggres-
siveness in pursuing commercial sales. See Figures 1
and 2 for market share and aerospace sales trends over
time. A more accurate barometer of U.S. aerospace
competitiveness is to eliminate the bias of domestic
spending programs and calculate world market share
interms of export deliveries only. Using this measure,
the trend is still the same. The U.S. share of complete
aircraft and aircraft parts exports drifted downward
from 65 percent in 1974 to 50 percent in 1986. The
U.S. share of aircraft and parts imports increased from
12 to 26 percent over that same period. The European
share of aircraft and parts exports rose from 25 percent
in 1974 to 40 percent in 1986.

These market share figures underscore the chal-
lenge that U.S. manufacturers face when competing in
the international arena. This challenge is significant,
because the industry is taking on a greater global
orientation. To compete in this environment one must
understand the forces motivating industry and gov-
ernments and the actions they are taking to position
themselves for economic growth in the aerospace
field into the next century.




To shed light on this process, the next three
sections of this report will look at the aerospace
sectors in the United States, Western Europe, and
Japan and the Asia-Pacific Rim. This first section will
focus on the U.S. industry. Since a 1988 AIA study,
The U.S. Aerospace Industry and the Trend Toward
Internationalization, supplied background onthe U.S.
industry, detailing its characteristics and motivations,
that material will not be repeated. Instead, this first
section will concentrate on U.S. foreign trade and
investment activities since 1986, updating data pre-
sented in the firstreport. The sections that follow—on
Western Europe and Asia-Pacific Rim—will cover
more ground, including information on industry struc-
ture and government/industry relationships. The fo-
cus of all three sections will be on how aerospace
companies respond to overseas demand through li-
censing, trade, foreign direct investment, and joint
ventures. Although international business arrange-
ments are complex and frequently incorporate a
combination of these approaches, to simplify this
review and maintain continuity with the previous AIA
study, these approaches will be discussed as discrete
activities.

U.S. Aerospace Market
Overview*

Underpinning the achievements of the U.S. aero-
space industry is a large domestic market, reinforced
by years of economic growth and U.S. Government
defense spending, which together have provided the
means for building the most dynamic and competitive
national aerospace sector in the world. Inrecent years,
an increasing share of U.S. aerospace sales has come
from the civil sector, but government contracts still
account for 56 percent of total aerospace sales (Figure
3).* U.S. aerospace sales have improved annually
since 1971 and reached an estimated $131 billion in
1990.5 No other nation comes close to achieving sales
of this magnitude.

* See pages 30-33 formore onthe U.S. in the global marketplace.
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The industry has also demonstrated a commitment
to maintaining the highest level of aerospace research
and development (R&D) in the world. This effort is
strongly supported by U.S. Government funding for
military projects, as well as for basic research in civil
aeronautics. U.S. aerospace R&D averaged over $22
billion annually between 1987 and 1989.6

The U.S. aerospace sector is composed of pri-
vately-held companies. Some are dedicated solely to
aerospace manufacture, while others are more diver-
sified. In general, U.S. manufacturers are larger than
their foreign competitors (Figure 4). Seven U.S.
companies are capable of assembling large-scale air-
craft, two can produce high-performance jet engines,
and a vast number of specialized suppliers also exist.
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Figure 2
World Aerospace Sales
1978 - 1988
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U.S. Aerospace

International Relationships

Licensing

Licensing involves the transfer of know-how,
patents, or trademarks from one company to another
inreturn for some level of licensing fee or royalty.” In
the international aerospace arena, U.S. firms have
licensed technology more frequently in the defense
sector than in the commercial marketplace. Licensing
has helped U.S. defense manufacturers tap foreign
demand. Licensing has been encouraged by the U.S.
Government to enhance the defense capabilities of
allies, thus furthering national security. Given the
United States’ position as a technology leader in
aerospace, technology has tended to flow from U.S.
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firms to foreign companies. This is still generally the
pattern today, although increasingly there is technol-
ogy flowback to U.S. firms.

The U.S. Government does not routinely collect
data onlicensing in individual industry sectors. To get
an approximation of licensing activity, one must use a
broader measure which encompasses all manufactur-
ing activities. This “All Manufacturing” indicator
shows that royalties and licensing fees received by
U.S. manufacturing companies from their foreign
direct investment activities rose from $4.1 billion in
1986 to $6.5 billion in 1988. This increase is signifi-
cant when compared to earlier years.?

