The “oblique-wing'' concept provides both drag and weight
advantages over its swept wing. In low-speed flight, the
wing is rotated to operate as a conventional unswept wing.

generation of supersonic flight aircraft. Operating at three
times the speed of the Concorde — or about eight times
the speed of today’s jet transports — and capable of very
long range flights, the hypersonic transport could be of

interest in an era of increased East-West and African
trade.

Hypersonic transports would operate at extremely high
altitudes and use liquid hydrogen fuel. With respect to
environmental considerations, the altitude increase sig-
nificantly reduces sonic boom effects on the ground and
the emissions of a hydrogen-fueled engine do no more
than combine with oxygen to make water.

® In the much more distant future, there exists the
possibility of semi-global, or sub-orbital, rocket-propelled
transports which could evolve concurrently with further
advances in space transportation — that is, with eventual

development of a fully reusable successor to the Space
Shuttle system.

The stage for NASA testimony before Congress was set
by Administrator James C. Fletcher who stated:

“Any discussion of advanced aeronautical concepts re-
quires that we project well out into the future. Our confi-
dence in such projections depends largely on how solid
a base we use as our starting point— and how well we
have performed in the past. In this regard | believe NASA,
and NACA before it, can point to a fairly impressive track
record. The research conducted in our laboratories and
flight facilities, in close cooperation with the military serv-
ices and the aeronautical industry, has led to a succes-
sion of advances spanning all but the very earliest history
of flight.

“These include early NACA accomplishments such as:
airplane drag reduction; the development of a family of
airfoil sections used in generations of successful military
and civil airplane designs; a series of effective high-lift
devices essential to high-performance transport and com-
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bat airplane design; the establishment of a data base for
high-speed airplane design resulting from the ‘X-air-
plane’ series of research programs covering swept wings,
low-aspect-ratio design, delta wings, and variable sweep:
and, the so-called ‘““‘area rule’” which made sustained flight
in the transonic speed range practical.

“More recently, the research has produced the super-
critical airfoil technology which is now beginning to in-
fluence new miiltary and civil designs, and the propulsive-
lift concepts shortly to fly in the Ar Force Advanced Me-
dium STOL Transport prototype program.”

Excerpts from the testimony of other witnesses follow.
Dr. Jerry Grey, Administrator, Technical Activities and
Communications, American Institute of Aeronautics and
Astronautics:

“The variable cycle engine concept is basically a vafi'
able bypass engine; that is; the fraction of the total air-
flow through the engine which passes through the fam
thereby ‘“bypassing” the fuel-burning core of the enginé,
can be varied over a wide range. The basic advantage O_f
this variable bypass flow is that it can provide the opti-
mum bypass ratio for each flight speed. Also, it has th?,
potential for substantial reductions of “installation losses
in both the inlet and nozzle. Thus, a variable-cycle enginé
can operate at peak efficiency from takeoff to high super-
sonic flight speeds.

“Because this engine cycle requires a number of inno-
vations in engine technology, it is still considered to be at
least a decade from implementation in even a test airc.raft.
The principal developments needed are variable-pitch,
variable camber fans (similar in basic principle to, but far
more complex than, the familiar variable-pitch propeller),
variable-area turbine inlet nozzles for both the low-pres-
sure and high-pressure turbines, vatiable-area convergent-
divergent exhaust nozzles, and a propulsion control sys-
tem capable of integrating all these variable-area compo-
nents with the fuel control over all flight-speed ranges.



Such further improvements as higher-pressure-ratio com-
pressor blading, overall higher-pressure compressors,
high-temperature (columbium-lined) combustion cham-
bers, and in some cases regenerative heat recovery, are
also important elements in variable-cycle engine develop-
ment.

“Along with a totally new approach to blending the en-
gine into the airframe, these features permit the use of a
single engine over a wide performance range. Just as the
automobile has several gear ratios to meet the require-
ments of its use, the aircraft in many instances has the
same opportunity to save fuel through discrete cycle
changes for takeoff, climb, subsonic cruise, supersonic
cruise, dash, and other operating modes. The variable-
cycle engine thus can provide high-performance STOL
capability and/or low-noise operation at takeoff and land-
ing while still being capable of high-speed economical
cruise flight, and it also permits efficient subsonic and
supersonic performance by a single airplane.

“The most imminent applications for this new engine
cycle are military, which is why the Air Force is currrently
spearheading the effort. However, this nation will, some-
day, be forced to reconsider the needs and the implica-
tions of a commercial supersonic transport aircraft, and
the variable-cycle engine will become a major element in

that reconsideration.”

