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AEROSPACE ECONOMIC INDICATORS

CURRENT

Total Aerospace Sales

Value of Civil Aircraft Shipments

OUTLOOK
New Orders — Monthly Average
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sm=mm Aerospace obligations by Dept. of Defense and NAJ
Non-government prime orders for aircraft and engi#
@
—
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1960-65 PERIOD PERIOD
* SHOWN YEARAGO ' ERIODY PERIGR
Quarter
. Annual Ending
AEROSPACE SALES: Total Billion $ Rate 19.4 Sept 30 27.7 25.6 25.0
Billion $ Quarterly 4.8 1970 6.5 6.5 6.0
DEPARTMENT OF DEFENSE
Aerospace ohligations: Total Million $ Monthly 1,151 Sept 1970 1,304 1,035 1,649
Aircraft Million $ Monthly 601 Sept 1970 723 635 792
Missiles & Space Million $ Monthly 550 Sept 1970 581 400 857
Aerospace outlays: Total Million $ Monthly 1,067 Sept 1970 1,126 1,154 1,227
Aircraft Million $ Monthly 561 Sept 1970 715 675 734
Missiles & Space Million $ Monthly 506 Sept 1970 551 479 493
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 920+ Sept 1970 1,298 1,226 1,040
Aircraft Million $ Monthly 447 Sept 1970 689 602 473
Missiles & Space Million $ Monthly 473 Sept 1970 409 624 567
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 Nov 1970 147 230 152
Expenditures Million $ Monthly 130 Nov 1970 194 249 208
BACKLOG (60 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# gual_'ter 29.3 25.2 25.6
U.S. Government Billion $  Quarterly 11.6 sé'St'%% 15.1 12.6 137
Nongovernment Billion $ Quarterly 3.7 1970 14.2 12.6 1.9
EXPORTS
Total (Including military) Million $ Monthly 110 Sept 1970 157 188 177
New Commercial Transports Million $ Monthly 24 Sept 1970 15 17 40
PROFITS ggf:ﬁfgr
Aerospace — Based on Sales Percent Quarterly 2.3 Sept 30 3.0 2.1 1.9
All Manufacturing — Based on Sales Percent Quarterly 4.8 1970 4.6 4.4 3.9
EMPLOYMENT: Total Thousands Monthly 1,132 Oct 1970 1,335 1,114 1,091
Aircraft Thousands Monthly 469 Oct 1970 591 488 475
Missiles & Space Thousands Monthly 496 Oct 1970 570 458 448
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 Oct 1970 4,02 4.20 4,22
=

2 Revised,
E Estimate.

* 1860-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown

# Averages for 1561-65.
+}« Averages for fiscal years 1960-65.

Source: Aerospace Industries Associaty



PROFITS DILEMMA

The aerospace industry today faces a serious problem as
we enter the decade of the Seventies. The problem: How does
the industry achieve a level of profits that will enable it to meet
the tough challenges of this decade?

Declining sales and sharply reduced profits —down to 2.0
percent of sales after taxes, the lowest level since 1961 — can
effectively hobble the industry’s capability to exploit new break-
throughs.

This profit level is less than half that of all manufacturing
industries, despite the belief in a surprisingly large segment of
public opinion that government aerospace programs generate
a high level of profits.

A specific comparison of profit rates is astonishing. Over a
recent ten-year period a leading cigarette manufacturer had
sales of $16.0 billion and realized a profit of $2.8 billion, or 17
percent. During the same period a major aerospace company
had sales of $18.6 billion, but made a profit of only $300 million,
or 1.6 percent.

Primarily, low profits and/or severe losses stem from govern-
ment procurement trends. These include:

® Increased use of fixed-price contracts too early in the
Procurement process when weapon system costs are virtually
IMpossible to estimate.

® A growing pyramid of regulations, restrictions and con-
trols which constrain innovation, hamper performance and
Preempt competitive ingenuity.

® A significant shift of risk to contractors without commen-
Surate rewards for assuming those risks.

The factors are making government contracting less and
less attractive to industry. A recent survey by the Opinion
Research Corporation reveals this trend. For example, 83 per-
¢ent of manufacturing executives interviewed said they were
Not interested in seeking additional defense contracts.

Similarly, 72 percent of the bank executives questioned
during this same period stated that their institutions were not
l°0king for increased involvement in financing defense work.

The general results tend to confirm the fact that defense
Contracting is relatively unprofitable compared with the com-
mercial market and is becoming increasingly unattractive to
industry,
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Review And

AEROSPACE industry sales
continued their anticipated decline in
1970 to $24.9 billion compared with
$26.1 billion in 1969, a 4.6 percent
decrease.

However, a 13.7 percent increase in
commercial aerospace sales, primarily
jet transports, was reported in 1970
from sales of $4,910 million, compared
with $4,342 million in 1969. This in-
crease reflects the first deliveries of a
wide-bodied jet transport model.

Generally, all other areas of aero-
Space activity continued the decline
which started in 1968 when record
sales of $29.0 billion were reported.

Major aerospace sales areas include:

Total aerospace sales to the Depart-
ment of Defense in 1970 were $14.4
billion compared with $15.8 billion in
1969.

Military aircraft sales declined to
$8.8 billion in 1970 compared with
$9.8 billion in 1969. These figures in-
clude both procurement and research
and development funds.

Missile sales, which also include re-
search and development, declined
slightly from $5,058 million in 1969
to $4,955 million in 1970.

Space sales continued to decline in
1970 to a figure of $3,606 million,
compared with $4,272 million in 1969.
This is a result of the virtual comple-
tion of the hardware phase of the
Apollo program, as well as a decline
in military space expenditures.

Nonaerospace sales were nearly the
same, Wwith $2,659 million in 1970
compared with $2,699 million in 1969.
These sales represent work by aero-
space firms in such fields as urban
transportation, pollution control, ma-
rine sciences and water desalination.

Utility and executive aircraft sales
decreased from $578 million in 1969
to $301 million in 1970 and units de-
livered showed a corresponding drop
of 39.5 percent.

Civilian helicopter sales decreased
from $75 million in 1969 to $53 mil-
lion in 1970.

1971 FORECAST

Aecrospace industry sales in 1971
are expected to decline to $23.5 billion
in 1971 from sales of $24.9 billion in
1970. The anticipated decline is in
both government and commercial sales.

Department of Defense sales are es-
timated at $13.7 billion in 1971 com-
pared with $14.4 billion in 1970.

Space sales will decline to $3,198
million in 1971 from $3,606 million
in 1970.

Commercial aerospace sales are also
expected to decline between 1970 and
1971, dropping from $4,910 million
to $4,541 million. The decline is pri-
marily due to the stretchout of produc-
tion schedules for jet transport aircraft.

Nonaerospace sales in 1971 are es-
timated at $2,650 million, virtually the
same as in 1970.

BACKLOG

Total aerospace backlog at the close
of the first half of 1970 was $25.2

Forecast

billion compared with $28.3 billion at
the end of 1969. It is anticipated that
the backlog at the end of 1970 will be
$23.2 billion.

However, the backlog of commercial
transport aircraft increased from $9.0
billion to $9.9 billion between June 30,
1969 and the same date in 1970. Dur-
ing this same period, the backlog of
foreign orders for commercial trans-

ports rose from $2.8 billion to $3.4
billion.

EXPORTS AND IMPORTS

Aerospace exports continued to in-
crease as they have since 1964. They
rose from $3,151 million in 1969 to
$3,466 million in 1970, a 10 percent
increase. Major reason for the increase
was transport aircraft exports which
gained from $940 million in 1969 to
$1,578 million in 1970, a rise of 67.9
percent. Military aerospace exports de-
clined 36.3 percent from $1,145 mil-
lion to $730 million in the same period.

Imports of aerospace products in
1970 were valued at $294 million, a
4.2 percent decline from $307 million
in 1969. This decline is expected to be
reversed in 1971 because of the im-
ports of jet engines for a new transport
aircraft model.

Exports of aerospace products un-
derpin the generally favorable balance
of trade for the U.S.

PROFITS

Aerospace industry profits (as a per-
centage of sales after taxes) are ex-
pected to drop from 2.5 percent In
1969 to 2.0 percent in 1970.

EMPLOYMENT

The aerospace industry remains the
nation’s largest manufacturing employer
with more than 1,000,000 workers.
Employment in the aerospace industry
declined from an average of 1,347,000
workers in December, 1969 to 1,067,-
000 in December, 1970.

Production workers in the aerospace
industry dropped from 696,000 in De-
cember, 1969 to 515,000 in December,
1970, a 26 percent decrease. Employ-
ment of scientists and engineers is ex-

pected to continue to decline from the
peak of 235,000 in June, 1967. It is
estimated that employment in this cate-
gory will be reduced to 175,000 by
March, 1971.

During 1970 production workers
made up 48 percent of total employ-
ment, scientists and engineers accounted
for 17 percent, technicians 6 percent,
and the remainder was in white collar
categories.

Employment in the aerospace indus-
try is expected to decline by 6.3 per-
cent between December, 1970 and De-
cember, 1971 from 1,067,000 to
1,000,000.

EARNINGS AND PAYROLL

Weekly earnings of production work-
ers in the aerospace industry rose from
$164.48 to $172.00 between 1969 and
1970 as average hourly earnings in-
creased from $3.92 to $4.15 in the
same period. Total industry payroll de-
clined from $14 billion to $11.9 billion
because of the decrease in employment.




Karl G. Harr, Jr., president of the Aerospace Industries Association, in a

AEROSPACE INDUSTRY SALES speech before the Aviation/Space Writers Association’s Mid-East Region,

(in Billions of Dollars) analyzed last year's economic record of the industry (see page 2), pro-

viding reasons for the decline in 1970 and the optimistic prospects for the
future.

Many major industries are down somewhat in this period of economic
softness. Industries have to be able to weather such cycles. Obviously .
an industry such as ours has done so before and will do so now. We're
basically in strong shape as a whole and look for an upswing in 1972, 2

That we, like many other industries, are going through a relatively
severe downward cycle is not the point. The point is that our industry,
perhaps more than any other, is affected by governmental decisions as to
fundamental national policy. The reason for my concern lies not so much
with the current economic situation, but with the fact that the dialogue
leading up to such national policy decisions has become increasingly irra-
tional and irresponsible. | see in this something approaching a national
malaise.

The incredible goings on concerning the supersonic transport are but
a symptom of the malaise. | cannot remember when so much nonsense
has been raised to a level of such dignity in the course of Iegislatlvg de-
liberation . . . and all the signs are that this kind of thing will continue.

I suggest if we do not soon recover our rationality and restore our
traditional respect for the need to face facts as they are and deal with
them squarely, however difficult that may be, we stand in serious dangef
of doing irreparable damage to our nation’s future. . . - o 4

There seems at present to exist a predominant national willingness to &
accept myth over fact if the myth accords with an emotionally prede-
termined bias. But above all there seems to be a widely prevalent neurosis
approaching a death wish, leading to total inability or perhaps total refusal
to see problems as they are. . . . i

Such failure to understand the problems and honestly accept their
implications is not confined to problems dealing with aerospace and de-
fense or technological advance. It is as broad as the range of major
national problems embracing crime control, environmental improyement,
and the like. In each instance a desperate search by some for quick aig
painless solutions has lead to sloganeering, the pefpetuat'on of pateny 4
mythology and heavy doses of hypocrisy.

. . . by virtue of this emotional malais)elz, leading to a total lack of appre-
ciation of the vital role of research and development, we as a nation are
in serious jeopardy of not being able to fulfill our needs for advanced ..
technology, particularly in the crucial defense area, not very far down the&.
road. You can’t neglect research and development and then all of a sud-
den when you are in dire need of advanced technology, perhaps f°f Yol
survival, just pick it off the shelf. And once this capability is lost it can
take decades to restore it.

Like every other major national problem — crime control, environmental
improvement, upgrading of education and housing, or whatever — kgep-
ing up technology takes hard long-range thinking, systematic planning,
and then patient dedication to the task. Quick and painless solutions are
as phony as the people who advance them and the latter unmistakably
stamp themselves as being more interested in headlines or political ad-
vantage than in solutions.
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It is perhaps unnecessary . . . to recall once again that without tech-
nological advance we will not have the capability to address ourselves
effectively to the solution of our other national problems . . . Perhaps the
most pernicious myth abroad in the land today is the one that sugge§ts
an either/or choice between investing in technological advance and in-
vesting in solutions to social problems. While the latter goes well beyond
technological advance it depends so heavily on such overall advance pot
only for its supply of innovative options but also for a healthy growing
€conomic base, that rather than having a choice we really can't have the
latter without the former. How enthusiastically the panderers of the quick
fix have labored to obscure this simple truth.

- zealously merchandised mythology has hurt our national efforts to
apply the obviously enormous potential for good across the full range of
Our national interest that is embodied in the revolutionary technological
breakthroughs of recent years.

The massively purveyed mythology about profits in that part of the
Nation’s industrial base which supplies the government’s needs has had
its effect. We are in the process of driving away many companies essen-
tial to the fulfillment of our national requirements.

The profit rate on sales after taxes is two percent — much less than
half the national average for manufacturing industries and far below what
is required to keep an industry viable much less innovative.

Fortunately, there are more than a few straws in the wind that portend
a more rational future.

First, there is increasing concern in the executive branch and in the
minds of many influential members of Congress over the erosion of the
national level of research and development. | believe the downward trend
will be reversed, perhaps beginning with fiscal year 1972 Federal Budget.

Second, Secretary Laird has announced that the new national security
policy will place greater emphasis on the modernization of our weapons,
in lieu of maintaining a high military manpower level.

Third, the approval of the space shuttle and space station and the con-
tinuing emphasis on near earth benefits from space portend an increase,
in my estimation, of funding for NASA in the near future.

Fourth, the recovery of the economy and consequent expansion in the
Gross National Product will relieve some of the pressures that have
caused the airlines such heavy losses this year gnd will provide added
financial resources for solving some of our pressing .domestic problems.

Fifth, foreign sales of U.S. aerospace produc_ts again set a new record
in 1970 primarily resulting from exports of new jet transport aircraft which
rose from $940 m'ilhon in 1969 to neE_lrl'y $1..6 b.|l.llon in 1970, more than
offsetting the dec!me .of some $.400 million in military aerospace exports.
Equally encouraging is continuing orders for these aircraft from foreign
airlines. L |

At present, U.S. _aerospac.e.exports are measured in billions of dollars,
while imports are in the mllllqn dollar cgtegory — $293.0 in 1970 — a
condition, incidentally, that will be tragically reversed if we fail to pro-
ceed with the U.S. SUpers.opi'c Transport program.

Sixth, | believe that the initial steps have been taken by the .governn'\ent
to establish a true marketplace where industry can go to sell its solutions
to our many societal and enwropmental'pro'b.len?s. The a.erospace |_ndustry
is this nation’s largest reservoir of scugntnflc Imagination, tec;hmcal ex-
pertise and program management expenencg that can be apphqd to such
major national problems as mass transportation, adequate housing, pollu-

tion control and resource .protection.

NET PROFITS
(AFTER TAXES AS A PERCENTAGE OF SALES)

E-Estimated



AIA committees and councils conduct detailed studies and then provide government agencies with recommendations
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to improve the government/industry relationship in such important areas as the weapon system acquisition process.

Nowhere in the world is there a more sophisticated,
complex or successful system than the one devised by
this nation to meet its national security requirements
and sustain its position of world leadership.

During World War II it was hailed proudly as “The
Arsenal of Democracy.”

Today its detractors attack the system as a “Military/
Industrial Complex.”

But the system is infinitely more than a simple two-
element complex. It reaches into and seeks cooperation
from nearly every important sector of our society. Its
performance represents a unique advance in human
effort.

Ironically, the system’s successes have contributed to
increased criticism of its performance. Heightened de-
mands have produced unprecedented strains. Highly
sophisticated technology and the requirement for ever
more advanced weapon systems have multiplied the
problem areas and taxed the capabilities of the co-
operating institutions.

Nowhere has this been more apparent than in the
area of Government procurement. In its conscientious
and competitive attempts to respond to the requirements
of the Department of Defense and other Agencies of
the Government, industry often has found itself em-
barrassed as to cost estimates, schedule forecasts and
capability to deliver complex and previously non-exis-
tent weapon systems.

BACKGROUND

Technology and science can reduce to tolerant 1irpits
the trial and error involved in the process of invention,
but they cannot eliminate it.

Both the Department of Defense and the aerospace
industry have been acutely aware of the problems in-
volved in the procurement process and have w.ork.ed
intensively to improve the system by identifymg its in-
herent problems and developing acceptable solutions.

From the first “identification of need” throughout
the succeeding development steps industry and Gov-
ernment organizations interact in a complex pattern to
accomplish the mission of building and deploying 2
weapon system.

For a number of years there has been widespread
concern among members of the Aerospace Industries
Association that Department of Defense procurement
policies did not adequately take into consideration the
inherent technical uncertainties in the development of
advanced major weapon systems of high technical
content.

Technical uncertainty can be defined briefly as the
total number of technical problems which must be
solved if a new weapon system, such as an airplane Or
missile, is to be completed. Eliminating technical un-
certainty is an evolutionary process that converts un-
known factors to known factors over a period of time
through the application of the scientific and engineering

*
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i to the program. Eliminating techni-
gﬁnggxﬁaﬁ;g?: dessentialp togrsuccess in rpeeting cost
and schedule requirements ifl programs call.mg f01: com-

Jex weapon systems tha_t mvolv.e the ultimate in the
technical know-how c_)f a given pc?nod.. ! :

Necessarily, technical uncertainty is a major factor in
determining the bid a contractor submits as his best es-
. ate of the cost of building a weapon system. Certain
e wns, or “unks” as they have been called, can
s z,xted and the cost of resolving them accounted
o anthIpnser\;ative scheduling, allocation of manpower
for B '(I:freserves and other measures. Others, classified
an(l Ski( own unl’cnowns” or “unk-unks,” cannot be an-
e c? and therefore cannot be taken into account in
o a bid on the system. Examples of this second
preparlllgare environmental factors, stress factors and
o very of new and more effective technology.
thelgclissg)try has found that Department of Defense con-
tractual policies and regulat'gons do not gdequatelg allozv
for the effect of this technical uncertainty on t ef suc-
cessful completion of a contract. Cost growth, per or_n:xa-l
ance deficiencies, schedule delays and major capl
difficulties often have been the result. .

Thus, against this backgropnd, early in 1968 5h(e1
Aerospace Industries Association undertook a deta ed
study of the “Essential Technical Steps and Relate
Uncertainties in Department of Defense Weapon Sys-
tems Procurement.”

A report on a

major industry effort to resolve
weapon system acquisition problems
— for the benefit of Government,
industry and the taxpayer

The Project Group assembled to study this problem

was composed of senior technical, administrative, fi-
nancial and legal managers from AIA member com-
panies. The Project Group’s research and study thus
far has covered four phases of the DoD acquisition
process. Each phase has resulted in a report.

To date each of the four phases of the study has

resulted in a report that presented recommendations
designed to improve the Department of Defense weapon
systems acquisition process. Phases I and II of the
study were completed in 1968 and Phase III was com-
pleted in 1969. Phase IV was completed in December
1970. Reference to these dates is important because of
the many changes in the development and procurement
policies and practices that have taken place during these
three years. This has meant that each new phase of the
study has had a changing baseline to consider. There-
fore, any information concerning each phase should be

read with reference to the time frame in which it was
developed.

What follows is a summary of the findings of the four
study phases that analyzed the problems facing both
Government and industry and made recommendations
designed to increase efficiency, economy and perform-
ance. The Aerospace Industries Association is publish-
ing these findings in order to encourage general aware-
ness of the problems involved and the efforts being
made to solve them.



PHASES | AND II

Phase I analyzed the essential technical steps and re-
lated uncertainties in weapon systems development and
established a fundamental model of the existing de-
velopment and acquisition process. Phase II then had
as its primary objective the development of recommen-
dations for improving the Department of Defense de-
velopment process and contractual patterns. The result-
ing recommendations, based on an analysis of actual
policy and practice in comparison with the fundamental
model established during Phase I, included:

(1) DoD should revise policy to recognize technical
uncertainties; (2) DoD should establish a standing
board for review of contracting methods; and (3) The
Office of the Secretary of Defense (OSD) should estab-
lish a working interface with industry.

Deputy Secretary of Defense Packard’s May 28,
1970, departmental memorandum providing policy
guidance on major weapon systems acquisition em-
bodies the spirit of the first of these recommendations,
and cancellation of DoD Directive 3200.9 (Initiation of
Engineering & Operational Systems Development) dur-
ing the fall of 1970, unless it is replaced by a more
severe document, represents progress. Establishment
of the Defense Systems Acquisition Review Council
(DSARC) meets the need expressed in the second pro-
posal. These positive actions indicate an easing of the
communication problem reflected in the third recom-
mendation.

PHASE III

Phase III determined what information is necessary
and reliably available for decision-making within the
weapon system development and procurement process.

It recommended that:

(1) Guidelines should be issued for DoD Directive
3200.9 (now cancelled, as noted above) to provide greater
program flexibility; (2) DoD Directive 4105.62 (Pro-

Radar is housed atop long-range jet aircraft in artist’s
concept from The Boeing Co., prime contractor for
the USAF’s Airborne Warning and Control System
(AWACS), which will conduct surveillance and com-
mand-and-control of tactical and air defense forces.

posal Evaluation of Source Selection) should be supple-
mented so as to obtain industry suggestions on Requests
for Proposals (RFP’s), including statements of work de-
sired; (3) More use of prototypes should be considered
early in development,; (4) Policy should require thorough
and objective DoD /industry application of risk assess-
ment; and (5) Procurement practices should be changed
to benefit the competitive environment.

As with Phase II, there were indications following
Phase III that progress was being made. Implementation
of the May 28 memorandum, implementation of the
Validation Phase with its attendant flexibility, and the
cancellation of DoD Directive 3200.9 should help. There
appears to be an awareness in DoD of problems created
by Requests for Proposals. The Advanced Manned
Strategic Aircraft (B-1), Airborne Warning and Con-
trol System (AWACS), Advanced Air Force Attack
Aircraft (AX) and other programs point to greater use
of prototypes to reduce uncertainties in early develop-
ment and there is now additional awareness of techni-
cal uncertainty and risk. The fifth recommendation, on
the competitive environment, concerns a recognized
problem area and is dealt with in Phase IV.

PHASE IV

Phase IV addressed source selection and it centered
on the basic concern that many of the technical, cost
and schedule problems which arise in major Department
of Defense development programs with high technical
content are created prior to and at the time that a source
is selected to go into full scale development. This phase
of the study resulted in recommendations for changes
in the present acquistion process that would improve
credibility and equity and would result in providing a
method of proposal evaluation and source selection
aimed at accounting for the effect of technical uncertainty
on proposed schedules and cost for programs of high
technical content. “Probable development cost” esti-
mates would be used for government funding, budgetiqg
and evaluation purposes. (Cost as used in this report is
cost to the Government, and includes a fee or profit.)

Phase IV recommendations are as follows:

INDEPENDENT PROGRAM ESTIMATES

The government (Congress, OSD, and Mili{ary De.-
partments) and competing companies should give addi-
tional recognition to and make greater use of zfzdepen({—
ent program cost estimates. This includes various esti-
mates throughout the early part of the life cycle, such
as first program estimates that are developed from trade-
offs and estimates for Technical Development Plans or
their equivalent, Development Concept Papers (DCP’s),
Five-Year Defense Plans (FYDP’s), funding, budget-
ing, proposals, proposal evaluation and source selection,
and negotiation. More specifically, a capability must be
developed utilizing parametric and comparative analysis
techniques to prepare more realistic program estimates
early in the conceptual phase of the program. Further-
more, this capability must be organizationally located
within the government and competing companies where
it can be objective in developing cost estimates. For
added value, independent estimates should continue
throughout the balance of the life cycle of the weapon
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Artist's conception of B-1 advanced manned aircraft under development by
North American Rockwell Corp. to replace USAF’s existing strategic bomber fleet.

system. Finally, planning and development estimates
should provide for changes in operational requirements,
economic changes, and modifications to production
schedules.

EVALUATION AND SELECTION CRITERIA

DoD Directive 4105.62 (Proposal Evaluation and
Source election) and related Military Department docu-
ments should be revised to make a clear distinction be-
tween proposal evaluation criteria and source selection
criteria and identify who has the responsibility for each
function. These same documents should clearly require
publication of the proposal evaluation criteria with rela-
tive weightings and source selection criteria with relative
weightings in the Request for Proposal (RFP).

ASSESSMENT OF TECHNICAL UNCERTAINTY

DoD Directive 4105.62 and the replacement for
3200.9 (Initiation of Engineering and Operational Sys-
tems Development) and I:elated Militqry Department
documents should bg revised ‘{o require that Source
Selection Plans pro_vzde for the assessment of technical
uncertainty” as a discrete and wezght:_ed element of evalu-
ation. The proposal evaluation criteria and source selec-
:on criteria should clearly reflect this element. Further,
tilo RFP for the Validation Phase should be structured
:Oemotivate both industry and the: Military Departments
rovide a full and frank discussion of known unknown
‘t‘O phni cal uncertainties” as the program evolves and
= s into Full Scale Development. It should be recog-
rr}ovg that known unknowns still represent a smaller
nize the uncertainties and that the unknown un-
hich cannot be discussed because they are

are still a major uncertainty item.

portion of
knowns, W
truly unknown,

MOST PROBABLE COST VERSUS BID COST

An independent cost estimate should’be made for each
proposal to determine each proposal’s most prgbable
cost. Then,as a basis to evaluate costs, a comparison of
the most probable costs of successfylly performing on
a program, as well as a compqrison with b.zd costs, should
be used by the Source Selection Evaluation Board, Ad-
visory Council and Author'ity.. Any contractor vyhose
proposal contains an unrealistically low bid cost in re-
lationship to the most probable cost may be requ‘es?ted
to provide clarification or justification, but not revision.
The evaluation of each cost proposal would be down-

graded to the degree the bid cost is determined to be
unrealistically low which may result in elimination from
competition. ASPR, DoD Directive 4105.62, and related
Military Department documents should be revised to
require evaluation of costs in this manner.

TECHNICAL TRANSFUSION AND LEVELING

DoD policies and practices should be revised to elimi-
nate technical leveling and technical transfusion prior to
final contractor selection. Further, DoD policies and
practices should also be revised to assure that source
selection and notification take place as a specific event
prior to commencing contract negotiation. After one
final contractor has been selected and notified of his
selection, technical transfusion can then properly take
place during final negotiation. Implementation of this
recommendation limits the requirement for oral and
written discussion to clarification and substantiation and
prohibits upgrading the proposal. More specifically, this
policy should be clearly stated in DoD Directives 4105.62
and the replacement for 3200.9, and related Military
Department documents. Procurement and project man-
agers should also be trained to eliminate the practice of
Inappropriate and premature technical transfusion, and
merging selection and negotiation. ’

CONCLUSION

The recommendations detailed above represent in-
dustry’s position on improving the methods this nation
employs to ?cquire the weapon systems needed for de-
fense. It is important to note that industry is proud of
1ts record of working with the Department of Defense
to meet America’s military commitments, Accordingly
1t views the improvement of the methods integral tc;
Fhat relationship as a mutual task rather than adversary
issue.

Iq fact, much has been done in recent years toward
dealing with technical uncertainty in defense contracting.
The establishment of the Defense Systems Acquisition
Review Council (DSARC) and the Commission on Gov-
ernment Procurement, increased use of prototypes, and
the discontinuation of total-package procurement con-
tracts on programs involving a high degree of technical
uncertainty all represent forward steps in improving the
process. Much still remains to be done, however, if pub-
lic confidence in the defense industry and the Govern-

ment is to be sustained.
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(MAJQR U.S. AIRLINES)

FIT PROFILE

LLIONS OF DOLL

1966 1967

The outlook for the air transport industry is bleak.

Stuart G. Tipton, president of the Air Transport Asso-
ciation, recently estimated that the major U. S. air car-
riers will show losses of $123 million in 1970, $192
million in 1971 and $279 million in 1972, despite sig-
nificant cost reduction steps. These estimates are made
on the basis of the current fare charges.

The deterioration of airline earnings can only lead to
a sharp reduction in one of the nation’s prime business
growth assets — air transportation.

Earnings of major air carriers in recent years show a
profit of $386 million in 1966, a rise to $412 million in
1967, a drop to $262 million in 1968 and a further drop
to $147 million in 1969.

ATA states that this drop from peak profits to a near

loss within three years can be attributed to four major
factors: j

10

1968 1969

® The productivity benefit of replacing propeller air-
craft with jet aircraft was essentially completed in 1967.

e Since 1967, the rapid rise in inflation in the national
economy struck the airlines particularly hard and in
1969 inflation in the airline industry was almost double
the U.S. rate.

¢ The depressed national economic performance has
completely eliminated domestic traffic growth in the air-
line industry in the face of rising capacity.

° The pricing system in the airline industry has lagged
well behind the impact of productivity runout and heavy
inflation.

Recently, representatives of the air carriers and the
transport aircraft manufacturers met with the officials
of the Department of Transportation to present their

(continued on page 12)
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! * Estimates for losses in 1971 and 1972

are based on the current fare structure.
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(continued from page 10)

views on the future of air transportation and to make
recommendations to improve prospects.

Recommendations by the manufacturers included:

e Continue to stimulate the economy in general so
that airline revenues will in turn be stimulated.

e Speed up government processes on rate review
cases and grant fare increases, on an interim basis, to
the point that profitability (up to the recently estab-
lished 11 percent ceiling) can be realized. This will help
restore a reasonable value to the price of airlines’ stock
on the open market, enhance their ability to borrow
money for purchases of new aircraft, and make it pos-
sible for them to attract new equity investment from
the public.

e Increase subsidy to the local service carriers and
others, as necessary to maintain profitable service to
those localities which the Congress feels should have
air service even though they cannot commercially sup-
port it. Alternately, airlines should be allowed to sus-
pend service to unprofitable points.

e Resolve airline requests for reductions in the num-
ber of competitive flights and permit airlines to work
together and negotiate capacity problems on marginal
routes so that load factors may be improved when air-
lines are mutually in agreement. The government should
move away from the present interim (6 months) ap-
proach to these changes and support them over a period
of at least 12 months or longer. The short cycle prevents
airlines from making longer term changes in capacity
and merely provides savings in crew and fuel costs
through temporary reductions in hours flown.

® Impose strong jawboning to restrain the rapidly
rising labor and other operating costs.

® Reinstate the investment tax credit or permit more
rapid depreciation of business machinery and equip-
ment, including aircraft. In the short term, the airlines
would be unable to utilize such credits or write-offs
due to lack of profits. However, lessors (regardless of
the term of the lease) could utilize the benefits and
large amounts of equity capital would become available
for the purpose of aircraft financing.

® Speed up government processes on airline mergers
and adopt a policy permitting mergers for sound busi-
ness reasons other than just the “failing business doc-
trine” Merged companies should be permitted to exercise
independent judgment with respect to personnel reduc-
tions to gain the economies of the merger.

_® Sustain strong support for the national program on
airport and airways modernization including more sub-
stantial federal funds for matching with local commu-
nities rather than less funds. For example, the proposed
use of the user taxes for Federal Aviation Administra-
tion operating expenses is to the detriment of the capital
mmvestment program. This assistance helps defray the
tremendous costs of airport facilities brought about by

both the traffic growth and most especially the wide
bodied jets.

~ ® Support and assist in the modernization of the air
mmstrument approach systems and collision avoidance
systems that would have a direct benefit on increasing
utilization and on-time departures and arrivals.
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e Increase federal budgets needed to improve and
expand air traffic control activity.

e Work to prevent passage of higher tariffs in pend-
ing foreign trade bill which could adversely affect Ameri-
can manufacturers selling aircraft abroad.

The transport manufacturers at the same time offered
recommendations that would be helpful to the aecrospace
industry. These include:

e Reinstate the investment tax credit or adopt the
recommendations of President Nixon’s task force on
business taxation, which would allow faster depreciation
of business machinery and equipment, including air-
craft. This would not only assist customers in buying
new equipment, but it would also materially assist the
industry in purchasing and maintaining more modern
production facilities.

e Protect and enhance the exporting capability of the
U.S. aerospace industry, including the avoidance of
tariff barriers. Successful past commercial aircraft pro-
grams have been highly dependent on foreign sales, and
success in the future requires continuing capture of
the foreign commercial market.

e The Export-Import Bank is doing an excellent job
with relatively limited resources but should be stre.n.th-
ened and provided with increased financing capabilities
as follows:

Remove the ExIm Bank from the unified budget,
liberalize its lending authority, and increase the
funds available, permitting substantial tax and gold
flow benefits from enhanced foreign sales. _
Allow the ExIm Bank to make the commitment
value of the loan to the foreign airline avallgble to
the U.S. manufacturer to help finance _alrplane
manufacture at the same interest rate as given the
airline. At time of airplane delivery, the ExIm loan
to the U.S. manufacturer would cease, anc! Fhe
Joan of the same amount to the foreign airline
would go into effect. .

e Strong jawboning by the Administration should .be
made to discourage excessive wage INCreases which
are inflationary in nature.

e Revise the present government pr
rental of government owned facilities;
percent limitation on commercial use an
commercial rental rates. .

e Strongly support the efforts of the Aviation Ad-
visory Commission recently appointed by the President.
This commission will be in a position to recommend a
future policy approach to the full spectrum of current
commercial aviation issues and could significantly in-
fluence the future as the Morrow and Finletter advisory
boards influenced national policy with respect to mili-
tary and commercial aviation in the 1920’s and 1940’s,
respectively.

e Provide a national research and development base
sufficient to insure the continuing competitive position
of U.S. aerospace technology, including the following:

Continue the Civil Aircraft Research & Develop-
ment (CARD) policy study, and implement the
recommendation; finance the development of quiet
engines; and finance new aircraft demonstrator pro-
grams through industry contracts.

ocedures in the
remove the 25
d reduce the
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Russell D. O’Neal
President
Aerospace-Electronics
The Bendix Corporation

The aerospace industry, as the prime producer and user of
American science and technology and the developer of major
system management techniques has contributed mightily to the
national power of the United States.

However, the momentum of the aerospace industry is slowing
down as the necessary investment to keep it progressing is being
substantially reduced. The point has been reached where it is
necessary to consider the implications of this slowdown to the
national power of the United States.

The national power of a nation usually refers to its ability to
deal with other nations. Classically, national power consists of
economic power, military power, political power and the power
over world opinion.

Particularly since the advent of the atomic age, a country’s
economy and military forces have depended to an unprecedente(_i
degree on science and technology for the maintenance of national
power. Even the political power of a nation to some degree has
been determined by the opinion of citizens around the world
about the progress the nation is making in science and tech- .
nology. Space achievements during the 1960s are a good exam-
ple. National prestige has been lost and achieved on the basis
of achievements in space activities.

Therefore, it seems to me an appropriate investment by our
nation in a vigorous scientific and technological base is abso-
lutely essential not only to our national power but to our national
survival. Let us take a lesson from history and not follow the
pattern of many previous great powers who allowed their national
power to deteriorate.

W. P. Gwinn
Chairman
United Aircraft Corporation

Ever since its beginning, the aerospace industry has steadily

expanded the boundaries of our nation’s technology — even
beyond our own planet — and has become the most dynamic and
vibrant industry in the United States.

Historically, technology has preceded the social and material
changes that have improved America's standard of living. What
we take for granted today — rapid communications, jet travel
television, central heating, frozen foods, even indoor plumbing—,
came only after technological progress made them possible.

The winds of change are blowing ever harder. The strength of
our free enterprise system is social justice, and the success of
our nation’s social improvement programs rests ultimately on the
ability of our free enterprise system to generate the funds needed
in the social fields.

Growth has always been the hallmark of the aerospace industry,
So even as we deal with pressing social challenges, we must
seek to broaden our technical horizons. The primary goal of any
industry is survival in order to serve; and this is the motivating
force that spurs us on to provide jobs, accomplish technical
objectives, and make profits so that our entire society can move
on to new and proud achievements.
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L. J. Evans
President
Grumman Corporation

The ascendance of nations to greatness has not come without
strong will and high purpose. Nor have great nations remained
great without constant nurturing of the resources and energies
which made them great. The annals of history are replete with
chapter and verse which should provide clear heed lest we
choose to relinquish our position of greatness and wallow in the
wake of those who chose to subjugate national perspective and
will to popular expedient. The aerospace industry is a vital
national resource. It has been the thrust of our national momen-
tum; the energizer of our national economy, albeit there are those
who choose now to ignore history and challenge its dedication
and purpose. It must not be shelved for it will surely stagnate
and deplete as it is a resource which tends to feed upon itself.
As our nation faces each critical juncture, it must concurrently
make decisions which will unalterably chart its heritage. To those
who must make these decisions, pay close heed to history for
to ignore history by attacking and dividing our technological base
can only lead to emasculation of our heritage, and to national
obsolescence.

Forbes Mann
President
LTV Aerospace Corporation

Aerospace technology has been an inherent part of America’s
defense for over fifty years. The results of this vigorous and
demanding technology are many and varied. Primary, of course, is
the guarantee provided by our armed forces that America and
the rest of the free world have the time and opportunity to seek
solutions basd on individual human dignity. That guarantee comes
from ‘strength — not weakness.

This same technology will be in the forefront, too, in solving
the economic and environmental domestic problems that concern
us all today. These problems can and must be solved — and they
will be—if this technology is skillfully utilized and properly
supported.

As in all dynamic situations, the décision process is perpetual.
We can advance, stagnate, or retreat. Retreat is possible, but to
most, unthinkable; stagnation is impractical. Advancement is in-
evitable. The direction and speed of this advance are determined
by the strength of our research and development. If we fail to
recognize this now — and act on it— all of our efforts later may
be futile.
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John B. Lawson

Executive Vice President

Aerospace and

Defense Systems Operations:
Philco-Ford Corporation

A subsidiary of Ford Motor Company

Our nation must maintain a capable defensive |
world's military climate of today. Ford Motor Company tradit
ally has responded to the military needs of the nalion in limes
of crisis since World War I. We as a company continue o main-
tain what we consider a justifiable pride in
the technological knowledge and products which are necessary
to help insure the freedom of this nation and
the Free World.

our work in providing

ptheor unirnes In

There are continuing threats both to our allies and to the c
tinental United States which we must recognize. A number of
advanced systems and products must be developed and pro-

duced for our nation during the 1970's to insure U.S. strategic
offensive and defensive force requirements. A U.S “balance of
weapons'' is critical in today's troubled world

During the 1970's the Department of Defense and other U.S
Government agencies will impose an increasing siress on cos!
reduction on weapons and other programs. This places an in-
creasing demand for cost consciousness on all contractors. Tech-
nological developments and advances must still be continued
if we are to keep pace with the progress of other nations, but
within the parameters of even more stringent economic consider-
ations. But rather than consider this emphasis on cost consclous-
ness and cost reduction a hindrance, we at Ford willingly accep!t
it as a necessary business challenge in carrying out our obliga-
tions to the U.S. Government and the people of this nation,

J. W. Crosby
Chairman of the Executive Committee
Thiokol Chemical Corporation

Recently, there has been widespread criticism of space and
defense spending. Proponents argue that such spending should
be drastically curtailed, contending that these funds might better
be used to solve our socio-economic problems.

No one questions the urgency or the need to improve the lot
of the underprivileged, to wage war on crime, or to clean up our
air and water. But to suggest that we must, or should, do so at
the expense of a weakened aerospace industry is utter folly. The
many problems of our society will not be solved by rhetoric.
They can best be alleviated by prompt and concerted application
of the abundant technologies that are, in large measure, products
of the aerospace industry.

The legion of scientific, technical, and managerial talent within
the aerospace industry enables it to respond with alacrity to

- national needs in pollution control, medical science, transporta-

tion, marine science, water desalinization, and training the hard
core unemployed.

A viable aerospace industry is an absolute essential if our
great nation is to remain free — free to choose its own destiny,
and free to help create a better world for all of mankind.
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i President
‘ The Boeing Company
The asrospace induslry has had some iruly oulstanding accom-
plishments in the period of my eoxperience — succeasiully pro-
visioning our naton n a major air war beltween the powers,
equipping a world-wide jol transport sysiem, building a siralegic
nuclear delerrent force and landing men on the moon The
importance of this type of capabd'lity o the nation does not fade
with a period of slackening business and the current struggle
over high developmental costs It is a resource as basic to our

present stage of nalional growth as earlier “"Yankee ingenuity”
was 10 a provious stage of our couniry's hist

Y
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New requiroments call as sirongly as ever for this capability
The growth of air transportation will continue with the expansion
of populations and of the world economy Automated reliability
syslems surpassing those needed to ge! to the moon will neces-
sarily become an integral part of this higher density transportation
system. The whole field of vertical and short take off from
multiple points remains largely to be developed. The time-saving
and economic gain of supersonic speeds across oceans can help
to build a more cohesive world community

In defense, the industry must offer the technical means to na-
tional security while we seek greater progress in international
understanding. In space, the rewards of discovery and applica-
tion of scientific knowledge have only begun to be felt and will
undoubtedly multiply.

While the aerospace industry undergoes its current belt-tight-
ening and honing down process, it is important that government
and public alike recognize the contribution which this industry
has made and must continue to make. The aersopace industry
must come out of the present period with the strength to do

justice to the challenges of the future. | am confident that it
will do just this.

Mark Morton

Vice President and Group Executive
Aerospace Group

General Electric Company

Spearheaded by our aerospace programs, America's technology
moved rapidly forward during the past decade. This advance
has provided a solid foundation for abundant current and future
benefits in medicine, communication, education, housing, en-
vironment, international peace — all of which will richly con-
tribute to the improvement of the total quality of man's life.

Technology, however, cannot be turned on or off, like a faucet,
depending on world crises or domestic problems. Real solutions
to the latter, in fact, can best be achieved through strong tech-
nological advances. And aerospace, as before, can be the spear-
head.

Currently the nation is dangerously reducing its research and
development efforts. To ignore this critical priority is to repeat the
historical decay of other countries in other centuries. If we are
to maintain a healthy economy, keep our world trade position,
solve our social ills, and build a better life, we must exhibit the
vision and the courage to maintain a vigorous national commit-
ment to the continuous and aggressive advancement of science
and technology.

James B. Taylor
Vice-President
Cessna Aircraft Company

Imagine industry without airplanes.

imagine management without communications, production lines
without transportation. Imagine the nuclear age geared to steam
engines or waterways.

The dominant position of American air transportation now re-
sults from decades of painstaking research and development in
private industry, universities and government laboratories.

Business aircraft — those essential tools of modern management
— have grown from this strong base. Aerospace technology, em-
ployed in the development of efficient, safe business aircraft, has
added new mobility to management.

As an expanding economy looks to new industrial sites, the
business aircraft becomes even more essential. The smaller town,
long neglected by other forms of transportation, can offer the
advantages of a metropolis to businesses using their own aircraft.

And as effective and safe as today's business aircraft are, they
can become even more efficient. Using tomorrow's technology,
business aircraft will be able to takeoff and land in even shorter
distances, cruise faster, carry more payload. They'll be quister
and cleaner. But without new technology . . .

Imagine industry without airplanes.

" 4
- F. D. Hall

Chairman and Chief Executive Officer
Eastern Air Lines

In this time when there are so many grave questions concerning
the order of national priorities, the maintenance of a strong and
vigorous aerospace capacity merits a position near the top of
the list.

It is not necessary to stress the importance to our national
defense of the research, development, and production programs
undertaken for NASA and for the Armed Forces. In the inter-
national arena, leadership in space programs influences our
role as a leader of the Free World. Sputnik brought this fact
home to us, just as Apollo did for our ideological adversaries.

But equally important, though perhaps not so obvious, are the
wide range of peripheral benefits which the nation derives from
a healthy aerospace program. The aerospace industry directly
employs more than a million people and indirectly supports
hundreds of thousands more. Its benefits are long-term as well
as short-term. Today’s jet aircraft, which offer the traveling public
the highest degree of comfort and convenience in history, owe
much to military and civilian aerospace efforts of the past. The
life support systems developed for astronauts are already paving
the way for medical advances that will benefit all mankind. And !
am certain that out of the efforts of a continued, strong aero-
space program will come the technology that will help improve
our dalily lives in ways we have not yet conceived of, and perhaps
on worlds we have not yet dreamt of.