In the context of aerospace production, licensing
results in more than the receipt of royalties and fees.
Most of the content of products produced abroad
under U.S. license—e.g., components, avionics—
comes from U.S. manufacturers, which boosts ex-
ports. Over the life of the project, U.S. content usually
declines. Recent international agreements involving
licensed technology indicate that U.S. aerospace com-
panies still consider licensing to be an important part
of their overseas marketing strategy.

In 1988, the United States and Japan signed a
agreement to produce an advanced support fighter
called the FSX for Japan’s defense forces.” The ar-
rangement is based upon the transfer of U.S. F-16
airframe technology from General Dynamics through
license to Mitsubishi Heavy Industries; however, it
goes beyond earlier aircraft coproduction agreements
with Japan to include joint development of new tech-
nology. The United States placed limitations on the
transfer of technology in several areas including tech-
nology related to airfoils, carbon-carbon and other
high-temperature components, very-high-speed inte-
grated circuitry, and source codes for the digital flight
control computer.!® General Dynamics will receive all
new technologies emerging from the project, although
limitations will be placed on phased-array radar, iner-
tial navigation, electronics warfare and fire control
computer technology. Of particular importance to
General Dynamics are techniques related to the pro-
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duction of a new composite wing. A U.S. engine
manufacturer, General Electric, was selected to pro-
vide the engine for the new fighter. Almost from the
start, the FSX program was mired in controversy and
various technology-related issues surfaced: whatU.S.
technology should be transferred to Japan; the type of
Japanese technology that should be transferred to the
United States and at what cost; and whether trans-
ferred Japanese technology can be reexported by the
United States.

Another project, being negotiated in the Spring of
1991, is the licensed production by South Korean
manufacturer Samsung of F-16 fighters. The result-
ing Korean fighter will be called the KFP. This
agreement is significantly different from the FSX
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arrangement with Japan because it involves no
codevelopment. The Korean industry will receive
production assembly technology from General Dy-
namics, and as the program progresses, will produce
up to 50 percent of the aircraft. South Korea will also
buy U.S.-manufactured enhanced-performance en-
gines to power the aircraft. Samsung, the lead con-
tractor, will eventually manufacture many of the en-
gine parts, although no engine control systems or hot
section parts, which incorporate the most advanced
engine technology, will be coproduced.!! This pro-
gram has also been criticized by some members of the
U.S. Congress who are concerned that the United
States may be giving away technology to a potential
competitor.




U.S. Civil Aerospace Sales, 1987 - 1990

B Civil Exports
E3 Domestic Civil Sales

Both projects highlight an attitude that has evolved
in the United States concerning technology transfer.
At one time, licensing agreements for defense pro-
grams were a commonly accepted practice. Recently
it has become controversial, particularly with regard
to Japan (see Aerospace Technology Trends and
Strategies.) Notwithstanding, licensed production to
foreign companies will continue because foreign gov-
ernments will demand it. When governments spend
large amounts of public funds to purchase aerospace
products, they need to demonstrate to their citizens
that immediate and direct public benefits derive from
those expenditures. The U.S. Government is no
exception to this practice—as demonstrated by the
AV-8B and T-45 aircraft programs in which pur-
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chases from the United Kingdom required
coproduction in the United States.

The opening of markets in Eastern Europe and
the Soviet Union should further increase the demand
for licensing arrangements, since companies in both
regions need western technology. However, the out-
growth of the debate over technology licensing will be
greater safeguards placed on technology and agree-
ments that are more specific as to the type and extent
of technology transfer permitted.

Figure 4
World's Top Airframe
Companies
1988 Aerospace Sales

$ Billions
18

Source: European Commission, The European
Aerospace Industry Trading Position and Figures
1990, Brussels.
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Aerospace Trade

Growing U.S. aerospace trade reflects the attrac-
tiveness of U.S. products abroad, as well as the in-
creased vitality of foreign producers who are entering
the U.S. market. Both U.S. exports and imports of
aerospace products have continued to grow since
1986.12 Aerospace trade has not grown in isolation:
total U.S. trade also continues torise. Yet, while U.S.
merchandise trade has recorded deficits since 1986,
the U.S. aerospace trade balance has reflected a sur-
plus for the past 30 years, rising to a high of $27 billion
in 1990." (Also see Figure 1, chapter on Asia-Pacific
Rim aerospace industry.) Exporting has been a viable
strategy for U.S. aerospace companies. Because of
economies of scale and advanced R&D efforts, most
U.S. manufacturers are capable of producing the high-
est-quality, state-of-the-art products possible at the
lowest market price.