Dr. Walter B. LaBerge, Assistant Secretary of the Air
Force for Research and Development:

“In the area of materials, | would highlight the com-
posites which will enable us to either increase payload,
range, and maneuverability of aerospace vehicles or to
decrease the size and gross weight of a vehicle perform-
ing an equivalent mission.

“The Air Force is currently demonstrating composite
empennages and secondary structure in the Lightweight
Fighter program, and the F-15 has a composite stabilizer.
In addition, other aircraft composite programs have been

CONVENTIONAL WING

1.6 Billion Gallons Per Year

SUPERCRITICAL WING

FUEL CONSUMPTION
200 AIRPLANE FLEET

1.36 Billion Gallons Per Year

~

ANNUAL FUEL SAVINGS: 240 MILLION GALLONS

initiated such as the development of a fighter wing and
the Weapon Systems Advanced Composites Application
Program which will develop bomber-scale wing and em-
pennage structures.

“In regard to cost, composite structures offer the po-
tential for significant reductions over conventional metal
structures. We are attempting to exploit the directional
properties of the composite material in wing designs in
such a way that the wing will, under combined aerody-
namic and weight loads, deform in a prescribed way.

“This load conforming deformation will be obtained
while satisfying all other requirements such as strength
and flutter. This will allow the wing to control its loading
under maneuvering flight at high speeds where advgrse
load distributions can occur. Thus, future wing designs
using composites show promise of achieving ‘Maneuver
Load Control’ passively (i.e., without recourse to deflect-
ing auxilliary surfaces).

“Also in the area of composites, the Air Force has pro-
duced a prototype graphite composite landing gear tail-
ored to a 13,000 pound class aircraft. A 50 percent im-
provement in fatigue life is indicated with a 30 to 40 per-
cent weight savings. Over the next ten years, we shall
continue development of composite landing gears for
application to large aircraft.”

William Koven, Director Advanced Aircraft Develop-
ment, Naval Air Systems Command:

“Our programs are directed to the speed/altitude/size
spectrum not presently being investigated elsewhere. In
addition we are working on a concept which could have a
significant impact on helicopter operations in the not too
distant future, the Circulation Control Rotor (CCR).

“In the Circulation Control Rotor compressed air sup-
plied by a compressor is ducted out a spanwise slot over
the rounded trailing edge of a hollow rotor blade. By vary-
ing the amount of air flowing through the slot, the total lift
as well as the lift distribution can be varied as necessary.
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“The prime virtue of this rotor is that it is simple and
we would expect it to be reliable. It eliminates the need
for many hinges, bearings and mechanical parts so
troublesome to conventional helicopters. Recent wind
tunnel tests as well as structural and design feasibility
studies continue to show this concept to have great prom-
ise. This year we intend to initiate development of a tech-
nology demonstrator to prove the CCR in full scale.”

Paul F. Yaggy, Director, Research, Development and
Engineering, U.S. Army Air Mobility Research and Devel-
opment Laboratory:

“A government technical and cost risk analysis was
completed in August 1971 to determine the probability of
success in developing a Roto Systems Research Aircraft
(RSRA).

“To determine the feasibilty of the RSRA concept, a
competitive solicitation was released to industry in August
1971 for two independent predesign (feasibility) studies
of the RSRA concept. In addition to the feasibility assess-
ment required from the contractors, program costs and
schedules for a RSRA, accompanied by an independent
risk analysis, were also required. To assure program con-
tinuity and joint agency commitment, the Army and NASA
entered into formal agreement in November 1971 to jointly
develop and utilize the Rotor Systems Research Aircraft.
The predesign studies were completed in August 1972,
concluding that the RSRA concept was feasible and within
the state-of-the-art.

“Although different technical approaches were submit-
ted by the contractors, the vehicle configurations were
very similar. Also, technical and cost analyses confirmed
the government’s in-house estimate. Satisfied with the
findings of government and industry efforts, the Army and
NASA in November 1973 selected, by a competitive solici-
tation, Sikorsky Aircraft to design, fabricate, and demon-
strate the RSRA. The objectives of the Rotor Systems
Research Aircraft program are to provide those agencies
of the government charged with the responsibility of de-
veloping rotor technology with a flying research tool
having sufficient versatility to provide the necessary in-
flight verification of supporting rotorcraft technology as
well as to test a wide variety of new rotor concepts.

“One of the prime considerations of the program is that
this research capability be cost effective and timely. These
airC{aft will provide research capability that cannot be
duplicated in ground based facilities and which have

been previously restricted because of the expense of
specialized vehicles."”