15




e .
eadershi
Forump®

George Meany

President

American Federation of Labor and
Congress of Industrial Organizations

The world pre-eminence of American aviation should be a cause
of great satisfaction to all Americans. Here is success that
can be traced directly to the ingenuity of American management
and the skills of American workers, the two working together
under the American system of free collective bargaining.

The American aerospace industry has created great national
wealth for the United States and at the same time provided jobs
for hundreds of thousands of Americans. The industry’'s tech-
nological advances have had useful applications in many other
industries.

The aerospace industry has provided American military forces
with the air superiority needed to protect freedom. Yet, it also
enables the peoples of the world to become better acquainted
and carry on more business with one another, essential ingredi-
ents for eventual world peace.

In our opinion, a strong, economically healthy aerospace

industry, manned by skilled, capable workers, is essential to a
strong, healthy America.

Najeeb E. Halaby

President and Chairman of the Board
Pan American World Airways, Inc.

Airlines have been among the most conspicuous beneficiaries
of aerospace research. The airlines have inherited the inertial
navigation system, satellite communications, weather satellites,
and digital communications, among other things, from the space
program. But the airlines have been only one industry to benefit.
Systems management procedures devised for the space program
have helped cope with urban problems; medical research has
improved health on a wide scale.

These are specific applications of space research that have
advanced particular fields. But in a larger sense, advanced
research is even more vital. This world of multiplying population,
commensurate consumption, vanishing resources, and stock-
piling pollution demands more desperately each day the best
that our minds and our talents can produce to sustain life on the
planet. We cannot feed, house, and clothe the multiplying popu-
lation and satisfy its aspirations by cutting back on our produc-
tion. The only way to cope is by assigning a rightful high priority
to the research that is our only hope of survival.

This, after all, is the function of technology: to sustain man.
This function was never more needed.
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Irving K. Kessler

Executive Vice President

Government and Commercial Systems
RCA Corporation

Aerospace is the one U.S. industry that deals directly with 20th
Century man's greatest frontiers — air and the vastness of space
above it. In two important respects, these are not un.like the
frontiers we've known in our past. They present openings for
potential aggressors, and therefore must be defended. They hOld
forth the promise of vast new opportunities for all of mankind,
and therefore must be explored. )

No nation can afford to ignore such challenges to both its sur-
vival and its progress. Nor is there anything incompatibl_e in pro-
viding for a viable aerospace industry, and in attacknpg such
serious national problems as poverty, urban blight, deficiencies
in mass transport, and pollution of air and water. On the con.trary,
it is unlikely that we will ever really solve these problems if we
lack the economic muscle and technological leadership a hea!thy
aerospace industry confers upon us. For it is the most sophisti-
cated of all U.S. industries, a proving ground for many of our
most promising scientific concepts, the high water mark of our
technology.

To defend ourselves against aggression, to help solve many of
our pressing domestic problems, to venture forth into new worlds
— these are urgent and primary reasons why a vigorou§|y growing
aerospace industry is in the best interests of our nation and of
mankind.

Paul Thayer
President and Chairman of the Board
Ling-Temco-Vought Inc.

America— and the world -—is now urgently addressing itself to
solutions of man’s ecological problems— current and fUtheci
These problems can only be solved by technology — new anh
applied. The aerospace industry has always been-—througl
necessity — on the ‘“cutting edge” of American tec_:hnologlga
progress. There is no doubt in my mind that it will contlnuc? to eci
The honor of leading, however, carries with it at .once, risk and
responsibility — the risk of finding oneself in blind alleys and
laboriously retracing one’s steps to start again and BgEiN, ?"

the responsibility of seeing to it that all are served. In my opinion,
the industry’s decisions on its research and deve,lOPment have
led it into relatively few blind alleys. And America§.p|ace as a
world leader in its standard of living and its posntlon—unde-
batable — of being the anchor of the defense of the free world
give testimony to its service. The thrust and vitality of the aero-
space industry in the next twenty-five years, its ability to take the
risks and live with the results, and its continuing struggle with the
complex problems of modern society may very well determine
whether man survives on this planet.
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H. J. Haynes
President
Standard Oil Company of California

In weighing our national priorities for the 1970’s, we should keep
in mind that the achievements of the aerospace industry have
made a significant contribution to our economic life and to the
strength of our country.

Government, corporations and our entire citizenry have bene-
fited from the computer technologies, management innovations,
communication improvements, and earth satellite data derived
from aerospace research.

The petroleum industry and its customers have shared in many
ways in these benefits. To cite just a few — research on hydraulic
fluids for supersonic military aircraft has led to improved fire-
resistant fluids for commercial aircraft; earth satellites offer great
Promise in providing better geological data, and in statistical
forecasting of sea and ice conditions for safer exploration, produc-
tion and transport of petroleum; subsea exploration and producing
systems, leading to improved developmient of vital offshore re-
sources, are now being evolved in cooperation with aerospace
engineers.

It is a rare enterprise in this country which cannot name more
than one advance made possible by our pioneering conquests in
space.

As an oilman | know it is folly to reduce exploration for crude
oil if proved reserves are only adequate for immediate needs.
It would be equally unwise for this nation to reduce aerospace
activities so drastically as to lose our unsurpassed reserves of
skilled manpower as well as threaten our leadership in space
science and technology with all it can contribute to our economic
well being in the years ahead.

C. H. Dolson

Chairman of the Board and
Chief Executive Officer
Delta Air Lines, Inc.

Three thousand years elapsed in the innovative process of man's
first flight from the inventiveness of Daedalus on through the
18th Century theoreticians to the flight of the Wright Brothers.
In this time frame, there was no order in the processing of
knowledge, material, and techniques. We have closed this inno-
vative process which interlocks research, development and
application.

The stimulative impact of air transportation upon the trans-
actions of business and government, personal travel, and inter-
regional development will increase as technology advances.
Airline service, integral in all economic sectors, is dependent
upon a viable aerospace capability if we are to continue to
reduce the relative cost and simultaneously improve the quality
of products and services.

The future economic and social well-being and the security of
our nation depend upon an efficient and well-balanced inno-
vative process — a technological balance sheet which on the
one hand maintains and identifies our assets of research, devel-
opment, and industry application, and on the other, the cooper-
ative effort and funding which permit the people of our great
country to redeem their equity in the national investment.
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AEROSPACE ECONOMIC INDICATORS
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CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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‘64 '65 '66 '67 68 '69 '70 64 '65 '66 '67 '68 '69 '70 '64 '65 '66
=  Acrospace obligations by Dept. of Defense and NASA.
we===='_ Non-government prime orders for aircraft and engines.

AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1960-65 PERIOD PERIOD
= SR OWN RIS PERIOD PERIOD
Quarter
Annual Ending
AEROSPACE SALES: Total Billion $ Rate 19.4 Dec. 31 26.9 25.1 24.8
Billion $ Quarterly 4.8 1970 6.6 6.0 6.5
DEPARTMENT OF DEFENSE
Aerospace Obligations: Total Mililon $ Monthly 1,151 12/70 1,440 1,315 1,570
Aircraft Million $ Monthly 601 12/70 605 674 729
Missiles & Space Million $ Monthly 550 12/70 835 641 841
Aerospace Outlays: Total Million $ Monthly 1,067 12/70 1,307 1,136 1,345
Aircraft Million $ Monthly 561 12/70 790 693 856
Missiles & Space Million $ Monthly 506 12/70 517 443 489
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 920-1« 12/70 999 614 1,255
Aircraft Million $ Monthly 447 12/70 526 392 533
Missiles & Space Million $ Monthly 473 12/70 473 222 722
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 3/ 188 201 206
Expenditures Million $ Monthly 130 3/ 273 236 263
BACKLOG (60 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# Quarter 28.3 25.5 24.8
U.S. Government Billion $  Quarterly 11.6 ending 143 136 13.1
Nongovernment Billion $  Quarterly 3.1 1970 14.0 1.9 1.7
~ EXPORTS
Total (Including military) Million $ Monthly 110 1/711 302 277 292
New Commercial Transports Million $ Monthly 24 1/ 139 91 19
PROFITS %ﬁf,’ltn‘;’
Aerospace — Based on Sales Percent Quarterly 2.3 Dec. 31 25 1.9 1.6
All Manufacturing — Based on Sales Percent Quarterly 4.8 1970 4.6 3.9 3.7
EMPLOYMENT: Total Thousands Monthly 1,132 1M 1,282 1,069 1,052
Aircraft Thousands Monthly 469 1/n 562 465 456
Missiles & Space Thousands Monthly 496 1/M 548 438 430
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 1/1 4.08 4.30 4.29
R Revised. '
E Estimate.

* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.
4 Averages for 1961-65.

*}= Averages for fiscal years 1960-65. Source: Aerospace Industries Association



=

BY KARL G. HARR, JR.

President, ) o
Aerospace Industries Association

A debate that has been sputtering for the past
decade is today fast becoming a central issue
with perhaps a decisive effect on the determina-
tion of national goals and priorities for the bal-
ance of the 20th Century.

The arena of debate is so large it is difficult to
State the question both simply and adequately.
In its broadest sense it revolves around the point
of whether science and technology is a major
force for national progress or a genie that has
€scaped and is becoming counter-productive to
true progress and individual well-being.

On a deeper level, there exist strong concerns
that the opponents of national technological
advance are really attacking the pursuit of knowl-
€dge itself. Reluctance to push forward and ex-
Periment on the frontiers of knowledge, derived
from loss of faith in our national ability to man-
age the implications of new discoveries, threatens
the traditional cornerstone of our national well
being and security — i.e., the fearless pursuit of
knowledge.

This issue of Aerospace Magazine is an effort to
Place into greater perspective the true relation-
Ship between our society and technological ad-
Vance. The aerospace industry is synonymous
With advanced technology; in fact, it has been
the principal well-spring of meaningful techno-
logical advances since the end of World War II.
We hope the discussion of doubts, questions and
facts concerning aerospace technology will be
useful as the debate intensifies.
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Doubt has become the primary pro-
duct of today’s social revolution.

Few U.S. institutions have escaped
being shaken by the scattershot bom-
bardment of questions and doubt laid
down by those who see themselves as
the shock troops of the Age of Aquar-
ius, or Age of the Youth Rebellion,
or the Age of the Greening of America,
or simply as mourners of the “good
old days.”

Education, the legal system, corpo-
rate business, and the family have
been among the targets of one or more
groups of champions of a quick over-
haul of society.

One target, however, has borne the
brunt of the attack. One target is con-
stantly cast up to doubt, and repre-
sented as a fundamental dehumaniz-
ing danger to modern man.

Technology is that central target.

Technology, according to its critics,
is the major peril because its side ef-
fects are inescapably adverse. The
pace of technology change is called
too fast for man to sort out the good
from the bad, or for man’s socio-po-
litical organizations to accommodate.
And technology is said to be produc-
ing such an infinite variety of innova-
tions that the burden of choice has
become so great that individuals, cor-
porations and governments inevitably
will foul the quality of life.

The critics overlook such benefits
as better nutrition, longer life expect-
ancy, speedier travel and communica-
tions, and broadened opportunities in

—~l,

culture and recreation.

The solution, say the most obdurate
opponents of technology, is to turn our
backs and bring technical progress to a
halt.

While it is unlikely that the majority
of Americans would ever accept such
unreasoning views, they already have
had a deep influence on U.S. policy.
Enough doubts have been raised in the
past three years to bring on a substan-
tial reduction in activity in science and
technology.

In time, this inevitably will weaken
development of new products and ser-
vices for the civil market, which has
become the main source of U.S. eco-
nomic prosperity.

Acceptance of this fact, that tech-

nical innovation is the primary source

of economic growth in a mature in-
dustrial society, is at last becoming
widespread among economic theorists
after decades of rejection. Some mem-
bers of the Council of Economic Ad-
visors for example, now attribute over
half of the nation’s annual real eco-
nomic growth to new technology. The
remainder comes from capital accumu-
lation, education, more efficient use of
labor and the other factors which tra-
ditionally have sparked growth in less-
developed economies.

One final misconception about the
chain of technological strength still re-
mains. Somehow it has come to be ex-
pected that each link, each step in the
chain, should produce a spill-over of
hardware that is immediately useful

in the next step. Some persons, for
example, apparently won’t accept the
usefulness of space technology to com-
mercial industry unless they see satel-
lites being sold in supermarkets.

A significant amount of technology
transfer does -occur in the form of
hardware, or slightly modified hard-
ware, as documented in subsequent
pages of Aerospace Magazine. But the
most important spill-over, by far, is
new techniques and new knowledge.

One doesn’t have to work in indus-
try to know that big changes have
taken place in the past 20 years. Any
company that tried to operate a 1950-
style factory today would be hope-
lessly outclassed. Better products and
more efficient factory operations are
possible now because of new metal
alloys, new high-strength plastics, mor¢

accurate methods of measurement,
more automatic and more accurate
methods of manufacture, greater

knowledge of mechanical design, more
rapid and more accurate techniques
for quality control. The list is vir-
tually endless.

Commercial industry did not start
from scratch in the development of all
of these new materials, techniques and
machines. The vast majority of these
improvements were built on the ex-
perience of aerospace contractors who
first worked with these advanced ideas,
usually under government-sponsored
defense and space contracts.

The point of most concern, how-
ever, is that today’s factory will be no




match for the 1990-style factory. More
technical changes can be expected in
the next 20 years than have occurred
in the past 20.

Economic power at the end of the
century will reside with the nation
With the strongest technology, just as
it does today. In the face of this cer-
tainty, it is not comforting to sce the
the U.S. weakening its science and
technology, or to realize that major
segments of the public and public
officials still do not understand the
fundamentals underlying our techno-
logical strength.

Present confusion is clearly illumi-
nated by a recent study conducted by
the Library of Congress at the behest
of Congressional committees. The
study asked the “salient question” for
the United States today: “Are the
Processes and results of technological
innovation generally a social good that
should be continued into the indefi-
nite future?”’

The study’s answer was that “further
technological progress is indispen-
sable,” even if the objective is to
achieve some sort of stability in which
the pace of technical development is
slowed or stopped.

The study also quotes from a Na-
tional Academy of Sciences report on
this general question which said the
problem is not for society “to con-
ceive ways to curb or restrain or
otherwise ‘fix’ technology but rather
to discover and repair the deficiencies
in the process by which society puts

ky
The Saturn V/Apollo, which carried men 0 the moon and bac

is probably the most complex and reliable system eve

the tools of science and technology to
work.”

It is something of a phenomenon
that every American does not accept
these views of technology’s importance.
This nation has only 6 per cent of the
world’s population and less than 15
per cent of its natural resources, yet
we are the strongest commercial
nation.

Our strength is technology. Tech-
nology is what makes us unique to-
day. But leadership in technology is
not inalienable. It is not guaranteed.
It can only be earned through constant
effort.

Consequently, the present disrup-
tion in science and technology must
be regarded with deep concern.

Over the 1968-1971 period, basic
research experienced a drop in sup-
port for the first time in 25 years, and
in some vital sciences — physics, for
example — reductions in federal sup-
port have ranged as high as 40 per
cent. Advanced education in physics,
the training associated with master’s
and PhD degrees, has been reduced in
the same proportion. The American
Physical Society says the situation has
reached the “disaster” point.

Basic research’s role in creating
technological strength often is misun-
derstood because it isn’t directed at
any particular new machine or sys-
tem, or at any specific need of man-
kind. Sometimes it has been derided
as “what a scientists does when he
doesn’t know what he’s doing,” or

r built. -

simply as the collection of knowledge
for knowledge's sake.

But basic research is the source of
raw material, the new infprmauoﬂ
from which engineers design improved
equipment and advanced systems. It
is certain that technical progress would
cease if basic research ceased.

Second link in the technological
chain, applied research and explora-
tory development, concerns the first
attempts to put new knowledge to usc
in the building of better machines. It
has been more seriously weakened
than basic research. The aerospace in-
dustry’s ability to maintain its lead in
this type of work is in question.

During the slowdown in building of
advanced defense and space systems,
the industry has been forced to lay off
more than 59,000 scientists and en-
gineers. This is a reduction of about
26 per cent in the total force of
226,000 aerospace scientists and en-
gineers employed three years ago.
Such reduction in employment among
highly skilled professionals is unprec-
¢dented in world history.

Misunderstandings about the nature
of the applied research and explora-
tory development performed by the
acrospace industry and its value to
the military and economic health of the
nation are even more prevalent than
the misunderstandings about basic re-
search.

The industry’s contribution begins
with the construction of experimental
components and subsystems which
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range from bearings, valves and mea-
suring instruments, to sections of com-
puters, hydraulic power units, sheet
metal structures, guidance equipment,
automatic manufacturing tools and jet
engines. Under normal circumstances
this sort of experimental construction
and testing should go forward on a
steady basis.

Then, on occasion, the experimental
subsystems are put together to form a
complete experimental system, most
often an aircraft, missile or spacecraft.

Sometimes these new systems are

successful and go on to the operational
stage and are employed by the military
forces or by the National Aeronautics
and Space Administration in space
flights.
- /But, even when aerospace systems
become operational they are, in the
strict sense, a part of applied research
in the chain of U.S. technological
strength. That is, the aerospace indus-
try’s operational systems feed informa-
tion and experience to the rest of U.S.
industry.

A prime example is the Saturn V/
Apollo vehicle which carries astronaut
crews to the moon. It is one of the
largest and most complex electro-me-
chanical systems ever constructed. Still
it is by far the most reliable large
machine ever built by man.

A new order of design, manufactur-
ing and management skill had to be
developed to achieve the Saturn V/
Apollo reliability. This new skill will

a
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7 Modern manufacturing ‘techniques,
filer, were developed to meet aerospace

such as this pro-
requirements,

be important in commercial activities
for another decade at Jeast.

Somehow this crucial point has been
obscured by doubt. Some serious ana-
lysts contend there is little spill-over
from military and space projects into
commercial technology.

The error in this view is that it looks
at complete systems, rather than the
knowledge and technology from which
the systems evolved. These critics us-
ually point to the jet engine as one of
the few examples of military tech-
nology having a commercial value.
They then rate the rocket engine as
having little or no value.

This ignores the fact that rocket
engines are especially difficult techni-
cal problems because they must op-
erate at unusually high temperature,
they must pump corrosive fluids at
very high rates, and they must have
electro-mechanical control  systems
which can sequence a complex series
of events with an error measured in
microseconds. The knowledge gained
in mastering these problems does have
a commercial value, even if at the mo-
ment the rocket itself does not.

If one accepted the premise that
civil and military technology are not
closely related, one also would have
to accept the idea that there are two
separate worlds of engineering — one
for weapons and one for commerce.
This, of course, is nonsense.

The primary goals of all engineering,
briefly, are:

® [owering costs.

m Improving the efficiency .of mo:
tors, generators and all types of energy
conversion devices and processes,
which includes improving the effi-
ciency of all transportation systems.

m Improving design through use of
new materials which reduce the weight
and increase the strength of all ma-
chines. Designing the machine to Oper-
ate under a wider variety of conditions
is part of the goal.

® Improving the
which a machine can be ¢
and its capacity for work.

®m Improving reliability.

m Improving communications be-
tween man and machines and between
machines.

The relative importance
goal varies depending upon the needs
of the customer. In the past the mili-
tary usually has had to be more in-
terested in increasing the performance
of machines than in the cost.

Today, cost is of more concern
both to the military and to the goV=
ernment agencies working on the prob-
lems of the cities, such as waste trfiﬂt-
ment and mass ground transpor‘tat.lqn-

Such a rearrangement of prioritics
is not unusual. It is typical of the engl-
neering business.

Engineers, in simplest terms, ©
problem-solvers. And it is not surpris-
ing that engineers are rated the world
over by the difficulty of the problems
they have solved.

This is the reason for the U.S. aero-
space industry’s worldwide reputation
for excellence. The industry has an
unparalleled record for solving diffi-
cult problems, for pushing forward the
frontiers of technology and for turning
the extraordinary into the common-
place. i

Difficult problems are the industry s
specialty. It makes no difference
whether the priorities are shaped by
the cities or the military. Advanced
technology is needed in both areas,
and the preponderance of experience
with advanced technology lies with the
U.S. aerospace industry.

In light of the curtailment in scieqce
and technology, and the slowness with
which advanced technology is being
applied to the problems of the cities,
this question can be posed: Is the U.S.
dismantling the chain of technological
strength before its importance to the
economic as well as the military
strength of the nation is completely
understood?

accuracies to
ontrolled,

of each

are




Question: Can Aerospace lechnology
Serve Nonaerospace Needs?

This question pre-dates the current
debate about the relevance of tech-
nology to society’s goals. Interest in
the question, however, has been
heightened recently by the current
€conomic problems of acrospace. Re-
Jection of the supcrsonic transport pro-
gram by Congress and its attendant
effect upon aerospace professional and
blue collar employment has accelerated
the dialogue.

Over the last several years, the de-
bate has been characterized by ex-
lremes of opinion outside the industry.
Some accuse the industry of outright
disinterest in solving social problems.
Others claim that aerospace capability
has been overrated and, besides, the
industry does not know how to mar-
ket jts capability in new areas. Still
others proclaim that aerospace tech-
Nology is the greatest resource yet
Unmined for the greater common g.ood.‘

For the record, the industry itself
has long devoted close attention to the
Question. It rejects all extremes of
thought on the one hand and, on the
Other hand, views with alarm ap-
Proaches which assume that conversion
Of aerospace to other endeavor is a
Simple process. Industry’s posture 1s
based upon real-life experience and
Considerable study.

Late in 1964 and early 1965 the

tate of California awarded four study
Contracts which involved the use of
the aerospace industry’s managerial
and  technological talents to solve
Pressing problems in social areas.
These “studies included specifications
Or solving basic transportation prob-
SIS, techniques for prevention and
control of crime and delinquency, and
the Suitability of the use of systems
analysis to handle waste management
Problems,

The studies attracted nationwide
Publicity, and for the first time fo-
cused major attention on the idea that
the advanced techniques pioneered by

Ppr e

the acrospace industry for defense and
space projects could be used to solve
massive social problems. For the
magnitude of the problems, the study
contract costs were modest: $100,000
each.

The idea has been debated,
thoroughly and inconclusively, since
then. Senator Gaylord Nelson in 1965
held hearings on a bill that would “mo-
bilize and utilize the scientific and en-
gineering manpower of the Nation to
cmploy systems analysis and systems
engineering to help to fully employ
the Nation’s manpower resources to
solve national problems.™

No action was taken on the bill by
the 89th Congress, and Senator Nelson
introduced the bill again in the 90th
Congress, again held hearings: again,
no action was taken.

In 1969, Senator Abraham Ribicoff,
as Chairman of the Subcommittee on
Executive Reorganization and Govern-
ment Research, asked a broad section
of American industry for information
regarding legislation that would have
established a National Economic Con-
version Commission, aimed at finding
ways to convert industries from ‘“‘de-
fense-aerospace production and re-
search to civilian projects. . . .” No
legislation was produced.

Rep. Henry S. Reuss (D.-Wis.),
chairman of the House Conservation
and Natural Resources Committee, in
late 1970 held hearings concerning the
use of aerospace and industry tech-
nology to improve pollution control.

Mr. Reuss’ opening statement posed
the question:

“If we can go to the moon, why
can’t we clean up our environment?
The question has become a cliché. The
easy answer is just as obvious — have
the same people who got us to the
moon go to work cleaning up pollution.

“Space and defense contracts are
being cut back. Aerospace industry
PhD’s are driving cabs, and engineers
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Aerospace firms are deeply involved in
seeking solutions to control pollution.
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Equipment for high speed ground transportation is being
designed and manufactured by aerospace companies.

are slinging hash. Why not use their
skills to get dirt out of our air, crud
out of our water, and beer bottles off
beaches?”

Since these hearings, which also
have not produced any legislation, a
spate of bills have been introduced in
both houses of Congress aimed at re-
training engineers employed in the
aerospace industry to produce solu-
tions to the clamoring social problems
of the nation.

All of this seems to indicate that
aerospace companies could solve
many of our urgent problems if some
way could be found to turn their
energies in these directions.

The experience of the aerospace in-
dustry with major programs of a very
high technology content has been with
the Department of Defense and the
National Aeronautics and Space Ad-
ministration. These customers are
technologically sophisticated, well-or-
ganized to recognize future needs,
capable of procuring and assessing the
research and development of systems
to fulfill their requirements, and of fi-
nancing the deployment and operations
of new systems. This capability re-
sults in a well-defined task with the
criteria for success of the final product
clearly identified. The intercontinental
ballistic missile and Apollo programs
are examples of systems developed and
delivered to government by a network
of companies—Ilarge and small—sup-
plemented by university and federal
laboratories.

These comprehensive criteria are not
available in large programs involving
social problems, a fact escaping many
seeking instant conversion. Here is the
experience of one aerospace company
as reported in Congressional testi-
mony; and this example pinpoints a
consensus of experience and opinion
of the industry.

The company launched a study of

urban mass transit, and attempted to
define the requirements for an effec-
tive system and to design one.

This work, over a period of several
years, resulted in a system concept
that was truly innovative. The system
incorporated the latest in technology,
including computer control of ve-
hicles, linear electric motor propulsion,
and air-bearing suspension. Designed
to transport automobiles and pedes-
trians interchangeably, it compared
favorably on a cost per mile basis with
the newer subways, surface transit sys-
tems and freeways in terms of auto-
mobiles or passengers moved per hour.
In addition, the system stressed safety,
freedom from noise and pollution, im-
munity to vandalism and crime, and
had, by incorporating an underground
installation, consciously sought to
avoid social consequences resulting
from disruption of established surface
traffic and land-use patterns.

After widespread discussions with
private and public figures, with govern-
mental agencies and elected officials
at the city, state and national levels,
the company was forced to shelve the
concept.

Why?

The company stated: “The first rea-
son is that we were unable to find a
source of the large amount of funds
to develop and conclusively demon-
strate the concept. The more impor-
tant reason, however, related to the
fact that there is no widely accepted
criterion for what public mass transit
should accomplish, and hence, a re-
luctance on the part of all the various
agencies and public bodies to commit
to an unproven system and — most
importantly — an inability to accept
the costs attributable to the social
benefits embodied.

“Perhaps, in time, the Department
of Transportation, in concert with

state and local governments, will de-
velop into a well-organized buyer, with
the attributes earlier described for the
DoD and NASA. And, also, perhaps
in time we will be able to qualify the
value placed on social and environ-
mental benefits, so the buyer can de-
fine the producer’s task.

“The point of this experience is
simply that technology and the eco-
nomics of a new product can be
assessed by the producer, but a mech-
anism for establishing all relevant cri-
teria for product acceptability is lack-
ing on the part of the buyer.”

Aerospace technology has been de-
scribed by a deeply involved execu-
tive as not unlike Gulliver—a helpless
giant, tied down by fears, a need for
resources, a lack of understanding,
all of which prevent providing to the
nation the benefits which are available.

One of the means of bringing tech-
nology to bear on the vast problems
of society—market demand—is simply
not yet visible in terms of funds or
the contracting techniques to put funds
to use when and if they become avail-
able. So Gulliver (read technology)
remains bound. )

The same aerospace executive
strikes at the heart of the matter in
defining the hurdles to be surmounted
on the way to a cleaner, more habit-
able United States of America.

He states: “The first real hurdle is
that we, as a nation, are impatient
beyond description. We assume that
our technology can produce overnight
miracles, and solve problems once and
for all, if we only pour the money in.
This is not that kind of a problem.
We must work patiently on one part
of our task at a time, or we won’t be
able to afford all that we know how
to do. Thus, Task One is that we must
set some real priorities working to-
gether, and any mechanism we can
devise which cuts down the hysteria




about these very real problems and
lets us rationally set important and
achievable targets will be of benefit
to all of us.

“The second real hurdle (or it may
be the first) is that we must better
organize our government to handle the
many planning, development, deploy-
ment, fund distribution, and just plain
management tasks that will face us
when we try some of the national pro-
grams that are bound to be necessary.
Thus, Task Two is for us to participate
in creating a method of handling the
programs that must be undcrta.kcn
when the priorities are set. Washing-
ton has all the tentacles of a large,
stable, protected organization. None
of its old elements are ever turned off,
and new ones show up with every
popular crisis. . .

“The problems we arc discussing
and the related problems of crowding,
urban obsolescence, etc., are distrib-
uted among the Departments of
Health, Education, and Welfare, Hous-
ing and Urban Development, Trans-
portation, Ad Hoc Boards and tem-
porary commissions in an almost
random fashion. We have all been
watching the Defense Department try-
ing to justify its performance in the
face of a malicious attack, and I would
like to suggest to you that the order,
precision, equity and effectiveness _of
Pentagon management is almost pris-
tine compared to our first floundering
efforts at social problems. My positive
suggestion is that we should have. a
social systems management commis-
sion somewhat on the line of the Holi-
field Commission for military procure-
ment to help set the stage before we
get into these programs much deeper.

“Thirdly, I think we should recog-
nize that we could drop the entire De-
fense Department budget into the so-
cial hopper and only make a dent in
the tasks before us. The goals that we
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are about to set or demand for a better
life for all are going to cost someone
a lot of money. I have already noted
that there is scant individual incentive
to spend our own money, and we are
not so close to disaster that the na-
tion will rise as one to meet the chal-
lenge, so we must face the remarkably
difficult task of creating national pro-
grams that will take away some cher-
ished freedoms of choice and institut-
ing programs of taxation or borrowing
that will transcend our military pro-
grams in size at a time when we dare
not reduce our military spending any
further. This will be a real test of our
way of government and our processes
for retaining a healthy economy.”

When the mechanism of technology
transfer and application is simple and
available, the results are quickly ap-
parent. One aerospace firm, with sev-
eral divisions involved in commercial
product lines, has proven the concept
of transferring technology across pro-
duct lines. A division, which designs
guidance systems for intercontinental
missiles, produced an electronically
controlled patterning device for incor-
poration into the knitting machines of
a textile division. This development
offers an almost infinite variety of pat-
tern selections and can be changed
from one pattern to another in a few
minutes. Conventional equipment now
requires several hours.

The answer to the question — can
aerospace technology serve nonaero-
space needs?—is an unqualified, “yes!”
The technology is available.

“The years immediately ahead,”
John W. Gardner, head of Common
Cause, has stated, “will test this nation
as seriously as any we have known in
our history. We have plenty of de-
baters, blamers and provocateurs. We
don’t have plenty of problem solvers.”

And problem solving is what the
aerospace industry does best.
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Fact: Transfer of Aerospace Technology
Is Under Way

Management of many aerospace industry companies is keenly interested in
bringing about technology transfer to social uses, contrary to the charges of
skeptics and despite the frustrating constraints described earlier in this issue.
There has in fact been a tremendous variety of such activities.

From aerospace developments we have derived much of great value in the
improvement of medicine, education, transportation, power generation, housing
and other aspects of life. Many more such transfers are under way. Individual
examples may be important in themselves; in the aggregate they are impressive
evidence of a process that is only beginning. Here is a sampling of the thousands
of items that could be cited.

MEDICINE

he Boeing Co. is nearing comple-

tion of a one-year study of pos-
sible non-aerospace applications of
NASA’s Integrated Medical and Be-
havioral Laboratory Measurement Sys-
tem (IMBLMS). Being developed for
use on extended manned space flights,
the system of compact electronic and
electrical units, combined with a com-
puter, will measure and analyze a crew’s
vital functions and relay the data to
physicians on the ground. It is easily
transportable, and experts believe the
system could be valuable in the field of
public health, where it could be used
to screen large numbers of persons in
remote areas. .

A miniature thermionic device which
converts heat from a radioactive isotope
directly into electrical power may be
used as a cardiac “pacemaker” im-
planted in heart patients. The tiny
“ISOMITE” battery, about the size of
a thimble, can yield about 100 times
as much energy as chemical batteries
of the same weight. It was developed
and produced by the Donald W. Doug-
las Laboratories, a part of the Mec-
Donnell Douglas Astronautics Co., as
a company-funded project.

The same organization, working un-
der contracts from the Atomic Energy
Commission and the National Institutes
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of Health, is evaluating a radioisotope
power source which could be placed in-
side the abdominal cavity to operate
a heart assist device. This “Stirling
cycle” engine, in a casing about the size
of a grapefruit, is connected to a heart
pump in the chest. It is presently being
tested in experimental animals.

To improve hospital management
and patient care, and help make more
effective use of physicians’ time, Lock-
heed Missiles & Space Co. has con-
ducted a company-funded study of hos-
pital information processing methods.
A five-year study of a number of vary-
ing types of hospitals has led to the
design of a comprehensive information
system that will bring computer-aided
processing technology into routine
service.

LMSC has also developed a com-
puterized inventory system for blood
banks which is in use in Sacramento,
Alameda and Contra Costa counties in
California and in Saint Paul, Minne-
sota. The incidence of outdated blood
has been reduced to a negligible level,
and the availability of critically needed
types in various locations can be de-
termined immediately.

Drawing on its experience in aero-
space work on fluid dynamics, Avco
Everett Research Laboratory scientists
working with Massachusetts General
Hospital have developed a new intra-

aortic balloon pump that may open a
new ecra in cardiac therapy. When em-
ployed within 30 hours of the onset of
chest pain, the new pump has resulted
in six survivors out of 16 cases of acute
heart attack complicated by cardiogenic
shock.

A different type of heart assist pump,
hydraulically operated, is being pro-
duced by United Aircraft Corp.’s
Hamilton Standard Division. Quickly
and easily connected by minor surgery
to the thigh arteries, it operates in a
counterpulsating action to reduce the
workload on the heart. The system is
controlled by a servo valve, similar to
those used in commercial jet aircraft,
manufactured by Abex Corp.

A small, portable isotope X-ray de-
vice was developed through biophysics
rescarch by the Fort Worth Division of
General Dynamics. Containing no frag-
ile parts, and requiring no electrical
power supply, it could be used for
medical X-ray work in developing
countries, in disaster areas, in airborne
hospital facilities, and for backup of
conventional equipment in city hos-
pitals.

Present methods of interpreting heart
and brain waves can be improved with
the help of a unique sonar signal pro-
cessor devised by Goodyear Aerospace
Corp. in its anti-submarine warfare
research.



A radiology technician listens to a doctor's tape recording

for

of Xjray r(?sults which she feeds into a video terminal
immediate transmission to an attending physician.

The system was developed by a major aerospace firm.

Honeywell has developed a low-cost,
battery-operated device to diagnose
and monitor the condition of patients
with heart and lung ailments.

A surgical isolation garment de-
veloped by the Garrett Corp. has been
under evaluation at Hollywood Presby-
terian Hospital for a year, to minimize
the transfer of bacteria from surgeons
to patients during operations. An out-
growth of Garrett’s work in spacesuits,
the garment completely isolates the
patient.

The same firm has produced a net
suspension garment which encloses the
trunk of the body and exerts equal pres-
surc on all parts to prevent chafing
and the development of high pressure
points. Growing out of work on a
lunar gravity simulator, the garment
has been evaluated as a means of fos-
tering carly mobility in stroke patients
by supporting five-sixths of their weight.

General Dynamics/Convair built a
“dry immersion bed” in 1963 to pro-
vide a facility for simulating weightless-
ness in spage. After the potential for
medical purposes was realized, the first
design was modified and utilized by the
hospital of the University of Pennsyl-
vania for treatment of trophic ulcers in
chronic bed rest patients. A second
modification is being employed at two
other hospitals.

In the bed, the patient lies on a

waterproof sheet and literally floats in
water while remaining dry. This buoy-
ant condition, causing minimum pres-
sure against the body surface, is helpful
in treating skin ulcers, severe burns and
other problems.

The Aerostructures Division of Avco
Corporation is continuing its develop-
ment of modular-type structures with
the construction of a demonstration
patient care unit that will be assembled
in Vermont as an addition to a conven-
tional “brick and mortar” community
hospital now being built. The unit is
being manufactured in sub-assembled
form, for the simplified shipment and
rapid on-site erection which such con-
struction permits. The division also is
undertaking preliminary design of cir-
cular health service facilities, adaptable
as a hospital or out-patient clinic, or as
a combination of both.

TRANSPORTATION

An aircraft-type gas turbine engine
powers the high-speed TurboTrains
built by United Aircraft Corp. for serv-
ice between New York and Boston.
Acrospace technology was used
throughout the two trains, which are
operated by the Penn Central Railroad.

Turbo service began in April 1969,
under a contract between UAC, the
railroad and the U.S. Department of
Transportation. It was extended in

October 1970. In announcing the
extension, President Nixon said that
Transportation Secretary Volpe had
recommended the action “because of
our resolve to apply available space-
age technology and expertise to Earth-
bound problems.”

Rohr Corp. has delivered the first
prototype copies of cars for the Bay
Area Rapid Transit (BART) System,
in the San Francisco area. When BART
goes into operation this fall, it will pro-
vide almost 65 miles of new rapid
transit service. Rohr will ultimately
produce 250 such vehicles.

Westinghouse is the major subcon-
tractor for the cars. Other aerospace
firms involved include Hercules, Kaiser,
Garrett-AiResearch, and IBM.

The Atomics International Labora-
tories of North American Rockwell
Corp. is working with the Southern
California Rapid Transit District to
develop and demonstrate a diesel ex-
haust emission control system to elim-
inate smoke and odor and substantially
reduce noise.

Grumman Aerospace Corp. is con-
ducting engineering design and tech-
nological studies for the Department of
Transportation’s tracked air cushion
research vehicle (TACRYV), which will
be capable of traveling at 300 miles
per hour. It will be powered by elec-
tric linear induction motors (LIM),



for which Garrett-AiResearch is prime
contractor, that will be pollution-free
and virtually noiseless.

The Bendix Corp. is prime contrac-
tor for the Columbia Transit Program,
which will supply an integrated transit
system for the new, planned city of
Columbia, Md., now under construc-
tion between Baltimore and Washing-
ton, D. C.

Bendix Aerospace Systems Div. has
been awarded a DOT contract to assess
the state-of-the-art in sensing headway
(the separation measured in time be-
tween two vehicles traveling on a guide-
way) and recommend preliminary de-
sign and breadboard programs to test,
evaluate and demonstrate the tech-
nology.

The same division is developing a
transit system in which vehicles would
be driven normally on streets or high-
ways but be capable of fully automatic
operation on special right-of-way net-
works called “guideways.”

Goodyear has developed a “waitless”
urban transportation system to relieve
traffic in central business districts, air-
port terminals, and other congested
areas. The “Carveyor” system would
employ moving sidewalks and ramps
with small passenger cars riding on
conveyor belts that could transport as
many as 22,000 passengers per hour.

The Sperry Management Systems
Div. of Sperry Rand Corp. is develop-
ing a system of improved management
of cloverleaf space through ‘“gaiting”
access and egress. Vehicle traffic is

monitored in lanes; data is fed into a
computer to change the flow of traffic.

Honeywell’s Government and Aero-
nautical Products Division is talking
wi.th automobile manufacturers about
using a sensor developed for a weapons
systems as the trigger for an inflatable

air bag that would protect car oc-
cupants in a collision.

On the strength of a unique tactical
missile guidance, control and simula-
tion technology developed at North
American Rockwell’s Columbus Divi-
sion, the U.S. Bureau of Public Roads
awarded the division a major R&D con-
tract for work on a new concept in
driver assistance. Under the concept—
the Electronic Route Guidance System
(ERGS) — highway route directions
will be electronically displayed in the
car, instead of visually read on the
road. The driver will consult and dial
a code number representing his desti-
nation into a control box under the
dashboard of his car; the number will
be received by a computer-like unit on
the roadside which will then return di-
rections in the form of arrows and
words that light up on a screen
mounted on the dash.

Some 100 intersections in northwest
Washington, D.C., and 50 vehicles are
now being outfitted with the necessary
equipment to test out the concept.

A fleet of hydrofoils designed by The
Boeing Co. may become a key part of
the San Francisco Bay area transporta-
tion system. A naval architecture firm
has recommended to local authorities
two alternative systems, one containing
both hydrofoils and high-speed ferries
and the other ferries only. The hydro-
foils, whose water-jet propulsion sys-
tem and foil system are similar to that
proven successful on a Boeing-built
U.S. Navy all-weather hydrofoil gun-
boat, would carry 300 passengers at
30 knots.

A fabric inflatable bridge, developed
for the U.S. Army by Goodyear Aero-
space Corp., is capable of supporting
the heaviest trucks on the highways. In
civilian life, it can provide a temporary

solution when a bridge is knocked out
by a flood, tornado, or other disaster.

From a concept developed to isolate
nuclear missiles and missile launching
sites from shock, the Menasco Manu-
facturing Co. has produced shock iso-
laters for automobile bumpers which
may significantly reduce the annual
$3.8-billion cost of property damage
from low-speed car collisions in the
United States.

A spinoff from Sundstrand Avia-
tion’s turbine technology is a low-pol-
lution, organic Rankine cycle bus en-
gine. The 80-horsepower engine will
power a 25-passenger bus to be used
as a demonstration vehicle by the Dal-
las Transit System. Fabrication and
testing of the engine will be complcte:d
during 1971; road testing will begin
in the spring of 1972. The feasibility
test program is the first phase of a more
extensive program leading to practical
applications in mass trunsportation.

Hydrostatic transmissions dcveloP?d
by Sundstrand Aviation are used in
more than 100 applications including
power rollers, graders, ditchers, lift
trucks, end loaders, farm tractors, cOm-=
bines, harvesters, cotton pickers and
garden tractors.

Another significant spinoff ;
Sundstrand’s aerospace technology 18
the dual-mode transmission _MT,)’
scheduled to go into productlon mn
1972. This new hydromcchunical_con'
cept in automatic transmission Will be
suitable for a wide range of heavy
trucks, and might also find us¢ M
school buses, refuse packers, dump
trucks and cement mixers. A SNEe
lever controls forward, ncutral and r¢-
verse, and the driver can keep PO
hands on the wheel with no need ©
look at tachometers or shift patterns:

By applying a very old Prinmplef—
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that of the flywheel—1 ockheed Mis-
siles and Space (o, hopes to develop
an efficient new quxiliary power Sys-
tem for tro]_ln‘,\‘ buses in San Francisco
and other cities, A small portiOIl of the
electric POWer in the overhead trolley
lines would be used to turn a precisely
balanced flywheel mounted in a
vacuum chamber pepeath the bus.
Spinning at very high speeds, the wheel
would act as a generator; should the
main POWEr source fail. the wheel
would continue to spin and produce
enouglt POWEr to permit the bus to con-
tinue, or to leave its regular route to
get around obstacles. Technology now
being developed could make it pos-
sible to eventually abandon the over-
head lines, and engineers say that still
later the same approach could be used
to power small automobiles.

INFORMATION SYSTEMS

Lockheed Missiles & Space Co. con-
ducted one of the four original systems
engineering efforts in state government.
Designed to define the State of Cali-
fornia’s information system needs, the
LMSC study recommended a unique
approach combining a statewide com-
puter network and central electronic
index. After evaluating the report the
state contracted with LMSC to assist
in initial development of the system.
Lockheed has done similar studies for
a number of other states, including
Massachusetts, Alaska, Kansas and
West Virginia.

On the municipal level, Lockheed
has been working under contract to the
City of Burbank, California, for two
years in the development of a compre-
hensive information system. The first
phase of implementation is under way,
and Lockheed, Burbank, and the Uni-
versity of Southern California are

Computer technology produced by the aerospace industry can
be used for highway safety research or urban renewal design.

joined in a proposal to the Federal
Department of Housing and Urban De-
velopment seeking award of a pro-
gram that would make the system
available to other cities throughout the
nation.

Under contract to the State of Cali-
fornia, Lockheed has completed design
of a computerized network for handling
the review, validation and payment of
MEDICAL claims. The state has pro-
posed an initial prototype system de-

velopment to process the concept in
two counties, with a view toward event-
ual statewide coverage.