Exports: Exports have become increasingly im-
portant to U.S. aerospace manufacturers. Exports
equalled $20 billion in 1986 and climbed to $39
billion in 1990—an annual increase of 18 percent.
During the early 1980s, exports rose by only 5 percent
annually. Exports have also risen as a percent of
aerospace sales, from 19 percent in 1986 to approxi-
mately 30 percent in 1990." (See Figure 3.) During
the 1960s, exports accounted for less than 10 percent
of total U.S. aerospace sales."

Between 1986 and 1990, civil aerospace products
constituted 79 percent of the industry’s exports. Com-
mercial transports accounted for most of the foreign
civil sales, while aircraft engines and parts were the
largest share of military exports'® The size of these
follow-on orders to earlier military aircraft exports are
indicative of the importance—over a considerable
period of time—of overseas sales (Table 1, Appendix
A).

The top four markets for U.S. aerospace exports
since 1986 in descending order have been: the United
Kingdom, Japan, France, and Germany (Figure 5).
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Figure 5
U.S. Aerospace Exports by Country
1987 - 1990
($ Billions)

Source: Department of Commerce,
International Trade Administration,
Office of Aerospace.
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Imports: The value of aerospace products im-
ported by the United States has also climbed since
1986, although the rate of increase has been less than
that for exports. In 1986, imports totaled $8 billion,
while in 1990 they reached $12 billion."” These fig-
ures represent an 11 percent annual growth rate. The
U.S. aerospace industry has historically had a low
import penetration ratio compared to other U.S. sec-
tors. This ratio has risen from 9 to 11 percent between
1986 and 1990."® The majority of imports are aircraft
and engine parts which are incorporated into final
products by U.S. manufacturers. Between 1986 and




Figure 6
U.S. Aerospace Imports by Country
1987 - 1990
($ Billions)
Source: Department of Commerce,
) International Trade Administration,
Brazil Office of Aerospace.
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1990, civil products were 77 percent of aerospace
imports (Table 2, Appendix A).

The four leading sources of U.S. aerospace im-
ports since 1986 in descending order have been:
France, the United Kingdom, Canada, and Japan (Fig-
ure 6).

Foreign Direct Investment

The 1988 AIA study on internationalization con-
cluded that foreign direct investment was not particu-
larly prevalent in the industry?® The events that have
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since taken place in Europe have led to a flurry of
European cross-border investment activities. (See
Western European Aerospace Market section on Di-
rect Investment.) Investment has been stimulated by
the possibilities of accessing foreign technology, mar-
kets, or market experience.

Foreign market access by means other than direct
investment still appears to offer greater opportunity at
less cost to U.S. companies. U.S. firms are generally
more cautious about direct investments in Europe than
European firms are about investing in America. U.S.
investment in Europe tends to generate far greater
anxiety among Europeans than does intra-European
investment and this acts to discourage U.S. invest-
ment efforts. In addition, the U.S. market remains the
largest in the world for aerospace products and U.S.
companies tend to put their capital into improving
their domestic base. U.S. aerospace companies are
more comfortable operating out of their home market
and have traditionally shied away from establishing
permanent manufacturing outlets overseas. In addi-
tion, the changes occurring in the European market are
still unsettled, and consequently, investments there
involve greater risk for U.S. firms.

U.S. Government statistics do not specifically
track changes in aerospace-related assets. Instead,
such investments are captured in a broader statistical
category called “Other Transportation.” Within this
category, aerospace-related assets account for an esti-
mated 75 percent of the category value. Between 1986
and 1989, U.S. overseas investments in “Other Trans-
portation” assets did not grow, remaining at $1.1
billion. Incomparison, U.S. investments abroad in the
“Motor Vehicles” and “Electric and Electronic” sec-
tor both rose about 70 percent to $22.3 billion and
$11.9 billion, respectively.?? The number of foreign
aerospace firms owned by U.S. companies totals 14,
according to one U.S. Government source?!

Total foreign direct investment in U.S. assets
grouped as “Other Transportation” increased 100 per-
cent to $916 million between 1986 to 1989. For the
same period, foreign investment in the U.S. “Electric




and Electronic Equipment” industry rose 126 percent
to $16.3 billion and investment in the “Motor Ve-
hicles” sector climbed 106 percent to $3.9 billion).?
The number of aerospace-related firms or divisions
now owned by foreign investors in the United States
is 38.2

Joint Ventures and Other Partnerships

International joint ventures and a range of other
cross-border relationships are increasingly prevalent
in the global aerospace industry. The primary reasons
for pursuing these linkages include: sharing the large
development costs and the high degree of risk inherent
in aerospace projects, access to advanced technology,
and the ability to penetrate foreign markets. The
recent surge in such alliances, and the shrinkage in
defense spending, have prompted U.S. companies to
take a closer look at establishing additional relation-
ships abroad. (SeeWestern European Aerospace In-
dustry section on Joint Ventures.)