J. Gordon Veath, Director of System Engineering, Na-
tional Environmental Satellite Service, National OceaniC
and Atmospheric Administration. (Mr. Veath noted that his
views were his own and did not represent those of his
agency):

Why is the airship attracting such attention? The rea-
sons have a lot to do with the energy, environmental, and
transportation problems of today. The dirigible is an
energy-saver for one thing. Being lighter than air, it need
expend no propulsive energy to overcome gravity, using
its engines only to move and maneuver. Compared with
jet aircraft, its fuel requirements are low. Large, slow-
turning, counter-rotating, stern-mounted propellers can
make it exceptionally quiet, and it can be driven by en-
vironmentally desirable closed-cycle power plants.

“It can be sized to carry payloads of up to a miliion
pounds with almost no limitation on payload dimension.
It can transport extra-large, fully assembled structures
and equipment and do so over intercontinental distances.
Operating as a VTOL, it makes possible delivery of these
loads to open areas or fields without heavy-duty runways
or other costly and ecologically disturbing site prepara-
tions. By hovering over pick up and delivery points, it
holds promise of being able to load and unload items
without actually landing—winching cargo up and down
while maintaining position with thrust vector control and
buoyancy management. Alternatively it might use a type
of shuttle craft between itself and the ground.”

Thus it is clear that both industry and government are
looking years into the future and are pushing forward the
frontiers of aerospace technology. These efforts not only
lessen the aeronautical impact on the ecology and help
preserve the environment, but will maintain this nation’s
position of leadership in space exploration, and air trans-
portation.

Economically, aerospace exports over the years has
made strong contributions to maintaining its balance of
trade position. Today, more than ever before, these aero-
space exports have become absolutely essential to our
economic health. For example, preliminary estimates In-
dicate that U.S. aerospace exports may reach approxi-
mately $7 billion in 1974, This compares with exports of
$5.1 billion in 1973. The expected increase is largely due
to overseas sales of commercial transports.

A vital part of the evolution
of future aircraft is com-
puter-aided design methods.
These advanced analytical
techniques permit early ex-
ploration of design alterna-
tives and reduce costs.



THE JOURNAL OF

Readers interested in learning about the field of
aerospace education and what it has to offer may
wish to subscribe to the monthly Journal of AERO-
SPACE EDUCATION. A full year’'s subscription (ten
issues) costs $5.00 and can be obtained from:

NAA/AEROSPACE EDUCATION
National Aeronautic Association
Suite 610, Shoreham Building
806 15th Street, N.W.
Washington, D. C. 20005

The JOURNAL speaks to all educational levels,
with at least one article each issue in elementary,
secondary, and higher education. Each month the
JOURNAL includes: Articles on the ideas and pro-
grams of aerospace educators; Resources, including
notes on new books, multi media materials, free or
inexpensive classroom aids and new products; Re-
search including master and doctoral theses; Current
news of what other teachers and organizations are
doing; Reports on events and issues in aviation and
space; Career education and vocational training data;
Curricular guidance based on classroom experience;
Aerospace activities available to individuals and
groups; and a Calendar of upcoming aerospace edu-

cation events.

SPACE AMONG US

Readers interested in learning about the effects
of space exploration on society may wish to obtain
a new book—Space Among Us. The book explores
the impact which space research is having on philos-
ophy, religion, medicine, management skills, litera-
ture (especially poetry), painting, science, ecology
and pollution, our declining natural resources, global
communications and its pricing, military security,
economics (especially international trade), technol-
ogy, international relations, education and the assault
on illiteracy, archeology, the changes in politics and
law, and on many other topics. It is a valuable refer-
ence book with an extensive Index.

The quality of the writing prompted Pulitzer
Prize Winner Archibald MacLeish, to write, “This is
good, effective, imaginative writing.” Astronaut Jo-
seph P. Allen wrote, “‘| have yet to come across a
more helpful general collection of thoughts about
space exploration.”