The Systems Application Center of
TRW Inc. was recently awarded a con-
tract to develop a computer model that
will stimulate the Federal Reserve
System’s national payments mechanism.
The computer model will portray the
flows of checks and cash within and
among the cities where the Federal
Reserve has offices, evaluating alterna-

A proposed urban transportation system for the San Francisco Bay area would include
a fleet of hydrofoil craft, each carrying 300 passengers, and built by an aerospace firm.
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tives to the present system through
which funds are transferred from one
person or company to another.

The Lockheed Missiles & Space Co.
has completed a State of California
contract to study and make recommen-
dations on state needs for a criminal
records system. The proposed system
would maintain computerized records
on all aspects of criminal justice, from
the crime to the ultimate release from
prison of a convicted criminal.

A Space Age command center con-
ceptually similar to the one that helps
_ guide Apollo astronauts to and from
the Moon will be designed and installed
for the Cleveland Electric Illuminating
(CEI) Co. of Cleveland, Ohio, by
Philco-Ford Corp. to help guide the
reliable flow of energy throughout
CET’s 1700-square-mile service area.
The work is being undertaken by Phil-
co Houston Operations, which designed
and built the Apollo Mission Control
Center.

Philco-Ford is also implementing the
display/control and “software” subsys-
tems of the Houston Lighting and
Power Co.’s Energy Control Center,

and has performed similar work in
other fields of industrial control.

POWER GENERATION

The success of fuel cells in auto-
matically providing electricity for the
Apollo Moon missions has spurred gas
and electric utilities to try to establish
the concept on Earth. In cooperation
with Pratt & Whitney Aircraft, a di-
vision of United Aircraft Corp. which
supplied the Apollo fuel cells, a nation-
wide group of utilities has so far in-
vested more than $40 million in pri-
vate funds to bring forth a wholly new
electrical power generation concept
that could benefit society from environ-
mental, conservation and energy sup-
ply points of view.

Experience in  high-temperature
gases which the aerospace industry
gained in solving the ballistic missile
re-entry problem has played a key role
in the development of magnetohydro-
dynamic (MHD) power generator
technology. Avco Everett Research
Laboratory and a number of New
England utilities headed by Boston
Edison Co.; are designing a 50,000-

kilowatt MHD power generator for
emergency and peaking service. Such
plants eventually will both supply the
future demand for electric power an
reduce the pollution, both air and
thermal, created by both fossil-fuel and
nuclear power plants.

Aircraft-type gas turbine engines
have been modified by Pratt & Whitney
Aircraft for non-aviation uses such as
clectric power generation, pumping of
natural gas, and marine propulsion.
More than 700 Pratt & Whitney Air-
craft engines arc installed or on order
for industrial and marine utilization.

Sundstrand Aviation developed for
the AEC a total clectric power supply
for a space vehicle which could also
heat or cool the cabin as required. As
a spinoft of this contract, the company
is now developing an organic Rankine
cycle total energy system to provide
on-site electrical power generation for
small commercial offices, clinics, hospi-
tals and apartments. The waste heat
created during the generation process
will be captured for a building’s heat-
ing and air conditioning systems. The
system is completely silent and vibra-

Aircraft-type gas turbine engines built by an aerospace company drive an electric

generator to deve

lop 40,000 kilowatts for peaking and emergency power purposes.
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tion-free and reduces
emissions to a minimum.

The highest output power ever re-
ported for a continuous wave laser was
announced recently by Avco’s Everett
Research Laboratory. The division has
tested a laser that puts out 30,000
watts of power in a continuous, narrow
beam. With a beam of many modes the
Laboratory has been able to produce
60,000 watts. Known as the gasdy-
namic laser, the device was invented in
1965 and has numerous potential ap-
plications.

Also announced by Avco Everett
was its offering of “*Dial-a-Line,” a new
dye laser that is tunable over the entire
visible spectrum.

air-polluting

EDUCATION

Lockhccd-Culifornia Co., another di-
vision of Lockheed Aircraft Corp.,
was the first tenant of the Watts Indus-
trial Park, developed in South-Central
Los Angeles. More than 200 formerly
unskilled and unemployed men and
women, the great majority living within
convenient walking distance of the
plant, have been hired and trained by
Lockheed and are now engaged in
manufacturing aircraft parts and as-
semblies, work requiring the highest
standards of workmanship.

The Lockheed Missiles & Space Co.,
at its own expense, joined with State of
California officials in a project aimed
at helping to solve the pressing prob-
lem of educating persons in poverty
areas. The company drew heavily upon
its experience in program management,
systems analysis and information han-
dling.

LMSC also helped design special
programs for disadvantaged students in
San Jose and San Francisco, provided
a detailed curriculum for a Santa Clara
high school course in electronics manu-
facturing processes.

During the last five years the com-
pany has performed studies drawing up
educational programs for local, state
and Federal governments. This year
more than 75,000 seventh and eighth
graders across the United States have
Completed an unusual course entitled
Drug Decision, developed by Lockheed
Information Systems. The program
uses games and simulation techniques,
together with a 45-page test and two
hours of color films, and involves stu-
dents in a simulated drug crisis. The
youngsters learn the facts about drugs
and then use their knowledge to make

Electronics techniques
created in aerospace
work are being applied
increasingly to a variety
of programs aimed at
improving education at
all levels.

intelligent, informed decisions to com-
bat the hypothetical community prob-
lem.

HOUSING

The Lockheed Aircraft Service Co.
has developed an attractive manufac-
tured house, consisting of precast con-
crete modules, which is suitable for
low-cost urban housing. Building of the
“Panel Lock™ houses in the Philip-
pines, Puerto Rico, Indonesia, Hawaii,
Guam and other locations is expanding
rapidly.

Atlanta’s Model Cities proposal was
approved and funded due in large
measure to technical personnel loaned
by the Lockheed-Georgia Company.
Lockheed Missiles & Space Co. is lend-
ing assistance to the Model Cities Pro-
gram in San Jose, California.

Expandable shelters that can be air-
lifted or trucked anywhere in the world
folded up, then quickly deployed and
put into use, are being manufactured
by Goodyear Acrospace Corp. De-
signed originally for the U.S. Air Force,
they are also suitable for several non-

military uses — such as foward oil ex-
ploration and production areas; remote
radio transmitter headquarters; emer-
gency housing, such as is needed fol-
lowing tornadoes or hurricanes, and
resort or summer homes in remote
areas. End walls of the shelters are
made of lightweight Bondolite paneling
developed by Goodyear Aerospace.

By applying systems engineering and
aerospace production methods to the
fabrication of conventional homes,
Avco Corp.’s Avco Systems Division
has entered the sectional housing field
with the assembly-line production of
low-cost quality homes. Production of
the houses, slated to start in April, will
be in a recently acquired plant in New
Hampshire. By mid-year, the facility
will be producing at the rate of one
home per day.

The Boeing Co. is under contract to
the U.S. Department of Housing and
Urban Development as developer for
an  80-unit Operation Breakthrough
low-cost housing project in Seattle.

Thiokol Chemical Corp.’s Georgia
Division has converted urethane-foam
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Drill bit is lowered in a test of
a system for rescuing trapped
miners, built by an aerospace
firm using technology de-
veloped in space and under-
sea programs.

facilities from making protective pack-
aging for chemical bombs to the manu-
facture of foamed-in-place decorative
doors.

SAFETY

The Vought Missiles and Space Co.
of LTV Aecrospace Corporation has
applied space technology to produce
a new traffic monitoring system which
detects unsafe speeds, automatically,
day or night and without the need of a
patrol car. Called ORBIS, the system
is in operation in Arlington, Texas, and
has been ordered by nine other cities
throughout the nation. It provides a
photograph of the car, license plate and
occupants together with information as
to location, time, date, vehicle speed
and posted speed limit.

Selected fire departments across the
country are testing new fire-protective
garments developed by NASA for use
by its rescue crews. The clothing is
composed in part of nonflammable
materials developed to ensure the safety
of Apollo crews.

The gas generator formerly used by
the Thiokol Chemical Corp. with Po-
seidon missiles is being adapted to
development of an auto crashbag sys-
tem under the dashboard which would
inflate instantly in a collision to protect
the driver against injury.

Equipment and systems management
capability developed through aerospace
technology by Westinghouse Electric
Corp. has been applied to development
of a system for rescuing trapped
miners. In West Virginia this January,
a task force successfully tested elec-
tronic sensors, hard-driving drills and
other cquipment. The electronics de-
tected and located the thump from a
miner’s pick far below the ground and
transmitted radio messages through the
carth; the drills bored a hole 777 feet
straight down, coming within 18 inches
of their target, and rigged it for rescue.
Other parts of the system, applying
underseas life support technology to
underground survival, also performed
successfully.

The work was carried out under con-
tract to the U.S. Bureau of Mines.

Honeywell’s Aerospace and Defense
Group, with funding from the U.S.
Bureau of Mines, is researching the ap-
plication of a low electric current to
rock formations to determine if they
contain water or air pockets that might
represent danger to miners.

MATERIALS

Research and development in glass
fiber rocket motor cases and the com-



bination of fiberglass and steel led
scientists at the United Technology
Center, a division of United Aircraft
Corp., to develop Techite — a pipe
that weighs one-sixth as much as some
pipe in common use but has great
strength and is practically maintenance-
free. Its light weight makes it possible
to transport it by helicopter to other-
wise inaccessible or remote construc-
tion sites. Techite is considered to be
the first improvement in fluid convey-
ance material in over 50 years.

North American Rockwell’s Space
Division has been among the most ac-
tive developers of nonmetallic materials
for use in high-temperature environ-
ments. Recognizing the need for a
Structural plastic that would be self-
Cxtinguishing in oxygen-rich atmos-
Pheres, the Division developed poly-
imide, a polyaromatic resin matrix for
glass-reinforced laminates. In testing,
the laminates have remained intact at
temperatures up to 600°F, proved non-
flammable in 16.5 psia pure oxygen
environments, and showed strength-to-
weight ratios superior to those of alu-
minum. Furthermore, complex parts
fabricated from the material are far

less expensive than similar aluminum
parts.

The NR Space Division has estab-
lished an Insulation Systems Project,
based primarily on its versatility in the
use of polyurethane foams, developed
during its work on the Saturn space
launch vehicle. Polyurethane has a
great variety of densities, flexibilities,
strengths, surface finishes, and thermal
efficiencies; and it can be applied in
various ways — rigid sheet, spray,
froth and pour.

Avco Systems Division has devel-
oped a new high-strength boron fila-
ment for heavy-duty, lightweight struc-
tural applications.

SYSTEMS MANAGEMENT

On occasion, a system developed
within a company for its own purposes
works so well that it is worthwhile to
put it on the market. For example, the
Rohr Corp. in 1968 developed an auto-
mated retrieval system for a materials
handling and storage facility at its main
plant in Chula Vista, Calif. It worked
so well that the company decided to
produce and market similar systems.
Early this year it received a contract

Extremely lightweight, but very
strong, pipe material evolved by a
manufacturer of rocket motor cases
is considered the first major advance
in fluid conveyance since early in
this century.

from the Caterpillar Tractor Co. for
design and construction of such a sys-
tem at Morton, Il

ENVIRONMENT

Applying advanced aerospace tech-
nology to pollution and power shortage
problems, United Aircraft Research
Laboratories has designed under Fed-
eral Government contract a power gen-
erating system which could produce
low-cost electricity while virtually elim-
inating sulfur oxide emissions. The
highly efficient system would combine
high-temperature gas turbine engines
and steam turbines. Fuel would be
98% desulfurized gas derived from
coal or low-grade fuel oil.

The same organization has also per-
formed a water pollution control study
for the U.S. Department of the Interior.
It is aimed at avoiding thermal pollu-
tion of rivers and lakes by using ad-
vanced-design gas turbine engines,
which would not use water as a cool-
ant, as the primary power source for
utilities which generate electricity.

A minicomputer system designed by
scientists at Lockheed-Georgia Com-
pany will serve customers of a major
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petroleum pipeline company as meter
reader, delivery man, and guardian
against pollution. In addition to auto-
matically reading meters, temperatures
and pressures, and printing delivery
tickets, it will average the pressure and
temperature at both ends of the pipe-
line and activate alarms if a leakage
develops that could cause pollution.

A portable radioisotopic kit was de-
veloped at the Fort Worth Division of
General Dynamics for monitoring bac-
terial contamination in jet fuel systems.
Refinements are expected to make it
possible to detect the viable bacteria
in rivers, swimming pools, waste dis-
posal plants, and water purification fa-
cilities.

A unique sonar signal processor
created by Goodyear Aerospace Corp.
to separate submarine signals from
other undersea noises can help reduce
noise pollutiorr and better identify seis-
mic disturbances for earthquake detec-
tion and oil exploration.

Telemetry science generated by aero-
space work has been applied by the
Thiokol Chemical Corp. to a water
resources monitoring and flood warn-
ing system in the State of Washington.
Developed by Thiokol in conjunction
with a State agency, the system uses
small sensing units and automatic radio
telemetry stations to derive instant data
about snow and water conditions from
deep wilderness locations. Previously,
the collection of such information re-
quired strenuous field trips which
sometimes took weeks to obtain the
necessary data.

The Wasatch Division of Thiokol
and the Pacific Engineering & Produc-
tion Co. of Nevada (PEPCON) are
working together on marine waste
treatment systems. The joint effort util-
izes a highly efficient electrolytic cell
developed by PEPCON which has been
employed to manufacture oxidizer for
solid propellants and to sterilize waste
water. Some are in use in a secondary
sewage treatment plant. Thiokol has
>een conducting extensive research on
narine sewage treatment systems, ap-
’lying aerospace-generated technology
ind using the PEPCON cell.

Honeywell scientists have applied
erial surveillance techniques, using
iptical instruments and computers, to
orestry. They found it possible to trim
> 100 days the 10 years it now takes
or the national forest census. This
rould free foresters who now do the
lassification manually for other equally
nportant work. The system could also

onitor industrial effluents, urban de-

A laboratory technician determines settling characteristics

in waste water

from a chemical plant. Aerospace

companies work continuously to improve such techniques.

velopment, crop disease, or even har-
vest conditions.

Honeywell’'s Corporate Research
Center has developed a device that can
be attached to an automobile exhaust
and analyze emissions to determine the
amount and content of the discharge.

The Industrial Division has devel-
oped systems for monitoring water
quality.

Facilities built by Thiokol to build
large solid-fueled rockets for the space
program have been adapted to produce
an organic agricultural pesticide for
Union Carbide Corp.

A “life detector” experiment de-
signed by The Bendix Corp. for space
exploration has applications in the de-
tection and analysis of water pollutants
in sewage effluents.

United Aircraft Research Labora-
tories, which had been working since
1959 on vortex-type gaseous-core nu-
clear reactors for the National Aero-
nautics and Space Administration, is
using the resulting technology to build
a device for the Coast Guard for clean-
ing up oil spills. The system, based on
a vortex oil-water separator, could be

deployed by a variety of Coast Guard
vehicles, including helicopters and cut-
ters.
At the same time, Avco Corp.’s Ly-
coming Division is developing equip-
ment for use with a new airborne sys-
tem for preventing oil spills at sea.
Under development for the Coast
Guard, the system is designed to re-
move oil from distressed tankers before
it can pollute the surrounding water
and beaches. The system uses an AvcO
diesel engine to pump oil from the
ship’s tanks into floating bladders,
which are then towed into port where
the oil can be pumped into storage

tanks.

Avco’s Systems Division, taking
another approach, is investigating the
use of ferrofluids — fluids with mag-

netic properties — to remove oil slicks
from bodies of water.

Lockheed engineers have demon-
strated a new device capable of skim-
ming oil from the surface of water. It
is relatively simple, consisting of a
paddlewheel which picks up the oil
from the water, and a system to pump
the retrieved oil into containers or to a



disposal area. Demonstration models
have been built and successfully oper-
ated, and an effectiveness study is being
made for the Coast Guard. A number
of oil companies have also asked for
development proposals.

Avco Everett Research Laboratories
is studying the use of a laser to monitor
and detect air pollution emitted by in-
dustrial smokestacks.

Avco Systems Division has acquired
patent rights to a water crystallization
“wash column’ that promises to re-
move salts or dissolve industrial wastes
from water economically. It plans to
develop the system for use first in a
water desalination plant, and later to
expand its use in the area of ind}lstriz}l
waste treatment. A demonstration 1S
planned for late this year.

North American Rockwell developed
a substantial technology in the area of
water and waste water pollution con-
trol, largely through its acrospace work
on large rocket engines, nuclear reac-
tors and environmental systems for the
Apollo spacecraft. To help solve the
problems of commercial application of
this technology, a new company — the
Envirotech Corporation — was formed,
with North American Rockwell having
a minority equity position. The com-
pany has become a major firm in the
pollution control industry, with a broad
line of special water/waste water treat-
ment equipment. NR not only provides
Envirotech with access to its advanced
developments but also receives R&D
support from them. )

The Aeronautic Division of Philco-
Ford Corp. has demonstrated to U.S.
Government officials a portable labora-
tory demonstration model of a water
purification system applicable both on
Earth and in space flight. Developed
after several years of intensive rc_asearch
for the Department of the Interior and
NASA, the low-cost lightweight system
uses a purification process known as
reverse osmosis in which polluted or
brackish water is forced at high pres-
sure through a membrane to achieve
purity. Scaled-up systems could be
built in the foreseeable future to purify
thousands of gallons of water daily.
The system has great potential both
domestically and in the less-developed
Countries of the world.

Research and development jointly
sponsored by the U.S. Government and
the Garrett Corp. has resulted in tech-
nical breakthroughs in the areas of
Waste water treatment, water purifica-
tion and waste management and dis-
posal. In addition, Garrett is research-

ing in two other areas: agricultural
(bovine) waste disposal systems utiliz-
ing the pyrolysis principle (combustion
with no excess oxygen) with econom-
ically recoverable by-products; and in-
stitutional and municipal waste manage-
ment systems, again using the pyrolysis
principle, oriented to an end by-product
of an oil suitable for use as a fuel in
power generation.

The B.F. Goodrich Chemical Co.’s
polyvinyl chloride (PVC) plant in
Pedricktown, N. J., has built a $1-
million waste water treatment system
funded in part by a demonstration
grant from the Federal Water Quality
Administration. In the system, waste
water is mixed with bacteria and other
micro-organisms at the same time that
oxygen is dissolved in the water for use
by the micro-organisms in devouring
the organic content of the wastes and
decomposing the organics into harmless
end-products.

The Dynatronics Operation of Gen-
eral Dynamics/Electronics recently de-
livered to the Florida Air and Water
Pollution Control Office a completely
automated system for monitoring water
quality. The system collects data, trans-
mits 1t over a 200-mile telephone link,
analyzes it in a computer and makes it
available for printout on a teletype-
writer.

Convair Aerospace Division of Gen-
eral Dynamics is developing a ground-
based optical sensing system for meas-
uring urban air pollution under a
contract from the U.S. Environmental
Protection Agency. It is also develop-
ing, under NASA contract, an airborne
se;lsing system to measure air pollution
over a wider area than is possible with
a ground-based system. The latter
system would be flown first in an air-
craft and might later be used in satel-
lites.

Company-funded work by the
division includes development of ad-
vanced prototype systems for applica-
tion to smokestack and automobile
emissions.

UNDERSEA OIL DRILLING

Lockheed Missiles and Space Co. is
in the prototype hardware testing stage
of a subsea petroleum system designed
for deep water operations up to 1,200
feet and beyond, but also adaptable for
shallow water applications. A consor-
tium of 10 of the world’s major petro-
leum companies — including Shell, Es-
so, Standard Oil of California, British
Petroleum and Tenneco — is cooperat-
ing with Lockheed in system tests.
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Aerospace industry scientists and engineers are in the forefront
of technological advance, a major factor in economic progress.
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AEROSPACE ECONOMIC INDICATORS
CURRENT OUTLOOK

Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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===  Aerospace obligations by Dept. of Defense and NASA.
= Non-government prime orders for aircraft and enginss.
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 19€0-65 PERIOD PERIOD
S Lol e PERIOD PERIOD
Annual First
AEROSPACE SALES: Total Billion $ Rate 19.4 Quarter 26.0 24.8 246
Billion $ Quarterly 4.8 1971 6.0 6.5 5.6
DEPARTMENT OF DEFENSE
Aerospace Obligations: Total Million $ Monthly 1,151 3/ 955 827 1,148
Aircraft Million $  Monthly 601 3/M 637 498 778
Missiles & Space Million $ Monthly 550 3/ 318 329 370
Aerospace Outlays: Total Million $ Monthly 1,067 3/71. 1,291 1,045 1,104
Aircraft Million $ Monthly 561 3/M 828 589 669
Missiles & Space Million $ Monthly 506 3/ 463 456 435
Aerospace Military Prime
Contract Awards: TOTAL Million $  Monthly 520 I 937 551 1,066
Aircraft Million $ Monthly 447 3/ 701 328 197
Missiles & Space Million $ Monthly 473 3N 236 223 269
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 5/71 324 291 238
Expenditures Million $ Monthly 130 5/ 268 242 272
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# Fi 271 24.7 24.9
U.S. Government Billion $  Quarterly 11.6 ngrst"er 13.4 12.9 13.1
Nongovernment Billion $ Quarterly 3.7 1971 13.7 11.8 11.8
EXPORTS
Total (Including military) Million $ Monthly 110 4/ 306 509 407
New Commercial Transports Million $ Monthly 24 4/71 133 282 158
PROFITS First
Aerospace — Based on Sales Percent Quarterly 23 Quarter 23 1.6 1.7
All Manufacturing — Based on Sales Percent Quarterly 4.8 1971 4.0 3.7 39
EMPLOYMENT: Total Thousands Monthly 1,132 4/71 1,206 1,013 989
Aircraft Thousands Monthly 469 4/M 534 432 4117
Missiles & Space Thousands Monthly 496 4/1 501 416 408
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 4/71 4.10 4,28 4.2
R Revised.
E Estimate.

* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.
# Averages for 1961-65.

= Averages for fiscal years 1960-65. Source: Aerospace Industries Association



BY KARL G. HARR, JR.

President, ) L
Aerospace Industries Association

“Everybody talks about the weather,
but nobody does anything about it.”

It's one thing to realize that a problem exists, but it's another and
more imporant thing to accept the challenge and try to do some-
thing to solve the problem. _ o ‘

Since Charles Dudley Warner, a perceptive editorial writer fgr
the Hartford, Connecticut, Courant, wrote the above quote late in
the 19th century a lot has been done about the weather by both
science and industry in a team effort that has produced every-
thing from air conditioners to weather satellites.

During the last three decades, however, some of our pr_oblems
have become so big and so complex thaf( simple solutions no
longer are possible. Therefore, each major prpblem must be
broken down into its compopent challenges which then can be
met by finding answers to fit together into an overall solutlgn.
This is the way we have conqgered space, strengthened security,
Nurtured air transportation. It is the way that we will conquer pol-
lution and other major societal prablems. )

Industry, and especially the hlgh-technology aerospace mci
dustry, is facing problems of_lncreasmg risks, growing costs an
dwindl’ing profits. The situation has reached the gomt where‘ a
viable industry that is essential to the growth and the security
jiLiisnaton B t':re’?tirlfs{ half of 1970 the Aerospace Industries
A The!'e:?r:;jil;:jsd to define industry’s overgll problerps, isolnate
thsesicr)cvlaar:gus elements and study them mduwdual(ljy WIlth advnew
toward recommending solutions. A two-p.art effo;tAleAve or;;e o'sed

First. the councils, services fand committees o , comp

, working Wwi R
?efcitr‘gzga{nairgb:rfcuremem experts from the assomatl?n assm:gt\s-
ber firms, stepped up their efforts to study thTe Szp?ratie phave
of the G,overnment procurement process. “C”] a ire rzlearing
produced or updated nine studies and others

completion.
Second, AlIA es
carry out in-depth st
relationships in an €
such matters as the eco
ment problems, research an

Portati olicies. B
Tl’?e ?ir:si) two reports resulting from Aerospace Research Gen

ter studies have been published. These are: j‘Nat’i,onal Tech-
Nology Support” and ‘‘Aerospace Profits vs. Risks. The_se re-
Ports are the source of two of the three principal features in this
issue of Aerospace magazine. _ -

Itis hoped tﬁr:at a continuing study effort by this natlon_ s most
innovative industry, which also is its largest manufacturing e‘m-
ployer, will be of value — not only to those who establish
working procedures, but to those who formulate the laws, policies
and regulations.

tablished an Aerospace Research anter to
udies of fundamental Government/m@ustry
ffort to bring about better understanding of
nomics of the industry, critical procure-
d development, and national trans-

th legal, financial, management,
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BY SENATOR HOWARD W. CANNON
Member, Senate Committee
on Aeronautical and Space Sciences

Booster vehicle returns to aircraft-type landing
after taking orbiter crew and cargo into space.

Many people are asking the question:
Now that we have landed on the Moon,
why must we continue with such large
expenditures on our space program?

To my mind, however, the question
really is: Does the United States wish to
reap the benefits of its substantial invest-
ment in space exploration — or are we
content with what has been accomplished
so far, and prepared to draw back into
what has been called a state of “tech-
nological underambition?”

The Apollo Lunar landing program
that stirred the spirits of mankind for a
decade is nearing an end; after this
month’s Apollo 15 mission only two more
such flights are contemplated. Thus, the
Nation’s space program is about to en-
ter a new phase: using and expanding
the vast new knowledge we have gained
in space activity for the betterment of
humanity.

Many benefits already have come out
of the program, both in new scientific in-
formation about our Earth and universe,
in improved communications, weather
forecasting, national security, and by-
products from space technology to medi-
cine, education, transportation, materials
and many other non-aerospace fields. But
the real potential has barely been touched
— indeed, cannot be wholly compre-
hended.

The Nation faces a formidable array
of social and environmental problems
that must somehow be solved. The
solutions will be expensive, and because
funds are not unlimited, rational priori-
ties must be assigned to expenditures.

The space program, far from being an
enemy of social progress, has much to

offer in resolving the technological as-
pects of these problems. It is the prin-

cipal possessor of our most advanced
science and technology, with an unparal-
leled record of finding solutions to techni-
cal challenges of unprecedented complex-
ity—just the kind of problem-solving that
will be required together with the best
efforts of leaders in politics, economics,
sociology, and many other fields, if we
are to cope successfully with all of our
growing needs.’

Space-derived science and technology
can help in many ways in dealing with
air and water pollution, transportation
control, mass transit shortages, and other
problem areas. Much has in fact been
done along these lines, although there
are unresolved difficulties (mainly gov-
ernmental) involved in transferring the
technology into non-aerospace fields.
(See Spring Issue of Aerospace.)



e

Orbiter vehicle head

THE SPACE SHUTTLE

Nearer at hand, in terms of capability,
are the further social benefits to be at-
tained directly through future space
work, rather than by transfer of tech-
nology. Geodetic, weather and commu-
nications satellites have demonstrated
their value for years now, and are con-
stantly being improved. Within the next
several years, a U.S.-built and launched
satellite will be used to broadcast educa-
tional programs to the Indian subcon-
tinent so that they can be picked up by
inexpensive community receivers in thou-
sands of villages where television has
never been seen.

It is also expected that within a few
years Earth resources satellites will be
in operation—locating previously un-
known deposits of fresh water, oil and
minerals and reporting on the depletion
of known sources; keeping a constant in-
ventory of crops and forests and spotting
crop diseases and forest fires; reporting
on air and water pollution; tracking the
movements of fish in the oceans; and
performing many other tasks of great
benefit to mankind on this overcrowded

planet.
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The long-term economic dividends from
the activities of these Earth-orbiting sat-
ellit¢s are difficult to estimate, but they
will amount to many billions of dollars
by helping to make the best possible use
of our global resources. More important,
of course, they will help to ensure the
continued existence of a livable world.
Key Is Reusability

To move forward into this new phase
of space exploitation and capitalize on
our investment will require continuity of
practical investment levels. Our space-
craft themselves have become larger and
more complex, and our present systems
for getting into and using space are costly.
We must take a new approach to make
space more practical and economical for
all users—the National Aeronautics and

Space Administration, Defense, other
Government agencies, and commercial
enterprise.

Realizing this, NASA officials several
years ago came up with the concept of a
space shuttle—a reusable space transpor-
tation system to deliver both manned and
unmanned payloads to low Earth orbit.
It will consist of a “booster” and an
“orbiter,” both of which can be used up
to 100 times or more, in contrast with

conventional airport runway landing and refurbishing for next of many missions.

present vehicles which are expended in
the course of a single mission.

NASA is presently studying two ap-
proaches to development of the booster.
In the first, a reusable booster would be
developed and tested concurrently with
development and testing of the reusable
orbiter. In the second, *phased,” ap-
proach, the orbiter vehicle would be de-
veloped first and initially tested with an
interim  expendable  booster;  full-scale
hardware development of a reusable
booster would be started later, but some
design and  preliminary  development
work for it would proceed concurrently
with orbiter development and testing.
NASA expects to decide this fall which
approach to follow. In either case, the
goal of a reusable system is the same.

It is hoped that the space shuttle can
reduce the present cost of $1,000 or
more to put a pound of payload into
orbit to only $100—there are some esti-
mates that the per-pound cost may go as
low as $50. This is startling when we re-
call that in January 1958—Iess than 14
years ago—we put our first (31-pound)
satellite into orbit at a cost of $100,000
per payload pound.

The shuttle system would be used to




place into orbit virtually all of this Na-
tion’s payloads. scientific and applica-
tions, manned and unmanned, civilian
and military. Later the satellites could
be brought back by the shuttle for re-
pair and reuse, or modified and repaired
in orbit by shuttle crew members.

This obviously will open up another
avenue to cost reduction, since the satel-
lite themseclves will be reusable, the same
spacecraft performing their functions for
lifetimes of indefinite duration. Fewer
satellites will be needed. Most important,
because the shuttle will have as much
payload space and weight capability as a
jet airliner, it will be possible to use rela-
tively inexpensive off-the-shelf type equip-
ment in space, rather than space payloads
highly miniaturized and expensively tested
and checked out.

Still another saving factor of the sys-
tem is that the shuttle will land on a
conventional airstrip on land rather than
at sea, and thus will not require a
recovery force of ships, airplanes, heli-
copters and frogmen.

And finally, the shuttle represents econ-
omy because it will replace almost all
present expendable launch vehicles. Tt
will carry spacecraft into orbit for the

U.S. Weather Bureau, the communica-
tions industry, NASA’s space science
and applications program and the De-
partment of Defense. It will also take
care of the future needs of commercial
users, other Government agencies, and
foreign governments. Later, it will con-
vey passengers and cargo between the
Earth and an orbiting space station or
laboratory.

Apart from cconomic considerations,
the shuttle offers a means of rescue in the
cvent of an emergency in space. It will
be designed much as modern commercial
aircraft so that it can be launched within
a few hours notice. If an Earth-orbiting
station or another shuttle becomes dis-
abled, a rescue shuttle could be sent up
to reach it within 24 hours.

Several teams of contractors are pres-
ently working on shuttle design details
and NASA and the contractors are pro-
ceeding toward establishment of a sched-
ule for design and development. The
Congress has appropriated $115 million
for such work in Fiscal Year 1972, which
began July 1.

A Strange Reluctance

The space shuttle program is the key-

stone for future U. S. space exploration

and utilization. It is essential for the pro-
gram to proceed if America is to con-
tinue as a dominant world factor in ad-
vanced technology and research.

Sen. Clinton P. Anderson (D-N.M.),
chairman of the Senate space committee
and a strong shuttle advocate, said in a
speech recently: “Without a shuttle . . . I
do not believe we can afford to capitalize
effectively on our scientific opportunities
in space. Such major missions become too
expensive. Nor can we capitalize effective-
ly on our scientific and technological in-
vestments that already have given us space
communications, weather satellites and
geodetic programs. The commercial and
social benefits of the next generation of
space applications——contributing to such
fields as natural resources management,
pollution monitoring, weather modifica-
tion and climate control, television dis-
tribution, earthquake prediction and
avoidance, education, public health and
safety, to name a few—will not be fully
realized unless we get costs down, efficien-
cy up, and introduce a flexibility of action
not earlier thought possible. That, of
course, is what the space shuttle is for,
and why without it we will lose a program
of promise and value.”

Logic dictates that we should move
ahead with the shuttle program. Experi-
ence tells us that the aerospace industry
can respond to even seemingly impossible
challenges—and that nations that reject
the major challenges of their times do not
remain major powers. And a hard fact of
international economics is that the United
States can remain prosperous in this world
only by maintaining and utilizing its ad-
vanced technology.

Beyond national considerations, there is
the responsibility that a rich and tech-
nologically advanced society has to hu-
manity.

As the philosopher, artist and lecturer
Earl Hubbard wrote recently, “We live in
the simplest times in the history of man.
All men face the same challenge, on the
same frontier, at the same time, from the
same place. The challenge is survival. The
place is Earth. Here lies the basis of union
—the survival of the race of man, this
minority of one, on a speck of dust, cir-
cling a minor star in a minor galaxy in a
universe broader than our awareness.”

Yet, despite logic, the lessons of expe-
rience, economic facts of life, and the im-
perative of long-term survival, there are
those who now challenge space explora-
tion and oppose taking the next step to-
ward an effective Space Transportation
System, commonly called the shuttle.

Why?

The answer appears to be that we as a
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society are frequently floundering in a
kind of paralysis imposed by an excess of
self-criticism, nowhere more self-defeat-
ing than in areas of technology. In our
preoccupation with problems of racial re-
lations, poverty, urban decay, crime, the
environment, we increasingly tend to find
fault with ourselves and our abilities. In
a time when more than ever before it is of
urgent importance to accomplish, we are
becoming expert in critical self-analysis
and less expert in following our tradition
of doing the things that must be done.

Both in government and in private en-
deavors there is growing reluctance to
undertake ventures of great potential use-
fulness if there is any remote possibility
that someone — anyone — might disap-
prove. Too often, the result is immobiliza-
tion of our capabilities.

In the case of the shuttle program,
some critics point out that it has not been
demonstrated in detailed certainty that the
effort will be economically rewarding—a
difficult assignment when the program is
still in the conceptual state, with the de-
sign phase of the shuttle not yet under
way!
History is full of examples of major
ventures that would have been delayed
for generations or perhaps never under-
taken if such total proof-in-advance had
been required. In global exploration, who
could have guaranteed that the voyages to
Cathay or the New World would pay
dividends? More recently, on the tech-
nological side, what of automobiles,
steamships, railroad trains, and heavier-
than-air craft?

In fact, of course, all of these innova-
tions had their adverse critics, some of

them distinguished scientists of their
times.

As to railroads, for example, Egon Lar-
sen’s “A History of Invention” recounts
that: “When they tried to build the first
‘long distance’ passenger and freight train
from Manchester to Liverpool, a great
campaign of abuse began. It was claimed
that the terrible spectacle of a locomotive
rushing by would affect people and ani-
mals; ladies would have miscarriages,
cows would cease to give milk, hens would
lay no more eggs; the poisoned air from
the engine would kill all the livestock in
the distance as well as the birds in the
trees, and houses along the line would be
set on fire by the sparks.”

Martin Van Buren (then Governor of
New York) wrote to President Andrew
Jackson in 1829: “As you may well know,
Mr. President, ‘railroad’ carriages are
pulled at the enormous speed of 15 miles
per hour by ‘engines’ which in addition to
endangering life and limb of passengers,
roar and snort their way through the
countryside, setting fire to the crops, scar-
ing the livestock and frightening women
and children. The Almighty certainly
never intended that people should travel
at such breakneck speed.”

Regarding airplanes, an example of
early skepticism was the declaration by
G. R. Borelli in 1680 that; “It is impos-
sible that men should be able to fly craftily
by their own strength. I have no faith in
any invention designed to lift man from
the earth.”

As late as 1903, Simon Newcomb
wrote: “Aerial flight is one of that class
of problems with which man will never
be able to cope.” Later in that year, Pro-
fessor Samuel Langley tried unsuccessful-
ly to fly his aircraft and a New York
Times editorial derided his effort as a
“fiasco” demonstrating that it would be
millions of years, if ever, before man

One of many functions of the shuttle will be rescue missions. Here
a rescue canister is deployed for docking with another spacecraft.

would fly. Before the year was out, the
Wright Brothers made their first success-
ful flight.

Even after that, in 1910, the celebrated
astronomer William H. Pickering ob-
served that: “The popular mind often pic-
tures gigantic flying machines speeding
across the Atlantic carrying innumerable
passengers in a way analogous to our
modern steamships . . . it seems safe to
say that such ideas are wholly visionary,
and even if a machine could get across
with one or two passengers, the expense
would be prohibitive to any but the capi-
talist who could use his own vacht.”

And at about the same time even Oc-
tave Chanute, one of America’s greatest
aviation pioncers, predicted that: “The
(flying) machines will eventually be fast,
they will be used in sport, but they are
not be thought of as commercial carriers.”

In the military field there was a paral-
lel reluctance to accept the potential of
airplanes. General William [Billy] Mitch-
ell, contending that bombers were capable
of sinking battleships, was forced to con-
duct a vigorous campaign before senior
officers in the Army and Navy would
agree to a demonstration. Then, in 1921,
a small flight of bombers ecasily sank
three captured German World War I
naval ships including a dreadnaught.

Beginning in the 1930s, piston-engined
aircraft steadily proved that they should,
indeed, be regarded as commercijal car-
riers, and as an important element in the
transportation system. In the 1950s, the
introduction of jet transports into com-
mercial service was accompanied by some€
doubts as to their safety and economics:
but these were quickly resolved by the
jets’ performance in operation and their
enthusiastic acceptance by the flying
public.

In the field of rocketry, Dr. Robert H-
Goddard and other U.S. inventors and ad-
vocates suffered at the hands of gcoffers
for decades, and little support was given
to rocket and missile development—until
Germany startled the world with jts V-1
and V-2 rocket attacks on Britain Jate in
World War I1.

After the war, the United States mili-
tary, utilizing the experience of Dr. Wern-
her von Braun and his team of German
experts, began to pay serious attention tO
rocketry. Then, in 1956, the Russian
launch of the world's first artificia] satel-
lite prodded this nation into the accelerat-
ed space program that resulted in the
first manned Moon landings in 1969 —to-
gether with a wealth of tangible, down-
to-Earth benefits.

Today, few would deny that we have in
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hand, or can readily develop, the tech-
nology needed to expand our space activ-
ity. Only the willfully negative would
ignore the potential of the space program
for reaping vast new harvests for man-
kind. There is little opposition on grounds
of scientific or technical feasibility; the
criticisms are economic, based on an un-
realistic attitude of not proceeding with-
out precise (obviously not available) cal-
culations in dollars-and-cents of what the
results will be years into the future. Yet
we know that we are very poor at pre-
dicting the future: that technologically
the future always produces more than
expected; and that the best way for an
advanced people to proceed is to have
faith in the future.

One implication of these critics is that

PROFILE
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huge sums are being spent on space to the
detriment of urgent societal and environ-
mental programs. In fact, the space
budget is a tiny fraction (about four per-
cent) of that being used to fund those
other programs. Furthermore, the detrac-
tors ignore the fact that the space effort
represents many thousands of jobs (and
thereby tax revenues to help finance other
programs), and is of great importance in
maintaining and advancing technology (of
vital importance to our position in inter-
national trade).

We have heard a great deal lately
about priorities, and I am as anxious as
anyonc to see us solve the pressing prob-
lems of poverty, crime, pollution, etc.
But I think it is useful to make the dis-
tinction between money that is spent to

help solve these problems and money that
is spent to create the strong economic
base that will be necessary if we hope to
solve any of our problems in the future.
Advanced technology is the key to at-
taining this strong economic base, and
R&D is the mandatory prerequisite to ad-
vanced technology. The space program
in all of its facets, of course, is our Na-
tion’s most important R&D effort, and
it is becoming increasingly evident that
the space shuttle is an essential element
in maintaining a strong space program.
Thus, in a very real sense, there are many
of us who sec the development of the
space shuttle as one of the most impor-
tant undertakings of the 1970's if we
hope to have a strong and prosperous
America.



“The truth, the central stupendous truth, about developed countries today is that they
can have —in anything but the shortest run — the kind and scale of resources they de-
cide to have . . . It is no longer resources that limit decisions. It is the decision that makes
the resources. This is the fundamental change — perhaps the most revolutionary mankind
has ever known.” — U Thant, Secretary General, The United Nations.

he keystone for this revolutionary change has been

and will continue to be technological progress which
is largely created by a commitment to research and
development across a broad front. In view of this criti-
cal role of alvanced technology in economic growth and
national security, today there exists in many policy and
professional circles deep concern over the social and
political attitudes surrounding the leveling trend in
Federal-supported R&D coupled wth a gradual but sig-
nificant shift in the direction of government and indus-
try support of R&D.

Serious questions have been raised about the future
capability of the U.S. technological base. The Aero-
space Research Center of the Aerospace Industries
Association, in a report entitled “National Technology
Support,” identifies the trends in national R&D and
their implications.

National Funding Patterns

Total R&D expenditures, which include all expendi-
tures made by the Federal Government, private industry,
academic and non-profit institutions, have doubled in
the past decade. But this increase does not accurately
reflect the real situation since total R&D funding, in
constant dollars, remained essentially level after 1968.
While non-Federally funded R&D increased from 9 per-
cent annually in the first part of the decade to almost
10 percent per year since 1966, the Federal growth rate
dropped sharply from 9 percent annually to only 1 per-
cent.

The recent decline in the total R&D growth rate can
be attributed to reduced Federal R&D expenditures,
particularly in applied research and development asso-
ciated with defense and space programs. These de-
creases have not been offset by commensurate increases

in the level of R&D funding by other agencies. In con-
stant 1966 dollars, the total R&D growth rate amounted
to less than one-half percent per year since 1966.

Several factors suggest an even greater decline in the
nation’s R&D effort than these comparisons indicate.
The higher costs associated with increasingly sophis-
ticated technology, as well as the fact that more complex
technological advancements usually require longer lead-
times, suggest that the current low priority of R&D may
have more serious long-term consequences.

Changing Federal Priorities

Gradual shifts in national priorities and government
spending are reflected in the changing allocation of
Federal budget resources and in the recent downward
trend and changing nature of Federal R&D expenditures.
Although total Federal expenditures for human re-
sources and national defense have continued to account

for about 75 percent of the Federal budget, the relative.

share of defense has dropped from 50 percent in 1960
to a projected level of 34 percent by 1972, whereas the
percentage allocated to human resources has increased
from 27 percent to 42 percent over the same time period.

The change in Federal budget expenditures points up
the gradual shift in total Federal spending from defense
and space oriented programs toward domestic programs?
Changes are evident in the relative share expended for
defense, space, health, housing, and education.

The relationship of Federal R&D expenditures to
total Federal outlays and the allocation of R&D funds
among agencies and program further highlight the re-
cent changes in national priorities. Federal R&D ex-
penditures, as a percentage of Federal budget outlays,
reached a peak of about 13 percent in 1965, primarily
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as a result of significant increases in the National Aero-

nautics and Space Administration R&D budget, and

then declined gradually to a present level of about 8

percent. From 1960 to 1965, increases in NASA R&D

tended to offset the variations in the level of the De-

partment of Defense R&D.

Until 1965, the combined total of DoD, NASA, and
the Atomic Energy Commission R&D expenditures ac-
counted for nearly 90 percent of the total Federal R&D
budget. Part of the disparity in R&D expenditures
among these three agencies and all other agencies can
be attributed to the high costs of development asso-
ciated with complex defense and space programs. With
the completion of the development phase of the lunar
space program and reductions in the level of DoD and
AEC R&D, the FY 1970 share of DoD, NASA, and
AEC dropped to about 82 percent. The downward
trend in the total share of the agencies continues to
prevail in the FY 1972 budget request.

These emerging trends in Federally-funded R&D are
the result of several factors, some of the major ones
being:

e Budgetary constraints on all controllable elements of
Federal spending to combat inflation, resulting in in-
creased Congressional pressure for justifying R&D;

e The reordering of national priorities, which has in-
tensified competition among defense-space related
programs and urban and other domestic programs for
limited funds;

e A growing criticism of technology;

e The continuing pressure for decreasing defense and
space oriented expenditures;

e The failure to establish long-range national scientific
and technological objectives which could lead to a
consistency of effort related to national priorities.