Traditional joint ventures involve a separate
business entity to which companies contribute re-
sources and many U.S. international agreements fol-
low this form. In addition, U.S. companies are en-
gaged in various other partnerships—e.g., some are
open-ended commitments, others are exclusively mar-
keting arrangements. (A U.S. Department of Com-
merce study indicates that 40 percent of U.S./Japanese
business agreements in aerospace are marketing ar-
rangements.?) The following are a sampling of rela-
tionships between U.S. companies and international
partners:  General Electric (U.S.) and Pratt and
Whitney (U.S.) are both negotiating arrangements
with foreign firms to design and produce powerful
turbojet engines—the General Electric GE90 and the
Pratt and Whitney PW4000; Rockwell International
(U.S.) has been working with Messerschmitt-
Boelkow-Blohm (MBB) (Germany) to design an ex-
perimental fighter aircraft based on MBB technology
called the X-31; Motorola (U.S.) and Selenia Spazio
(Ttaly) will jointly develop a transponder capable of
relaying information from satellites to ground sta-
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tions. MBB also joined Boeing and Sikorsky (U.S.) in
competing for the development and production of the
U.S. Army’s next light attack helicopter. McDonnell
Douglas (U.S.) and Matra (France) concluded an
agreement to market the French firm’s missiles in the
United States. General Dynamics (U.S.) and British
Aerospace (U.K.), as well as Lockheed (U.S.) and
Aerospatiale (France), agreed to cooperate on a range
of future projects.

U.S. aerospace firms are involved in more inter-
national partnerships than ever before. Compared to
European international cooperative efforts, the num-
ber of U.S. foreign business alliances is still small—
nevertheless, more U.S. collaborations appear to be
on the horizon. Table 1 underscores this point. It
displays the programs of the world’s three primary
commercial jet engine companies in the various
engine thrust categories. International alliances are
evident throughout the chart.

The opportunities for—and benefits of—coop-
erative programs between U.S. and Western Euro-
pean firms will continue as both industries proceed
simultaneously to further develop and apply com-
mand and control, surveillance and verification, early
warning and reconnaissance, and long-range target-
ing systems. The Persian Gulf War underscored the
importance of these systems, and demonstrated the
success of U.S. technology in these areas.

Notwithstanding the many partnerships in which
U.S.firms areinvolved, there are still obstacles to U.S.
participation in cooperative efforts:

 U.S. policy restrictions on technology transfer—
for security and economic reasons—often prohibit
U.S. firms from sharing their top-of-the-line tech-
nology with foreign companies. Foreign firms are
more open about sharing technology between
partners. This difference has limited the opportu-
nities for U.S. companies to enter into joint ven-
tures and it reduces the incentive of foreign compa-
nies to join U.S. efforts. Also, it makes the end
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Discussion stage
Discussion stage

CFM56
V2500
JT8D

Tay

PW2037

RB 211-535

CF6
PW4000

RB211-52

GE90

PW4000 (Growth)

Trent

Study Mach 1 - 3.5
Study Mach 1 - 3.5
Study Mach 3 -5

*Primarily [HI, KHI, MHI

Table 1

Large Commercial Aircraft Engine Programs

15,000 - 20,000 Ibs. Thrust
GE (US), Snecma (France)
PW (US), MTU ( Germany)
RR (UK), BMW ( Germany)

"13,850 - 36,000 Ibs. Thrust

GE (US), Snecma (France) - CFM International
PW (US), MTU (Germany), RR (UK), Fiat (ltaly),
JAEC (Japan) - International Aero Engines
PW (US), MTU ( Germany), MHI (Japan),
Volvo (Sweden)
RR (UK), BMW ( Germany), Volvo (Sweden),
Alfa Romeo (ltaly)

36,000 - 45,000 Ibs. Thrust

PW (US), MTU (Germany), Fiat (ltaly),
Volvo (Sweden)

RR (UK), IHI (Japan), KHI (Japan)

46,000 - 70,000 Ibs. Thrust
GE (US), Snecma (France)
PW (US), FN (Belgium), Fiat (ltaly), KHI (Japan),
MHI (Japan), NJ (Norway), Samsung
(S. Korea), Singapore Aircraft Industries
(Singapore), Eldim (Netherlands)
RR (UK), IHI (Japan), KHI (Japan)