This important illustrated work is available for
$1.00 a copy from The Journal of AEROSPACE
EDUCATION at the address above.
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MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
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
Northrop Corporation
Philco-Ford Corporation
Pneumo Corporation
Cleveland Pneumatic Co.
National Water Lift Co.
Raytheon Company
RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems Group
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Hydraulic Research & Manufacturing Co.
Thiokol Corporation
TRE Corporation
TRW Inc.
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace & Electronic Systems Division
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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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ssmem Acrospace obligations by Dept. of Defense and NASA.
s NON-government prime orders for aircraft and engines.
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1964-1973 PERIOD PERIOD )
* SHOWN NEARIAGOY b S8V i
Annual 2nd
AEROSPACE SALES: Total Billion $ Rate 241 Quarter 23.5 24.9 25.5
Billion $ Quarterly 6.1 1974 6.5 6.2 1.2
Annual 2nd
AEROSPACE SALES: Total Billion $ Rate 15.8 Quarter 15.1 15.3 15.7
(1958 Dollars) Billion $ Quarterly 4.0 1974 4.2 3.8 4.4
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,194 June 1974 1,705 667 999
Aircraft Million $ Monthly 716 June 1974 1,294 355 572
Missiles & Space Million $ Monthly 478 June 1974 411 312 421
Aerospace outlays: Total Million $ Monthly 1,129 June 1974 1,547 1,196 1,159
Aircraft Million $ Monthly 669 June 1974 999 672 639
Missiles & Space Million $ Monthly 460 June 1974 548 524 520
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,061 June 1974 1,592 605 825
Aircraft Million $ Monthly 667 June 1974 1,243 308 502
Missiles & Space Million $ Monthly 384 June 1974 349 297 323 1x
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 283 June 1974 252 140 360
Expenditures Million $ Monthly 287 June 1974 221 201 328
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 25.5 2nd 28.0 30.6 30.1
U.S. Government Billion $ Quarterly 14.5 Quarter 15.5 17.3 16.3 |
Nongovernment Billion $ Quarterly 11.0 1974 12.5 13.3 138
EXPORTS
Total (Including mifitary) Million $ Monthly 249 June 1974 383 592 704
New Commercial Transports Million $ Monthly 71 June 1974 96 214 305
PROFITS 2nd
Aerospace — Based an Sales Percent Quarterly 2.7 Quarter 3.2 3.4 3.4
All Manufacturing — Based on Sales Percent Quarterly 4.9 1974 5.1 5.6 6.0
EMPLOYMENT: Total Thousands Monthly 1,213 June 1974 946 956 962
Aircraft Thousands = Monthly 669 June 1974 514 512 514
Missiles & Space Thousands . Monthly 128 June 1974 94 101 103
AVERAGE HOURLY EARNINGS, ‘ it
PRODUCTION WORKERS Dollars Monthly 3.86 June 1974 4.91 5.30 5.36

*1964-1973 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



SPEAKING
OF MANDATES

BY KARL G. HARR, JR.
President, Aerospace Industries Association

Karl G. Harr, Jr

With the calculated intent of being repetitive, spokesmen
for this industry have sought attention time and again
about the hazards of permitting erosion of the nation's
high technology base. On many counts we think it unwise
to ignore the potential impact of the decline since the mid-
Sixties in our national investment in research and develop-
ment as a percent of GNP. This year's 2.4 percent is the
smallest percentage since 1958.

The energy crisis of a year ago — and the energy/eco-
nomic dilemma of today — has somehow not brought into
sufficient focus the fact that to ease up on technology-
intensive endeavor is to open ourselves to ravages upon
our economic stability and standard of living.

Immediately after the recent election we heard much
about ‘“‘challenges’ and ‘‘mandates.” With high technology
in mind we speculated as to whether many in either estab-
lished or new positions of responsibility and power sensed
much urgency in the need to nurture U.S. technology. And
we recalled, with little comfort, a view expressed last Jan-
uary by Philip H. Abelson, president of the Carnegie Insti-
tution of Washington. He said that “America’s greatest
weakness at present lies in her inability to mesh her politi-
cal institutions with technological facts of life.” He cited
our reluctance to plan for and to deal with long term, un-
dramatic problems — our tendency to focus on the here
and now. Overlooked, Mr. Abelson states, is the long time
span between discovery and application, if indeed we
mean to employ technology in our socio/economic game
plan.

As for aerospace, we see clearly that technology is a
primary tool whereby supply can better meet demand,
whereby substitute materials or techniques can be found
to solve shortages and whereby productivity can be in-
creased.

We also see clearly that without the $7 billion in tech-
nology-intensive aerospace exports this year — largely
based upon yesterday’s technology — the U.S. trade defi-
cit could be a catastrophic $11 billion instead of the esti-
mated $4 billion, which in itself is alarming.
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BY DR. MYRON S. MALKIN

Director, Space Shuttle Program
Office of Manned Space Flight
National Aeronautics and Space Administration

There may be someone, living in a cave somewhere,
who doesn’t realize the benefits mankind has derived
from exploration—from Columbus and Magellan to
Jacques Cousteau to communications satellites and,
soon, the Space Shuttle.

The Space Shuttle will drastically reduce the cost of
space transportation for the great variety of scientific
and earth applications spacecraft planned for launch
in the 1980s.

This will be possible because the Space Shuttle will
be the first reusable space vehicle.