The Federal Government/Industry R&D Mix

Government and industry expenditures on R&D dom-
inate the research effort of the nation, accounting for
approximately 96 percent of the total. Academic and
other non-profit institutions finance the remainder. Con-
sequently, national R&D trends are determined largely
by the allocation of funds within industry and govern-
ment-sponsored research and development. As a result

of the increase in company-funded R&D and concomi-
tant decline in Federal R&D, changes have occurred in
the nature, level, and orientation of total R&D.

Federal expenditures have increased from roughly $9
billion in 1960 to almost $15 billion in 1970, while
industry expenditures went from about $5 billion to $11
billion. The Federal share, as a percentage of the total,
reached a high point of 65 percent in 1963 and 1964,
and declined to 55 percent in 1970. The industrial
share has exhibited an opposite trend in moving from
a low of 31 percent in 1963 and 1964 to 41 percent in
1970. Because industrial R&D focuses primarily upon
development, this shift has implications for the alloca-
tion of funding among basic research, applied research,
and development.

Industrial firms continue to account for roughly 70
percent of the performance of total R&D, indicating a
drop from 77 percent in 1960. While industrial per-
formance of R&D has remained at a fairly constant
percentage of the total since 1965, the source of funding
has shifted. Prior to 1968, the Federally-financed share
of industrial R&D exceeded that of industry. Company
financing of industrial R&D now exceeds that of the
government, reflecting the impact of reductions in de-
fense and space oriented R&D.

Recent trends indicate diminishing governmental
leadership in the nation’s R&D effort. This has a direct
effect on the initiation of certain high risk-high cost tech-
nologically oriented programs, which cannot be inde-
pendently financed by industry.

Dr. Edward E. David, Jr., Science Advisor to
President Nixon, puts it this way: “. . . in some sense
we have in this country a state of technological under-
ambition. There are certainly many more needs and
opportunities that we can identify, very concrete ones,
than we can bring to fruition.

“To bring those to fruition and to make a program
out of them for the future must be done with the co-
operation of industry and government. Neither industry
nor government can do it by themselves.”

Although projected increases in FY 1972 R&D
obligations suggest a slight change from the leveling
trend of the past few years, the increase is considered
insufficient to offset the effects of continued inflation.

LANN
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R&D FUNDING PATTERNS

Average annual rates of growth

Current Constant

Non-

hlon Federal [ Foderal

Federal | poderal Total

Year Total

1953-61 13.7 | 16.3 10.1 11.3 | 13.9 7.8
1961-66 8.9 8.6 9.4 71 6.8 7.5
1966-71 4.6 1.0 9.7 03 | -3.0 5.2

Additional dissipation of Federal research and develop-
ment may occur through the spreading of R&D funding
across more agencies and programs.

Industrial R&D

Next to the Federal Government, industry finances
the largest share of R&D, with academic and other non-
profit institutions accounting for less than five percent
of the total. Historically, industrial research and de-
velopment differs from the Federal Government in that
a considerably larger portion of the total is devoted to
development (about 80 percent) and a smaller amount to
basic research (about 4 percent). The relative shares
for applied research are roughly the same.

Since the mid-1960’s industrial expenditures for R&D
and the relative share financed by industry increased
gradually, indicating the priority attached to a consistent
and continuing research capability. As early as 1964,
Federal funds contracted to the industrial sector, partic-
ularly aerospace, started declining. Although company-
financed R&D increased steadily, it failed to take up
the slack created by reductions in Federal R&D. Ac-
cording to one estimate, R&D financed by industry is

expected to increase from 1971 to 1974 by about 6 to
10 percent per year versus a projected 1.2 percent per
year increase in Federal financing of industrial R&D.
Obviously this shift in expenditures suggests a change in
R&D priorities at the national level, partly as a result
of Federal budget constraints.

The aerospace industry and the electrical equipment
and communications industry traditionally have been
the largest performers of R&D, accounting for about
56 percent of all industrial R&D A recent survey by
the McGraw-Hill Department of Economics, however,
suggests that the aerospace industry may relinquish its
leadership position to the clectrical equipment and com-
munications industry by 1974. Even with the slower
growth rate in aerospace R&D, estimated new product
sales (not produced in 1970) are expected to account
for 31 percent of the total 1974 sales, in contrast to an
average for all industry of 16 percent.

Scientific and Technical Manpower

Previous changes in Federal support of various ac-
tivities or programs have had a feedback effect on the
desirability of pursuing certain careers, although changes
have been gradual. This feedback on scientific careers
was evident particularly in the post-Sputnik period, and
now another shift is emerging in the current interest in
environmental and social problems.

Whereas the number of natural science and engi-
neering graduates increased significantly from 1955 to
1960, the number of graduates in these fields has leveled
off since 1965. In the National Science Policy hearings,
Dr. Philip B. Handler, President of the National Acad-
emy of Sciences, pointed out that the “effect on student
attitudes of Federal vacillation and seeming disinterest
in science is reflected, in part, in declining undergraduate
enrollments, particularly in the ‘hard sciences’ and will

R&D PERFORMANCE BY SELECTED INDUSTRIES
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CHANGING COMPOSITION OF THE FEDERAL BUDGET

FY-1960

HUMAN RESOURCES
27% NATIONAL DEFENSE

0%

PHYSICAL
RESOURCES
11%
OTs*;',ER INTEREST
/0 9%

soon affect graduate enrollments in all of the natural
sciences.”

The lack of adequate consideration of the long-term
balance among various fields of science implies future
imbalances due to the leadtime required in establishing
different capabilities and in providing incentives to pur-
sue certain disciplines. Dr. Handler cautioned that,
«  those whowould arbitrarily restrict the size of our
future total pool of scientific personnel are taking a
limited view of the national future and indeed placing
a mortgage on that future. Such proposals, generated in
the current Federal atmosphgre,are conditioned by those
events which mal;e for stringency of funding.
Clearly, if we seriously restrict the number of people
entering graduate school hereafter, we may lose our
options for the futurq . . . Federal decnslpn _should not
be conditioned exclusively by current projections of the
Jevel of effort in defense or space R&]?.” ' »

In addition to assuring fu?u're scnent.xﬁ_c capability

h higher education policies, provisions for the
throu.g- and transfer of current manpower resources
1'etralr11f1gr es the maintenance of a skilled scientific base.
also ens.u ent lack of mobility within the aerospace in-
The cutt d constraints on the transferability of capa-
dustry an other industries have become critical issues.
e t(')h the declining rate of Federal R&D expendi-
Along Wit annual rate of growth in R&D scien-

the average :
:;Jsrtfs:s',md engineers also has declined.
«

Conclusions

The viability of the nation as a leading economic

s ributed largely to the main-
e pfog:?;n}‘:i?iscze:clll taetcthnological gcagabilities. Un-
E]eenr?;?ﬁgofactors in the p.resenF debate over technology
involve the level and orientation of fundlr.lg- t'o be de-
voted to research and development activities. The
quantitative data developed in this stugly indicate _that
new patterns are emerging in the magnitude _and direc-
tion of research and development in the United States
and lead to the conclusions that follow.

e Recent R&D trends reflect diminishing governmental
leadership in R&D which would lead to an erosion of
the national research effort. The impact of continued
inflation, the higher costs and longer leadtimes asso-
ciated with increasingly sophisticated projects, plus ac-
celerated efforts to meet specific national goals, suggest

FY-1972

HUMAN RESOURCES
42%

NATIONAL DEFENSE
34%

PHYSICAL

RESOURCES
11%
OTHER INTEREST
5% 8%

Source: The U.S. Budget in Brief, FY 1972, p. 29

an even greater degradation of the total R&D effort
than an examination of expenditures would indicate.
e Because of the different nature and emphasis of in-
dustrial and Federal R&D programs, the recent growth
of industrial financing and leveling of Federal funding
indicate a shift in the overall direction of national R&D
activities. Whereas industrial research and development
has focused primarily upon product improvement and
product development, most of the nation’s basic research
and the high risk-high cost activity has been financed
by the Federal Government. Although their respective
R&D programs frequently are complementary, certain
technological projects traditionally initiated or spon-
sored by the Federal Government are beyond the fi-
nancial scope of private enterprise. Consequently, a
rfadu_ction in Federal R&D activity could have a nega-
tive impact on the level of sophisticated effort nationally.
° Investments in higher education, the level and nature
of Federal R&D support, and the utilization of existing
manpower, provide some indication of the long-term
scientific and technical capability of the nation. Previous
Federal support of certain programs has had a feed-
back effect on the desirability of pursuing certain careers.
Thus the failure to consider the long-term relationship
among various fields of science implies future imbalances
due to the leadtime required in developing trained
manpower.
* Investments in research frequently have an impact
on future development capabilities. Consequently, cur-
rent shifts in research expenditures, which are indicative
of changing priorities at the national level, may be re-
flected in the future allocation of development funding.
More importantly, erosion in certain research areas
could limit or predetermine future technological options.
These factors underscore the already recognized need
to establish longer range R&D priorities, along with a
well defined national technological strategy. In contrast
to the fluctuations over the past decade, a long-term

-commitment to maintain a continuing and constant

R&D effort at the Federal level would guarantee a
scientific and technological base capable of responding
to problems of national concern. The failure to estab-
lish a national R&D strategy clearly could limit future
options and establish serious constraints on the adequacy
and quality of the technological base upon which our
future national progress is dependent.
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Economic risks involved in the aero-
space industry are higher than in other
industries and are still going up while
profits, already below those of other
manufacturing industries, continue to
decline.

This is a basic conclusion of a report,
“Aerospace Profits vs. Risks,” prepared
by the Aerospace Industries Associa-
tion’s Aerospace Research Center.

Risk is defined as the inability to pro-
ject the level of future profits with cer-
tainty. In any industry, higher risks must
be reflected in higher potential profit
rates in order to attract new capital and
to provide for growth, i.e., to maintain
the viability of an industry. While risk
is present in all industries to some de-
gree, it appears to be particularly high
in aerospace due to several factors,
some of which are largely unique to this
industry. In the final analysis, however,
all risk can be reduced to financial risk,
or more specifically, the probability of
obtaining profits substantially below a
competitive average.

The Nature of Risk

Four broad categories of risk will be
discussed: research and development
risks; production risks; risks associated
with major dependence upon one buyer;
and market risks.

In considering each type of risk, the
objective was to determine qualitatively
the degree of risk which is inherent in
the aerospace industry relative to other
economic activity. The burden of this
risk is shared between the industry and
the government.

- Research and Development Risks

When considering the risks associated
with research and development con-
tracts, it is important to realize that the
term encompasses the unpredictability
of quality, performance, and develop-
ment time as well as the often publicized
cost problem. Concerning total risk, it
is obvious that the greater the percent-
age of any firm’s business which involves
research and development, the higher
the total risk. Production work is not as
risky since past experience can be more
easily applied as a yardstick to estimate
future performance regarding quality,
timing, and costs.

In comparing research and develop-
ment of the aerospace industry with that
of commercial activity, it appears that
this industry faces higher than average
risk on two accounts. First, the com-
plexity and sophistication .of the aver-
age aerospace system 18 deﬁnitgly
greater than that of most commercial
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products. In this industry scientists and
engineers are generally on the frontier
of knowledge and, therefore, the out-
come on costs, quality, and timing is
more difficult to predict. In general,
commercial research and development
activity concentrates more on refine-
ments of current systems and less or
complete development of new systems.
The second point involves taking ac-
count of the mix in final sales, i.e., re-
search and development versus produc-
tion work. Few would deny that re-
search and development work is more
risky than production work for the rea-
sons earlier expressed. Since the magni-
tude of research and development work
in the aerospace industry is many times
that of the average industry, by defini-
tion, the uncertainty must be greater.

Production Risks

Under the general category of pro-
duction risk, there are two principal
types. The first concerns the lengthy
production phase which is characteristic
of so many major aerospace systems
and the other is the unique nature of the
fixed capital of the industry.

Lengthy production phase (also
called lead time) means the time that
elapses between inception of develop-
ment of a product and the time that the
operational system becomes available.
The lead time for major defense systems
is clearly longer than that for typical
commercial products.

The relative inflexibility of the capi-
tal facilities, mostly the equipment, pre-
sents a definite risk since it is often so
sophisticated that its use to produce
other products economlcglly is extreme-
ly limited. For many 1ndus.tr1es, the
equipment is much more ﬂex1ble, and,
when the demand for a given product
declines, it can be used to produce other
marketable items. This is not the case
for the aerospace industry, at least not
to the degree which is found in other
economic activity.

Economic theory teaches that, in the
long run, a firm will exit from an indus-
try if profits drop below some level
which is necessary to maintain the flow
of capital into the firm. However, the
ability of any individual firm to diversify
depends heavily upon the capability of
the firm’s management to adapt its capi-
tal facilities and equipment to new

markets.
Single Major Buyer

The reliance of a major portion of
the aerospace industry on essentially
one large buyer (the Federal Govern-

ment) constitutes risks which are also
unique to this industry.

One of the major problems which
confronts the contractors on R&D type
work is that often the contracting
agency does not have a thorough un-
derstanding of what performance
should be on a given program. Not
only does this constitute a risk for the
contractors at the beginning of any
program, but it normally indicates that
there will be numerous changes and
modifications during the course of the
contract.

The second major element of risk
associated with contracting with the
Federal Government is the volatility
of funding. Sometimes a program is
funded for a given year and then re-
duced the next year, only to be in-
creased during some future period.
This fluctuation causes both an under-
utilization and an over-utilization of
both fixed investment and labor.

Market Risks

There are several other risks which
the aerospace industry currently is be-
ginning to face and will be increasingly
important in the very near future.
These include a declining market and
the tendency toward fewer but larger
contracts.

Although several factors contributed
to the market decline, the overriding
factor is that of a realignment in na-
tional priorities. One of the first im-
pacts was a drastic cut-back in the
space exploration program. In addi-
tion, pressures on the DoD to reduce
their total expenditures increased, lead-
ing to a decline in total DoD procure-
ment expenditures.

A reduction in the commercial side
of the market also was evident dur'ing
the last two years. Two factors are 1m-
portant here. First, the conversion to
the first generation of jet aircraft by
the airlines is just about complete.d and,
secondly, the rate of increase in the
demand for air travel has declined.

A declining market obviously con-
stitutes a definite risk to firms in that
market. Given that there are certain
economies of scale in the production of
major systems and a reduced market
can only support a few firms which can
take advantage of these economies,
then there is a definite risk that certain
firms must merge or leave the industry.

The movement toward a decrease in
the absolute number and an increase in
the unit value of major systems con-
stitutes another increase in risk. With
only a few large contracts, the loss

function is substantially different,since
a loss on a single contract could bank-
rupt a given firm. In conclusion, the
nature of the product and the depend-
ence largely upon one buyer indicate
that the risks in this industry are
greater than those found in other eco-
nomic activity.

Risk on Capital Investment

Business firms risk capital in two
types of investment: fixed plant and
equipment, and working capital. In-
vestments in fixed plant and equipment
are relatively long-term commitments
of capital which must be recouped by
using the facilities over a number of
years. Equipment is generally depreci-
ated over an 8 to 15 year life and
plants over a 40 to 50 year life. The
greater the uncertainty of the future
demand for the products of the indus-
try, the greater is the risk to the firm of
not being able to recoup its investment
in plant and equipment from future
production. The more specialized the
plant and equipment, the greater are
the problems in converting the facili-
ties to economical production of other
products.

Calculations show that the govern-
ment is providing only 17 percent of
the higher risk fixed capital; it supplies
about half of the working capital, and
37 percent of the total capital require-
ments of the industry. Since about 20
percent of the industry’s production is
for commercial customers, these per-
centages would be somewhat higher for
government contract work alone.

It is interesting to note that the share
of the working capital per dollar of
sales furnished by the companies alone
is in line with that of other industries,
and only slightly less than that for the
average of all manufacturing industries
combined.

The Sharing of Risk

In any competitive environment,
economic theory holds that there will
be a tendency toward equality in the
rates of return on investment across
firms and among industries. That such
a tendency does not usually produce
equality is attributed to several factors
including imperfect knowledge concern-
ing returns in alternative industries,
efficiency, and risk.

Economic theory also holds that the
realized rate of return should be com-
mensurate with the level of risk, i.e., as
risk increases, so should the expected
rate of return. What happens in the
marketplace is that investors balance
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low return-low risk against high return-
high risk situations until some equilib-
rium is found where a schedule of risk
exposure and its corresponding risk
premiums are developed.

It is unfortunate that the empirical
work does not present stronger evi-
dence of payments for risk premiums.
Nevertheless, it is more than likely that
many other factors such as differences
in market structure, technology, and
managerial ability influence rates of re-
turn. Given that the long-run viability
of any industry depends.primarily on
an adequate continuing profit rate
which properly reflects the degree of
risk, it seems appropriate to continue
to seek an objective measure of risk.

The points involving contract type,
warranties, regulatory requirements
including unallowable and nonrecover-
able costs, and total package procure-
ment are significant. That risk has in-
creased and industry profits have not
increased but, in fact, have declined,
indicates that the industry is truly in a
much weaker position now than it was
a decade ago, and that the trend, in
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terms of future health of the industry,
should be of broad concern.

Profit Rates and Risk

Rates of return may be measured by
various methods, each selected for a
particular purpose. Generally accepted
methods are sales, equity capital (net
worth), and total capital invested (TCI).

Rate of return on total capital in-
vested was the method employed in
both the Logistics Management Insti-
tute (LMI) profit reviews and the Gen-
eral Accounting Office (GAO) Defense
Industry Profit Study, though each used
a different definition.

The GAO report includes the results
of a study of profits on DoD contracts
for the years 1966-1969. In this study,
the GAO calculated rates of return on
all three bases: sales, equity capital, and
total capital invested. The calculations
were made separately for DoD con-
tracts, other defense agency contracts,
and commercial business. (See Chart,
p.14). Perhaps the most important as-
pect of the data is the significant drop

in all the rate of return measures on
DoD work in the past two years.

The acrospace industry has experl-
enced a considerable shift in the distri-
bution of its sales between government
and commercial markets over the past
decade. The commercial share has in-
creased from approximately 12 per-
cent in 1959 to almost 25 percent in
1968, dropping back to slightly under
21 percent in 1970.

Implications for the Future

In assessing the future outlook, econ-
omists traditionally differentiate be-
tween the long-run and the short-run
(the next few years). In both cases, past
experience modified to reflect current
and expected changes in goverpmcnt
policy serves as the best indication of
the future. Given that government pol-
icy changes considerably and exerts a
strong impact on the future of the aero-
space industry, implications will be re-
stricted to the short-run. In addition, 1t
must be assumed that the Federal Gov-
ernment will continue its present fum.ia-
mental policies regarding its contracting
relationship with the private sector.

Changing Risk

The complexity of major systems, 10-
cluding the inherent problems of inte-
gration of subsystems and components,
is sure to continue to increase. This
situation will make it more difficult
to estimate costs, delivery time, and
final performance of research and de-
velopment work in the future. y

The increase in the general sophisti-
cation of systems plus recent moves
away from concurrent development and
production also will cause an increase
in the lead time from program inception
to operational readiness. These condi-
tions, coupled with the continuing phe-
nomenon of price inflation, suggest 18-
creased uncertainty in projecting costs-

Perhaps one of the most significant
current trends which constitutes 2
dampening of optimism for the aero-
space industry is that of market siz¢
More precisely, in the near future, sales
will most likely witness a decline an
at best show some marginal improve:
ment. Based on a composite of severa
generally accepted projections, the fu-
ture would appear to be as follows.

The years 1971 and 1972 will be
marginally below recent previous yﬁafs
for space exploration. In all probability
NASA expenditures will remain slightly
over 3 billion dollars a year for the next
few years. Concerning DoD expend_l-
tures, there may be a slight upturn 1n
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expenditures during the latter part of
1972 which will carry through into
1973.

Both the procurement of production
items and research and development ex-
penditures should see some modest
growth, with emphasis on R&D to
maintain national options. On the com-
mercial side, the outlook is rather pessi-
mistic for the near term. The over-
capacity problem that commercial
airlines are now witnessing will be
reflected in declining sales for the aero-
space industry during the next few
years. This market outlook is definitely
an element of increased risk.

Profit Rates

The profit rates of the industry over
the past seven years have been below
those of all manufacturing industries
combined (based on either sales or total
capital invested). With consideration of
the high risk in the industry, these rates
do not appear to be sufficient to attract
further equity capital to the industry.
In fact, the industry has raised over 75
percent of its new long-term capital by
borrowing over the past seven years.
Borrowing is becoming more difficult
and the bonds of the companies in the
industry are generally rated low.

The drastic drop in profit rates ex-
perienced by the industry over the past
two years, together with the poor sales
volume projected over the next several
years, indicate further financial prob-
jems for the aerospace industry unless
profit rates are significantly and rapidly

improved.

Other Implications

The working capital requirements of
the aerospace industry (including that
furnished by the government) have
been shown to be high relative to other
industries. In view of the low profit-to-
sales ratio of the industry, the complete
financing of this working capital by the
industry could be prohibitive. For ex-
ample, the working capital furnished by
the industry plus short-term debt to
banks (on which interest must be paid)
amounted to 25 percent of sales in
1970.

Profit rates alone are not a sufficient
yardstick by which to gauge the fairness
of contract pricing or industry perform-
ance. Profit rates must be viewed in
light of the risks and industry efficiency
relative to other industries. Until some
objective measures can be established
for both risk and industry efficiency,
profit rates will continue to be viewed
subjectively and interpreted to reach

widely divergent conclusions. To some,
low profit rates will be attributed to low
industry efficiency rather than to in-
equitable contract pricing. Conversely,
high profit rates will not be attributed to
high efficiency but will be labeled “ex-
orbitant.”

Conclusions and Recommendations

Altogether, the evidence can only
lead to the conclusion that:

® Risks in aerospace business are

very high and have been increasing
over time.

While economic theory and business
practice of all types recognize that rates
of return, i.e., profit, should be relative
to risk, there appears to be no adequate
yardstick available to measure risk
other than very coarse and, one would
suspect, highly visceral or intuitive
measures. There is no guage today
which can say, for example, that a given
program is 3.2 times as risky as the
norm and therefore should carry a po-
tential of 3.2 times the profit. Neither
are there adequate measures of amelior-
ating risk, such as by type of contract
used or level of capital supplied, for
such would also require the ability to
firmly state that a given action would
reduce risk by a given percentage. Thus,
in aerospace work both the government
and industry are limited to coarse meas-
urements such as “low” or “high” and
lacking certainty, to conservative judge-
ments. This situation can only lead to
the conclusion that:

e The absence of an adequate meas-
ure of risk weakens the ability to
equate risk with profit, which par-
ticularly penalizes higher risk en-
terprises.

Not only is aerospace work burdened
with the foregoing difficulties of risk, it
is also subjected to the popular notion
that the government supplies most of
the industry’s capital needs, thereby re-
ducing its financial risk. Such risks are
popularly divided into two types: fixed
plant and equipment, and working capi-
tal.

Plant and equipment are relatively
long-term commitments of capital which
are depreciated over an extended period
of time and are relatively more risky.
Working capital, on the other hand;
represents relatively short-term commit-
ments of funds to finance inventories
and work-in-progress. It has generally
been contended that the government
provides most of the facilities and work-
ing capital used by the aerospace in-
dustry. The facts, however, are that the
government currently furnishes only 17

percent of‘ the total fixed capital, qqd
about one-half of the working capltgl
of the industry, for a combined contri-

‘bution of about 37 percent of the total.

Considering that the working capital re- -
quirements per dollar of sales of the in-
dustry are almost double that of all
other manufacturing industries, it is
concluded that:
® The popular contentions that the
industry has little risk and that the
major portion of capital require-
ments of the aerospace industry is
furnished by the government are
incorrect and highly misleading.
The trend of rapidly falling acrospace
profits will have to be reversed or the
capabilities of the industry will be seri-
ously eroded. It is clear that this trend .
has been aggravated by reduced sales,
but it seems equally clear that the de-
cline can be traced to the fundamental
lack of adequate recognition of the high
risks of the industry.in profit considera-
tions by the government customer.
The question of how to rectify this
inequitable situation in a timely manner
would appear to be of as much impor-

- tance to government policy makers as it

is to the industry. To ignore it is to court
continued stress and problems in the fu-
ture to the detriment of not only the in-
dustry, but also to the nation, its econ-
omy and its technological capabilities. -
Because of the interrelationships of vari-
ous forms of risk, timely action should
be taken in several areas in order for
an effective adjustment to result. This
study points to at least two major areas
where change could be justified based
on available data:

1. Change policy so as to fully re-
imburse contractors, consistent with
sound commercial practices, for all rea-
sonable costs incurred in government
contracts except where expressly barred
by law. .

Such a change would provide im-

n;efhate relief by appropriately recog-
nizing ordinary and necessary costs of
doing business which currently are dis-
allowed in whole or in part..
_ 2. Provide policy recognition to the
inherently greater risk in aerospace pro-
grams and increase profit rates in nego-
tiations accordingly,

_ Even though a precise measure of
risk is not available today, it is abun-
dantly clear, regardless of the type of
contract or profit measure used, that
past practices have not adequately pro-
vided .for risks and that excessively con-
servative target levels have been uti-
lnzec!, even though higher levels are au-
thorized in current regulations.
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BY DR. WERNHER VON BRAUN
Deputy Associate Administrator
National Aeronautics and Space Administration

Condensed from a speech by Dr. von Braun before the Avia-
tion/Space Writers Association, Washington, D.C., May 27, 1971,

. . . There is a chronic misunderstanding about science
and technology on the public’s part that I am afraid is
growing, but which isn’t altogether the public’s fault.
This concerns the role that science and technology play
in the development of society and the cconomy. There is,
unfortunately, no visible link between scientific discovery
about natural phenomena on the Moon, for example,
and our everyday lives here on Earth. Yet, there are
concepts and knowledge coming out of the Apollo ex-
plorations, and experiments with the rocks and dust
brought back from the Moon, that offer the potential of
improving agriculture and the treatment of disease, and
as we learn more about interior of heavenly bodies may
even help us in locating mineral resources here on Earth
or predict earthquakes.

Most concepts and scientific knowledge take years
from the time a scientist formulates them and they enter
the technology until some no-nonsense pragmatist comes
along and turns the idea or knowledge into a product
and a flock of new jobs. By that time, everyone has for-
gotten, if he knew at all, that it was the scientist who
started it in the first place. The interesting thing about
this process is that the scientist is labeled “impractical”
because he deals in theories and squiggly mathematical
symbols. . . .

We face a militant, highly emotional, even fanatical
segment of the population which has seized upon a valid
and good cause, but which will accept no facts, no rea-
soning that run counter to its own fixed ideology. The
anti-science/technology people are demanding that we
pull the plug on modern civilization in the belief that
somehow we shall all be better off in a more primitive
state. :

However, in primiitve times, the major question for
mankind was physical survival. It is not hard to guess
the predictable fate of hundreds of millions of people
who depend upon modern technology for the necessities
of life. We have only to consider for a moment what we
would do without electricity, permanently. Even the
famous naturalist, Konrad Lorenz, has been warning
student audiences that if they destroy our store of knowl-
edge to make a “fresh” start, they will fall back not a
few centuries, but several hundred thousand years. “If
you make a clean sweep of things,” he observes, “you
won’t go back to the Stone Age, because you are already
there, but to well before the Stone Age.”

But it isn’t the young people, the students, who are
really to blame for this attitude of hostility to science and
technology. They are simply misguided by certain social
philosophers, cultural historians, and the like, whose
teachings and published works provide only a very lop-
sided view of science and technology pictured as caus-
ing the downfall of man.

When you teach impressionable and idealistic youth
that the rational, logical, puritanical work approach to
life is bankrupt, and that technology serves only to erode
the quality of life, you are bound to ring responsive bells
in many minds of a generation that has never known the
deprivation, the want, and the poverty of some older
generations.

When a historian and philosopher of Lewis Mum-
ford’s stature inveighs angrily and brilliantly against the



“megamachine” of science and technology, and declares
there can be no reform until the present “megatechnical
wasteland” is destroyed, a revolutionary spirit is fanned
among the young. The natural fires of rebellion we have
all felt against “the system” or the “establishment” are
now stoked by an eminent and respected “authority. . ..”

It seems strange that America is about the only nation
in the world where technology and science are held in
such low repute. All the so-called “have-not” countries
in Africa and Asia are straining their limited resources
to gain what some of our students seem bent on destroy-
ing. The older European countries would give their eye-
teeth to have our technological capabilities. The Soviets
are especially envious, and frequently announce they will
surpass the United States in production or some other
field of technology. So far they have failed to do so. ...

The anti-science and anti-technology voices making
blanket attacks on science and technology in the name
of conservation, a clean environment, or improving the
quality of human life, are doing the nation and all of us
a great disservice. The problems they are rightly anxious
and concerned about cannot be solved by a return-to-
nature cult. That course leads only to disaster for multi-
tudes of people.

Closely related to the general attacks on science and
technology is the denigration of the space program
among some persons. Mumford describes the space rock-
et as “the most futile in tangible and beneficial human
results,” and sees only that while man is indeed conquer-
ing space, the “megamachine” is carrying further its con-
quest of man. . sy

Surprisingly—or perhaps, not so surprisingly—Mum-
ford ignores the apparently limitless resources of kiowl-
edge that await man in space. Some of thl_s knowledge,
as we have just begun to learn, has great significance to
man, to Earth envxr.onme_nt, and to the ecology. We are

ing of the relationships l?etween Earth and Sur.l and
learn ffects on our lives which could be learned in no
o save by means of the rocket and spacecraft.
other WayMumford make an allowance for man’s need
N doe(si his intellectual horizons by physically explor-
to exten ds. no matter how barren and unfit for
ing new worlds, be today.
ic life, such as the Moon may 1
OLEATLY % dee and intellectual broadening
This kind of knowledge : Serois
ly is of little or no value in t}le eyes of socis
apparently storians preoccupied with man in
philosophers and histor ] d to visualize
3 - osm. They have not yet learne ’
Hipjucrac b acrocosm, or for the spir-
mankind extending into the m i ekl
itual need to do so. The desire to know is more pzc:1 i
than they may suppose. 'Pr.agmatlsr.n 1508 'u:tiOI;
stabilizing human characteristic; but without imaginat
we would not be human, and as long as man exXercises
this precious faculty, he will not_long be unprlsoned. in
the successive shells the pragmatists try toenclose hinm.

Those who look upon science a_nd technology as a
megamachine that dominates their lives and holds thenp
in thrall to a strictly programmed existence have' their
own special hang-ups. There is another view, and it was
expressed by Glenn Seaborg: ) :

“The difference is . . . a positive outlook, some 1magt-
nation, and the desire to put science and technology to
work more creatively.”
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AEROSPACE INDUSTRIES ASSOCIATION
1725 De Sales St., N.W., Washington, D. C. 20036

RETURN REQUESTED

NASA'’s space shuttle orbiter vehicle docks with satellite on repair
mission. (See Liftoff to Economy — The Space Shuttle, page 2).
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Billion $ Quarterly 4.8 1971 6.5 5.4 6.2
DEPARTMENT OF DEFENSE
Aerospace Obligations: Total Million $ Monthly 1,151 May 1971 34 883 782
Aircraft Million $ Monthly 601 May 1971 —17 582 387
Missiles & Space Million $ Monthly 550 May 1971 51 301 404
Aerospace Outlays: Total Million $ Monthly 1,067 May 1971 1,217 1,112 1,041
Aircraft Million $ Monthly 561 May 1971 763 666 628
Missiles & Space Million $ Monthly 506 May 1971 454 446 413
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 920+ May 1971 797 620 538
Aircraft Million $ Monthly 447 May 1971 591 390 339
Missiles & Space Million $ Monthly 473 May 1971 206 230 199
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 June 1971 496 238 424
Expenditures Million $ Monthly 130 June 1971 386 272 252
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# 25.2 24.5 22.5
U.S. Government Billion $ Quarterly 11.6 Qlf:r({er 12.6 13.0 11.6
Nongovernment Billion $ Quarterly 3.7 1971 12.6 115 10.9
EXPORTS
Total (Including military) Million $ Monthly 110 June 1971 236 494 299
New Commercial Transports Million $ Monthly 24 June 1971 80 210 69
PROFITS (After Taxes) 2nd
Aerospace — Based on Sales Percent Quarterly 23 Quarter 2.1 1.7 1.9
All Manufacturing — Based on Sales Percent Quarterly 4.8 1971 4.4 3.9 45
EMPLOYMENT: Total Thousands | Monthly 1,132 June 1971 1,158 976 968
Aircraft Thousands | Monthly 469 June 1971 510 408 403
Missiles & Space Thousands = Monthly 496 June 1971 479 404 401
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 June 1971 4.11 4.30 4.32

R Revised.
E Estimate.

* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

# Averages for 1961-65.
“« Averages for fiscal years 1960-65.

Source: Aerospace Industries Association
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BY KARL G. HARR, JR.

President, )
Aerospace Industries Association

Until recently in the relatively brief history of the United States,
special circumstances — great natural resources coupled with
available labor to support growing industrialization — tended to
reduce the importance of significant trade abroad, and more often
than not the average citizen was not aware of the critical im-
portance of international commerce.

Within the space of a few decades this situation has changed.
Now our economic health, including high domestic employment,
relies on success in international commerce, as well as on inven-
tiveness, efficiency, quality and high productivity.

The extent to which the health of our economy is dependent
upon a strong position in world trade never has been more strongly
emphasized than it was in President Nixon’s recent statements on
the new economic policy for the nation. In his October 7th address
the President gave ‘‘free trade as long as it is fair trade” equal
weight with wage and price controls in the effort to solve the
Nation’s economic problems. “This will mean more sales of
American goods abroad and more jobs for American workers at
home,” he said.

Today, as the President acknowledged, our economic health is
not good and we are in trouble in our accustomed overseas
markets.

In 1970 net U.S. aerospace exports amounted to $3.1 billion,
and our favorable balance of trade was $2.2 billion. Obviously,
without aerospace exports — a field in which foreign competition
is growing dramatically — we would have had a foreign trade
deficit in 1970. During the 20 years preceding April 1971 there
hadn’t been two months in succession during which United States
imports exceeded exports. Beginning with April of this year we
have suffered an international trade deficit for five consecutive
months. The U.S. trade surplus for the full year probably will dis-
appear altogether for the first time since 1893. .

This trend, which spokesmen in Congress have termed “fright-
ening,” is the result of a steady growth in thg amom_mt of raw
materials and low-technology products we are importing. In'the
past such imports have bgen offset by greater exports of high-
technology goods — including computers and aerospace products
— and exports of agricultural products.ar]d. chemicals.

This overall offsetting factor has diminished sharply, largely
because of declining support for both_Government and private
research and development, which pro_vndes the new techniques,
materials and end items that are the lifeblood of high-technology
pr%?rjtc&;\oar;ély, there are signs of a growing realization, in govern-
ment and elsewhere, that if we co_ntlnue to skimp on _the ‘main
sources of our strength in international commerce welnnevntab!y
will hurt all Americans. Out of these concerns a basic truth is
emerging — realization that one of the most important strengths
our nation has left is our capability for high-technology develop-

duction. .
ITIe:t daynndarr?irg economy demands that we concentrate our fire
Where the opportunities are. The underly'lng then_1e of this issue
is that exporting advanced technology is a salient capable of
jetting further upward if properly nurtured.
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EXPORTS:
SPUR TO THE
EGONOMY




he balance of trade, a dry term of economics, today

is becoming a matter of intense national concern.
Technically, it is the relationship between what we buy
from foreign nations and what we sell to them.

Today the overall U.S. balance of trade has slumped
from surpluses of $5-7 billion in the early 1960s to
$1-2 billion since 1967. Now, in 1971, this trade sur-
Il)lus may disappear entirely—for the first time since

893.

What has caused this turn-around in international
trade?

Part of the answer involves another term of eco-
nomic yardstick: productivity growth—a measurement
of changes of output per unit of labor input. From
1870-1950 the U.S. rate of productivity growth ex-
ceeded Europe’s by 60 percent and Japan's by 70
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percent. Starting in 1950, the situation was reversed
and today our productivity growth is substantially be-
hind that of Japan and Europe.

From 1950 to 1965 the U.S. lagged behind Europe
by 35 percent in productivity growth and behind Japan
by 60 percent. The trend continues. Since 1965 the
U.S. has trailed Europe by 60 percent and Japan by
84 percent.

These startling indicators primarily reflect a decline
in an area where we have heretofore been predomi-
nant: technological strength. Four factors are involved:

. Accelerated world-wide transfer of existing tech-
nology.

- Relatively lower U.S. investments in civil research
and development and capital expenditures compared to
foreign competitors.




« Growth of foreign government incentives to busi-
ness.

» Increasing costs and risks of major technological
breakthroughs that are often beyond the capability
of individual companies or even consortiums of com-
panies.

High technology today remains our strongest hope
for regaining and expanding our foreign markets. With-
out it today the U.S. would be a second-rate nation.

At the forefront of the technology is the aerospace
industry. It is not surprising then that aerospace ex-
ports have been the principal contributor that has
kept our balance of trade on the plus side in recent
years.

It is hard to overstate the importance of aerospace
to this nation’s position in international trade. In
addition to the positive impact of its exported prod-
ucts, aerospace is a stimulus to a number of other
high-technology industries that have added significantly
to U.S. exports. .

These industries include electronics and computers
(fields in which the U.S. still leads the world), scien-
tific instruments and sophisticated metals, all of which
depend to a significant degree upon the demands of
the aerospace industry.

What is the impact of aerospace exports, particu-
larly in the commercial aircraft field?

The answer: Aerospace exports are the single largest
contributor to U.S. export earnings.

For example, the U.S. computer industry generated
export sales in 1970 which were only one-third as
large. The aerospace industry in 1970 supplied over
8 percent of total export sales and in 1971 it is ex-
pected to provide 11 percent of the total.

During the past five years there has been a sharp
rise in U.S. aerospace exports, and in 1971 they are
expected to reach $5 billion, a 47 percent increase
over the 1970 total of $3.4 billion.

In the space of four years—between 1966 and
1970—export sales more than doubled. This year the
industry made its first major foreign deliveries of the
wide-bodied turbine transports. These deliveries will
provide the major rise in the industry’s export earn-
ings in 1971.

However, the outlook is bleak for maintaining this
level beyond 1971. In 1972, shipments of wide-bodied
jets are expected to be much less. This is due in part
to the fact that excess seat capacity now plaguing uU.S.
carriers will probably spread to the foreign carriers.
A further, and much more important reason for the
long-term future, is the consortiums formed by Euro-
pean nations to build competitive aircraft. Further-
more, the U.S. also has dropped out of the competition
for supersonic transport sales, and the market today
belongs exclusively to the British-French Concorde and
the Russian TU-144.

A recent study by AIA’s International Committee
provides some highly interesting, and sobering, facts
of what commercial aircraft exports alone mean to
the U.S. economy.

Here are some key points:

° The net balance of trade for large jet transports
and spare parts was nearly $1.5 billion in 1970, a
gain of 45 percent over 1969, while the nation’s net
balance for all trade was $2 billion.

4

+ 250,000 persons were employed in the manufac-
ture of commercial jet airplanes in 1970. More than
40 percent (104,000) owe their jobs to export sales.

Although transport aircraft manufacturing is pri-
marily a Pacific Coast industry, all 50 states share in
employment through a vast network of sub-contracting.
For example, Wisconsin has 3,360 jobs directly attrib-
utable to the commercial transport industry; Missouri
has 4,060; Florida has 1,630; Masaschusetts has 2,970.

These jobs in turn generate a wide circle of secon-
dary jobs—grocers, carpenters, garage mechanics,
salesmen, doctors, the whole gamut of services.

While exact measurement of secondary employment
is not possible, a Wharton School of Business study
suggests that during a period of rapid export advance
every 100 new jobs in aircraft manufacturing activate
an additional 163 jobs in unrelated fields. Thus the

EXPORT SHARE OF U.S. COMMERCIAL
AIRCRAFT AND SPARES
IN BILLIONS OF DOLLARS
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net effect of more than 104,000 jobs in aircraft man-
ufacture due to export sales has been to generate
270,000 jobs outside this area.

Taxes that result from aircraft exports are a bonus.
These include personal and corporate income taxes,
indirect business taxes and other levies. The Federal
Government, over a four-year period, collected $780
million, and state and local governments $711 million
from this source.

The entire spectrum of national benefits, which
range from a man with a job to a nation’s pride—
cannot be completely identified. But exports underpin
all of them.

What about the future?

The basic strength of the aerospace industry and its
export potential for the future lies in its ability to pro-
mote and utilize its unique technological capabilities.

There arc signs today that export markets will be-
come available for the aerospace industry’s capabilities
in non-aerospace areas.

Karl G. Harr, Jr., president of the Aecrospace In-
dustries Association, states, “A condition of the sur-
vival of companies within this industry has bee.n.fje-
velopment of an extraordinary degree of flexibility.
The capacity to shift with change has been the hall-
mark of competitive success.”

To date the domestic market for aerospace tech-
niques and capabilities in socio-economic areas, such
as air and water pollution control, crime control and
pollution, rapid urban transportation, oceanography
and waste disposal, has not matured, largely due to
fragmented approaches to responsibility and funding.

But there is a developing export market for non-
aerospace products and services that holds an excel-
lent promise of becoming significant.

The Department of Commerce reports these de-

vel?pglei?l:z;y plans to spend $60 million annually

over the next 15 years on water and waste water pol-
lution control equipment. Today the German market
for air pollution control equipment exceeds $100 mil-

lion annually. L)
* France )Il)lans to spend about $45 million annually

through 1973 for municipal and industria.l waste treat-
ment equipment and more than $60 million for air
pollution equipment. )

« The Netherlands over the next 30 years will spend
about $10 million annually for waste water treatment
equipment and another $10 million over the same time
period for air pollution control equipment.

* Belgium has scheduled water treatment equipment
expenditures that will amount to $33 million while the
air pollution control equipment market will be $8
million.

» Italy spends about $7.2 million annually for mu-
nicipal waste, $4 million for industrial waste measures,
and $15 million for air pollution controls.

Another major international market is in the field
of communications and meteorological satellites. In the
field of satellite communications, there is already a
market for the construction of ground stations to work
with communications satellites.

Currently, twelve countries have 15 of these sta-
tions, valued at about $6 million each, and another
14 stations are under construction. Estimates show
that this single area of aerospace capability will grow
to about $1 billion by 1972.

The future of the overall viability of U.S. exports
is linked to advanced technology—and that is what
the aerospace industry is all about. '






For more than 25 years, propelled by the impetus
of the amazing force marshalled to win World War
II, the United States has been the technological giant
of the free world.

Even before World War II, of course, the United
States was technologically pre-eminent as one of the
most industrialized nations in the world. And under
the impetus of the war American scientific and pro-
duction bases invented and produced what was needed,
from superior radars to superior rifles; from superior
aircraft to superior ammunition.

After World War II, as no other nation in history
before us, the United States turned to the job of put-
ting the world back together. America exported every
idea, every technology, every skill that it could in
order to help other nations get back on their feet.

This nation invented the transistor, for example,
but before many years went by the U.S. was buying
many of its transistors abroad. A sign of the times
is the fact that today far more radios manufactured
abroad are purchased in the United States than those
manufactured here. Electronics and computer indus-
triess—whose growth is directly linked to the aero-
space industry—are flowing offshore, and by next year
for the first time the U.S. may import more such
products than it exports.

In only four major areas has the U.S. consistently
exported more than it has imported—agricultural
products, chemicals (including pharmaceuticals), elec-
tronics (particularly computers) and aerospace prod-
ucts—and the single biggest difference between plus
and minus in foreign trade in the area of manufac-
tured products rests with the aerospace industry.

What do aerospace exports mean to the basic econ-
omy of the U.S.?