+ 70,000 Ibs. Thrust

GE (US), Snecma (France), IHI (Japan),
Volvo (Sweden), Fiat (Italy)

PW (US), MTU ( Germany), Fiat (Italy),
FN (Belgium), KHI (Japan), MHI (Japan),
Samsung (S. Korea), Singapore Aircraft Industries
(Singapore), Eldim (Netherlands)

RR (UK), BMW ( Germany), IHI (Japan),
KHI (DJapan), Hispano-Suiza (France)

Supersonic

RR (UK), Snecma (France)

GE (US), PW (US)

Japanese Group,” GE (US), PW (US), RR (UK),
Snecma (France)
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product of any combined effort less attractive to
potential buyers, because such products are based
on older technology. A related problem is that
foreign governments are more willing than the U.S.
Government to export high-technology products to
third-country markets.

« U.S. firms are viewed overseas as unreliable
partners, because the U.S. Government has not
demonstrated a strong funding commitment over
the long term to defense collaborative projects. It
is perceived overseas that the U.S. Government
does not see international cooperation as being
vital to its operations and it functions accordingly.
This represents a fundamental difference between
the U.S. Government and European governments.

« Large U.S. Government contracts may be seen as
too risky. Major programs require considerable
time and investment, and the fierce competition
between competing teams in the United States adds
greater uncertainty to contract competition than
European firms are accustomed to, when operating
in their home markets. Foreign firms naturally
want to ally themselves with the winner of a com-
petition, and cannot easily decide which company
or team to join.

« Joint projects require time and commitment to
succeed. Foreign firms take a longer view regard-
ing international relationships and their commit-
ment is often supported by government assistance.
U.S. companies are generally geared towards
shorter-term results.

« U.S. firms have generally wanted to shape and
control programs, causing potential partners to
back away from U.S. companies. During the 1950s
and 1960s, U.S. manufacturers dominated joint
arrangements as U.S. technology flowed to foreign
firms. Today, many foreign companies are more
evenly matched with the United States technologi-
cally and they want greater respect in collaborative
projects. Unfortunately, past U.S. attitudes persist.
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+ Some U.S. companies undertake international
cooperative ventures with the attitude that there is
nothing their partner company can teach them.
Consequently, they have not gained the full benefits
that these alliances can offer, because they have not
worked hard enough to learn from their partners.
U.S. companies need to place greater emphasis on
assimilating as much knowledge and experience as
possible from their partners and then adapting what
is useful to their own operations. Asian companies
have been particularly good at this.

Transatlantic defense cooperation seems to be
working better on a company to company basis, than
when itisinitiated through government channels. The
recent difficulties of cooperative R&D programs
sponsored under the Nunn Amendment highlight this
point. (See Aerospace Technology Trends and Strat-
egies.) Company-initiated cooperation is based more
on economic criteria than political considerations and
partners are not subject to the changing priorities of
governments. Also, fewer parties and less bureau-
cracy are involved in a company to company effort.
Western European Government-initiated intra-Euro-
pean joint ventures also have their share of problems,
but the pressure of U.S. competition is acting to keep
many such efforts glued together.

U.S. participation in business ventures with for-
eign firms may have helped prepare the way for the
recent teaming of U.S. defense contractors. During
the past several years, the U.S. Governmenthas allowed
and encouraged codevelopment/coproduction team-
ing for the Advanced Tactical Fighter, the Light
Helicopter Experimental, the Advanced Technical
Bomber, the V-22 Osprey, and the Advanced (Space)
Launch System. Although this represents a new step
for U.S. policy makers, Japanese companies have
been working together in domestic consortia for over
thirty years. In Europe, national consolidations have
taken the place of domestic teaming, but regional
consortia have been actively pursued since the 1960s.
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As of 1989, 82 percent of the turbojet aircraft in
operation worldwide were manufactured by U.S.
companies. Aerospace Industries Association (AIA),
Aerospace Facts & Figures 1990/91 (Washington,
D.Cl), p.91.

These figures represent the best available figures on
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Licensing is most prevalent when: a firm possesses
a range of technological skills useful in a foreign
market, the technology transfer costs are reasonable,
the opportunity costs do not outweigh the benefits of
licensing, and host country licensing requirements
are considered reasonable. Aerospace Industries
Association, The U.S. Aerospace Industry and the
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28.

Between 1980 and 1986 royalties and licensing fees
stayed relatively flat. Bureau of Economic Analysis
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Although the agreement calls for codevelopment, this
is not a true risk-sharing effort for two reasons: only
Japan will be shouldering the development costs, and
the Japanese Government will provide a guaranteed
market for the finished product.
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