The combination of a quality product and competi-
tive financing, much of it through the Export-Import
Bank, has resulted in the sale of more than 1000 U.S.-
built commercial jet aircraft to foreign carriers. Air-
craft exports have grown to the point where they now
account for half or more of the total aircraft output,
measured in terms of dollars. U.S.-built airplanes have

been sold in 64 countries and are operated by most
of the world’s major airlines. They constitute 82% of
the non-Communist world’s jet transport aircraft fleet.

The reason the United States enjoys the highest
standard of living in the free world rests upon its
having the most advanced technical base so-that it can
support high labor rates and still export products to
the rest of the world at an advantage to this nation.
That advantage shows up in a healthy industrial base
with a large employment and sound tax base that
in return pays for the social programs that an ad-
vanced society needs, such as low cost housing, health
and medical care, welfare reform, law enforcement,
pollution control, urban transportation, as well as na-
tional defense. All of these social programs absorb tax
dollars but do not create national revenue in the same
sense as do our basic industries.

Today the U.S. faces a serious challenge from for-
ward-looking nations that are charging into the aero-
space industry field—charging ahead full tilt with gov-
ernment-encouraged and supported industries.

In May of this year, Aviation Week & Space Tech-
nology reported from the 29th Paris Air Show a “mas-
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sive drive by Europecan and Russian governments and
industries to capture a bigger share of the international
aerospace market.”

The magazine termed the show “the greatest com-
mercial challenge to United States leadership in com-
mercial aviation since the 1930s. . . . Europe has
gathered new technological strength and confidence
from producing more of its own military aerospace
hardware during the past decade. It has also gained
a variety of experience in organizing international con-
sortiums that concentrate multi-national resources on
a single goal. Now it is turning this strength and ex-
perience toward the commercial market to strengthen
its economic position and build a stronger foundation
for continued growth.”

The Soviets showed up at Paris with the TU-144
supersonic airliner on its first appecarance outside of
Russia. Also there was the French 001 Concorde pro-
totype just back from a 5000-mile route-proving flight
to Dakar that sliced subsonic jet time in half. In con-
trast, the U.S. supersonic transport was nowhere to
be seen—not even in mock-up form—since the pro-
gram had been cancelled.

Aviation Week went on to say that the magnitude
of the current U.S. dominance of the multi-billion
dollar international commercial market was empha-
sized by the presence of its family of subsonic wide-
bodied turbofan powered transports—the Boeing 747,
the Lockheed L-1011 TriStar and the McDonnell
Douglas DC-10. But this dominance also is being
nibbled away at the lower end of the transport spec-
trum. Europe is developing the lower spectrum with
medium and short-haul transports incorporating new
technology that will make current cquipment obsolete
and uneconomic on the relatively shorter routes that
account for most air travel. The A-300B twin-engine
airbus, the Mercure, Fokker F-28 and VFW-614 are
all aimed at segments of the transport market where
there are currently no new American competitors com-
ing along. Nor is there a single U.S. shgrt takeoff and
landing (STOL) aircraft competing with the British
Skyvan and Islander, the Israeli Arava, the Breguet
941, the Dornier models or Canada’s de Havilland
models.

What can a short-takeoff commercial aircraft mean
to the air transport industry?

One of the major U.S. aerospace firms that has
studied this question in depth has computed that in
just one day a single STOL commercial transport,
carrying only 55 percent of its 100-passenger capacity,
would lift more than 9,000 passengers more than 4,900
miles on 17 flights tying together Washington, New
York, Boston, Cleveland and Chicago.

If there is anyone who doesn’t believe that inter-
national competition against the United States is both
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feal and serious, a few news items from Aviation Daily
and Aerospace Daily may help to dispel disbelief:

* Item—“Financing has been arranged for all Con-
Cordes that can be sold. Loans guaranteed by French
and British governments will be at 7% for 10 to 15
Years.”

e [tem—“The British European Airways Group
(BEA) which earned a profit of $1,257,600 fqr the
last fiscal year, arrived at this figure after allowing for
payment of nearly $19.2 million in interest on capital
borrowings, but after crediting a similar sum from the
special account set up by the U.K. government to
compensate BEA for any losses it might incur in being
refused to operate aircraft of its own choice (it wanted
to buy Boeings but was obliged to buy British (BAC)
Super 111s and Tridents).”

o Jtem—*Japan’s Ministry of International Trade
and Industry (MITI) has granted permission for the
export of seven Kawasaki-Vertol 107 gas turbine heli-
copters to the Swedish navy by Kawasaki Heavy In-
dustries Ltd. of Tokyo.” .

o Jtem—"The upcoming Concorde ‘demonstratlon
flights through South America are_nothling more than
one more trade mission to an arca in which the United
States has suffered crushing sales defeats within the
past 30 months, chiefly through the vetoing of aero-
space and military sales . . . The loss of American

sales to European countries (sales that have been
made )—principally by the UK., Fr.ance 'and Italy—
has reached a staggering $1.032 billion since the be-
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ginning of 1969 . . . In almost every case the sales
would have been made by the U.S.”

In the meantime, what is the United States doing?

» It has scrapped a 12-year program that would
have regained the lead in the supersonic transport
speed spectrum with the second generation of a super-
sonic transport.

» It has no airbus on the drawing board.

« It is virtually ignoring the unique capability of
the helicopter to provide convenient city-center to city-
center transportation.

In short, the United States is left with three major
commercial airframe producers covering one segment
of a market for transportation that can and must ex-
pand upward and downward—into the supersonic area
and into the airbus and V/STOL area.

Recent independent surveys by America’s airframe
manufacturers agree that the market for new com-
mercial jet aircraft during the next 10 years or so will
amount to 3,000.

If 3,000 commercial aircraft are produced-and sold
during a 10 to 15-year period, the market (including
at least 20 percent additional cost for spare parts
for each aircraft during its productive lifetime) is close
to $55 billion.

How much of this market will the US. capture,
compared to the 82% it now holds of the free world
commercial jet aircraft market? With only long-range
and wide-bodied jets in production and nothing larger
or smaller, or faster or slower under development, the
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U.S. will be fortunate to get one-quarter to one-third
of the purchase orders. The lack of a full spectrum
of transport models in the U.S. makes those models
which are produced more difficult to sell interna-
tionally.

And on the military sales side, many countries want
superior U.S. military aircraft, such as the F-4 Phan-
tom and the F-5 Freedom Fighter. What has happened
during the last three years? The United States has re-
fused or has stalled about selling modern U.S. military
aircraft to Central and South American nations.

Has this deprived these nations of modern military
aircraft?

No.

Six Latin American nations—Argentina, Brazil,
Chile, Colombia, Peru and Venezuela—have turned
their backs on the United States after being refused
the aircraft that they wanted and have purchased 168
military aircraft—at several million dollars each—
from England, France and West Germany. The shop-
ping has included 60 French Mirages, 31 British
Hawker Hunters, 7 British Canberras and 70 West
German F-86Ks. These sales probably total nearly half
a billion dollars that the U.S. could have had in foreign
trade.

In terms of what this means to the United States
in direct and indirect jobs related to the aerospace in-
dustry the number is in the many thousands. In fact,
knowledgeable experts estimate that the loss of more
than $1 billion in foreign sales represents at least
50,000 jobs in the U.S.

Another significant trend—downward from the
standpoint of the United States—is the growing num-
ber of US. firms that are licensing European tech-
nology in missiles, electronics, helicopters and aircraft
for production in the 1970s. This is a situation exactly
the opposite of that which existed during the last 20
years during which the licensing flow was an over-
whelming tide from the U.S. to Europe.

The question today is: Can U.S. managers, de-
signers and producers in the aerospace industry—no
matter how imaginative, talented and dedicated they
may be—compete against foreign manufacturers sup-
ported by their governments as a matter of national
policy?
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Can U.S. private industry, on its own, compete
against the British-French Concorde supersonic trans-
port which is totally subsidized by government and
which will be sold under government loan guarantees?

The answer is ‘“‘no.”

In the summer of 1971, Maurice H. Stans, Secretary
of Commerce, testified before a Senate committee:
“The high costs and risks of technological develop-
ment, for example, might well be spread among a
number of firms, but our antitrust rules now prevent
this by prohibiting joint ventures and joint research.”

With foreign consortiums supported by government
financing threatening to make serious inroads into the
international markets for such products as transport
aircraft and helicopters, antitrust rules which restrict
the nation’s economic growth in exports and affect the
quality of our technological base can be considered to
be inhibiting competition that would be in the best in-
terests of the nation, although their original purpose
was to promote competition.

The United States is committed to inventing things
first, to improving existing products first, to making
things better than anyone else. It exports technology
and depends on being on the forward slope of the
wave of the future. With its standard of living and
labor and material costs this is the only course open.

. If the nation is not successful in this course its stand-

ard of living will deteriorate and there may well be
too little money derived through taxes on the econ-
omy for all of the socio-economic programs so im-
portant to individuals and the nation.

Today, with the exception of the United States, all
of the countries involved or interested in the world
aircraft market recognize, as a matter of national pol-
icy, that success will depend upon substantial govern-
ment support, and that the numerous benefits that
derive from aircraft exports fully justify this support.

Although the U.S. commercial aircraft industry has
achieved its present position in the world market with-
out this kind of comprehensive national support it will
be difficult to maintain this position without more
help than it has had. Although the manufacturers will
have to be aggressive, to plan carefully and perhaps
to assume greater program risks than before, the Gov-
ernment too, must increase its commitment. Essential
will be an increase in Eximbank involvement and
the adoption of even more flexibility than at present
in dealing with foreign financing competition.

Based on what the United States has to gain—or
to lose—in aircraft trade in the future this nation,
more readily than any other country, should pledge
itself to encourage and support continued aircraft ex-
port leadership.

The United States must be the international leader
in all aspects of the aerospace field. This means that
reasonable and appropriate criteria should be estab-
lished for the use of Federal funds to foster commer-
cial aerospace ventures when such ventures:

+ Clearly are in the national interest, but the risk,
time and magnitude of the program are such that pri-
vate financing is inadequate or unavailable.

« Are in the public interest and are significant in
terms of generating foreign sales and are threatened
by foreign government-subsidized competition.




FINANGING
AEROSPAGE
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As the cost of American aerospace products for the

civilian and military markets has continued to
rise over the years, new methods of financing have had
to be developed to enable foreign airlines and govern-
ments to purchase these products.

Before the arrival of the jet age in commercial air
transportation, commercial banks supplied much of
the financing of foreign airlines. Even when the first
orders were placed for jet aircraft, this method of fi-
nancing persisted, and provided a substantial amount
of financing until about 1960.

Change became necessary when costs suddenly rose
from $1.7 million for a single piston aircraft to nearly
$5 million for one of the first jets. Foreign airlines
could still cover part of their cash needs, but now had
to rely on the U.S. capital markets for most of the
funds required to finance the acquisition of U.S.-man-
ufactured equipment.

At this point, the Export-Import Bank (Eximbank)
assumed a major role in the financing picture. It began
participating in aircraft financing either by loaning
up to 80 percent of the cost of the aircraft or by
guaranteeing as much as 80 percent of the cost if the
loan was obtained from a commercial bank.

This was the pattern until 1965, with Eximbank
and the commercial banks acting in cooperation with
the manufacturers to handle the U.S. financing for
foreign airlines’ purchases. Then, in 1966, interest
rates began to rise and the “Voluntary Restraint Pro-
gram” was introduced; limiting the amount of Amer-
ican funds available to foreign borrowers. During this
difficult time, most of the burden shifted to the
Eximbank.

In the following two years, the so-called 50/50
deals were devised. Commercial banks took the first
3%2 years maturities and the Export-Import Bank the
last 315 years maturities of a 7-year financing pack-
age. This helped the commercial banks because it
enabled airlines to repay their loans over a longer term
at a time when bank commitments were limited to
five years from date of original commitment to final
maturity, including lead time of 1%%-2 years between
the order and delivery of the aircraft. Eximbank par-
ticipation took such loans outside the “Voluntary Re-
straint” limitations. :

In this way, with commercial banks assuming half
of the lending burden, aircraft manufacturers were
able to undertake a large volume of export sales. At
the same time, pressure was taken off the Eximbank’s
budget. An unanticipated dividend of the technique
was that aerospace exports were increased during the
ensuing period of high interest rates through the Bank’s
maintenance of. a6 percent rate on its portion of the
loans, substantially reducing the cost that otherwise
would have applied to export financing,

At present, Eximbank participates in 36 percent of
the financing of narrow-bodied jets, providing finan-
cing at 6 percent over the 7-year term referred to
carlier. In the case of wide-bodied aircraft, in Fiscal
Year 1970 the Bank agreed to extend its financing
from seven to ten years, and commercial banks have
similarly agreed to take the first five years maturities
rather than the first 3% years. Eximbank participation
in wide-bodied export financing (including engines) is
27 percent, a figure which many manufacturers and
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private bankers would like to see increased because of
the already high commitments incurred as a result of
the development and manufacture of the big planes.

Eximbank provides three general types of assistance
—Iloans, guarantees and insurance, and participation
financing.

* Direct Loans—Dollar credits extended by the
Bank directly to borrowers outside the United States
for purchases of U.S. goods and services. Available
for long-term (more than five years) transactions.

* Financial Guarantees and Insurance—Guarantee
of repayment of credits extended by private lenders
to foreign purchasers of U.S. goods and services. This
program is available to both U.S. and non-U.S. finan-
cial institutions for long-term transactions; commercial
bank guarantee and insurance programs both are avail-
able for medium-term (one-to five-year) transactions,
and insurance can be provided for short-term trans-
actions.

e Participation Financing—Combination of direct
lending with loans provided by private sources. If re-
quired, Eximbank may extend the financial guarantee
to the private lender.

Effective use is being made constantly of the parti-
cipation financing-guarantee program. The Bank’s pol-
icy now is to limit direct lending to transactions in
which a commercial bank or other private source
agrees to participate. This has enabled the Bank to
stretch its own resources further, draw private funds
into credit financing, and assure that its loans supple-
ment, rather than compete with, private sources.

(The Eximbank enters into a transaction only after
its Board of Directors has determined that such parti-
cipation is necessary in order to complete the export
sale. One of its basic policies is to avoid offering fi-
nancial assistance if it can be obtained from private
sources. )

This “blending” of Eximbank credit at the current 6
percent yearly rate of interest with the commercial
rate also eases the effective rate of interest the bor-
rower must pay for total financing of his purchase.

This participation plan has brought billions of dol-
lars of private funds into export financing. Commercial
banks_have been providing a little more than half the
ﬁnancmg of wide-bodied jets, and 40 percent of other
jet exports. This is done through credits extended to
non—Q.S. buyers of U.S. goods or services. The U.S.
supplier receives the money; the foreign purchaser re-
pays in dollars, with interest.

The participating bank may be either a U.S. or a
non-U.S. institution. Where necessary, Eximbank may
agree to take the later maturities, so that the private
bank is paid off first. It will also guarantee the private
bank’s portion of the loan against either commercial
or political risk, or both.

I.n addition, the Bank will provide, without cost or
obligation, a preliminary commitment to participate in
a transaction. The buyer, the seller, or the commercial
bank may apply for the commitment, which enables
the exporter to offer financial terms in the initial sales
presentation.

Also available is a discount loan procedure for
medium-term transactions, although it does not apply
to wide-bodied jets. Where it does apply, Eximbank
will at any time lend the private bank up to 100 per-
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FINANCING U.S. COMMERCIAL JET EXPORTS
(1959 THRU 1970)

EXIMBANK
PARTICIPATION

487 AIRCRAFT

1,040 AIRCRAFT
TOTAL EXPORTS

Source: Eximbank Annual Reports

cent of the value of the export debt obligation. The
interest charged the commercial bank is one percent
less than the bank charged the borrower, or one-half
of one percent if the transaction has been insured or
guaranteed by Eximbank.

Finally, the private bank can get a preliminary com-
mitment for a discount loan before it even enters the
transaction. This gives the banker assurance of im-
mediately available cash should he encounter a liquidity
problem.

Extension of repayment terms from seven to ten
years, as provided by the participation plan, obviously
means smaller repayments to private banks as well as
to Eximbank, which in the short run has an adverse
effect on the U.S. balance of payments position. Where
the participants are U.S. banks, there is an additional
negative impact. Eximbank considered this but decided
to proceed with the longer-term financing due to the
overall importance of aircraft exports to the American
economy.

It should be noted that in the long run export financ-
ing does not affect the U.S. balance of payments ad-
versely. The outflow of capital is fully offset by pay-
ments received for the exports. Thus, even without the
customary down payment from offshore the net effect
on the balance of payments is zero. In fact, as interest
is received on the loan, the effect becomes positive.
Because in the longer term export financing helps create
and hold markets, it improves the balance of payments.
For this reason it is of great importance that U.S. aero-
space exports be maintained.

On May 25, 1971, the Private Export Funding Cor-
poration (PEFCO) officially began operations, with the
goal of increasing the existing financial resources avail-
able for U.S. exports, especially aircraft exports, by
mobilizing previously untapped private capital.

PEFCO, incorporated in 1970, was capitalized by a
large group of U.S. commercial banks and industrial
companies. Its initial stock offering by its founders, the
Bankers Association for Foreign Trade, was made to
“qualified investors,” banks and other financial institu-
tions and corporations engaged in foreign trade. The

offering was announced last March and was open until
May 24.



EXIMBANK U.S. BANK LOANS
DIRECT LOANS AND SUPPLIER CREDIT
EXIMBANK
LOAN
GUARANTEES 4

38.3%

OFFSHORE
FUNDING

6.6 BILLION
TOTAL VALUE

Initial subscriptions amounting to $12,734,000 came
from 46 major banks throughout the nation and from
corporations, and Eximbank has extended a $50-million
revolving line of credit.

It is hoped that PEFCO will open the way for
foreign airlines to utilize the U.S. institutional market,
which has been largely unavailable to them because of
legislative restrictions on foreign investments.

Its assets will be financial paper, a significant portion
of it in the form of airline paper guaranteed by Exim-
bank which would normally represent the latter ma-
turities of loans in which the commercial banks would
have the shorter maturities. In turn, PEFCO will bor-
row senior funds, both long-term and short-term, from
institutional lenders, or will sell its securities in the
public market. In either case, PEFCO’s borrowings
will be secured by its portfolio of Eximbank-guaranteed
paper. This will eliminate the legal investment restric-
tions on foreign loans for institutional lenders.

PEFCO’s ability to borrow long-term money against
short-term collateral should make the new corporation
valuable to Eximbank as a means of laying off its ten-

ear wide-bodied aircraft paper. These obligations
would be too long to discount with commercial banks
and too short to discount with institutional lenders.

By discounting such paper w1th. PEECO, the Exim-
bank will obtain funds to ?nable it to increase greatly
both its total volume of alr_craf_t export ﬁnancmg and
» jits percentage of parti'ci[')atx.on in such loans, without
exceeding its budget limitations.

Tom Lilley, Director of the Export-Import Bank,
says: “This activity (PEFCO) has added a whole new
dimension to the financing of major pro;scts, particu-
larly those with longer repayment terrr}s. .

The Department of Defense (DOD) is actively seek-
ing private participation in its ml}ltary export sales
program (now known as The Security As§1stance Pro-
gram) this year and next year to the maximum extent
feasible. Since Congress has authorized a continuing
resolution authority, for the FY 1972 program, it is
assumed this means an approved level at the same rate
as last year. That included an authorized $340 million
b of total credit sales, with only $200 million in funding,
plus $500 million credit for Israel.

e

During FY 72 and 73, the House has approved $582
million credit sales, with funding of $510 million. This
means about $100 million of private credit is antici-
pated in FY 72 to be guaranteed by DOD. Credit sales
as a whole could amount to about 17 percent of total
security assistance program which totals over $5 billion
annually. Over 50 percent of total military export sales
during the 1970s are expected to be credit financed.
These sales will be funded from one of three Government
sources if Congress follows last year’s pattern:

« Eximbank credits or guarantees to developed coun-
tries. These must qualify under the Interest Equaliza-
tion Tax (IET) definition, as well as Eximbank’s own
criteria for credit worthiness.

« Special Congressional authority for Israel. In FY
1971, this method provided $500 million by special
amendment to the Defense Procurement Act. This
source was unique in DOD’s credit sales history, and
it is uncertain what precedent it may establish. In fiscal
year 1972, this requirement is included in the FMS
credit fund.

 Defense Foreign Military Sales (FMS) Credit.
DOD describes this as a “last resort” source normally
reserved for economically less-developed nations. This
credit is available only when Eximbank, private, or
other sources are not available.

Thus, DOD has $300 million available for developed
countries through Eximbank, and $582 million for the
economically less-developed nations including Israel—
and from $200-$340 million for economically less-de-
veloped nations for a total estimated credit of close to
$1 billion this fiscal year.

* Procedures for Private Credit Guarantees. There
are four principal steps for concluding private credit
guaranty arrangements with DOD.

* Banks and suppliers should advise or notify DOD
of their “indicqtions” for private credit participation to
the extent possible, specific dates should be provided so
that the U.S. Government can evaluate the prospects
for the transaction in terms of total requirements, pri-
orities, and other consu_ierations. DOD funds for pros-

pective cases must be earmarked at the earliest time.
I When the private transaction is near consumma-
tion, an official request should be submitted by the
financial iqstitution, including evidences of approval
by the foreign government for the transaction. This re-
quest should show definitive credit terms and condi-
tions, funds involved, items, and the final status of nego-

tiations, plus any other justifications considered vital in
the request for credit. ;

* Based upon this request, DOD must then submit
an official request to the Departments of State and
Treasury for approval of the transaction, The request
must show “terms and conditions” in line with the
President’s Financial Standards and Criteria estab-
lished as a result of the Foreign Military Sales Act of
1968 (Section 34). DOD, upon approval of this re-
quest, then draws up a “Guaranty Agreement” with the
private bank or institution. Both DOD and the private
source must sign such an agreement.

° The private financial institution must deposit the
“guaranty fee” with DOD, prior to the agreement be-
coming effective.
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STRENGTHENING

U.S.EXPORTS

Faced with the prospect that the United States will

this year record its first negative balance of }rade
since 1893, U.S. economic planners are formulating a
number of programs to strengthen the nation’s position
as an exporter. This represents something of a de-
parture from the American experience in the post-
World War 1I era. ]

As the free world nations, with strong U.S. assist-
ance, made their impressive recoveries from World War
II, the U.S. monopoly of aerospace technology began
to decline. The 1960s brought successful new aerospace
efforts by the European nations and by 1970, Japan
had become a strong international competitor. As a
result, the international marketplace as a whole, and
aerospace in particular, has become an arena of in-
tense competition. The effect has been to weaken
America’s traditionally strong balance of trade position.

The recent and serious decline in the nation’s balance
of trade and long term losses in our balance of pay-
ments have caused grave national and international con-
cern. The stability of the dollar is being severely chal-
lenged and the nation’s economy is undergoing a
serious transition. The course of action the U.S. follows
in resolving these crucial issues will certainly determine
our national strength and stability in the future.

The aerospace industry has an important role to play
in supporting and implementing national policy by vir-
tue of its responsibility as a defense industry and due
to the fact that its commercial and military exports
have played a direct and dynamic role in the national
economy.

If aerospace is to continue fulfilling this role, several
points need to be seriously considered.

« Without a viable and progressive national trade
policy, industry cannot effectively assist Government
in attaining national economic objectives. The creation
of Fhe export environment is a national responsibility
falling to Congress, the executive branch, industry, and
th? financial community. In short, both the public and
private sectors must cooperate.

* U.S. policies fail to support U.S. producers ade-
quately. And as a result, this nation’s manufacturers
cannot attain thc?i'r potential in making military export
sales in competition with foreign sellers who receive
support and political leverage from their own govern-
ments.

* Industry must assume distinct responsibilities in
the areas of market analysis, selling and financing sales
and service follow-on, under positive government policy.

After World War II and through the 1950s, the
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United States, through a variety of programs, furnished
to European countries technology, know-how, materials
and money to reestablish the technical and manufactur-
ing capability of these countries.

In the 1960s the capability of European countries
began to mature, but they still bought military systems
from other sources, particularly from U.S. manufac-
turers. To aid in such sales, the U.S. Government as-
sisted in arranging financing and purchase offsets.

The governments of Great Britain and the Euro-
pean countries have seen the efficacy of governmental
assistance to military export sales of their own products.

In recent sales efforts, U.S. aerospace firms have
experienced great disadvantages in competing against
foreign manufacturers who are supported by efforts of
their own governments.

In price and technology, U.S. aerospace manu-
facturers are equal to the foreign competition, but off-
set sales—quid pro quo arrangements—negotiated by
the foreign governments, and lacking from the U.S.
Government, give a powerful advantage to foreign firms.

The Departmént of Defense recently has been fol-
lowing the policy of taking no initiative in foreign
military sales, refusing to “pre-empt” sales from foreign
competitors, promoting the growth of foreign munitions
development and production capability, encouraging
local procurement to satisfy foreign military equipment
requirements, and refusing to help U.S. suppliers in
almost all industry-to-foreign government sales oppor-
tunities.

As a result, for example, during Fiscal Year 1970
Latin American countries spent $860 million to buy
foreign munitions. Of this, the U.S. share was $46 mil-
lion, and the rest went mainly to France and the United

Kingdom.

In the foreign marketplace, U.S. suppliers now find
themselves competing with foreign governments, nation-
alized or socialized industries, or industries receiving
the full financial, economic and diplomatic support of
their governments. Offset arrangements have become an
integral part of most foreign military sales. No U.S.
corporation has the breadth, depth or variety of offset
capability of a foreign government.

Export financing of commercial aerospace products
always becomes difficult in periods of high interest
rates and tight money. The principal sources of export
credit financing are the Export-Import Bank and U.S.
commercial banks. The recently activated Private Ex-
port Funding Corporation should be very helpful.

The passage of legislation which removes the Exim-
bank from the unified budget and provides other pro-
gressive measures, such as extending its capitalization
from $13 billion to $20 billion, is extremely important
in expanding U.S. aerospace exports.

Export credit financing of military aerospace prod-
ucts is at times available under the terms of the Mili-
tary Sales Act in the form of DOD guarantees of com-
mercial loans. This fund of approximately $350 million
provided by the Act is available at the pleasure of Con-
gress. The present Act expired on June 30, 1971, and
the new law has not been enacted at this time. This is
the principal source of export credit financing for mili-
tary aerospace products.

The U.S. must compete equally with all other trading
nations concerning the availability of export credit
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financing for all types of U.S. manufactured aerospace
products.

The requirement for vastly expanded discount facil-
ities to handle export paper held by U.S. exporters has
become a priority issue. The Eximbank should exten-
sively expand its capabilities in this area.

Export business has become an increasingly im-
portant market for the aerospace industry and high
technology products are in demand on a worldwide
basis. National economic priorities require better im-
plementation of the present legislation liberalizing the
export control process. Here are some recommenda-
tions:

+ The Commerce Department should take leader-
ship in the progressive de-control of exports proposed
in the Export Administration Act in response to the
mandate of Congress.

« The Commerce Department should realistically
analyze and modify U.S. unilateral control of commer-
cial products in line with the COCOM (15-nation
Coordinating Committee on Strategic Commodity Con-
trol) restrictions.

+ Positive action should be taken to extend MFN
(Most Favored Nation) trading privileges to selected
Eastern European nations in addition to Yugoslavia and
Poland.

» Relaxation of commercial export controls is a pre-
requisite to the improvement of the nation’s worldwide
trading relations and ability to meet foreign competi-
tion, and will bring a significant new dimension to our
export capability.

« The aerospace industry strongly supports the pro-
posed legislation to provide tax deferral for the Domes-
tic International Sales Corporation (DISC). Its positive
effects should be numerous.

The enactment of DISC will stimulate increased for-
eign sales of goods produced in the United States and
will operate as a brake on investments in overseas pro-
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duction facilities. This will produce significant benefits
for the U.S. economy by increasing domestic employ-
ment and encouraging investments in domestic produc-
tion facilities. Other industrial countries have adopted
similar concepts to protect their own interests.

DISC will improve the U.S. balances of trade and
payments by motivating American industry to make
extra efforts to expand foreign sales.

DISC should promote increased domestic employ-
ment and industrial development.

Now under consideration by various government and
industry groups are a number of additional steps de-
signed to enhance the nation’s export position.

Priority attention should be given to these areas:

 Establish a trade surplus as a national goal, for-
mally adopted and enunciated by legislation and execu-
tive decree.

* Remove restrictive U.S. Government monetary
limitations in Latin America concerning the sale of
U.S. aerospace equipment.

* Do not invoke U.S. import commodity quotas
which may prompt trade retaliations from other trading
nations.

* Eliminate R&D recoupment of U.S. sales to foreign
governments.

* Promote a unified industry-labor effort to improve
management and increase productivity to make U.S.
¢xport products more competitive.

* Review carefully the restrictive antitrust laws
which limit U.S. firms in their competition with foreign
cartels and foreign government-backed combines.

X Sugport the important proposals concerning the
restoration of the investment tax credit, and the estab-
lishment of DISC.

. Rcview the extensive and cumbersome security
requirements which govern the exports of high tech-
nology products.
ba;riecr(;nqt:ziugtlt]oerptrrcss for tl_lc .elim'%nation _of. non-jtariff

o g ade restrictions in U.S. international
negotiations.
Develop appropriate national incentives for the

expansion of research g
i and develo advanced
technology products. eyt

* Strive for a stren
of exchange in a fre
marketplace.

. Ellmmate the temporary import surcharge on im-
ports Into the U.S. as soon as practicable.

* Recognize the critical importance of U.S.-manu-
factured high technology products as a national re-
source and strategic export commodity, to be further
developed in the national interest.

. * Emphasize sales from the private sector and con-
tinue to phase out foreign grants for economic reasons.

° Continue to resist restrictive controls on foreign
travel.

. A progressive national trade policy with close effec-
tive government-industry cooperation is an urgent pri-
ority.

The private sector must be encouraged to compete in
fm:eign markets, undeterred by U.S. Government regu-
lations. America must remain- competitive.

In the national interest, a better way must be de-
signed to strengthen America’s export position without
harming national or international security.

gthened U.S. dollar as the medium
¢ and unencumbered international
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MANUFACTURING
MEMBERS

Abex Corporation
Aerodex, Inc.
Aerojet-General Corporation
Aeronca, Inc. i)
Amphenol Space & Missile Systems Division
The Bunker-Ramo Corp.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation [
Murdock Machine & Engineering
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
Curtiss-Wright Corporation
The Garrett Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Aerospace & Defense Products
Goodyear Aerospace Corporation
Grumman Aerospace Corporation
Gyrodyne Company of America, Inc.
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
IBM Corporation
Federal Systems Division
ITT Defense-Space Group
ITT Aerospace/Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc. 3
Lockheed Aircraft Corporation
LTV -Aerospace Corporation
Martin Marietta Corporation
McDonnell Douglas Corp.
Menasco Manufacturing Company
North American Rockwell Corporation
Northrop Corporation .
Philco-Ford Corporation
Pneumo Dynamics Corporation
Raytheon Company
Missile Systems Division
Rohr Corporation
The Singer Company
Aerospace and Marine Systems Group
Solar, Division of International
Harvester Co.
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company.
Bell Helicopter Company
Dalmo-Victor Company
Hydraulic Research & Manufacturing Co.
Thiokol Chemical Corporation
Tool Research and Engineering Corporation
TRW Inc.
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace Division
Astronuclear Laboratory
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AEROSPACE ECONOMIC INDICATORS

CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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== Aerospace obligations by Dept. of Defense and NASA.
=== Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME
ITEM UNIT PERIOD 1960-65 gggﬁe b gfgfeoo R ,’.SggFODI;':G ';,gﬁgg
Annual Third 25.0 24, 22.9
AEROSPACE SALES: Total Billion $ Rate 19.4 QiAo 2 1
Billion $ Quarterly 4.8 1971 6.0 6.2 4.8
DEPARTMENT OF DEFENSE
Aerospace Obligations: Total Million $ Monthly 1,151 June 1971 2,351 782 1,645
Aircraft Million $ Monthly 601 June 1971 1,500 378 1,169
Missiles & Space Million $ Monthly 550 June 1971 851 404 476
Aerospace Expenditures: Total Million $ Monthly 1,067 June 1971 1,340 1,041 1,174
Aircraft Million $ Monthly 561 June 1971 773 628 675
Missiles & Space Million $ Monthly 506 June 1971 567 413 499
Aerospace Military Prime L
Contract Awards: TOTAL Million $ Monthly 920% June 1971 1,744 538 1,251
Aircraft Million $ Monthly 447 June 1971 1,032 339 902
Missiles & Space Million $ Monthly 473 June 1971 712 199 349 ).
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 Nov. 1971 152 284 209
Expenditures Million $ Monthly 130 Nov. 1971 208 204 232
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# Third 25.5 225 239
U.S. Government Billion $ Quarterly 11.6 Quarter 13.6 11.6 13.0
Nongovernment Billion $ Quarterly 3.7 1971 11.9 10.9 10.9
EXPORTS
Total (Including military) Million $ Monthly 110 Oct. 1971 344 3217 307
New Commercial Transports Million $ Monthly 24 Oct. 1971 87 101 105
PROFITS (After Taxes) Third
Aerospace — Based on Sales Percent Quarterly 2.3 Quarter 1.9 | 1.9 2.2
All Manufacturing — Based on Sales Percent Quarterly 4.8 1971 3.9 4.5 4.1
EMPLOYMENT: Total Thousands Monthly 1,132 Sept. 1971 1,114 942 945
Aircraft Thousands Monthiy 469 Sept. 1971 488 383 385
Missiles & Space Thousands Monthly 496 Sept. 1971 453 393 394
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 Sept. 1971 4.20 4.33 434

R Revised.
E Estimate.

* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

# Averages for 1961-65.
+ Averages for fiscal years 1960-65,

Source: Aerospace Industries Association
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The end of one year and the beginning of the next is an appro-
priate time to take stock as to where the aerospace industry,
this nation’s largest manufacturing employer, has been, where
it is now and where it is going.

B In two decades its sales climbed from less than $1.5 billion
in 1948 to a peak of nearly $29 billion in 1968.

® |ts employment grew from about V4 of one million to more
than 1.4 million during the same period.

B |ts exports soared from about $150 million to $3.4 billion—
the difference between a positive and negative national trade
balance for the U.S. in each of the four years preceding 1971.

Since 1968, reductions in defense and space programs and a
soft commercial air travel market have caused a steady decline
in the industry. .

® One of every three employees in the industry is gone.

m Profits, as a percentage of sales after taxes, are less than
half of what they are for all manufacturing industries. '

m Foreign competition is growing, partic.u.larly lp the ghort-
takeoff, airbus, supersonic transport and military aircraft fields.

The negative employment and sales curves shoulc_l flatten out
in 1972; remain relatively level in 1973, and then begin a gradual
upward trend that will continue through the last half of the
decade. )

But there is a much broader and a much more important cgn-
cern than the economic status of the aerospace industry—a vrfal
concern which merits the full attention of this nation and its
leaders. _ _

America’s economic strength and its national security have_ been
based in major part on its ability to st.ay ahead tech.nologmally.
Today its lead in this respect has dwindled due to' !ts redyced
support of research and development. We are at a critical point—
a point at which America mu§t make up its mind. . .

We have to decide as a nation whether or not we will be satis-
fied to fall back substantially in many fundamental aspects of our
national life which we have come to take for granted. ‘

Some who understand the vital lmpgrtancg of tecl:hnologmal
leadership to the economic health of this nation, to its natlona}l
security, and to the ultimate solution of the p_roble.ms that face it
in many environmental, personal apg ecolog{cal- flelds,‘are con-
siderably alarmed by a recent significant prejudice against tech-
no_lrohgi: a;::;:% well founded. If this nation a-b'andons_ its tradi-
tional technological leadership, if it lags significantly in the re-
search and development that underpins that leadership, we will
have set off on a new course that threatens our very capacity to
survive.

BY KARL G. HARR, JR.

President, ] L
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Aerospace industry sales continued
their anticipated decline in 1971 Fo
$23.3 billion compared with $24.9 bil-

lion in 1970, a 6.3 percent decrease.

However, a 7.1 percent increase in
commercial aerospace sales, primarily
jet transports, was reported in 1971
from sales of $4.903 billion, compared
with $4.578 billion in 1970. This in-
crease reflects increased deliveries of
wide-bodied jet transports.

Generally, all other areas of aero-
space activity continued the decline
which started in 1968 when record
sales of $29.0 billion were reported.

Major aerospace sales areas in-
clude:

m Total aerospace sales to the De-
partment of Defense in 1971 were $13.3
billion compared with $14.6 billion in
1970.

m Military aircraft- sales declined to
$7.8 billion in 1971 compared with $8.9
billion in 1970. These figures include
both procurement and research and
development funds.

m Missile sales, which also include
research and development, increased
slightly from $5.375 billion in 1970 to
$5.432 billion in 1971.

® Space sales continued to decline
in 1971 to $3.220 billion, compared
with $3.580 billion in 1970.

Non-aerospace sales declined, with
$2.8361 billion in 1971 compared with
$2.676 billion in 1970. These sales rep-
resent work by aerospace firms in such
fields as urban transportation, pollu-

tion control, marine sciences and water
desalination.

= Utility and executive aircraft sales
decreased from $399 million in 1970
to $300 million in 1971, and units de-
livered showed a drop of 1.3 percent,

® Civilian helicopter sales increased
from $49 million in 1970 to $60 million
in 1971,

BACKLOG -

Total aerospace backlog at the close
qf the first half of 1971 was $22.5 bil-
lion compared with $25.2 billion at the
end of 1970. It is anticipated that the

backlog at the end of 1971 will be
$22.0 billion.

EXPORTS AND IMPORTS

Aerospace exports continued to in-
crease as they have since 1964. They
rose from $3.397 billion in 1970 to
$4.300 billion in 1971, a 26.6 percent




increase. Major reason for the increase
was transport aircraft exports, which
gained from $1.283 billion in 1970 to
$1.722 billion in 1971, a rise of 34.2
percent. Military aerospace exports
increased 24.0 percent from $887 mil-
lion to $1.100 billion in the same pe-
riod, with exports of military helicop-
ters, fighters and attack bombers ac-
counting for most of the increase.

Imports of aerospace products in
1971 were valued at $355 million, a 15.3
percent increase from $308 million in
1970.

EMPLOYMENT

Employment in the aerospace indus-
try declined from 1,069,000 workers in
December 1970 to an estimated 931,-
000 in December 1971. Despite this
continuing drop, the aerospace indus-
try remains the nation’s largest manu-
facturing employer.

Production workers in the aerospace
industry dropped from 528,000 in De-
cember 1970 to 466,000 in December
1971, a 11.8 percent decrease. Em-
ployment of scientists and engineers
is expected to continue to decline from
the peak of 235,000 in June 1967. It
is estimated that employment in this
category will be reduced to 147,000 by
June 1972.

During 1971, production workers
made up 49 percent of total employ-
ment, scientists and engineers ac-
counted for 16 percent, technicians 4
percent, and the remainder were in ad-

ministrative, clerical and maintenance
categories.

PROFITS

Aerospace industry profits (as a
percentage of sales after taxes) are
expected to drop from 2.0 percent in
1970 to 1.9 percent in 1971.

1972 FORECAST

Aerospace industry sales in 1972
are expected to decline to $22.9 billion
compared to $23.3 billion in 1971. The
anticipated decline is in both space
and commercial sales.

Sales to the Department of Defense
are expected to increase to $14.0 bil-
lion in 1972 compared with $13.3 bil-
lion in 1971.

Space sales will decline to $2.900
billion in 1972 from $3.220 billion in
1971.

Commercial aerospace sales are
also expected to decline between 1971
and 1972, dropping from $4.903 bil-
lion to $4.300 billion. The decline is
primarily due to cancellations and a
stretch-out of production schedules for
jet transport aircraft.

Non-aerospace sales in 1972 are
estimated at $2.200 billion, a decline
of 6.8 percent from 1971 non-aero-
space sales of $2.361 billion.

Employment in the aerospace indus-
try is expected to decline by 8.7 per-
cent between December 1971 and
December 1972, from 931,000 to
875,000.
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* Backlog reported to the Bureau of Census (includes infor-
mation furnished by 62 companies). Statistics for years prior
to 1968 are not totally comparable because of recent revisions
in reporting by the Bureau of the Census on aerospace backlog.
Statistics showing the distribution of backlog by government
and non-government for prior years are not yet available on a
revised basis; therefore, the revised total backlog is shown in
parentheses.
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Source: Bureau of the Census, Report M37D.
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Labor Statistics, Bureau of Employment Security data, and Com-
pany Reports.
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Source: Securities & Exchange Commission-Federal Trade Com-
mission ‘‘Quarterly Financial Report for Manufacturing Corpora-
tions."
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The following is excerpted from a speech made by Karl G.
Harr, Jr., President of the Aerospace Industries Associa-
tion, before the Mid-East Region meeting on December 16,
1971 of the Aviation/Space Writers Association.

Forecasting is an imprecise science, indeed it is more
art than science. In the aerospace business the problems
of forecasting are compounded by the unique relationship
of the industry to national and international policy objec-
tives and decisions and by the fact that there are only a
very few customers for the bulk of the products we pro-
duce. A significant change in the level, nature, or
timing in the requirements of those few customers has a
profound and dramatic impact on the level of activity in
the industry and on its economic and technological via-
bility. This is in sharp contrast with consumer industries
which have broad market bases.

This year saw a further decline in aerospace sales to
$23.3 billion from $24.9 billion in 1970 and about $29.0
billion in the peak year 1968. For 1972 a further drop is
foreseen with sales estimated at $22.9 billion. This level
represents the low point and we expect a gradual but
steady increase during the balance of the seventies.

Here are other economic highlights:

m The profit picture, again, is not good. Profits after
taxes as a percentage of sales are estimated at 1.9 per
cent compared to 2 per cent in 1970, less than one half
the level of all manufacturing industries.

® Employment continues to drop. There were an esti-
mated 931,000 people on the payroll in December 1971,
compared to 1,418,000 in 1968, with a further decline to
875,000 projected by December 1972.

® [n the major government market areas military aircraft
sales declined by more than a billion dollars, space ori-
ented sales dropped by more than $350 million. Missile
sales showed a slight increase.

® |n contrast, on the commercial aircraft side 1971 sales
were up more than $300 million to $4.9 billion. This in-
cludes an all time high in exports of commercial transports
of $1.7 billion.

m For 1972 an increase in sales to the Defense Depart-
ment is foreseen; however, this increase will not be suffi-
cient to offset the decline we anticipate in space and com-
mercial sales.

This brief economic profile of the aerospace industry
provides a background against which to assess its poten-
tial future development and identify some of the problems

“FOR WHETHER WE WISH TO BE OR NOT, WE ARE
COMMITTED TO THE FUTURE BORN AT KITTY HAWK
MORE THAN 50 YEARS AGO. WE HAVE LONG RIDDEN
ITS ASCENDING CURVE TO HEIGHTS OF PROGRESS UN-
DREAMED OF WHEN THE WRIGHT BROTHERS WERE
BORN. TO DISENGAGE—TO DROP OUT NOW, TO LIMIT
THE ASCENDING TRAJECTORY OF FLIGHT BY CUTTING
OFF THE FLOW OF PUBLIC SUPPORT FOR THE RE-
SEARCH AND DEVELOPMENT ON WHICH IT RESTS,
SEEMS TO BE AT BEST AN ACT OF SHORT-SIGHTED
FOLLY JF NOT A CRIME AGAINST FUTURE GENERA-
TIONS OF AMERICANS. ...”

—Senator Howard W. Cannon, accepting the Wright Brothers

Memorial Award at the annual Wright Brothers Memorial Dinner,
Washington, D.C., December 17, 1971.

—uture Is Now’

to be overcome. To make this assessment with any degree
of credibility necessitates an examination of political con-
siderations both in the United States and abroad. Here
there exists a very vocal, if small, clique who condemn
technology and the research and development effort upon
which it is based as contributing to some of the domestic
problems afflicting our nation. Foreign nations have taken
quite the opposite view. They have seen the enormous
benefits that the U.S. has derived from its research and

development investments since World War || and have
determined that technological advance is the most effec-
tive means to enhance their standard of living and their
ability to compete in world markets.

However, we are now realizing that technological ad-
vance is the primary generator of economic growth whi¢
is essential to the solution of the many problems confront:
ing our society. Perhaps the most striking evidence ©
this new awareness is the comprehensive government
wide new technology opportunities program jnitiated
the President. Every Department and agency of the 99V
ernment has been requested to identify new programsf
could and should be initiated. In addition, the private s€%
tor was invited to submit its suggestions anq recomme™
dations. All this input is currently being evaluated to ide™
tify those programs with the greatest benefits, both nea
and long term, to establish priorities, and to determine th®
resources that will be required for their implementatio™

It also reflects a growing awareness that the tradition?
concepts of what activates the U.S. economy may not
adequate in these times. Heretofore, the domestic ma\rlfet
was the major factor in reaching economic decisions W! h
exports a sort of fringe benefit. Now, howeyer with I"°
creased competition from abroad, not only for foreid"
markets, but in our own domestic market, the validity ©
our historic approach needs a critical reappraisal.

One of the most successful exports over the years has
been our commercial jet transports. We haye dominaté
the free world market, producing about 80 per cent of the
total airline fleet. However, looking ahead we can see the
end of this dominance and, indeed, a reversal of the
picture unless we take some immediate actions to develop
new transports to compete with those currently being de-
veloped abroad. Because of the long development lead-
time, as Redskin Coach George Allen says, “The future
is now.”

The free world jet transport market between 1974 and



1985 has been estimated at $148.0 billion, half of which
will be purchased by U.S. carriers. This figure is in currept
dollars and assumes a five per cent annual increase In
costs due to inflation and product improvement. There are
three general market areas—long range, including the
SST; medium range, including the twin engine airbus; and
short range, including STOL aircraft. .

Now to make some assumptions about the penetrations
of this market if the U.S. decides to be competitive in all
three categories. It is estimated that the U.S. would cap-
ture 90 per cent of the long range market, 80 per cent of
the medium range market, and 70 per cent of the short
range market. )

If we do not compete the potential loss of business
has been estimated at $77.0 billion. This translates into
1,479,000 man years of lost employment, a $29.6 billion loss
in payroll, and the loss of nearly $10.6 billion in Federal
income taxes. The impact on the aircraft balance of trade
is equally drastic. By 1976 the positive balance we pres-
ently enjoy in aircraft exports will become negative and in
1985 the negative balance will be an estimated $4.5 billion.
The cumulative negative balance of trade during the period
will reach a total of $18.3 billion.

A fair question would be in view of the magnitude of the
potential market and the sweeping economic impact why
doesn’t the industry do something about it?

Industry would like to. But now and for the next several
years it does not have the necessary financial resources.
All the major transport manufacturers are experiencing
cash flow difficulties on existing programs. This is partly
the result of cancellations and the stretch-out of orders
from the airlines, partly it results from the decline in space
and defense business, and finally it is the result of the low
level of profits the industry has been forced to accept on
its government business.

Lacking the internal financial resources to initiate these
new developments, industry might be expected to turn to
the bankers, investment firms and other financial sources
for the capital required. A survey of the money m_arket
indicates that there is no repeat no risk capital avall._able
for major new commercial aircraft programs at this time.
The capital is there, but the financia| people believe that

the high degree of risk involved cannot be justified by the
potential return on the investment.

What options then are there if the U.S. is to compete for
this important market? One route is to team up with for-

i i the

e capital proylded by
other alternative would be
mechanisms that would
Comparing the two, the

eign interests, generally with th
foreign government involved. An
for the government to develop

enerate the necessary resources. :
?nost attractive and valuable to the U.S. econ%n;)\llebrlr/];f;n'f
some form of cooperative effort with the u.s. : Witk
This enables us to export products, not tgchn?’vgg);-re in
foreign financing and industry participation P
effect, selling our technology to obtain a shnical com-
market, primarily domestic, increasing the tec g ]
petence of foreign industry, enabling it to comp
effectively for future new programs.

I am fu)llly aware of the fact that g_overnment lsurp‘i):r:hcig
private industry in whatever form is not POFdU aconomi—c
country. However, in view of changing world € Sl ime
conditions, and the continued growth of imports, the -
has come to reexamine carefully and thoughtfully some O
our traditional economic concepts to determine if theytiret
consistent with the realities of the times. | \A{ould_hOpe a
this is one of the major policy issues that is being exam-
ined by the Domestic Council as an element of th6_ new
technology opportunities program. | am not m_aklng a
pitch for special treatment for the aerospace industry.
If any new form or mechanism is developed for a more
effective relationship between the government and the
nation’s industry in meeting national challenges and/or
in foreign competition, this new arrangement should b.e
available to all segments of the industrial sector. In addi-
tion, before being used the program or undertaking should
meet two criteria:

= It must be in the public interest.

® The financial magnitude or risk must be beyond the
capacity of private capital sources.

If these criteria are met there are a number of alterna-
tives that merit consideration, either as individual options
or in combination. Indeed, it is quite possible that different
options or combinations would be used depending on the
nature and scope of the specific program or project.

The possible alternatives include:

m Research and development tax incentives.

® Loan guarantees with or without reimbursement of
interest.

® Government development funding with or without re-
coupment. _

® Accelerated depreciation allowances.

® Government purchases and lease.

® Establishment of a technology development bank.

® Liberalization of the anti-trust laws.

While, on the surface, these might appear to be radical
departures from the norm, similar mechanisms are widely
used abroad and there has been a precedent for their use
in U.S. history. Our companies would prefer to go it alone
without government involvement, but the realities of the
financial situation within the industry often preclude their
ability to do so.

The decisions that will determine our national course for
decades to come now rest on the table—of the President,
of the Congress, and of the American people. In a some-
what different context than George Allen had in mind
when he coined the phrase it has never been more true
that for the industry, for the American people and for the
nation as a whole, the future is now.



SHORT-HAUL TRAN!

Problems and Promises

The need for more effective short-haul transportation is
not new.

It is a need that once was filled by horse-carts and
wagons—by bicycles—by trolley cars—by small trucks.

But during this century population growth, techno-
logical advances, galloping industrialization and almost
unbelievable advances in communications have multi-
plied the need for short-haul transportation over ever
increasing distances.

The farm-to-market wagon of 1900 won’t do in 1972
when the housewife, no matter where she lives, expects
to find a full selection of fruits, meat, vegetables and
canned goods in her supermarket each day.

And the trolley won’t do when a businessman’s home
office is not in the same town, or his wife’s parents are

not down the block and his parents are not in a neigh-
boring suburb.

WHAT IS THE PROBLEM?

The requirement to move lots of people and lots of
things over distances of 50 to 500 miles has grown by
leaps and bounds. Various types of transportation have
improved constantly under the pressure to meet vari-
ous segments of the nation’s transportation needs. The
problem is that there have been only a few efforts to-
ward coordinating the various transportation modes—
automobile, truck, bus, boat or ship, train, aircraft—each
with its unique capabilities.

Short-haul transportation is essential to a complete

national transportation system, and although short-haul
travel distances of up to 500 miles comprise the major
portion of the air travel market, the air transportation
system is not oriented in this direction.

Seventy percent of all passenger flights are for 500
miles or less, and 50 percent of all air passengers travel
such short distances. Surveys show that in the U.S:
30 percent of all air passengers travel less than 300
miles. In the New York area, for instance, 50 percen
travel less than 300 miles. In Europe almost 85 percent
of all air passengers travel less than 300 miles per trip:

Airlines carry about 70 percent of the non-highway
passengers traveling between New York and Washing-
ton. The other 30 percent go by train. There is moré
than enough room for both rail and air short-haul sy$”
tems, and highway users would welcome any decreasé
in the congestion that they must battle daily.

The Northeast Corridor, which extends from Wwash-
ington, D.C., to Boston, is a prime example of a con-
gested transportation situation. Here the high-speed
Metroliner trains between New York and Washington,
and the National Railroad Passenger Corporation (AM-
TRACK) are beginning to serve an increasing segment
of an overall short-haul transportation system. But there
still is a network of cities that isn’t being served ade-
quately, and the requirement for efficient and conven-
ient short-haul transportation promises to grow faster
than bus, rail and air together can provide that trans-
portation.



PORTATION -

Today the private automobile is the major sport-haul
vehicle for trips of from less than 50 to 500 miles. And
for family travel the private auto may continue to be the

short-haul transport for some time to come.

However, Dr. Rene Miller, Massachusetts Institute of
Technology Professor of Flight Transportation, believes
that the driving public is becoming aware of the hidden
costs of the automobile—community disruption, pollu-
tion, traffic congestion and land loss to more and more,
wider and wider ribbons of concrete and complicated

highway interchanges.
What, then, are the problems to be solved in develop-

ing the short-haul transportation system needed to
serve these expanding markets now and in the im-
mediate future.

Traffic congestion on the ground and in the air is
one of the acute problems. While many airports today
are operating at near capacity, the interconnecting air
traffic control network is overloaded. Congestion de-
lays caused by this lack of greater capacity are costing
the airlines $180 million each year, and it is estimated
that this cost will increase to $1 billion by 1981.

Congestion on the ground, both within and outside
the airport boundaries, is causing additional delay and
inconvenience to air travelers. New airports must be
located farther out from the centers of population and
the central business districts. Thus, the already con-
gested route to the airport is extended. Often the short-
haul traveler spends more time on the ground going to

and from the airport than he does enroute in the air.

In other words, no matter how much short-haul air
transportation can reduce travel time, there is the possi-
bility that this advantage will be offset by increased
ground travel time before departure and after travel,
and service to the traveler on short-haul inter-city
routes will not be as efficient, fast and convenient as it
could and should be.

At the same time, all segments of aviation—long and
short-haul airlines, business and private aircraft—fre-
quently must circle and wait for a turn to land, or stand
on taxiways waiting their turn to take off at increasingly

congested airports.

WHAT IS NEEDED?

The technological tools and techniques necessary to
solve such problems are available. What is needed is
the courage, imagination and organization to utilize
them for the overall benefit of the public.

There is no single answer to meet the demand for
short-haul transportation. All available modes—ground
(bus, truck and car), surface effects vehicles, hydro-
foils, ferries, high speed rail, tracked air cushion ve-
hicles and aircraft—will be required to provide an inte-
grated short-haul transportation system. A

A prompt solution to the short-haul traffic congestion
problem can be achieved only by Federal, state and
local governments working in close coordination with
all segments of the transportation industry.

But no solution will be adequate unless the use of
land for landing facilities and the areas surrounding
them are considered carefully. There is increasing con-
cern about the ecological and safety problems facing
this country. In terms of all modes of transportation this
means mastering noise and air pollution and the dan-
gers of crowded highways and congested air space.
These solutions are not out of reach, including a new,
better and more widespread air traffic control system.

The noise of our rail systems and our highway sys-
tems have moved the suburban dweller farther and
farther from the rights-of-way and have had a signifi-
cant impact on property values. In some areas air
traffic is drawing criticism from communities adjacent
to major airports. On the other hand, a study on behalf
of the American Institute of Real Estate Appraisers re-
ports that helicopter landing facilities do not, and will
not, have a negative effect on real estate values.

The pollution from our automobiles and buses is at
times overwhelming, particularly in our major city cen-
ters. But new emission standards for gasoline engines
have been set and turbine engines have helped de-
crease pollution in both our rail and air systems.

In recent years the greatest integrated transportation
advances have been made in the business of moving
“things.” Efficient short-haul tractor-trailer truck trans-
portation has been wedded to trains and ships for eco-
nomical long-haul “piggyback’ or containerized “sea-
train” transportation. AutoTrains that carry the family
and its car between Florida and northern points along
the east coast are another promising experiment.

In the business of moving people, however, there
are gaps in the rapid, efficient and convenient short-
haul system. The gaps are between major airports and
ultimate ground destinations, and from city-center to
mty-center. .ln this area buses can help and modern
tra|n§ can fill some of the need, but only where there
are rights-of-way, roadbeds and tracks.

Eastern Airlines has completed a study of airport
cgp_acity qeeds for 24 of the cities that it serves. The
airline estimates that if the additional airport capacity
required to handle the anticipated air travel growth
could be accommodated by separate airports serving

9



T?xtron’s Bgll Helicopter Company
aircraft with folding proprotor

vertical/short takeoff and landing aircraft (V/STOL) the
savings In construction costs woulq amount to more
than $6 billion. The cost of landing facilities are con-
siderably less for a V/STOL system than for a con-
ventional system of the Same capacity

A V/STOL segment for the needed short-haul trans-

Writing in the October 1971 jssye ics &
Aeronautics, Professor Miller of MIT 2;)181;0agaggr$fcal
an_d short-takeoff and landing aircraft have reached the
point of challenging the automobile, and could well fill
the ultra-short-haul intracity travel requirement—mov-
ing peo_ple between suburban areas and city centers
and ftaklng them from one urban center to another. He
predicts that the new breed of V/STOL aircraft can be
quieter than ambient city noises, can cut air pollution,
and will only need to use small parcels of land any-
where they operate. He recommends that live demon-
stration programs be initiated to determine the true
needs of the traveling public and their preferences. In
other words, we must clarify the questions that must be
answered if we are to Operate efficient, ultra-short-haul

service within the actual t i
exists today. ransportation system that

WHAT IS BEING DONE?

li Lr:eg\etzl 13637 the President of the United States estab-
'?ficiall ?, -S. Department of Transportation. This act
o Y recognized the need for the development of a

balanced, coordinated inter- :
tem for this country, er-modal transportation sys-

in the 1970s.

For the first time in history Government funds are
&'."a"ab'f for new airports, an automated air naviga-
tion system, Improvements at existing airports and for
public-use heliports and STOLports. A special provi-

10
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Sikorsky Aircraft's S-65-200 compound aircraft

needs to go from city-center to city-center. It will be-
come increasingly difficult in the future to find available
landing sites in these traffic-clogged areas unless sur-
face and rooftop sites are planned now.

The National Aeronautics and Space Administration
(NASA) recently announced a $100 million program
to develop a short take-off and landing airliner. This is
welcome recognition of the urgent requirement for more
effective and more convenient short-haul air service.

Initially NASA has awarded three $1.5 million con-
tracts to cover the six-month design phase of the
QUESTOL (Quiet Experimental STOL) program. The
three firms working on this project are the Douglas
Aircraft Company of Long Beach, Calif. (a division of
McDonnell Douglas Corporation), Grumman Aerospace
Corporation of Bethpage, N.Y. (teamed with the Boeing
Company of Seattle, Wash.), and the Lockheed-Georgia
Company of Marietta, Ga. (teamed with North American
Rockwell Corporation of El Segundo, Calif., Bell Aero-
space Corporation of Buffalo, N.Y., and Cornel] Aero-
nautical Laboratories, also of Buffalo, N.Y.). This design
competition will develop technology that can be used
to build fleets of 75 to 125-passenger STOL airliners.

Since the late 1950s, individual manufacturers have
poured millions of dollars into V/STOL research and
development, knowing that there would some day be
a recognized need to serve the short-haul market.

Many options for short-haul air transport should be
considered. A number of these options have been ex-
plored to one degree or another during the |ast decade,
most often under programs funded by individual com-
panies. Here again the problem has been one of trying
to meet undefined requirements in the absence of a
national transportation plan.

Among the options already under exploration are:
Tilt-wing aircraft that have achieved 100 percent in-flight
conversion from vertical to horizontal flight, a helicopter
with four-bladed tandem rotors and a wing, a “propul-
sive wing” aircraft that uses air flow to achieve verticgl
lift and then forward movement, and an aircraft with tilt
proprotors.

Civilian applications of tilt proprotors would focus on
city-center to city-center flights. For vertical take-offs
the aircraft would use its rotors in helicopter fashion.
This has the benefits of allowing flight out of confined
areas with low noise characteristics, minimum down-
wash and steep approach paths, all of which are desir-
able in high-density population areas. Once in flight the
aircraft would tilt its rotors forward to serve as propel-
lers. In this mode, it would fly at 275 to 300 miles per
hour, a speed envelope that could be used for short-to-
medium distance flights.
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Grumman Aerospace Corp (teamed with the Boeing
Co.) QUESTOL (quiet STOL) airline transport

Today the Department of Transportation is sponsor-
ing the Metroliner and TurboTrain experiments to test
high-speed, short-haul, inter-city rail service. And the
Federal Aviation Administration of the Department of
Transportation is studying the development of a STOL
system, including the aircraft, air traffic control systems
and terminal centers. NASA is funding STOL experi-
mental aircraft developments, but there is yet no for-
malized program to confirm the feasibility of STOL in an
integrated transportation system. Similarly there is r}ot
yet any Federal program to demonstrate the capabilities
of vertical takeoff and landing aircraft to serve the
transportation needs from city-center to city-ceqter and
between the city-center and outlying airports. This could
be a logical forerunner to a sophisticated V/STOL
transportation service of the future.

There is need now for low-cost, low-risk solutions to
the short-haul transportation problem.

The recently released study “A Short Haul Air Trans-
Portation Study,” completed for the Aviation Advisory
Commission by the Mitre Corporation, concludes that
both STOL and VTOL operations could be success-
ful in at least three areas after 1975—the Northeast
Corridor, the West Coast Corridor and the Great Lakes
region. The report further states that a VTOL system
Operating from new city-center vertiports coulq be prof-
ltable and could attract about 60 percent higher de-
Mmand than would suburban STOL airports. _

For the short-haul transportation system that is need-
ed now all modes must be exploited. All should be
developed, tested and integrated into an overall system
as soon as possible. )

VTOL systems could come before STOL in short-
haul operations, not only because the technology of
these versatile aircraft has been widely demonst_rated
but also because many ground facilities either exist or
can be established in our major cities at low cost.

A VTOL segment of an overall transportation system
could be put into operation quickly in two steps:

First, a 45-passenger modification of a military heli-
Copter operating at 150 knots could be used for an
€Xperimental service in the Northeast Corrngior to de-
velop the necessary air traffic control and instrument
flight rules, equipments and procedures. Such heli-
Copters could be introduced into passenger service at
relatively low cost and service could start soon from
new, well-located, low-cost heliports, or from existing
City-center heliports.

Second, a 100-passenger, 260-knot short-.haul trans-
Port helicopter could be brought into service from a
pPresent-day development program.

It is estimated that by 1980, VTOL downtown service
could eliminate 40 to 60 flights per hour during the peak
period at New York City’s long-haul airports. This traf-
fic drain-off would be equivalent to constructing a new
major airport in that area.

The initial costs of this proposed two-step system
would require Government direction and support, and
cities now suffering from severe transportation problems
would need to plan for downtown public-use heliports.

Aerospace manufacturers also are applyling their
technological expertise to the problems of surface trans-
portation.

The Boeing Company is system manager for the
radical new Personal Rapid Transit (PRT) system under
construction in Morgantown, West Virginia. The Sikor-
sky (United Aircraft) TurboTrain recently completed a
successful 12,000 mile trip through 28 states. The trip,
sponsored by the U.S. Department of Transportation,
was designed to test the durability and ride qualities
of the equipment under short, intermediate and long
distance operating conditions.

The Rohr Corporation is producing the vehicles for
the San Francisco Bay Area Rapid Transit (BART) sys-
tem, and Bell, Boeing, LTV, Aerojet-General and others
are working on various segments of the total transpor-
tation system of the future—higher speed rail trans-
portation, surface effects vehicles, hydrofoils and peo-
ple-movers for intracity applications.

In summary, some 80 percent of all aircraft used by
free world commercial airlines are U.S.-made. This
takes care of the medium and long-range travel re-
quirement—until foreign SSTs come on the market, as
they will soon.

Airbuses to cover a segment of the short-haul market
are being built in Europe but none are under develop-
ment in the U.S.

The new generation of trains will take care of one
segment of the short-haul requirement, where there are
rights-of-way and tracks.

Buses and trucks are doing an efficient job for the
segment of the transportation market that they serve.

But we are not doing enough about the short-haul
commuter traffic—from city-center to city-center and
between city-centers and outlying airports.

This is the market in which imaginative U.S. admin-
istration and innovative U.S. industry can benefit trav-
elers most and can reduce congestion in other seg-
ments of the overall transportation system by providing
the vertical takeoff and landing and the short takeoff
and landing vehicles, the routes, and the heliports and
STOLports from which they can operate.
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A Proposal—

FEDERAL PROCURE




The Acrospace Research Cergteg' of the
Acrospace Industries Association re-
cently proposed a set of Federal Pro-
curement Principles aimed at establish-
ing by legislation the basic framewgrk
for governing, with fairness and equity,
the fundamental contracting relation-
ships between the Federal Government
and the private sector.

No such set of explicit principles
currently exists. This void is believed
to be an underlying reason for many
of the troublesome problems being ex-
perienced in government contracting

* ok ok kA Ak Aok ko ok ko kK
A proposal—
FEDERAL PROCUREMENT PRINCIPLES

The procurement of goods and services by Federal agencies from
private enterprise is a significant factor in the national economy
and contributes substantially to the economic growth and world
leadership position of the United States. To foster the continued
growth and strength of the nation, it is declared in the public
and national interest that certain principles be set forth defining
the fundamental relationships between the public and private sec-
tors of our society in all Federal procurement actions. These prin-

ciples shall have precedence unless otherwise barred by law:

The Government favors the use of and will procure to the maximum
extent from private enterprise to fulfill its needs for goods and
services.

All Government procurement actions, including those resulting from
actions of sovereignty, shall be based on a doctrine of fairness and
equity.

The Government shall abide by the same business principles that
govern others in the field of commerce.

The Government, when its procurements comprise the sole or domi-
nant share of a market, shall recognize and avoid the use of its

monopsonistic leverage to exact unfair or inequitable contractual
arrangements or conditions.

The opportunity to earn a reasonable profit shall be fostered in
Government proc_;ur.ement commensurate with the risks assumed and
comparable to similar commercial endeavors.

Government procurement shall acquire the benefits of competition
through the use of either formgl advertising or negotiation.

The Government. shall pay fair prices for goods and services by
accepting all ordinary and necessary costs, consistent with accepted
commercial practices.

The Government shall issue procurement regulations as required to
establish equities and protect the public interest while at the same
time assuring that regulations are not excessive, conflicting or im-
posing undue costs.

Formal criteria for the content, development and approval of all pro-
curement policies, regulations and procedures shall be established
by each agency, be common among agencies where possible, and
be consistent with these Federal Procurement Principles.

The Government recognizes and shall protect the rights of affected
parties to participate in the procurement regulatory process and to
seek independent review of such regulations for amendment or re-
peal based on these Federal Procurement Principles.

Ak Ah Ak hkhk Ahkhhkhkhkk kkk

and for serious inefficiencies in the
economy which, in the national inter-
est, should be corrected.

Government contracting with pri-
vate enterprise has been called the
world’s largest business. This may well
be. Federal expenditures for goods and
services currently amount to about
$100 billion per year, which is three
times greater than the entire budget
for Great Britain and comprises almost
one-half of the U.S. national budget.
Such expenditures have become a tow-
ering force and a major element of our
cconomy. By way of further compari-
son, such expenditures today are 5%
times higher than in 1950. They have
doubled in just the last ten years and
by 1975 will probably exceed the equiv-
alent of the entire federal budget of
only five years ago. Yet no clearly de-
fined set of principles exists to provide
guidance and long-term national direc-
tion for such an overwhelming eco-
nomic undertaking.

What does exist are over 4,000 sta-
tutes which directly or indirectly affect
such transactions; scores of Executive
Orders and Circulars; hundreds of
Board and Court decisions; thousands
of policies spread among the various
agencies; and innumerable procure-
ment regulations, procedures, manage-
ment systems, and reporting require-
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ments—all developed and administered
largely in piecemeal fashion and often
conflicting and duplicative.

Within this mass of paper, initiated
by and residing in offices throughout
all levels of Government, some prin-
ciples can indeed be found. But more
often than not they are only implicitly
stated and were generated from differ-
ent viewpoints for different needs at
different times. This is not an indict-
ment but rather recognition that gov-
ernment contracting has grown fitfully
and rapidly, and without benefit of a
strong and explicit foundation.

Stresses and problems associated
with government procurement are le-
gion and appear to be growing even
more rapidly than expenditures. The
symptoms of cost growth and cost
overruns, growing numbers of Court
cases, more and more red tape, and
charges of waste and inefficiency,
clearly indicate that national policy on
government procurement has become
an increasingly critical public issue.

Recognition of the growing impor-
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tance and complexity of procurement
problems, and broad public concern
about them, led the Congress to estab-
lish in 1969 the Commission on Gov-
ernment Procurement to review all
aspects of Federal contracting. Such
recognition is also the reason this pro-
posal is being offered at this time. It
appears that the nation is in a period
where such fundamental guidelines can
be established based on broad experi-
ence and should be established based
on obvious need. The future form,
efficiency and well-being of the national
economy will in many ways be depend-
ent upon whether this need is met and
how well it is met.

As important as developing and in-
stalling such a sound foundation for
the future may be, the task will not be

- easy. Widely acceptable Federal Pro-

curement Principles will have to take
into account not only the best of the
past but also the realistic requirements
of today and the needs of tomorrow.
They will have to be forged with
recognition of our traditional con-

OV et ey s,

cepts, institutions and valucs. and with
understanding of the underlying nature
of current social, economic and politi-
cal trends. They will have to take into
account the complex factors of copﬁict-
ing goals and objcctivcs.and sych issues
as public interest vs. pr}vatc mdepcnd-
ence, political exigencies VS. national
long-term neceds, and sovereign powers
vs. equity, among many others.

The challenge to both government
and private enterprisc will be consider-
able, but it is carnestly believed that
this proposal will p'rovidc a good start-
ing point for the job to be done. TIts
validity is believed to be su})stantna] on
at least two counts. First, 1t addresses
fundamentals which, by thmr very na-
ture, exclude subjective bias or selfish
interest. Second, it represents a sct of
standards comprising the essentials of
sound and enduring busIness rclgtlon_
ships, developed over the long history
of commercial jurisprudence.

The full report prepared by the
Aecrospace Rescarch Center 1d<r:]1;tr13es
such key factors as statutory, ¢co ic,
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legal and philosophical and related
principles from which our society has
developed. Much is drawn by way of
¢xample from defense procurement
because of its size and its influence on
the practices of other Federal agencies.

The importance of this proposal is
found in the fact that government pro-
curement involves a major segment of
the national economy, large numbers of
public and private institutions, and all
taxpayers. As a proposal, it is offered
with full recognition that promulgation
is the responsibility of others and that
acceptance of its suggestions will de-
pend on the viewpoints of many.

The ten principles have been en-
dorsed by the following members of the
Council of Defense and Space Industry

Associations: Automobile Manufactur-
ers Association; Electronic Industries

Association; National Aerospace Serv- - {
ices Association; National Security In- D ’r
dustrial Association; Scientific Appara- ]

tus Makers Association; Shipbuilders A
Council of America; and Western Elec- !
tronic Manufacturers Association. 0
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transpd2

For as long as man has been flying the United States
has thrilled to national and local air shows and air
races.

Old-timers can recall the thrill of lying on their backs

in a daisy-covered field next to a dirt-runway ‘“‘airport”
apd watching Army Air Corps B-6 bombers wheel into
view and staggered-wing WACO 10s loop and roll
above them.
' Never, however, has the United States sponsored an
international exposition like the biannual Paris Air
Show or an industry showcase like England’s Farn-
borough air spectacular.

This year things will be different.

Today program planning and actual construction for
t!'1e world_’s first international transportation exposi-
tion—not Just air, but all transportation—is under way
near Washington, D.C., at the world’s finest major air
.facnlgty—Dulles International Airport with its soaring
Sgrrmen-designed terminal building. The exposition
‘),lvellallrbe presented from May 27th through June 4th this

When™ first conceived in the mid-60’s th i
Sta’fes International Transportation Exposs;tione—-LTJ;]::itnes(i
po 72—\_/vas to be a purely aerospace fair. Later, plan-
ners decided that rather than being limited to aeronau-
tics and space th.e format should be expanded to en-
goglpass the entire spectrum of transportation—air,
pgrtc;?i,ogilround.and water—and how these various trans-
e im;g?:tlgzr.nents and the modes to satisfy them

10":3";’4‘_",20* IS proceeding seven days a week at a
dlbla g Ca:])ur(—ja-day clip in an effort to make up for any
ik ol anze by adverse weather and by changes in
Seicretary of S_Ifope. The Honorable John A. Volpe, U.S.
ry ransportation, is personally involved in

expl
plore New overseas markets for U.S. prod-

ucts, and thus h
position. elp improve the U.S. balance of trade

B To make the using public more aware of the great
importance of the total transportation industry to eco-
nomic, social and cultural progress.

® To bring together in one place for the first time the
products, equipment, technologies and concepts
needed to solve today’s transportation crisis—and the
people who have created them and will create further
advanced systems in the future.

B To emphasize the importance of integrated trans-
portation systems.

In meeting these goals Transpo ’72 planners recog-
nize a dual responsibility to the U.S. taxpayer who is
helping to finance the show, and to the businessmen
who attend and those who exhibit. .

Financing—Original estimate of the total cost of the
exposition was approximately $6.5 million. After further
planning, and cost increases, the figure rose somewhat.
Congress has so far appropriated $2.8 million, and
probably will approve additional Federal funding. An
additional $3.8 million is expected in revenues from
exhibitor registrations, indoor and outdoor display
space rental fees, ticket sales, parking fees, returns
from concessionaires, program sales and other
sources.

Any funds remaining after expenses have been paid
will be delivered to the General Receipts fund of the
United States Treasury.

By way of cost comparison, it is believed that the
1971 Paris Air Show, though its facilities were built in
earlier years, cost considerably more than will Transpo.

A side benefit of this national undertaking is the fact
that site preparation, new road construction and other
activities will add to progress under the long-range
master plan for Dulles International Airport develop-

ment.
Layout—The ground plan for the expositipp.calls fo_r
a “spine” adjacent to existing Dulles faCI.lltleS. This
spine will be about one and one-quarter miles Iong———
approximately the distance between the U.S. Capitol
building and the Lincoln Memorial. Total area of .the
indoor and outdoor exhibition areas along the spine,
and the adjacent demonstration areas, roads and sur-
faced or sod parking areas, will cover some 360 acres
—or 40 times the area encompassed by the Los An-

geles Coliseum.

Exhibitors—about evenly divided among air, water
and ground transportation modes—will use about
320,000 square feet of covered exhibit space in four
huge prefabricated steel exposition halls and more than
one million additional square feet in separate exhibit
chalets and outdoor areas. As of late December moré
than 50 percent of the interior exhibit space had been
contracted for, more than 222,000 square feet of put-
door display space had been reserved and only eight
of 102 planned chalets still were available. A December
count of Transpo ’72 exhibitors numbered 196 commer-




cial firms and 14 government agencies for a total of
210.

A number of firms and governments of other nations
—including Brazil, Great Britain, Canada, France, ltaly,
Japan, Mexico, and West Germany—have scheduled
exhibits, and negotiations are continuing with other
potential foreign exhibitors.

By mid-December 27 manufacturing members of the
Aerospace Industries Association had registered as
Transpo '72 exhibitors. Executive officers of five mem-
ber companies or their parent corporations are serving
on the Secretary of Transportation’s Exposition com-
mittee: William M. Allen, Chairman of the Board of
The Boeing Company; William P. Gwinn, Chairman and
Chief Executive Officer of United Aircraft Corporation;
Jack S. Parker, Vice Chairman of the Board of General
Electric Company; Simon Ramo, Vice Chairman of
TRW, Inc.,, and James M. Roche, Chairman of the
Board of General Motors Corporation. Karl G. Harr,
Jr., President of AIA, represents the aerospace industry
on the exposition’s Transportation Associations Coor-
dinating Group.

A major feature of the exposition, from the stand-
point of advanced ground transportation, will be four
Personal Rapid Transit (PRT) systems. These ‘“people
mover’” systems will move visitors along or across
much of the spine to provide coordinated, connecting
intrafair transportation.

The systems will be built, installed and demonstrated
under four $1.5 million contracts issued by the Depart-
ment of Transportation’s Urban Mass Transportation
Administration to the Dashaveyor Company of Los An-
geles; the Ford Motor Company of Dearborn, Michigan;
Transportation Technology, Inc., of Denver; and the
Varo Corporation of Garland, Texas, affiliated with Rohr
Corporation of Chula Vista, California.

“People movers” are believed by many to be one
solution for the mounting problems of getting people
from one place to another in crowded urban areas.
Characteristically the PRT vehicles are small, inde-
pendently powered, and move at relatively low speeds
on exclusive guideways under automatic control. Thus,
Transpo '72 will provide a unique opportunity to test
the four systems simultaneously and to give them
substantial public exposure.

Hydrofoils, surface-effect vehicles and other ad-
vanced water-borne transportation systems will be
demonstrated on a sizeable man-made lake adjacent to
the main exposition area.

The entire spectrum of commercial aviation aircraft
will be on display, and military aircraft will be included
in the aviation area, although not in the form of weapon
systems. ) I

Daily entertainment will include flyovers, perform-
ances by aerial acrobatic teams and balloonists, dem-
onstrations of antique aircraft and a variety of static

educational exhibits.

ATA

A

MANUFACTURING
MEMBERS

Aerodex, Inc. 5
Aerojet-General Corporation
Aeronca, Inc. i
Amphenol SAMS Division
The Bunker-Ramo Corp.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation A ¢
Murdock Machine & Engineering
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries \
The Garrett Corporation ;
General Dynamics Corporation
General Electric Company
Aerospagce Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Aerospace & Defense Products
Goodyear Aerospace Corporation
Grumman Aerospace Corporation
Gyrodyne Company of America, Inc.
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
IBM Corporation
Federal Systems Division
ITT Defense-Space Group
ITT Aerospace/Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc.
Lockheed Aircraft Corporation
LTV Aerospace Corporation
Martin Marietta Corporation
McDonnell Douglas Corp.
Menasco Manufacturing Company
North American Rockwell Corporation
Northrop Corporation
Philco-Ford Corporation
Pneumo Dynamics Corporation
Raytheon Company
Missile Systems Division
Rohr Corporation
Th:;i Singer Company
erospace and Marine Systems
Solar, Division of Internatiozlal SmE
Harvester Co.
Sperry Rand Corporation
Sulsxdstéand gorporation
undstrand Aviation Divisi
Teledyne CAE s
Teledyne Ryan Aeronautical
Tegtrlclm Inc.
ell Aerospace Compan
Bell Helicopter Comgang
Dalmo-Victor Company
Hydrauhc Research & Manufacturing Co.
%huikﬁl Chemical Corporation
ool Research and Engineering Corporati
TRW Inc. 5 5 SO
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace Division
Astronuclear Laboratory
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LTV Aerospace Corp. design of a vertical takeoff and landing transport aircraft incorporating the air
deflection and modulation concept. (See Short-Haul Transportation—Problems and Promises, Page 8).
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'AEROSPACE ECONOMIC INDICATORS

CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Averag
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=mm Aerospace obligations by Dept. of Defense and NASA.
Non-government prime orders for aircraft and engines.
i
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1960-65 spggwg YE/ESI/?GDO PERIOD t PERIOD
3 Annual : 227 21.6
AEROSPACE SALES: Total Billion $ Rate 19.4 mf;'ﬂter 2
Billion $ Quarterly 4.8 1971 6.3 4.8 5.2
DEPARTMENT OF DEFENSE
Aerospace Obligations: Total Million $ Monthly 1,151 Dec. 1971 1,570 937 1,565
Aircraft Million $ Monthly 601 Dec. 1971 730 541 900
Missiles & Space Million $ Monthly 550 Dec. 1971 841 397 665
' Aerospace Expenditures: Total Million $ Monthly 1,067 June 1971 1,340 1,041 1,174
Aircraft ’ Million $ Monthly 561 June 1971 773 628 675
Missiles & Space Million $ Monthly 506 June 1971 567 413 499
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 920-1« Dec. 1971 1,255 876 1,036
Aircraft Million $ Monthly 447 Dec. 1971 533 597 564
Missiles & Space Million $ Monthly 473 Dec. 1971 722 279 472
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 Feb. 1972 201 185 161
Expenditures Million $ Monthly 130 Feb. 1972 236 190 208
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# 4th 24.7 24.0 21.8
U.S. Government Billion $ Quarterly 11.6 Quarter 12.9 13.1 13.3
Nongovernment Billion $ Quarterly 3.7 1971 11.8 10.9 8.5
EXPORTS
Total (Including military) Million $ Monthly 110 Dec. 1971 277 293 384
New Commercial Transports Million $ Monthly 24 Dec. 1971 92 80 153
PROFITS (After Taxes) 3rd
Aerospace — Based on Sales Percent Quarterly 2.3 Quarter 1.9 1.9 2.2
All Manufacturing — Based on Sales Percent Quarterly 4.8 1971 3.9 4.5 4.1
EMPLOYMENT: Total Thousands = Monthly 1,132 Dec. 1971 1,070 937 929
Aircraft Thousands = Monthly 469 Dec. 1971 465 380 375
Missiles & Space Thousands = Monthly 496 Dec. 1971 438 391 388
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 Dec. 1971 4.30 4.35 4.41

E Revised.
E Estimate.

#* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

# Averages for 1961-65.
>}« Averages for fisca! years 1960-65,

Source: Aerospace Industries Association



MAN DIDN’T MOVE FORWARD
BY LOOKING BACKWARD

BY KARL G. HARR, JR.
President,
Aerospace Industries Association

In 1915 for the first time it became possible to make a long dis-
tance telephone call between New York and San Francisco.

hen you could get through you paid $20.70 for a three-minute
Conversation.

Today you can pick up the telephone in New York and dial
the number you want in San Francisco. Your immediate three-
Minute conversation will cost 70¢ on a weekend, 85¢ any evening,
or $1.35 during week-days.

Just 45 years ago Charles A. Lindbergh became the first man
to fly the Atlantic ocean from America to Europe alone.

It took him 3372 hours of totally dedicated effort.

Yesterday, if it was a typical day, hundreds of commercial jet
alrcraft flights carried thousands of people from continent to
continent in a few hours of comfortable travel.

_Some 14 years ago the Russians launched the first Earth satel-
lite, and a few months later the United States put its first small
satellite into orbit.

Today scores of satellites orbit Earth and eight United States
astronauts have walked on the moon and returned with material

hat wil| be invaluable to world scientists for years.

A few years ago tropical storms took hundreds — even thou-
Sands — of lives each year. Today the terror of such storms is
'educed immeasurably by much more precise warning provided
Well in advance by weather satellites.

ecently millions of people around the world had ring-side
Seats for the 1972 Winter Olympics at Sapporo, Japan, and were
abs,Orbed in following the historical visit of the President of the

Nited States to mainland China— all live and in color.

oon a satellite will be bringing educational TV to millions of
Deome who live in areas of India where no land lines of com-
Munication exist.
lo he list of benefits man has realized from space i.s almost end--
imss-_TOday he stands on the threshold of great things not even
Soaglned a few years ago— medical advances, clean power
te”U,rCeS, adequate fresh water supplies, the protection and in-

'gent management of natural resources, to name a few.

c here is increasing evidence that more and more people are
SOnvmced that they “‘are getting their two cents worth” from our
ODace program. And further evidence is at hand that from now
an they will be getting even more for their money as mapned
S”d Unmanned programs are blended together in new projects

UCh as Skylab and the space shuttle.

In these efforts, NASA is concentrating on how best to conduct
€ach element of the total space program in a less expensive
Manner. The result of this new objective is reflected in the pro-
Posed 1973 fiscal year budget wherein the U.S. space program
Will account for about 1¢ out of every dollar the Federal gov-
€rment spends.

his includes some $200 million in development funds for the
SPace shuttle, about which President Nixon has said: “It will take
| € astronomical costs out of astronautics. In short, it will go a
ONg way toward delivering the rich benefits of practical utili-
Zation and the valuable spinoffs from space efforts into the daily
lives of Americans and all people.”
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The primary uses of the shuttle system are: A, delivery of unmant <d paloads to orbit; B, repair or retrieval of satel-
lites; C, adjustment of a payload’s orbit by use of a space tug; D, manned experiments or operations in space.

Investiment inthe Futur




BY.REPRESENTATIVE OLIN E. TEAGUE
Chairman, Manned Space Flight Subcommittee
House Committee on Science and Astronautics

ver since the first man-made satellite was thrust into
E orbit almost 15 years ago, there has been a con-
tinuing argument as to whether manned or unmanned
systems can most effectively accomplish operations
in space.

Advocates of robot spacecraft contend that modern,
supersophisticated automated equipment is capable
of performing most space tasks at a fraction of the
cost of a manned system. The opposing school of
thought responds that the admittedly greater costs of
protecting humans in space are more than justified by
man’s ability to judge, observe and forestall failures
by corrective action.
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| do not propose to rekindle the argument. Rather
| suggest that advancing technology has negated it
by providing an entirely new approach to space oper-
ations which combines the advantages of man in the
cycle with a degree of economy hitherto unobtainable.
It is the reusable space shuttle, which makes pos-
sible manned delivery, repair and retrieval of un-
manned satellites and which, alternatively, can serve
as a manned laboratory in which investigators may
conduct those experiments or operations best man-
aged by manned monitorship.

This system, approved by the Administration and now
pending Congressional sanction, offers a number of
advantages, among them:

e Economy of delivery. Because the shuttle system can
be used over and over again, it will replace practically
all of the one-shot-only launch vehicles currently in use,
offering substantial reduction in the cost of delivering a
payload to orbit.

LAUNCH

e Payload economy. The availability of a large-capa-
city, reusable “delivery truck” would influence areas
other than delivery, such as simplification of payload
design, extension of satellite life and reduction in fail-
ure frequency, each contributing significantly to overall
savings.

e Flexibility. The carrier vehicle can accommodate
almost any type of payload contemplated — human re-
searchers with their equipment and experiments, scien-
tific satellites or probes, and applications satellites.
It can serve the needs of NASA, the Department of De-
fense, commercial users and foreign governments.

° Routine access to space. One constraint on space
operations has been the need for elaborate pre-launch
preparations, in some cases as much as five months
of repetitive systems checks to insure reliability. This
is principally due to the fact that the spacecraft's on-
board equipment has never before been used. The

BOOSTER
RECOVERY



reusable carrier vehicle will be serviced and main-
tained more like an airplane, reducing launch com-
plexity and trimming turnaround time to about two
weeks.

e Stimulus to maximum benefit from space. Routine
access to space, lower mission costs and the new lati-
tude the shuttle will provide payload designers, all
combine to permit vast improvement in the capabilities
of applications satellites, such as weather, communi-
cations and survey systems. The shuttle offers added
promise to the possibility of better managing our na-
tural resources by means of space monitoring. Simi-
larly, it may speed the day of the global environment-
monitoring system.

o Manned space flight continuity. After Apollo and
its 1973 follow-on, Skylab, the U.S. will have no manned
space program other than the shuttle. The continued
presence of American man in space is essential, not
only for the broader research capability manned

JETTISON

operations permit, but additionally to maintain con-
tinuity and keep our options open for the future. With
the shuttle, we can keep man in space without re-
verting to the heavy expenditures of earlier years.
NASA has stated positively that the shuttle system can
be developed within a budget plan approximating that
of the current year, which represents one of the lowest
levels of the past decade. Development costs, spread
over six fiscal years, amount to about $5.15 billion for
two test spacecraft and their boosters. If Congress
approves the plan, flight testing will begin in 1976 and
the shuttle can be available for operational use in
1979.

The space shuttle is a two-element system composed
of a booster and a spacecraft. The recoverable booster
stage, consisting of two large solid-propellant rocket
motors mounted in parallel, has a thrust output of more
than 5,000,000 pounds. More powerful than any launch
vehicle in the U.S. inventory except the mammoth Sat-

REENTRY
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“urn V moonbooster the twin booster allows the space-
craft to carry as much as 65,000 pounds of payload per
flight.

The spacecraft, called the Orbiter, is essentially an
“aerospace plane,” a hybrid spacecraft/airplane. In
appearance it resembles a delta-wing aircraft and
dimensionally it corresponds closely to the McDonnell
Douglas DC-9 jetliner. Weighing some 70 tons, it is
heavier than any spacecraft yet flown, including Apollo.

In operation, the shuttle is launched vertically by the
combined energy of the solid booster stage and the
Orbiter’'s three liquid-propellant engines with a total
thrust of 1,400,000 pounds. At an altitude of about 25
miles, the booster stage separates to descend by para-
chute for recovery in the ocean. The Orbiter, manned
by two pilots and two flight engineers, flies into space
under its own power. The Orbiter’s rear-mounted en-
gines draw their propellants from a large external tank
which is jettisoned when the craft attains orbit.

In space, the Orbiter maneuvers by means of two
smaller engines, also mounted in the rear propulsion
cluster, whose aggregate thrust is roughly compar-
able to that of the main Apollo engine which has per-
formed so impressively on the lunar missions. For
minor course corrections and adjustments of attitude,
the Orbiter has a series of small thrusters located at
the tips of the delta wing and atop the vertical tail-
plane. Normal mission duration will be seven days or
less, but orbital stay-time can be extended for manned
operations to 30 days, by the addition of expendables
such as water, food and oxygen.

Upon conclusion of its mission, the Orbiter flies back
into the atmosphere toward its land base, protected
during re-entry by a new form of heat shielding which
will last 100 missions, unlike the insulation on earlier
recoverable spacecraft, which burned off during re-
entry. Once through the re-entry phase, the Orbiter
becomes an airplane, gliding as much as 1100 miles
to its base, guided by aerodynamic controls. During
the final phase of the flight, jet engines permit adjust-
ments to the approach path,

The Orbiter’'s entire center section, corresponding
to the passenger cabin of a jetliner, is occupied by a
large cargo compartment, or payload bay. For delivery
of unmanned satellites, the payload bay is unpressur-
ized; its “roof” consists of a pair of clamshell doors
which open outward to permit deployment of the satel-
lites. For manned laboratory-type missions, a special
pressurized ‘“sortie module” can be fitted into the
payload bay.

Here are some examples of how the remarkably ver-
satile Orbiter will function:

In injecting satellites into orbit, which is expected to
constitute the primary workload of the carrier vehicle,
the Orbiter can accommodate a very large satellite or
a number of smaller payloads in the cylindrical bay, 15
feet in diameter and 45-60 feet long. Working in the
unpressurized bay, space-suited flight engineers will
give the payloads a final checkout before deploying
them at preselected points in space. The ejected pay-
load, of course, assumes the same velocity as its car-
rier and it is this velocity which counterbalances the
pull of earth’s gravity so that the satellite remains in
the orbit in which it was injected. The Orbiter's weight-
lifting capability, together with the generous dimen-
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Extensive aerodynamic testing has been done on various
space shuttle configurations. This photographlc study
shows the air flow around one of the candidate models.
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sions of its bay, permit delivery of any type of civil
payload currently contemplated, including general-
purpose scientific spacecraft, special-purpose observa-
tories, interplanetary probes, and communications,
weather, earth resources, geodetic, navigational and
air traffic control satellites. In addition, the shuttle is
being designed with careful attention to the special
requirements of the military services. We do not hear
a great deal about military employment of satellites
because of the classified nature of many of the pay-
loads, but the Department of Defense launches space
systems with greater frequency than does NASA, a
factor which additionally underlines the need for
shuttle development.

In another mode, the Orbiter has utility as a repair/
retrieval vehicle for satellites already in orbit which
have malfunctioned. The crew maneuvers the Orbiter to
a close rendezvous with the satellite; the flight engi-
neers, in extravehicular garb, exit through the open
clamshell doors, ‘“‘capture” the satellite by attaching
lines, and haul it into the payload bay for examination.
If the trouble is minor, it may be possible to repair the
satellite on the spot and redeposit it on station. Other-
wise, it can be stowed in the bay and returned to earth
for rework, then redelivered to orbit on a later flight.

Still another area of shuttle utility in handling un-
manned spacecraft is the employment of the space
tug, essentially a propulsion stage which can be used
to jockey a satellite from one orbit to another. An ex-
ample of the need for this service is the synchronous-
orbit satellite, one whose path in space is synchronized
with earth’s orbit so that the satellite remains in a fixed
position relative to earth. Synchronization requires that
thg satellite operate at an altitude approximately 22,300
miles from earth, a high-altitude orbit that demands
additional launch energy. In practice, the satellite is
qsually injected first into a low altitude orbit still af-
fl?<ed 1o an upper stage of the launch vehicle. At a
given time, the stage's engine is fired to propel the
satellite to its synchronous orbit.

. The reusable space tug serves as substitute for the
kick” stage. The Orbiter delivers the joined space
tug/satellite to a point in low altitude orbit. Operated
by command signals from the Orbiter, the tug fires its
€ngine, moves the satellite to its new orbit, disengages
itself and returns to the lower altitude for pick-up by
the Orbiter. Initially, the tug will probably be an un-
manned system, but a manned version compatible
With the dimensions of the Orbiter's bay is feasible
Sh0u.ld expanding space operations dictate its need.
" With .the addition of the pressurized sortie module,

@ Of.blter becomes a manned space laboratory where
Scientists and engineers can work in shirtsleeve en-
vironment for as long as 30 days. The module can
accommodate up to 12 persons along with their ex-
Periments and other equipment. Since they play no
Part in the operation of the Orbiter and since the
shu.ttle is being designed for low acceleration forces
during launch and re-entry, the passengers need not
be trained astronauts. For the first time, investigators
will be able to accompany their experiments into space

and contribute to the greater research efficiency that
man-monitorship enables.

. Here again, there is military potential. For some
time the Department of Defense has sought to evalu-
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ate, in actual space flight, the role of military man
in space. The shuttle can make possible such an
evaluation.

Finally, ever since man first ventured into space
in 1961, there has been a never-filled need for a space
rescue vehicle. A major reason has been the time
required to mount and check out a manned space-
craft. With a fleet of five Orbiters, which is what
NASA contemplates for the inventory of the 1980s,
and the inherent quick reaction of the shuttle, the
system can be adapted to fill this long-standing
requirement.

The economic advantages of the shuttle system are
as broad as the operational gains. Clearly, the em-
ployment of a reusable launch vehicle affords savings
of substantial order. But although this is the most
obvious area of economy, it is not the greatest. NASA
estimates that 80 percent of the savings promised in
delivery and operation of unmanned spacecraft will
stem from the shuttle’s influence on satellite design
and reuse.

One factor is freedom of design. Today, as in the
past, satellite design is pegged to a particular launch
vehicle on a cost-effectiveness basis. The launch ve-
hicle’s weight-to-orbit capability, therefore, imposes
restrictions as to the overall size and weight of the
satellite and consequently to the design of each
individual component. To meet specifications without
sacrificing performance, it is necessary to miniaturize
instruments and equipment at considerable develop-
mental cost.

The Orbiter’s large bay allows a relaxation of
weight and dimensional constraints, permitting de-
signers to use off-the-shelf equipment in some cases
or, alternatively, to develop new equipment at sub-
stantially lower cost. “We can,” says one NASA of-
ficial, “put the satellite together like an alarm clock
rather than a Swiss watch.”

Additional savings are possible in the extension of
a satellite’s operating lifetime by repair in orbit or by
retrieval for overhaul at an earth base. There is

The Orbiter is shown in a dimension comparison with the DC-9
commercial airliner. Wingspan of the Orbiter is 75 feet com-
pared with 94.3 feet for the DC-9. Length is almost the same
(120 feet), but the operational weight (empty) is 140,000 pounds
for the Orbiter and 57,210 pounds for the DC-9.

related economy in the matter of “updating’” unmanned
spacecraft, improving the capability of a particular
type of satellite by incorporating advanced equipment
which was not available at the time the basic version
was being fabricated. Currently, the only way to update
i; to build a new satellite which frequently requires
siX to eight years to develop, test and launch. With
the shuttle, a replacement instrument or experiment
can be developed within six to eight months, because
of the relaxed design specifications; it can be installed
in orbit or the satellite can be retrieved for updating
at the earth base.

Further payload economies are anticipated in the
use of the Orbiter as a test bed for instrument devel-
opment. For example, consider the development re-
quirements for a major spacecraft such as NASA's
Large Space Telescope, to be flown in the 1980s to
give the astronomer the capability to analyze the spec-
trum of stellar objects free of the distorting effect
of earth’s atmosphere. This system requires a large
array of instruments, which must be designed, built
and tested. The testing is a lengthy and expensive
procedure requiring a variety of special facilities,
because the instruments must be examined under
conditions approximating as closely as possible those
under which they later will operate. The shuttle can
be used to fly protolype instrument systems to orbit,
reducing ground-test operations and facilities require-
ments and contributing to greater test effectiveness,
because the systems will be checked out in the actual
space environment rather than by simulation.

Additionally, there is the important consideration of
the costs of failures, which continue to occur despite
the most elaborate precautions to prevent them. A
prime example of the risk-reduction utility the shuttle
offers is the Orbiting Astronomical Observatory oro-
gram, one of the most costly of all unmanned space-
craft projects and also one of the most important
from the scientific standpoint. Three OAQ’'s were
launched; one performed perfectly but the other two
experienced failures. In one case, a shroud jettison
problem prevented the valuable OAO from attaining
orbit; this would not have happened in the shuttle-
delivery mode. In the other instance, the observatory’s
battery charger failed, rendering the experiments
inoperable. Had the shuttle existed at the time, the
OAO could have been returned to earth for repail
and quickly restationed. Even the successful OAO,
which operated as expected for its planned lifetimé,
could have been provided additional months or years
of life by the shuttle; the problems which eventually
cropped up were of such a nature that the satellité
could have been repaired in orbit.

A NASA study of 131 space failures shows that
78 of them were related to the launch phase and
therefore could not have occurred if the shuttle had
been operational. In the remaining cases, where the
satellites became inoperable or erratic after deploy-
ment, the payloads could have been saved by in-orbit
repair or retrieval. Thus, the shuttle promises virtual
elimination of total failure. Even should the shuttle
itself malfunction the Orbiter’s crew could abort the
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mission and return to base with the payload intact.

Collectively, these influences of the shuttle on pay-
load design and operation offer potential savings of
a Vvery large order. It is estimated that payload
development costs can be reduced about 50 percent
and these costs constitute the major portion of space
Program outlays.

There is one other economy factor connected with
the operation of the Orbiter itself, rather than its
Payloads. Unlike all current and previous U.S. manned
SPacecraft, the Orbiter descends to a land base in-

tsr:?ea(: of splashing down in the sea. This eliminates
€ed for multi-shi
Stating, r multi-ship recovery forces, normally on

at oth not only in the primary impact area but also

emerger locgtlons, against the possibility that an
€ncy might dictate an alternate descent path.

ploymat order of savings can be expected from em-
€nt of the shuttle? That depends to considerable

extent on the frequency of shuttle missions, or the
Nnumber of launches annually. In the first 12 years of
Space flight (1958-69), the U.S. sent into orbit an
average of more than 50 spacecraft a year, including
Civil and military payloads together with launches for
foreign nations and international consortiums. In the
past two years, with American space activity at low
ebb, the average has declined to 30 a year. The
schedule for this year contemplates an increase to
about 40 launches.

NASA has conducted a study of anticipated shuttle
economies based on a ‘““mission model” that assumes
shuttle usage on 580 missions over a 12-year period
from 1979, the first operational year according to the
development plan, through 1990. That comes to an
average of about 48 flights annually. NASA terms
the mission model “realistic.” It may even be conser-
vative, because of the potentially greater opportu-
nities for deriving concrete benefit from space oper-
ations and because of the likelihood of increased

The Orbiter’s propulsion and maneu-
vering systems: three main.engines
for thrust to orbit; two smaller en-
gines (not shown because of cut-
away, but located on either side of
the main propulsion system) for ma-
neuvering in orbit; thrusters at wing
tips and on vertical tail for minor
adjustments.

foreign use of U.S. launch services with the shuttle’s
lower costs. At any rate, the study concluded that
the combined factors of a reusable delivery system,
reusable payloads, design simplification and sharply
reduced risk of failure add up to a saving averaging
more than $1 billion a year.

The economic features of the program are impor-
tant, particularly to a legislator, but | do not suggest
that cost reduction is the sole, or even the primary
justification for developing this system. The funda-
mental reason for carrying out the prdgram is to
make available a means for routine access to space,
to remove the constraints imposed by an earlier level
of technology, to progress from space adolescence
to full maturity.

The shuttle can be the instrument for maintaining
American pre-eminence in space and for realizing
the broad range of benefits that advancing technology
promises — those that are already visible and those
that we cannot yet envision.
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The Apollo program is drawing to a close. The next
step in manned space flight —and the last planned
prior to the space shuttle —is Skylab.

Skylab is a series of Earth-orbiting missions using
the first U.S. vehicle developed specifically so that
men can live and work in space for prolonged periods
of time.

OBJECTIVES
The objectives of the Skylab program are:

e Advancement of the Sciences — To increase knowl-
edge of medicine, astronomy, weather and physics. A
prime goal is to collect previously unobtainable infor-
mation on the Sun-Earth relationship and its effects
on our environment here on Earth.

* Practical Applications — To perfect Earth-looking
camera and sensor systems, and their related data
systems, to benefit mankind's agriculture, forestry,
oceanography, geography, geology, water and land .
management, communications, and ecology and pollu-
tion control. Skylab also will open up a dramatic new
field — the development of manufacturing techniques
in gravity-free conditions, a field that has the potential
for yielding such products as higher quality vaccines
and machined parts, such as ball bearings, with a
degree of near perfection that cannot be achieved on
Earth, where gravity is a factor.

e Human and Materiel Endurance — To determine the
ability of both human beings and Earth materials and
systems to maintain their qualities and capabilities
during long absence from gravity. (The longest-dura-
tion manned space flight to date, the USSR Soyuz 9,
lasted 18 days. The longest U.S. flight, Gemini 7, per-
mitted Frank Borman and James A. Lovell, Jr., to stay
in space nearly 14 days.)

SCHEDULE

The first Skylab is scheduled to be launched from Cape
Kennedy early in 1973.

This Skylab will double the two weeks duration of
Gemini 7 in space and will utilize the unique environ-
ment of space to add to knowledge of the Earth, and
of the effect that mankind has on the delicate balance
between living things, the environment and natural
resources. y

The second and third Skylab visits will redouble the
time of Gemini 7’'s two weeks in space —to 56 days.

These Skylab missions will serve as a bridge be-
tween our earlier space flight experience and the
longer-duration. missions of the future, and it will do
so largely with equipment developed in the Apollo
program.

The Skylab, which will approximate the size of a
five-room house, will function in space for about eight
months, during which there will be three manned mis-
sions and two periods of unmanned operation.

The first Skylab mission from Kennedy Space Cen-
ter will launch a system consisting of the Orbital
Workshop, Airlock Module, Multiple Docking Adapter,
Apollo Telescope Mount, and an Instrument Unit. All
of these will be covered by a shroud during ascent to

Major components of the Skylab are shown in Earth orbit.
They are: A, Apollo Telescope Mount; B, Solar Arrays; C,
Workshop; D, Command and Service Modules; E, Multiple
Docking Adapter; F, Airlock.
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a near-circular Earth orbit some 235 miles high. The
launch will utilize a Satum V booster developed during
the Apollo program.

On the next day, a Saturn IB booster will be launched
from the same complex to take the Command/Service
Module and its crew of three astronauts into an interim
orbit from which it will then use the Service Module
propulsion system to transfer to Skylab’s orbit for ren-
dezvous and docking. The crew will enter and activate
Skylab for habitation.

For 28 days the crew will conduct experiments and
evaluate the habitability of Skylab. Then they will pre-
pare the station for unmanned operation, transfer them-
selves to the Apollo spacecraft and separate from
Skylab.

The Service Module propulsion system will be used
to take the Apollo out of orbit and to separate the
Command Module from the Service Module. Finally the
Command Module will re-enter the atmosphere and
descend by parachutes to a splashdown and recovery
in the western Atlantic ocean.

The second manned mission will be launched by a
Saturn IB approximately 60 days after the first crew
has returned to Earth. Orbit insertion, rendezvous and

. docking procedures will be similar to those of the first

flight.

The second crew will continue to carry out scientific
investigations with the on-board experiments, this time
for 56 days. Recovery again will be made in the western
Atlantic.

About 30 days after the second crew returns a third
mission will be launched. This mission, also of 56 days’
duration, will complete the experiment program. In this
case the Module and crew will be recovered in the
mid-Pacific.

MAJOR ELEMENTS OF THE SKYLAB

Orbital Workshop — The Workshop, manufactured by
McDonnell Douglas Aerospace Corporation, Huntington
Beach, Calif., is made from the structure of a Saturn V
booster’s third (S-IVB) stage.

The larger of its two compartments forms a two-level
habitable area:
* The lower level provides accommodations for sleep-
ing, preparing and eating food, hygiene, waste process-
ing and disposal, and performance of some experi-
ments.
* The upper level is a large work/activity area hous-
ing water storage tanks, food freezers, storage for film,
the scientific airlocks, the mobility and stability experi-
ment equipment, and equipment for other experiments.

Below the"crew quarters is a container for liquid and

solid waste and trash accumulated during the mission.
Solar Arrays — Two wings, covered on one side with
solar cells, are mounted outside the Workshop to gen-
erate electrical power to augment the power generated
by another set of solar arrays mounted on the Tele-
scope Mount. Thrusters are provided at one end of the
Workshop to be used when needed in changing the
orientation of the cluster. A shield envelops the Work-
shop some five inches from the outer surface to protect
against micrometeorite damage.

Muiltiple Docking Adapter — The Adapter provides al-
ternate docking ports for the arriving and departing
manned spacecraft, and is the control center for the

12

Telescope Mount and the Earth Resources Experiment !
Package. Mounted on the forward end of the Airlock
Module, the Multiple Docking Adapter is a cylinder
10 feet in diameter and slightly more than 17 feet long::

e Cameras and Earth Resources Sensors are located
within the cylinder. Some look through a window in |
the wall; others actually protrude through the wall.
Vaults for the cameras and film for the Telescope
Mount experiments provide protection against the radi-
ation found at Skylab's orbital altitude. \

¢ The control and display console for the Telescope
Mount is located at the rear of the module and -con-.
tains the controls and instruments required for opera-
tion of the solar astronomy experiments. Two televi-
sion screens are provided to enable astronauts to
monitor solar activities.

s The Adapter was assembled, equipment integrated
into the module, and testing performed by Martin
Marietta Corporation’s Denver, Colo., plant last year.
Now at McDonnell Douglas, St. Louis, it is being joined
to the Airlock Module for combined testing.

Airlock Module — This is the environmental and elec-
trical control center for Skylab. It is attached to the for-
ward end of the Workshop and provides structural sup-
port to all modules mounted forward of the Workshop.
It also contains the exit port to be used by astronauts
engaging in extravehicular activity. B
e The Airlock Module consists of two concentric cyl-
inders joined by truss structures. The outer cylinder;,
or Fixed Airlock Shroud, has the same 22-foot diameter
4s the Workshop, and is attached to the forward endJ‘:
of the Workshop. The inner cylinder, or tunnel, is the
passageway for crewmen moving between the Docking:
Adapter and the Workshop.

e The Airlock has two hatches that close off each end
of the central cylinder and a third hatch located in the
outer wall that is the door through which the crew can
pass to perform tasks in space. The tunnel section also)
houses the controls for cluster pressurization and
atmosphere purification, electrical power and commu:
nications, and the cluster malfunction alarm system.
e The Module, manufactured by McDonnell Douglasi
has completed the first phase of test and checkout, andj
will be joined to the Docking Adapter for combined
testing. .
Apolio Telescope Mount — The Mount houses a sophis;
ticated solar observatory. It also provides attitude cor
trol for the cluster, and its solar arrays supply abou‘t
half of Skylab’s electrical power. Its outer element, the\)
rack, is an octagonal structure 11 feet wide and 12 fee“‘,h
high. Supported within the rack is the solar experiment
canister, about 7 feet in diameter and 10 feet long. -
e The rack also supports the four solar arrays ?rid)
contains the attitude control system, the communlqa“-‘
tions system, and the thermal control system that mal_n-
tains the temperature of the Telescope Mount equip-
ment within required limits.
e The canister is mounted in the rack on gimbals;
which allow it to rock two degrees about two mutually
perpendicular axes, and by a roll ring that allows it to
rotate about its axis. Thus the experiments can be
pointed at their targets with great precision.
e The support structure, which connects the rack to
the forward end of the Fixed Airlock Shroud on the
Airlock Module, incorporates a mechanism that rotates




the Telescope Mount 90 degrees from its parallel
launch position in front of the Docking Adapter to its
operating position in orbit.

* The Mount, designed and manufactured by NASA's
Marshall Space Flight Center at Huntsville, Ala., has
been completed and is being checked out.

Payload Shroud — The Payload Shroud protects the
Telescope Mount, the Docking Adapter, and part of the
Airlock Module during launch and boost to orbit. Before
launch it protects the enclosed modules from the
Weather. It is built in four sections so that it can be
lettisoned easily after Skylab is in orbit.

* Testing has been completed by the manufacturer,
M}:Donnell Douglas, Huntington Beach, and the shroud
Will be shipped to the Cape Kennedy Center in the
latter part of 1972.

Command and Service Module — The crew ascent and
descent spacecraft consists of the Command Module
and the Service Module. These basically are the same
as the familiar combination used in Apollo moon mis-
Slons, but have been modified for Skylab. Whereas

ﬁdshroud will cover the Apollo Telescope Mount, Docking
W.Iapter and part of the Airlock of the Skylab. The shroud
Il be separated from Skylab after orbit is achieved.
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Apollo required them to be fully operating and self-
sustaining for up to 14 days, Skylab requires this sup-
port only during ascent to docking and descent to
Earth. For the balance of the 28- or 56-day Skylab
missions they will be “powered down” because both
modules will be sustained by Skylab.

e The modules are manufactured by the North Ameri-
can Rockwell Corporation in Downey, California. The
first two spacecraft have been assembled and testing
of the first has been completed. Systems installation is
well along on the remaining two units. All four space-
craft will be delivered to Cape Kennedy by the spring
of 1973.

Saturn V Launch Vehicle — First stage of the two-stage
Saturn V Skylab booster is the S-IC, manufactured by
The Boeing Company. Modifications for Skylab have
been completed at NASA’s Michoud, La., Assembly
Facility, and it will be delivered to Cape Kennedy in
mid-1972.

» Second stage, the S-Il, was manufactured by North
American Rockwell at Seal Beach, Calif., and is await-_
ing assembly with the S-IC.

Instrument Unit — The launch vehicle’s control center
is a cylindrical structure 22 feet in diameter and three
feet high containing the equipment that will guide the
launch vehicle from lift-off through the separation of

Skylab from the second stage of the vehicle. Then the

unit provides power and sends commands to various
systems which in turn rotate Skylab 180 degrees, turn
on refrigeration systems, jettison the Payload Shroud,
and roll the cluster so that the Telescope Mount will
be pointed toward the Sun. Now being tested at IBM’s
plant in Huntsville, Ala., the unit will be delivered to
Kennedy Space Center in mid-1972.

Saturn IB Launch Vehicle — Vehicles were completed
several years ago and placed in storage. The four S-IB
stages are at the Michoud Assembly Facility near New
Orleans. The stage for the first manned Skylab launch
is being modified to Skylab requirements and is being
checked out in preparation for delivery this summer.
Delivery of the remaining vehicles will be completed
during the summer of 1973.

o All S-IVB second stages have been delivered to
Cape Kennedy, and prelaunch processing will begin
this summer.

HOW FAR WE HAVE COME

If we mark time from some point in history — say the
birth of Christ— it took man more than 1900 years to
achieve his first flight in a heavier-than-air machine.

It only took him 54 years more to put his first small
satellite in space orbit.

The first U.S. satellite —the size of a basketball —
achieved orbit only 14 years ago, in early 1958.

Today we have sent eight astronauts to walk on the
Moon and return home, and now we are assembling a
space station laboratory the size of a five-room house
for launch next year—15 years after our first tiny
space success.

Considering what we have learned from our un-
manned and manned space programs, and the thou-
sands of benefits mankind already has realized, the
Skylab is an exciting promise of giving man the capa-
bility of making his world a better place in which to
live.
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Scientific Satellites

From its inception America’s space pro-
gram has been a planned mix of manned
and unmanned projects. Each type of
mission has complemented the other—
nowhere more than in scientific research
from Earth orbit.

This productive situation will be en-
hanced significantly when the space
shuttle becomes operational.

Our view of our solar system has
| already been revised through satellite
| discoveries of Earth’s radiation belts,
the solar wind, the magnetosphere (the
magnetic envelope that shields the
planet from most space radiation), the
X-ray stars, and many other phenomena.
More unexpected discoveries can be
expected.

NASA lists these general objectives
of Earth-orbital science:

e Understand better the nature of the
space environment and the hazards
it may pose to men and machines.

o |dentify the forces that shape the
Earth’s environment.

e Understand better the origin and evo-
Jution of the cosmic environment.

e Carry out experiments that cannot be
done on Earth; that is, use space as
a new laboratory environment.
Ultimately we may discover the phys-

ical laws that control the cosmos — and

within our own infinitessimally small
corner of the cosmos, the future of the
human race.

The major U.S. Earth-orbit scientific
| satellite programs are:

Orbiting Solar Observatory (0OSO) De-
signed primarily as stabilized platforms
for Sun-oriented scientific instruments,
| the OSOs have made possible the first
| extended study of the Sun from above
the Earth’s filtering atmosphere. Satellite
experiments study Sun flares and other
solar activity, X-rays, gamma rays and
ultraviolet radiation, and radiation from
other than solar sources. The lower—or
“wheel’—section of the two-part satel-
Jite spins as a gyroscope at a near-con-
stant 30 revolutions per minute to stabi-
lize the observatory. The upper, fan-
| shaped section—the ‘‘sail’—is joined
to the wheel by a connecting shaft and
remains pointed toward the sun during
the OSO ‘“daytime” in space.

Wwith OSO much already has been
learned about the Sun and its effect on

T

|
|

Earth communications and weather.

Much more remains to be learned, how-
ever, and Skylab, which will permit sci-
entists to observe from space for ex-
tended periods of time, together with un-
manned satellites, should provide many
answers.

- _. h\\"-" -
Orbiting Astronomical Observatory
(OAO) The 4600-pound OAO—Ilargest
U.S. scientific satellite—is capable of
lifting a number of telescopes and astro-
nomical experiments above the Earth's
atmosphere, which filters cosmic radia-
tions. Solar paddles provide up to 1800
watts of power for the satellite.

Responding to commands radioed
from Earth, the satellite can search and
then precisely point itself and its con-
tained instruments at any single star
among the millions it can track. Although
it obeys hundreds of different com-
mands, once it receives instructions it
carries out most of its computations and
attitude adjustments on its own.

Radio Astronomy Explorer (RAE) The
RAEs are a new tool in man’s decades-
long effort to interpret the vast amount
of radio noise in outer space, such as
pulsars and quasars in far-distant space,
and other radiation signals within our
own solar system. Satellites can take
radio antennas and receivers high
above Earth’s atmosphere so that they
can pick up cosmic radio waves not
discernible at the surface of Earth. Be-
yond this, the last RAE will travel into
lunar orbit. This will take it far beyond
a second barrier—the magnetosphere—
most of the time, and will isolate it from
confusing radio noise from terrestrial
sources.

Small Astronomy Satellite (SAS) One
of NASA's Explorer-class programs, the
SAS was designed to provide, at rela-
tively low cost, much basic, previously
unavailable information on low- and
high-energy radiation from sources both
inside and outside of our galaxy. These
satellites study the celestial sphere
above the Earth’'s atmosphere and
search for sources radiating energy in
the X-ray, gamma ray, ultraviolet, visible,
and infrared regions of the spectrum.

All SAS spacecraft are launched
aboard Scout rockets from the San
Marco launch platform near Kenya on

the east African shore of the Indian
Ocean. This launch location makes it
easier to achieve equatorial orbits of

about 33 miles altitude.

Interplanetary Monitoring Platforms

(IMPs) A highly successful family of
spacecraft, the IMPs (officially part of
the lengthy Explorer series) are rela-
tively small, spin-stabilized, solar-cell-
powered satellites sent into either highly
eccentric Earth orbits or into lunar or-
bits. Many of them repeatedly venture
past the magnetosphere to sample con-
ditions within and beyond. They measure
both the interplanetary medium and the
environment captured by Earth’s gravi-
tational and magnetic fields.

IMP cargoes usually include magne-
tometers, radiation detectors and plas-
ma probes. They can be thought of as
“particles and fields” specialists.

Small Scientific Satellite (SSS) The
SSS is comparatively inexpensive, easily
transportable, and small enough to be
launched by the Scout, NASA’s smallest
satellite launch vehicle, from either Cape
Kennedy or from smaller sites. The
SSS is highly versatile. Although its
basic objective is to continue earlier
surveys of the Earth’s radiation belts,
it is a general-purpose instrument plat-
form with interchangeable parts, and it
can be used for a variety of missions.

Ilts flexibility can be maintained
through the use of the same flight-
proven modules over and over again.




New

Atmosphere
models of the AE are unique among

Explorers (AEs)
scientific satellites in that they are
cylindrical, with a rocket nozzle pro-
truding from one end. When the AE
plunges into the denser regions of the
upper Earth atmosphere this engine is
fired to overcome drag, so that the
spacecraft can continue its job of relay-
ing back to Earth information on the
composition, density and temperature
at the outer fringe of Earth's gaseous
envelope.

Earlier versions of the AE were
limited in their missions by lack of this

ability to return to higher orbits re-
peatedly.
High-Energy Astronomical Observa-

tory (HEAO) A newer program is HEAO,
aimed at broadening our knowledge of
celestial X-rays, gamma rays and cosmic
ray flux. The SAS payloads are ade-
quate for initial investigations of low-
energy X-rays and gamma rays, but
later work in those areas, and on the
subject of higher-energy cosmic rays,
will require the much larger and heavier
instruments that will be carried aboard
the HEAO.

The first two of four planned HEAO
missions are scheduled for 1975 and
1976. The spacecraft, which probably
will be launched by the Titan Ill vehicle,
will be big enough to carry several tons
of instruments.

Earth-orbital scientific efforts are im-
portant basically because they make it
possible to study and to measure the
forces and the energies surrounding our
own planet and our universe. At the
same time they can observe other parts
of the universe that we cannot study
effectively from Earth because of the
obscuring effects of our atmosphere, the
ionosphere and the magnetosphere.

The yield of new knowledge already
gained from a single decade of explora-
tion promises new stores of knowledge
in the immediate future—and in the
years ahead, as the programs progress.

This can only mean a better life and
a brighter future for all mankind on
Earth.

Applications Satellites

During the years since the first launch-
ings of test spacecraft in the early
1960s, Earth-orbiting applications satel-
lites have demonstrated their usefulness
in locating resources, weather-watching,
relaying communications, navigation,
mapping and monitoring pollution. With
our planet's known supplies of raw ma-
terials dwindling, and waste-recycling
problems increasing, a great challenge
during the next decade will be to de-
velop space systems to help solve our
many existing problems and others
which we can foresee.

There are numerous satellite pro-
grams aimed at meeting the challenges.
Some of the principal efforts are:

Earth Resources Technology Satejite
(ERTS) — NASA is currently deVelOping
two satellites (ERTSA/B), the first tg pe
launched soon this year and the second
in 1973. Principal purpose of the pro-
gram is to move ahead in developing
our ability to more efficiently Manage
our globe’s resources. Traveling in a
polar orbit 500 miles above Earth, the
ERTS will gather information from cam-
eras and other sensors and return it to
ground stations.

Manned space flights in the Gemini
and Apollo programs have shown that
we can gain even more useful informa-
tion from satellites than that already ob-
tained from high-flying aircraft. Eyen-
tually, the ERTS program should help in
increasing crop yields, spotting forest
fires, following the movement of sea
life, keeping track of air and water pol-
lution, and providing us with greater
knowledge of our geography, geology,
and hydrology.

Intelsat. This was the first truly global
communications satellite. First of the
series of Intelsat satellites providing
international service was launched in
December 1968. These satellites are sta-
tioned in geostationary orbits above the
Atlantic, Pacific and Indian Oceans, pro-
viding thousands of new intercontinental
communications links. Intelsat carried
the Winter Olympic games from Japan.
The Intelsats form the Global Interna-
tional Telecommunications Consortium
which consists of more than 70 member
countries. The U. S. is represented by

the Communications Satellite Corpora-
tion (Comsat). Next advance in com-
munications satellite technology is the
Applications Technology Satellite (ATS)
program. These satellites will have sub-
stantially larger capabilities and will
pioneer the educational television, air
traffic control and information transmis-
sion systems of the future.

Improved Tiros Operational Satellite
(ITOS) — Latest in a long and highly
successful series of meteorological sat-
ellites, the ITOS unlike its predecessors
can take cloud-cover pictures at night
with a scanning infrared radiometer.
Thus, there is more complete photo-
graphic coverage of both the day and
night sides of Earth. This is a major
step toward moving from weather
watching to weather predicting — as
much as two weeks in advance of its
occurrence, obviously a major objec-
tive of meteorologists.

Some idea of the potential gain from
such predicting (apart from its effects
on such fields as agriculture and con-
struction) is shown by the fact that in
August 1969 warnings from earlier types
of weather satellites were estimated to
have saved thousands of human lives
when the massive Hurricane Camille hit
the southeast U.S. coast. By any means
of calculation, it is apparent that the
investment in rockets and spacecraft
paid off many fold.

There are other valuable uses for
satellites in addition to earth resources,
weather and communications described
previously. Satellites can be used for air
and surface navigation and geodosy
(mapping). Principal objective of the
geodosy satellite series is to establish
a single, common worldwide geodetic

reference system that will improve
global maps to an accuracy of ten
meters.

The navigation satellite, in effect, is
a known landmark; the only one visible
on the broad oceans. Stars play the
same role in stellar navigations, but
they are not always visible and fixes
are too slow for an aircraft flying near
the speed of sound. Navigation satel-
ites have the advantage that the sig-
nals can be received automatically and
analyzed by computers, providing posi-
tions rapidly and continuously for ships
and aircraft.
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Benefits Unlimited

The civil utilization of aerospace-generated technology
offers immense opportunities—in fact, it makes up a
primary source of our national economic progress.

A full listing of the many civil applications of aero-
space technology already benefitting mankind would
require volumes, and more and greater benefits are on
the way.

Space permits only the use of a single example in
several fields where aerospace advances are bene-
fitting more and more people on Earth.

Medicine. This field, because of its high technology
requirements, has been a major beneficiary of space
research, development and production programs.

A technique used in the production of spacecraft for
germ-control and dust-purging is helping to lower the
risk of infection in surgical procedures. The technique
uses portable equipment designed for the continuous
removal of dust and germs from the surgical area.
Equipment includes helmets that resemble those worn
by astronauts and specially treated surgical garments
that bacteria cannot penetrate.

The equipment is used during hip-joint replacements
and similar procedures in which large incisions must
remain open for several hours. A 10-foot by 10-foot
plexiglass and aluminum enclosure fits inside a con-
ventional surgical room. Air-circulating units force the
air through a wall of filters that trap dust and bacteria.
The air then moves in a gentle flow from the rear of the

. enclosure to the front. Clear plastic helmets are worn
by surgeons and nurses. Air flows into the helmet from
an opening in the top of each helmet. Vacuum' lines
remove exhaled breath, and communication is provided
by headsets worn by members of the surgical team.

The entire concept is based on techniques developed
for sterile spacecraft assembly and self-contained life
support systems.

Structural Engineering. A computer program, devel-
oped by the National Aeronautics and Space Adminis-
tration, today has more than 185 applications ranging
from suspension units and steering linkages on auto-
mobiles to the design of power plants and skyscrapers.

NASA’s Structural Analysis Computer Program
(NASTRAN) is a general purpose digital computer pro-
gram originally designed to analyze the behavior of
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elastic structures. A major use was in the design of the
space shuttle. ) _

The engineering division of a major autompbﬂe manu-
facturer, using NASTRAN in the design of its 1973 line
of light trucks, reports a 60 percent improvement in
predicting the behavior of compone‘nts. under stress and
a time saving of two-thirds in achieving such calcula-
tions.

Other examples of the applications of NASTRAN to
design and analysis include:

e Aircraft fuselages, wings and tail assemblies.

e High-speed railroad tracks. .
e Turbine engines. .

e Space vehicles and launch facilities.

Safety. This is another broad field_ for new tec‘hnology
applications, ranging from fire resistant mater!als 'and
paints, to better safety testing of new automobile tires.

This device, originally designed by‘ the_ Ra_ytheon
Company to test miniaturized electronics c!rcwts, for
the first time permits effective non-destructive test]ng
of automobile and aircraft tires by the B. F. Goodrich
Company. The equipment produces a qathod‘e ray tube
picture of the heat in tires as they spin _rap|d|y in the%
testing device at speeds up to 200 mph, in thga case 0
automobile tires, and 400 mph for aircraft tires. The
infrared camera is capable of reading the heat frpm
600,000 points on a tire every second, presentmg a view
as if the spinning tire were stopped. Hot spotg in a t.lre
are viewed as bright areas in the picture, .mdlcatmg
design or construction flaws needing correction. .

Previous camera equipment that could *‘stop a
spinning tire were too cumbersome. The new evalua-
tion tool weighs less than 40 pounds and can be used
to test automobiles with power from the auto’s elec-
trical system.

A B. F. Goodrich official says: “We anticipate that
this highly accurate method of heat analysis will help
us improve many of our products by testing them non-
destructively. Heat shortens the life of V-belts, sﬁOCk
mounts, brakes, rubber bearings and many other items
besides tires.” o

Construction Management. Kansas City, Missouri, Is



using a system developed for the Apollo manned space
flight program to build its $200 million international
airport. &

The idea was obtained from a briefing room built for
NASA for the exchange of ideas and information on
the Apollo missions. The Kansas City adaptation is used
for briefings on airport progress and problems for the
mayor, city manager and city council.

Every two weeks a video tape progress report on
airport construction is printed, followed by a computer
printout of the latest airport financial status and cash
flow requirement. )

Typical decisions made during the presentations in-
volve specific problems and improving construction
procedures. The system serves as a repository for data
on the airport project, permits decisions to be based
on current information, and keeps the management of
the project in a single location.

Materials. The Houston, Texas, Fire Department to-
day is using new fireproof materials, developed for the
space program, for their firefighting suits. The new
clothing includes thermal ur}derwear, a coverall chaps,
two types of trousers, two jackets and proximity suits
which permit the firemen to move closer to the fire or
even enter the flames if necessary.

The Mobile Quarantine Facility, formerly used by
Apollo crew members, was provided with maximum fire
safety furnishings that were developed for space appli-
cations. Floor, panels and drapes were sprayed with a
non-inflammable fluorel, and the seats were covered
with a fireproof synthetic material. These fire-resistant
materials are now being commercially sold by several
manufacturers.

These are but a few samples. Add to them, and to the
hundreds of other benefits already realized, the revolu-
tionary advances soon to come in such fields as
weather monitoring, communications, education, agri-
culture, mapping, navigation, transportation and the
surveying, monitoring and management of natural re-
sources world wide.

There can be no question but that generations of
mankind now and in the future will be rich beneficiaries
of the U.S. manned and unmanned space programs and
our technology-oriented industries.
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Aerodex, Inc.
Aerojet-General Corporation
Aeronca, Inc.
Amphenol SAMS Division
The Bunker-Ramo Corp.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
Murdock Machine & Engineering
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
The Garrett Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Aerospace & Defense Products
Goodyear Aerospace Corporation
Grumman Aerospace Corporation
Gyrodyne Company of America, Inc.
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
IBM Corporation
Federal Systems Division
ITT Defense-Space Group
ITT Aerospace/Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc.
Lockheed Aircraft Corporation
LTV Aerospace Corporation
Martin Marietta Corporation
McDonnell Douglas Corp.
Menasco Manufacturing Company
North American Rockwell Corporation
Northrop Corporation
Philco-Ford Corporation

~ Pneumo Dynamics Corporation

Raytheon Company
Missile Systems Division
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems Group
Solar, Division of International
Harvester Co.
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Dalmo-Victor Company
Hydraulic Research & Manufacturing Co.
Thiokol Chemical Corporation
Tool Research and Engineering Corporation
TRW Inc.
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace Division
Astronuclear Laboratory
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AEROSPACE ECONOMIC INDICATORS

CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Average
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sseame * Estimated === Aerospace obligations by Dept. of Defense and NASA.
e=====_ Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1960-1965 PERIOD PERIOD
o SEOWN e e PERIOD t PERIOD
Annual 1st 24.4 21.6 21.0
AEROSPACE SALES: Total Billion $ Rate 19.4 Quarter
Billion $ Quarterly 4.8 1972 5.4 5.2 4.8
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,151 Dec. 1971 1,570 938 1,565
Aircraft Million $ Monthly 601 Dec. 1971 729 541 900
Missiles & Space Million $ Monthly 550 Dec. 1971 841 397 665
Aerospace outlays: Total Million $ Monthly 1,067 Dec. 1971 1,345 1,034 1,120
Aircraft Million $ Monthly 561 Dec. 1971 856 619 681
Missiles & Space Million $ - Monthly 506 Dec. 1971 489 415 439
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 920} Feb. 1972 551 993 879
Aircraft Million $ Monthly 447 Feb. 1972 328 634 469
Missiles & Space Million $ Monthly 473 Feb. 1972 223 359 410
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 215 Apr. 1972 291 287 233
Expenditures Million $ Monthly 130 Apr. 1972 242 315 242 an
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 15.3# 1st 24,489 23,935 23,952
U.S. Government Billion $ Quarterly 11.6 Quarter 12,972 13,347 13,661
Nongovernment Billion $ Quarterly 3.7 1972 11,517 10,588 10,291
EXPORTS
Total (Including military) Million $ Monthly 110 Mar. 1972 509 285 493
New Commercial Transports Million $ Monthly 24 Mar. 1972 282 120 252
PROFITS (After Taxes) 1st
Aerospace — Based on Sales Percent Quarterly 23 Quarter 1.7 1.4 2.1
Al Manufacturing — Based on Sales Percent Quarterly 4.8 1972 3.9 4.1 4.0
EMPLOYMENT: Total Thousands  Monthly 1,132 Feb. 1972 1,054 921 927
Aircraft Thousands Monthly 469 Feh. 1972 602 505 511
Missiles & Space Thousands Monthly 496 Feh. 1972 94 89 89
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 2.92 Feh. 1972 4.29 4.42 4.51

R Revised

E Estimate
* 1960-65 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.
T Preceding period refers to month or quarter preceding latest period shown.

# Averages for 1961-65.
+f« Averages for fiscal years 1960-1965.

Source: Aerospace Industries Association
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TECHNOLOGY
FOR THE FUTURE
OF ALL MANKIND

BY KARL G. HARR, JR.

President, ) o
Aerospace Industries Association

With the distribution of the prior issue of this magazine we con-
ducted a readership survey.

We were gratified not only by the high percentage of readers
who took the time and effort to return the postcard, but also by
the tenor of the great majority of comments. All comments, and
particularly those offering substantiv_e recommendations, are
being studied in an effort to improve this association publication.

The principal lesson learned from the hundreds of comments
is that the magazine plays a welcome role in providing useful
information and educational material to educators and students
particularly in the range from upper g.rade school through
college. . )

We thank those who have helpeq us with their comments.

During recent months this Association and leaders throughout
industry and the Government have begn documenting the im-
portance to the nation’s well—be.mg of high-technology endeavor.

This issue of Aerospace continues such discussion.

One article covers TRANSPO 72, the world’s first interna-
tional transportation exposition, helt;l at Dulles International Air-
port during late May and early June. It reports briefly upon the
variety of high-technology efforts that U.S. aerospace and other
industries are making to develop a total, integrated system qf
transportation, from urban area people-movers to interconti-
nental air transports. .

A second article explores the rol'e that quality assurance plays
in the high-technology aerospace !ndustry —an effort essential
to great safety, comfort, pl’OdUC.tIVIty (capacnity plus speed) and
stability in the per-mile cost of air transportation.

The other major article looks at the problem of aircraft noise.
It reviews the considerable strides that have been made in re-
ducing noise, thus making better neighbors of the airborne
vehicles of our essential air transportation system.

Each report in this issue contributes to a simple message:

There is no need to turn our backs on technology. We have
the energy, the wisdom, the desire and the resources necessary
to ensure the use of technology to better the future of all man-
kind. Seeing that it does so is up to all of us. That's what today's
and tomorrow’s technology is all about.
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TRANSPO 72 abounded in superlatives.

For example:

s The largest total transportation—land, sea, air,
even space—international exposition ever held.

= An estimated 1.5 million people visited the huge
9-day show.

= There were 450 exhibitors with 666 exhibits occu-
pying 1.3 million square feet of space at Dulles
International Airport in Virginia.

But to the one and a half million visitors, including
an estimated 50,000 from foreign countries, the most
important statistic was a non-superlative:

= Not one major traffic jam.

The exposition had three major goals:

= To show the public and the world that the United

States has not abandoned its role as a techno-
logical leader.

= To demonstrate to people of all nations the whole

spectrum of the transportation systems.

= To increase the sales of U.S. products here and

abroad.

The first two objectives were solidly met, and the
future looks good for meeting the third goal.

The aerospace industry, with a broad background of
technological creativity and innovation in aircraft and
space vehicles, was strongly represented in the field of
surface transportation, where new concepts are re-
quired to meet the demands of mass transportation on
the ground. In the U.S. alone, planning experts esti-
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mate that about 45 urban transit systems costing about
811 billion should be built in the next decade.

Among the new ground systems shown were mock-
ups of tracked air cushion vehicles (TACV) designed
by LTV Aerospace Corp. and Grumman Aerospace Corp.

TAVC are aerodynamically styled, high-speed ve-
hicles capable of being propelled over a thin cushion
of air in a U-shaped guideway.

They were developed for the Urban Mass Transpor-
tation Administration of the U. S. Department of Trans-
portation.

The TACV designed by LTV accommodates 60 pas-
sengers in modern surroundings, seated four abreast
in 15 rows of large seats equivalent to first-class seat-
ing on commercial airlines.

The exterior of the aluminum vehicle resembles a
wingless, tailless airplane, and it does, in fact, “fly”
about one-tenth inch off its flat concrete guideway.

The TACV has four braking devices, including power
reversal of the linear induction motor, two independent
sets of wheel brakes and skids. The devices are used
in multiple combination to insure highly reliable
braking.

The lower one-fourth of the TACV houses the air
cushion and propulsion systems, with that portion of
the exterior being shielded from the bystander's view
by the guideway system.

The air cushions guide the vehicle along the track
as well as supporting its weight. A thin film of air
between the bottom of the cushion and the guideway
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prevents contact even in the most extreme conditions.
The air bag between the body and the cushion pads
serves as the suspension system for the vehicle.

The levitating power for the air cushion comes from
two motors that drive two 40-inch-diameter, axial flow,
single stage fans.

The air cushion is slightly over one-tenth inch thick
and is created by .7 pounds-per-square-inch of pres-
sure, compared with the 28 psi required to inflate the
average automobile tire.

Nonetheless, 75,000 cubic feet of air per minute is
required to operate the air pads and distribute the
pressure equally over the bottom and sides of the air
Cushion system,

A 12,000-pound-thrust linear induction motor (LIM)
powers the TACV at a cruising speed of 150 miles an
hour. Speeds can be increased to 300 and 400 mph
Wwith expanded power systems.

The control system automatically starts, accelerates,
and slows the vehicle as necessary for the best ride
quality. It also stops the vehicle, opens and closes
the doors.

A manual override permits the operation of the
vehicle in reverse at speeds up to 30 miles per hour.
The electrically powered vehicle is exhaust-free.

The TACV utilizes much standard off-the-shelf
hardware that has been proved reliable through many
years of railroad and other applications.

Rohr Industries exhibited four advanced systems,
each designed to serve a different segment of a bal-
anced transportation network. There were vehicles with
steel wheels, rubber wheels and no wheels, one that
floats on air and another that hangs in the air.

Rohr had an operating “‘people mover” called Mono-
cab, a rail transit car built for San Francisco’s new
BART (Bay Area Rapid Transit) system, the latest city
buses, and a full-scale engineering mockup of Aero-
train, and a tracked air cushion vehicle.

In addition, there was a demonstration of a research
vehicle called ROMAG that uses electromagnetic
forces to support itself a fraction of an inch above a
set of guide rails as well as guide and propel itself.

A company official explained how a suburban family
might use a balanced transportation network: “Mr.
Jones would catch a bus a block from home and ride
it to a nearby transit station where a train would take
him downtown in half an hour or less. At the down-
town terminal, a Monocab would be waiting to take
him directly to his office,” he said.

“| want to stress that these vehicles will be different
than any in service today. We are designing buses that
have more in common with luxury automobiles than
with the buses being used today,” he stated. “And the
transit vehicles we build, such as those for BART, are
more like jet airliners than rail cars.”

“When Mrs. Jones goes shopping, a bus would take
her directly to a nearby center where a people mover
like Monocab would carry her right to her favorite
stores,” he continued.

“Via bus and train, their son Jim reaches his college
campus in little more than 20 minutes, where a people
mover carries him to his first class,” he said. “No more
will he have an excuse for being late because he
couldn’t find parking space for his car,” he added.

A “people mover” system in which a computer de-
cides the fastest, safest route to stations along the
line was demonstrated by the Bendix Corporation at
Transpo 72.

The demonstration system featured two air-condi-
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Early designs of U.S. aircraft competed for attention

with the latest models from all over the world. This
aircraft joined World War | aircraft in the display area.

tioned, electrically-powered vehicles which carried 31
passengers at speeds up to 20 miles per hour along a
1,200-foot guideway.

The demand-responsive feature of the Bendix sys-
tem permits a passenger to summon the vehicle by
pressing a button at the station, then direct the
vehicle to his destination by pressing a select button
on board.

The computer which controls the system then de-
cides the quickest, safest route and switches the ve-
hicle through the appropriate guideways.

In addition to operating at the demand of passen-
gers, the automatic vehicles can be programmed by
the computer at the master control center to operate
on regular schedules.

The Bendix Personal Rapid Transit (PRT) system will
remain at Dulles for approximately six months to one
year for study and evaluation for use at urban sites.

Stars of the show, of course, were the wide-body
jets—the Boeing 747, the Lockheed L-1011 and the
McDonnell Douglas DC-10. All three aircraft are now
in airline service. The Lockheed C-5A, world’s largest
aircraft, was there and made a series of low-level
flights around Dulles.

Also exhibited was a complete line of light aircraft,
ranging from beautifully equipped executive trans-
ports, STOL aircraft and helicopters to an inflatable
plane that can be carried in the trunk of an auto-
mobile. Inflated, the one- or two-seat aircraft, built by
Goodyear Aerospace Corp., can fly at a speed of
70 mph.

Perhaps the most interesting overall aspect of
TRANSPO 72 was the tremendous variety of transpor-
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tation products and systems exhibited. They covered
such aspects as safety autos, vertical parking systems,
anti-hijacking weapon detection systems, marine and air
collision avoidance systems, ground traffic control sys-
tems and airline reservation systems.

Here is an example of the exhibitions shown by one
participant, The Garrett Corp. The exhibit presented
the high technology of the aerospace industry, and its
ability to utilize this technology in nonaerospace fields.
The exhibits covered ground transportation, airline
transportation, general aviation and engine compo-
nents.

The ground transportation exhibit included an oper-
ating model of a rail car being built for the Long Island
Railroad. The car has the capability to run on third-rail
electric power or to generate its own electrical power
when operating beyond the third-rail limits, There was
also a braking system for high-speed trains and Bray-
ton-cycle engine designs for buses.

In the airline transportation section, Garrett dis-
played a refrigeration package for the McDonnell
Douglas DC-10, the A300B airbus and several auxiliary

power units for aircraft ranging from short-haul models
to the Boeing 747, flap actuators, ground start carts and
thrust reversing systems.

The general aviation display exhibited several en-
gines, including a 3,500-1b. turbofan, a turboprop en-
gine and a turboshaft engine for helicopters. There
was also an airconditioning unit for the Bell Huey
Cobra and a lightweight emergency locator transmitter.

The engine components section covered an ad-
vanced auto engine design developed as an outgrowth
of work done for the Environmental Protection Agency,
and numerous components for future powerplants
which will keep air pollution to a minimum.

Finally, as Secretary of Transportation Volpe points
out in a question-and-answer feature accompanying
this article, the patriotism of the exhibitors in most
cases ‘‘seems to have been generously rewarded by
improved marketing outlooks.”” For example, the recrea-
tional vehicle exhibits were very popular. One such
exhibitor, almost as an afterthought, brought along a
few order blanks. After the second day he faced what
is at once a salesman’'s delight and dilemma: He ran
out of order blanks.

Following are responses by Secretary of Transportation John
A. Volpe to questions posed after the close of TRANSPO 72:

Question: What do you see now as the significance of
TRANSPO 72?

Sec. Volpe: I find it significant that so many people
came to what was essentially a trade show. Most were
very favorably impressed by the vast array of techno-
logical progress on display. TRANSPO gave the casual
viewer new faith in America’s leadership in the trans-
portation field. It gave planners new insight into what’s
available now and what’s coming up in transportation
hardware and software. And it gave exhibitors sales and
leads in new markets, both domestic and foreign.

Question: How did our foreign visitors respond?
Sec. Volpe: That was a side benefit of great potential
significance, I feel—the tremendous amount of interna-
tional ‘good will generated during conferences and the
visits with delegations from 56 nations from around the
world.

Question: What was the exhibitor reaction?

Sec. Volpe: You're asking me some of these questions
about a month too soon. We have a firm making
opinion polls of exhibitors. It questioned them on-site
during the exposition and now it’s checking with them
again after they’ve been back home and had a chance
to balance their costs and receipts. The report is due
later this summer.

Question: Do you have an interim opinion?

Sec. Volpe: Yes, based on my own experiences out at
Dulles. Exhibitors in all*fields of transport told me that
shoppers were buying and expressing an interest in

<]

their products that far exceeded their fondest expecta-
tions. I can tell you now that some manufacturers
exhibited more as a patriotic gesture than with any
hope of commercial reward. I'm happy to say their
patriotism in most cases seems to have been generously
rewarded by improved marketing outlooks. My corres-
pondence since TRANSPO bears this out.

Question: What did you learn in staging this first inter-
national transportation exposition?

Sec. Volpe: Plenty. As you know, we were pioneering
in a really uncharted wilderness. Just a few months ago
we were bravely predicting that we might have 300
exhibitors; we had 666 exhibits staged by about 450
exhibitors. The crowds were even harder to estimate.
Without that almost ideal weather, attendance could
have been quite another story. When TRANSPO 72
is all wrapped up, we’ll know what costs are involved,
what service facilities are needed for this size under-
taking. Anybody planning an exposition in the future
would at least have our experience base on which to
build.

Question: Mr. Secretary, was it worth all the challenges
of pioneering a new exposition?

Sec. Volpe: I'd say yes. I'm convinced this exposition
was good for the United States, good for the future of
transportation, and good for the people who will enjoy
improved urban, intrastate, interstate, and international
travel because those responsible for transport facilities
and services found better ideas at TRANSPO. B
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“Exfoliation-Corrosion Acceptance Standards for -T76 Temper Series

of Aluminum Alloys 7075 and 7178

“FAA-USAF-NASA Runway Research Program — DC-9 Flight Test Schedule”

“Prqposed Flight Special Conditions for Aerospatiale, France, and British
Aircraft Corporation, England, for the Concorde Airplane”

"MSC Program Plan for Evaluation of Improved Aircraft Cabin Materials”

"MSC Project 341-4, MIL-M — 3171 Magnesium Alloy, Processes for Pretreat-

ment and Prevention of Corrosion™

“Fuel Systems Fire Safety”

The above are six of the hgndreds of technological
programs under way in the high-technology industries
of the United States, particularly in the aerospace in-
dustry.

What do they mean to Americans, and to other people
all around the world?

They mean that in 1971, when 53,644 people were
killed on U.S. highways, and when an estimated 27.000
Americans were killed in home accidents, 173,667,000
people traveled more than 142 billion passenger miles
on U.S. scheduled airlines with only 174 fatalities. This
was a safety rate of 99.99989%, or about one fatality for
each 8 hundred million passenger miles. (In the previous
calendar year, 1970, two persons were killed in U.S.
scheduled airline flights — a safety rate of 99.999999% )

They mean that in 1971 six U.S. astronauts traveled
a combined total of close to three million miles to the
Moon and back in safety. This does not include many
thousands of additional miles travelled in lunar orbit.

A modern jet airliner such as the Boeing 747, the
McDonnell Douglas DC-10, or the Lockheed L-1011, is
created by putting together many thousands of parts.
Failure of any one of many of ‘these could result in a
tragic disaster. An airliner with 200 or 300 people
aboard can't park by the side of the road, raise its
hood and wait for a tow truck. It must take off on time,
fly a predescribed route and land on time without undue
incidents.

Nowhere is the quality and reliability of component
parts more vital, of course, than in space flight. An
assembled Saturn V-Apollo booster/spacecraft con-
tains a total of more than five million parts. On one of
the earlier Apollo flights, there were five part failures;
all had “‘redundant,” or back-up units, and none of the
failures interfered with the mission. Thus, the parts re-
liability percentage was 99.99% plus.

QUALITY ASSURANCE

This continuing success story in space and aviation
safety obviously did not “just happen.” It is the result
of tremendous — but largely unheralded — efforts be-
hind the scene by industry experts in the quality assur-
ance area, which involves everything from the number
of threads on a screw to the composition and thickness
of the metal skin-for a wing.

The magnitude of the quality assurance effort be-
comes apparent when we realize that literally thousands
of subcontractors and sub-subcontractors work in dedi-
cated support of the major airframe and engine manu-
facturers whose names are associated with the final
product,

There is virtually no planning, engineering, produc-
tion or maintenance function in the aerospace industry
that doesn’t depend to a significant degree on quality
assurance. And the more sophisticated and complex
the product, the more effort must be expended to en-
sure its reliability and level of performance.

Detailed quality assurance work starts at the time
plans are drawn and materials are ordered, then con-
tinues throughout the life of the product, whether it is
carrying 300 people from New York to San Francisco
or three astronauts to the Moon and back.

This assurance is no less necessary in the case of
automated machines, from missiles to satellites, not
under the direct controlling hand of a human being.

A great many of the accomplishments in safety have
derived from work done by industry, and within Govern-
ment laboratories and test centers, to improve the re-
liability of military aircraft, missiles and other systems.
Products delivered to the military must meet a myriad
of standards and specifications which constantly grow
more stringent. Thus, the defense programs help to
push advanced technology ever forward, to the benefit
of all concerned.

For the manufacturer, there are three major elements
to be considered before the product even gets to the
customer:

e Definition of end use: This description (specification)
must completely describe the performance expected of
the end product under all conditions of use and envir-
onments under which it must operate. Included must
be expected life, maintenance cycles, etc.

e Definition of end product — This must be a complete,
detailed description of the end product and include de-
tailed drawings, specifications, tools, loft data, etc.
(engineering).

e Manufacturing and inspection of the end product —
In most cases, the manufacturing inspection plan in-
volves extensive planning by the manufacturing engi-
neer on the production of the detailed parts, inherent
capability of each machine and process, manpower
skills requirements vs. what is available, and tools re-
quired in fabrication and assembly.

During this same planning period, the quality en-
gineer and inspection planner are working with manu-
facturing to evaluate which characteristics are con-
trolled by the process, machine, or the tool — and
which others must be tested — measurements and op-
erational tests, for example.

Finally, there is the detailed inspection of each part,
assembly, and then the final product by the fioor in-
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spector. Prior to delivery, there is the actual operational
test to verify the conformance of the end product to the
original specification.

The manufacturing plan includes ‘“make-or-buy” de-
cisions, which determine whether parts, assemblies, and
special facilities shall be produced in-plant or procured
elsewhere. In the latter case, inspection planning and
testing must still be carried out prior to actual hardware
production, just as it is in-plant.

A major key to the unprecedented accomplishments
in aerospace safety is the comparatively new technol-
ogy of nondestructive inspection — testing materials,
structures and finished parts to determine whether they
are without flaws and otherwise meet specifications
through use of methods that do not result in destruction
of the usually expensive test items. There are three
general methods:

e Visual, using either the ““calibrated” (in the sense of
an individual aware of what needs to be looked for)
human eye to check on “condition,” or the naked eye
supplemented with micrometers, scales, transits or
other devices.

e Nondestructive testing methods primarily to establish
“Go-No-Go” acceptance through the acceptance of
standards. Typical methods include X-ray, magnetic
particle inspection, penetrants, eddy current and ultra-
sonics.

e Operational testing with supplemental instrumenta-
tion, usually within and/or used with the functional test
equipment to determine performance to engineering-
specified performance criteria. This starts with func-
tional components and continues through the assembly
process to include the total end item.

GROWING PARTNERSHIP

Beyond the manufacture of an aircraft, and its accep-
tance by the airline which buys it, is the vital matter of
its reliability and maintainability once it enters service.
In recent years increasing recognition has been given
to the fact that reliability and maintainability (R&M) —
with all of its obvious importance to both safety and
satisfactory operating costs — must be a joint respon-
sibility of both the aircraft designer and his customer,
the airline operator.

Now this partnership is growing, as witnessed by the
excellent progress in development of the new wide-body
airliners —the Boeing 747, the McDonnell Douglas
DC-10 and the Lockheed L-1011, all of which have now
been certificated. Reliability and maintainability promise
to be greatly enhanced by bringing the manufacturers’
- designers into full collaboration with the airlines from
the outset of a program — a full partner not only in de-
sign of the aircraft, but in planning the maintenance.

The approach to R&M in the DC-10 and L-1011 pro-
grams owes much of its sophistication to work done
earlier on the maintenance program for the now well-
proved Boeing 747 four-engine wide-body transport,
which has been in commercial service for more than
two years.

As with the later tri-jet programs, the effort in con-
nection with the Boeing 747 was long and arduous, and
involved three distinct elements: the manufacturers of
airframe and engine, their airline customers, and the
members of the Federal Aviation Administration’s Main-
tenance Review Board (MRB).

Essentially, the process for originating a maintenance
10

program is the same for any new-model aircraft: Work
is jointly begun by the airlines and the manufacturers
at least one and one-half years before the airplane is
scheduled to be certificated for service, following which
(after lengthy review) the FAA passes judgment on
each individual airline program. However, new features
were added in the cases of the new wide-body ships.

QUALITY WAYS AND MEANS

To meet the severe demands of quality assurance on
aircraft and spacecraft, manufacturing companies have
developed a host of new techniques and processes.
The following is a representative sampling.

The Space Division of North American Rockwell has
established a Quality Motivation Program which makes
individual employees fully aware of the critical impor-
tance of error-free performance, identifies specific
goals, and recognizes superior work with awards. A
number of innovations have resulted from the program.
Among them:

® A new X-ray inspection technique to cut the cost and
operating time in radiographic inspection of the welding
in the S-1I stage of the Saturn V launch vehicle. The
first oxygen-compatible fluorescent penetrant was de- |
veloped by NR's Los Angeles Division for interior in-
spection of oxygen tankage and is now available for
commercial use.

Convair Areospace Division (Fort Worth) of General
Dynamics has developed a number of systems and tech-
niques to improve aircraft reliability and save time in
manufacturing. Examples include:

e Delta ultrasonic inspection, first used in large-scale
production on the F-111 program. This technique was
named for the triangular position of the transducers
used in the test. If a defect exists in the material being
tested, it is located through a flow of sound energy, the
information is displayed on a cathode ray tube and an
alarm is set off.

e A system to ultarsonically test for hardness. This
development arose from a need to determine the hard-
ness of three surfaces on a highly stressed part without
making indentations.

McDonnell Douglas activity in the hardware area has
included:

e A specification developed by the McDonnell Douglas
Astronautics Company(Huntingfon Beach, Calif.) on cri-
teria for quality control of increasingly microminiaturized
monolithic circuits (or integrated circuits — IC’s). Using
as an acceptance tool its Scanning Electron Micro-

reliability of IC’s it uses in aerospace equipment. 9
e A contribution to future lower-cost and more densely



quality control standards to produce the first 4" by 6”,
S-layer ceramic multilayer board.

e Both the Quality Audit and the Quality Engineering
sections of Quality Assurance at McDonnell Aircraft
Company (St. Louis, Mo.) teach courses in their area
to people from various companies representing a wide
range of industries.

AiResearch Manufacturing Company of Arizona, a
division of the Garrett Corporation, has tightened its
supplier rating system to ensure that corrective action
is taken when parts or products are defective. Such
suppliers who fail to fix the problems involved are first
placed on a “warned"” list, then on a ‘‘restricted list,
and finally on a ‘“‘disapproved” list if the problems re-
main uncorrected.

The company reports that at the end of the first year
of this program, rejections by AiResearch inspectors
were down 49 percent, rejections at receiving inspec-
tion were down 21 percent, and unsatisfactory supplier-
produced parts discovered during assembly were down
37 percent. The result was higher-quality products and
reduction in costs — the latter for the supplier as well
as the buyer.

Rohr Corporation (Chula Vista, Calif.) is using holo-
graphic interferometry — a unique and versatile tech-
nique — for quality assurance. Coherent laser light is
applied in recording and reconstructing three-dimen-
sional images and interference fringe patterns. Holo-
graphic Nondestructive Testing (HNDT) can quickly,
accurately, and reliably detect anomalies in aerospace-
type structure. In particular, it may be utilized in the
detection of internal defects in all types of high-tem-
perature sandwich structures and adhesively bonded
sandwich structures.

The Columbus Division of North American Rockwell
established a Contamination Control Committee in 1958
to deal with contamination problems in aircraft hy-
draulic fluids and systems. Through its efforts, methods
of measuring fluid contaminants and establishing con-
tamination limits were pioneered and a program for
control was initiated. During the next three years, the
rejection rate of fluid samples dropped dramatically —
from 39 percent to eight percent. In 1962, a brochure
was published on Hydraulic Fluid Contamination. Re-
quests for copies have been received from all parts of
the United States and from Great Britain.

Because the control program was so successful on
aircraft, it was expanded to include the numerically
controlled milling machines in the heavy machining de-
partment. Problems with servo valve failures soon dis-
appeared.

In April, 1970, the Naval Air Systems Command se-
lected the Columbus Division to implement the con-

tamination control program at the Naval Air Station at
Albany, Ga. The mission was to evaluate the potential
of the program for service use, and to prepare a train-
ing film. The Navy is considering expanding this indus-
try-developed control system to other shore stations
and aircraft carriers.

A unique course which applied aerospace industry
training techniques in nondestructive testing was con-
ducted by the Convair Division of General Dynamics
for Pacific Gas & Electric Company.

The course was taken by supervisors, engineers and
inspectors employed by PG&E in activities involving
quality assurance and related quality control work dur-
ing the construction of power-generation facilities in-
cluding the nuclear units at Diablo Canyon Site near
San Luis Obispo, Calif.

The three-week course, one of a series conducted
monthly by Convair for management and engineering
personnel at all decision-making levels, is broadly
based upon the applications and limitations of non- .
destructive testing. Upon completion of the instruction,
the student has fulfilled the training requirements pre-
scribed by the American Society of Nondestructive Test-
ing for certification.

Students have been sent to the school by other aero-
space manufacturing companies, airlines, and both
civilian and military Government agencies.

INVESTMENT AND PAYOFF

This is only a sampling of the efforts constantly being
made in aerospace manufacturing, in cooperation with
the purchasers of its products, to ensure the highest
possible degree of safety and reliability.

A significant statistic is that in the aerospace industry
the quality effort — in manhours, as compared with the
total manufacturing direct hours — is 23.5 percent —
that is, virtually one employee in four is involved in main-
taining and improving the quality of airframe, engines,
spacecraft and other products. In the case of missiles
and space, the percentage is a remarkable 45.8 percent!

Because for years the scheduled airliner has been
by far the greatest mode of transportation for persons
travelling more than short distances, the statistics that
are of most importance have to do with the safety record
of the airlines over the years.

From 1938 through 1971 — a span of 33 years —
there were 201 airline accidents, resulting in a total of
4,212 fatalities. These occurred during the course of
more than 1.3 trillion passenger miles traveled. In none
of those 33 years was the safety factor lower than 99.99
percent (as noted earlier, in 1970 the factor was
99.999999 percent).

Thus, we enjoy an extremely high degree of safety in
an airliner — thanks to the dedicated work of the many
thousands of aerospace and airline employees whose
careers are devoted to quality assurance.

The vast presence of this effort throughout the de-
velopment and production of high-technology aero-
space manufacturing is one of the less apparent rea-
sons that aerospace products almost traditionally have
carried relatively high pricetags. And the customer
would have it no other way — he would not sacrifice
quality assurance for cost cutting in the purchase of
fighter aircraft for the armed forces, for aircraft for
commercial transportation, or for satellites for high-
quality, worldwide communications.
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In 1973 the scheduled world passen-
ger traffic aboard commercial aircraft
is expected to total nearly 400 billion
(400,000,000,000) revenue passenger
miles — about 'double what it was in
1968. That's 16 million trips around
the earth.

By 1980 the revenue passenger
miles flown in a single year are ex-
pected to double again to about 800
billion.

Unfortunately, this widespread ac-
ceptance of air transportation, together
with the rapid population growth of
our metropolitan areas, has combined
to accent the congestion and noise as-
sociated with the movement of large
numbers of people. Cities and their
suburbs have expanded and airports
that were in rural areas when first
established inevitably have attracted
communities of homes and businesses.
Airports now too often are thought of
as bad neighbors, and new airports,
essential to our national welfare and
mobility, often are opposed by local
communities. Oddly enough, this op-
position has developed concurrently
with public recognition that the air-
port is a key factor in the economic
viability of any progressive community.

This article looks briefly at what
is being done to solve the problem of
noise annoyance created by the indus-
try that builds modern commercial
aircraft, and by the industry that uses
those aircraft.

HOW DID WE GET HERE?

A brief look at the history of com-
mercial air transportation is warranted.

During World War Il thousands of
servicemen became acquainted with
air travel, and after World War Il air
transportation expanded rapidly, uti-
lizing those great piston-engine air-
craft, the DC-3, DC-4, DC-6, DC-7,
Boeing Stratocruiser, Lockheed Con-
stellation and Convairliner.

Early in the 1950s, air transports had
sufficient range to fly across the
United States non-stop. By the mid-
1950s non-stop transatlantic operation
without restriction was available and
more people were flying to Europe
from the United States than were
traveling by ship. Soon, however,
technology advances were made in
military gas turbine engines that
caused a revolutionary change in com-
mercial aircraft and triggered a phe-
nomenal growth in air transportation.

The turbojet engine made significant
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creases in speed possible by elimi-
ating the speed limitation of the pro-
eller and by providing larger amounts
f thrust with lower engine weights
1an were possible with the piston
ngine.

The significantly lower fuel con-
umption of the J57 turbojet engine,
leveloped for the B-52 bomber in the
arly 1950s, opened the door to jet-
sowered transports and the JT3C
-ommercial engine version of this
:ngine was qualified for commercial
ransport service in 1958. The era of
~ommercial jet travel in the United
States began in October 1958 when
Pan American World Airways flew the
Boeing 707 transport for the first time
in commercial operation.

With the introduction of the turbojet
powered aircraft into commercial
service, the passenger capacity was
more than doubled and cruise speeds
were increased by approximately 200
miles per hour, cutting trip times for
long distance travel in half.

In fact, today we can fly from the
United States to Japan in the same
time it took to fly across the United
States in the piston-engine powered
transports of the 1950s. By flying
above most of the rough weather, the
jet-powered  transport offered a

=

smoother, more comfortable ride than
passengers had ever experienced.

The next significant advancement
in engine technology was the intro-
duction of the turbofan engine in the
early 1960s. The turbofan's combina-
tion of light weight, reduced fuel con-
sumption and increased thrust con-
siderably reduced direct operating
costs and increased the range of the
jet transport to true intercontinental
capability. The reduced operating
costs permitted reduced fares and air
travel became available to a larger
segment of the population, Air trans-
portation became the major means of
long-range travel, and by 1968 more
than 90% of the passenger traffic to
Europe was by air.

By the mid-1960s it became obvious
to the airlines that larger new equip-
ment would be needed by the early
1970s if they were to continue to pro-
vide improved service to an increas-
ing number of travelers. The first
wide-body transport, the Boeing 747,
was introduced into airline service
in January 1970. It was powered by
the JTOD engine, the first high bypass
turbofan engine to enter commercial
service. The new JT9D (Pratt &
Whitney), CF6 (General Electric) and
RB211 (Rolls Royce) engines provide

more than twice the thrust and have
approximately a 25% lower specific
fuel consumption than the initial
turbofan engines. The new transports
that these engines power have dou-
bled the passenger capacity of our
previous transports and have provided
a greater level of comfort with the
introduction of the wide body, double
aisle seating arrangement.

Today's passenger traffic in the
United States is about 14 times greater
than it was in 1950. But the fleet size
has only doubled, indicating the large
increase in fleet productivity that in-
creases in speed and passenger capa-
city have brought about. Nevertheless,
airport saturation at our major hubs
of air traffic has become a serious
problem and has necessitated restric-
tions on the number of arrivals and
departures at some of the larger air-
ports,

Our progress in mass air transpor-
tation has not been without problems
other than airport congestion. Annoy-
ing noise is one of these.

NOISE IS UNWANTED SOUND

The young, freckle-faced lad who
discovered what he could do to most
of his first grade classmates by
scraping his fingernails down the slate
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blackboard may have given most of
us our first experience with noise
pollution.

The dictionary records: ‘“NOISE
(noiz) n. A sound of any kind, espe-
ciaily when loud, confused, indistinct,
or disagreeable.”

In other words, sound is something
we use in many ways, but when it
is disagreeable it is an unwanted
pollution.

The difference between acceptable
and unacceptable sound varies with
three characteristics: the frequency
of the sound waves (pitch), the inten-
sity (volume) and the duration.

A rooster crowing at dawn outside
a bedroom window may be colorful
and bearable. If he did the same thing
all day long, however, he would wind
up in a stew pot early during his
second day. The same noise problem
is inherent in the operation of motor-
cycles, power lawnmowers, snow-
mobiles, jackhammers, outboard
motors and a host of other pieces of
modern equipment that people ap-
parently consider necessary or con-
venient,

The amazing progress that we have
made in commercial air transportation
has not been without some penalties.
For several years there has been a

growing public concern about the
environment in which we live and
about the impact of human beings
and their activities on that environ-
ment—an environment which extends
from the land and the seas to the
outer edges of the life-sustaining
atmosphere that surrounds this planet
Earth.

This concern is good. And it is
shared by the high-technology indus-
tries that must be counted on to sup-
port a constantly growing world pop-
ulation by using technology for the
good of man, while at the same time
finding the ways to eliminate adverse
side effects.

WHAT IS THE PROBLEM?

It is the nature of a developing and
evermore industrialized world that no
matter where major airports are lo-
cated they soon attract satellite com-
munities of business firms and dwel-
lings. Soon there are complaints about
the noise generated by aircraft oper-
ations. A world accustomed to the
noise of reciprocating engines in auto-
mobiles, trucks, tractors and older
airplanes has not been completely
willing to accept the higher and louder
noise created by jet aircraft engines.

It is true that long-term exposure

to high noise levels can have an ad-
verse physiological effect on humans,
to include some loss of hearing. How-
ever, the problem noise connected
with aircraft operations is that of in-
termittent high-level turbine whine
combined with deep-throated exhaust
roar. Jet aircraft noise, because of the
relatively short duration of each air-
craft takeoff or landing operation,
probably is more psychologically an-
noying than anything else. (People
who work close to jet aircraft have
sound-reducing earphones). Even so,
the demand to reduce such noise
must be met to the extent possible.

The noise problem incident to trans-
port aircraft operations became more
severe with the introduction of jet air-
craft engines which produce sound
of higher pitch and volume.

The noise of a jet engine comes
largely from two sources —the jet
exhaust and the interior whirling fan
and turbomachinery. The jet engine
exhaust creates a roar, particularly
during takeoff when the high velocity
exhaust mixes with surrounding undis-
turbed air outside and behind the
engines.

The noise of the fan and the internal
turbomachinery, on the other hand, is
created internally and is projected for-
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APPROACH NOISE
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Move from turbojet to turbofan
in 1961 began reduction of
sideline noise, reflecting effect
of 1:1 bypass ratio on lowering
jet exhaust noise. This created
high-pitched whine of fans,
increasing approach noise.
Trend toward lower approach
noise began with the stretched
DC-8s. High bypass ratio
engines on wide-bodied jets
(747, DC-10, L-1011) have cut
both approach and sideline
noise significantly. Noise from
other sources is shown for
comparison.
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EFFECT OF BYPASS RATIO ON JET NOISE ward out of the air intake inlet and

Equal Take-Off Thrust rearward out of the fan discharge
ducts. This is the whine so character-
istic of earlier model jet engines.

Approach noise reflects the pre-
dominance of noise generated in the
engine and heard out in front. Side-
line noise predominantly comes from
the jet exhaust. Although the jet ex-
haust noise predominates on takeoff,
it is difficult to measure -because of
the variability in operational proced-
ures. Thus, sideline noise is a more
accurate reflection of the trend in jet
exhaust noise.

WHAT HAS BEEN DONE?

Much of the problem has been
eliminated, and more is being done.

Industry, scientists and the Govern-
ment needed a standard by which to
measure noise, so they settled on
“Effective Perceived Noise Decibels
(EPNdB). (The ‘“bel” recognizes Dr.
Alexander Graham Bell.)

In the case of aircraft noise the
Federal Aviation Administration has
published Federal Aviation Regula-
tion (FAR) Number 36, establishing
certain maximum EPNdB ratings, vary-
ing with the type of aircraft being op-
erated, measured from three different

Relative Noise Level

0 ' 5 7 8 areas:

' ) ‘ Bypass Ratio Takeoff: EPNdB measured 3.5 miles
* Perceived Noise decibels (about 21,000 feet) from the beginning
Source: Air Transport Assn.

of the takeoff roll.

Sideline: EPNdB measured one-
quarter of a nautical mile (1,520 feet)
from the side of the runway being

Jet exhaust noise is reduced by using higher bypass ratio,
shown here with engines of equal takeoff thrust. New wide-
bodied jets carry twice as many passengers, with engines two
and a half times as powerful, and bring significant reductions

used.
in noise because bypass ratio has been increased to 5:1. This Approach: EPNdB measured one
compares to a ratio of 1.2:1 for the first generation of jet mile (about 6,000 feet) before the be-
transports. :

ginning of the runway.

Since the first turbojet engines were
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A turbofan develops thrust in much the same manner as a turbojet except that a large por-

tion of the air which is accelerated by the engine to produce thrust passes only through a

“fan”, attached to the forward end of the compressor. After being compressed by the fan,

this air is released through the fan exit ducts, completely by-passing the burner and

turbine sections, and generating propulsive thrust in the identical way that air passed

through a conventional propeller does. In effect, the turbofan accelerates a relatively larger

- mass of air than the turbojet but to a relatively lower exit velocity. The results are im-
proved propulsive efficiency, lower noise levels, and greater thrust for take-off and climb.




introduced, constant efforts on the part
of NASA, the Department of Defense,
the Federal Aviation Administration,
the air transport industry and the aero-
space industry have brought about
major reductions in the noise created
by commercial aircraft.

The move from pure turbojets to
early turbofans began a trend toward
reduced sideline noise, but noise from
the fan and compressor raised ap-
proach noise. This trend was reversed
with later versions of the engine pow-
ering the stretched DC-8 series in
1967.

Today the new wide-body jets use
advanced technology engines that pro-
vide much more power (therefore
more carrying capacity) and create
much less noise. A key factor in this
ability to increase power greatly while
holding down or reducing noise is a
design known as the ‘high bypass
ratio’’ engine,

The bypass ratio is the ratio of air
that bypasses the combustion process
to the air that is compressed and
burned with the fuel. In the new high-
technology engines the flow of bypass
air is five or more times greater than
the flow of air through the combustion
chambers. This bypass ratio of 5-to-1
compares with a ratio of about 1.2-to-
1 in the engines that powered the first
generation of commercial jet trans-
ports.

The primary result of the high py-
pass ratio design is a reduction of jet
exhaust noise. This noise is caused
by the interaction between high ve-
locity jet exhaust gasses and the air
surrounding them. The high velocity
is the result of air being compressed,
then fed into the combustion chgmber
and burned, followed by a rapld_ ex-
pansion and exhaust at high veloc_ltles.

increasing thrust by using a higher
bypass ratio (more air aroupd the en-
gine than through it) avoids increasing
the jet exhaust gas velocity, and the
noise that it creates.

The economic advantage, of course,
is that the modern jets, with their high
bypass ratio engines, can carry two
or three times as many passengers as
the older jet aircraft. This means that
the airlines can accommodate greatin-
creases in traffic without having to
increase their costs of equipment and
operations significantly. The Boeing
747, for example, usually is substituted
for two Boeing 707 aircraft, thus elimi-
nating one flight operation. This in-
crease in productivity will be more
important as air travel continues to
grow in the future,

Another form of noise reduction that
comes with the new wide-body jets —
the 747, DC-10, L-1011 — is a lowering
of the high-pitched whine of the fan
blades and the internal turbomachin-
ery. The new engines have virtually

eliminated the highly objectionable
turbine whine by design changes in
the front part of the engine. Also, the
amount of noise has been reduced by
extensive soundproofing of both the
engine and the nacelle into which it
fits on the airplane.

Just how far the wide-body jets have
brought noise reduction can be seen
by studying the accompanying charts
which show the history of noise by
aircraft type. These charts show sound
values as corrected for tone and dura-
tion of tone.

When the early 747s entered service
they represented a significant reduc-
tion in both approach and sideline
noise. Refinements developed since
the design and production began were
incorporated in later model 747s be-
ginning with December 1971 deliver-
ies. This accounted for an even greater
reduction in noise.

For the three-engine wide-body jets
the picture is equally impressive. The
DC-10 and the L-1011 are the first air-
craft designed from the beginning to
meet FAR Part 36 limits which were
established in November of 1969.

It appears now that the next gener-
ation of intermediate and long-range
aircraft probably will be designed for
high subsonic or possibly near sonic
speeds, unless the supersonic Con-
corde and TU-144 receive wide ac-
ceptance after they enter service. The
next generation of advanced technol-
ogy engines already is here in the
form of the JT9D, CF6 and RB211
which are in the 40,000-pound thrust
class, with a growth potential to more
than 50,000 pounds of thrust.

Using existing technology, the
JT9D engine in the B-747, the CF6
engine in the DC-10 and the RB211
engine in the L-1011 have met the
reduced noise limits established by
the FAR 36 noise regulation. However,
as we establish the requirements for
future engines it is clear that our goal
must be even more reduction in noise
and engine emissions without sacr.i-
ficing performance and economic
characteristics.

Low noise is a dominant factor in
establishing the design characteristics
of all new engines, particularly for
Short Takeoff and Landing (STOL) and
higher-speed transports.

Noise levels can be reduced even
more. The challenge to the engine. de-
signer is to provide these reductions
with minimum safety, cost, perform-
ance and weight penalties.

Considering what industry has ac-
complished during the last 15 years
in meeting the challenge to increase
productivity, (capacity, safety, econ-
omy, comfort and speed), while at the
same time reducing noise dramatically,
there is no reason to doubt that these
two trends can be continued.
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EROSPACE ECONOMIC INDICATORS

CURRENT

Total Aerospace Sales

] )

| |

yas

180

160

Value of Civil Aircraft Shipments
, ,

OUTLOOK

New Orders — Monthly Average

GOVERNMENT

T7960.65 Average — 100) mm/ (1960-65 Average — 100) ) civir
1 g :
l ‘ ! ‘ \
| | | S [ (| 60 i b
'67 68 '69 70 71 72 '66 '67 '68 69 '70 ' 72 "5 ] 68
ns by t. of f 2 NASA
AVERAGE LATEST SAME PRECEDING p——
ITEM UNIT PERIOD 1962-1971 PERIOD PERIOD : EEBIAE
* SHOWN YEAR AGo = FERIOD1 PERIGD
Annual 1st
AEROSPACE SALES: Total Billion $ Rate 23.5 Quarter 244 21.6 21.0
Billion $ Quarterly 5.9 1972 5.4 5.2 4.8
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,240 Mar. 1972 1,148 1,346 1,410
Aircraft Million $ Monthly 733 Mar. 1972 778 836 823
Missiles & Space Million $ Monthly 507 Mar. 1972 370 510 587
Aerospace outlays: Total Million $ Monthly 1,147 Mar. 1972 1,104 1,156 1,299
Aircraft Million $ Monthly 665 Mar. 1972 669 683 825
Missiles & Space Million $ Monthly 482 Mar. 1972 435 473 474
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,057 July 1972 2,254 2,067 1,636
Aircraft Million $ Monthly 631 July 1972 796 1,586 955
Missiles & Space Million $ Monthly 426 July 1972 506 481 681
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 270 Aug. 1972 177 263 254
Expenditures Million $ Monthly 271 Aug. 1972 242 221 228
BACKLOG (60 Aerospace Mfrs.): Total Billion $ Quarterly 22,7119 1st 24,489 23,935 23,952
U.S. Government Billion $ Quarterly 13,588 Quarter 12,972 13,347 13,661
Nongovernment Billion $ Quarterly 9,131 1972 11,517 10,588 10,291 ‘
EXPORTS \_
Total (Including military) Million $ Monthly 204 July 1972 249 290 301 1
New Commercial Transports Million $§ | Monthly 59 July 1972 47 18 40 |
PROFITS (After Taxes) 2nd ,
Aerospace — Based on Sales Percent Quarterly 2.6 Quarter 1.9 2.1 29
All Manufacturing — Based on Sales Percent Quarterly 49 1972 45 | 4.0 45 %
EMPLOYMENT: Total Thousands = Monthly 1,286 July 1972 946 924 925 l
Aircraft Thousands | Monthly 699 July 1972 521 | 503 503 ;
Missiles & Space Thousands | Monthly 144 July 1972 90 92 93 ;
AVERAGE HOURLY EARNINGS, {
PRODUCTION WORKERS Dollars Monthly 3.48 July 1972 4.32 4,62 4,59 t
R Revised

* 1962-1971 average is computed by dividing total year data by 12 or 4 to yield monthly or quarterly averages.

T Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Assoclation
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On a Clear Day
You Can See Forever

— from a popular song

By Karl G. Harr, Jr.
President, Aerospace Industries Association

A new thing has happened. Like many truly new
things, it has nearly escaped notice.

On July 23,1972, a McDonnell Douglas Delta launch
vehicle arose from Vandenberg Air Force Base, Cali-
fornia, and took into an Earth orbit of just under 570
miles a satellite named ERTS-1 (Earth Resources
Technology Satellite-1). It was built by General Elec-
tric in a variation of its highly successful Nimbus
weather satellite. Aboard this spacecraft are a va-
riety of subsystems, most prominently including cam-
eras and other sensors developed and delivered by
Hughes and RCA, with the assistance of many sub-
contractors and suppliers.

Just what this event means to all of us (emphasis
added) is spelled out elsewhere in this issue of
Aerospace.

As mentioned in the article, the British scientist Dr.
Fred Hoyle believes that a major turn in human his-
tory occurred when we saw our first photographs —
manned and unmanned — of Planet Earth taken from
deep space.

Hoyle's notion, difficult to contradict, is that this
event crystallized our awareness of our planetary
fragility, the limitations of our resources and the im-
perative necessity of learning exactly where we stand
and how we should proceed.

This we have now begun to do. We are enabled to
do it because we have developed, within little more

than a decade, a technology previously unimagined.
We can see with precision what resources we have —
what waste we have worked, and what exists that we
have until now been unaware of.

ERTS-1 is to be followed next year by a second in
the series. This comparatively low-cost space proj-
ect — coupled with NASA programs such as Skylab
and the Space Shuttle — will demonstrate that the
space effort has been and continues to be one of
America's best investments.
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