It will allow us to go into space routinely, without the
enormous effort it now takes; quickly, on very short
notice if necessary; economically, at greatly reduced
costs; and it will fly back to Earth to be used many
times.

The shuttle will help us study the Earth, the Sun, the
planets, and the universe. Through space science, we
will increase our fundamental knowledge of the basic
processes in biology, in chemistry and in physics. By
looking outward from above the Earth’s atmosphere,
we can see things we can’t possibly see from the sur-
face of our planet.

With the shuttle, we will continue to gain direct bene-
fits from space for man on Earth. The shuttle will be
able to put into place our communications and weather
satellites and will be an advanced extension of our
Earth Resources Satellites and the Skylab missions to
monitor our environment.

Often the shuttle will just place an unmanned satel-
lite into orbit and recover it later for repair, adjustment,
updating and reuse. On occasion space experimenters,
men and women, will accompany their experiments in
the shuttle by using the Spacelab.

Baseline development costs are estimated at $5.2
billion (in 1971 dollars) to bring the shuttle into opera-
tion. Initial development, test and operational facilities
will cost $300 million. The average cost per shuttle
flight in the baseline program is estimated at $10.5
million (in 1971 dollars).



Space Shuttle Progress Report

January 1972 Space Shuttle authorized by the

President

July 1972 Contract for orbiter and integration
of other elements awarded to
Rockwell International’'s Space
Division

August 1973 Contract for external tank awarded
to Martin Marietta Aerospace

November 1973 Contract for solid rocket motors

awarded to Thiokol Corporation

4th Quarter 1977 First approach and landing tests

2nd Quarter 1979 First manned orbital flight

1980 Operational

A Space Shuttle traffic model developed from an
analysis of a reference set of potential payloads by
NASA, DOD, other government agencies, commercial
and foreign users indicated a requirement for 725
Shuttle flights over the 12-year period from 1980
through 1991,

Models like these are not determined from the base-
line Shuttle Program assumptions for the development
and operations of the shuttle, nor are they approved
NASA plans. Rather these models are instrumental in
testing the basic economics of the Space Shuttle as a
transportation system and they provide the medium for
identifying the cost sensitivities and total system re-
quirements for various design and operations options.

In an economic analysis using this model, transpor-
tation costs, assuming conventional expendable launch
vehicles, would be about $12.6 billion over the 12-year
period. The transportation costs for shuttle utilization
would be about $8.45 billion, a saving of $4.2 billion.

Likewise, the payload development and procurement
costs for this model would, in the case of the conven-
tional expendable launch vehicle, cost about $44 billion
over 12 years divided among NASA, DOD and the other
users. Because the shuttle provides the capability for
payload reuse, design simplification, and lowers the
payload risk factor, payloads accommodated by the
725 shuttle flights would cost about $30 billion. This is
an additional saving of about $14 billion.

Therefore, the 12-year flight program representing
the mission model can be conducted by the Space
Shuttle with gross benefits of about $18.1 billion over
conventional expendable launch vehicles—a saving of
nearly $1.5 billion per year.

The average annual cost for transportation and pay-
loads for the mission model is about $3.3 billion if the
shuttle were assumed and about $4.7 billion if conven-
tional expendable launch vehicles were assumed.

4

The shuttle system consists of four major elements—
the orbiter, the main engines, the external tank and the
solid boosters. The external tank is the only element
that is expendable.

The three main engines, each providing .47 million
pounds of thrust, are an integral part of the orbiter.
These engines are reusable and represent an advance
from the previous state of the propulsion art. They will
be described later. The expendable external tank which
carries the cryogenic liquid propellants for the main
engines is 27.6 ft. in diameter and 153.7 ft. long. There
are two recoverable solid fuel rocket boosters, one on
either side of the external tank. Each booster provides
about 2.66 million pounds of thrust, is 12.2 ft. in diame-
ter and 149.1 ft. long.

FLIGHT OPERATIONS

Because the shuttle is to be the primary launch vehi-
cle for future space payloads let us examine the man-
ner in which it will be used. The shuttle mission con-
sists of four basic phases:

- Lift-off to orbit insertion.

* On-orbit operations.
* De-orbit to landing.




-

* Ground turnaround operations which prepare it for

the next flight.

At liftoff, the three main engines in the orbiter and
the two solid rocket boosters are burned simultane-
ously generating a total thrust of about 6.3 million
pounds. After the shuttle has cleared the launcher
tower, it performs a roll maneuver to the desired launch
direction. The solid rocket boosters burn out and are
separated about two minutes into the flight. They are
parachuted to a soft splashdown, tail first, into the
ocean about 130 miles downrange. Here they are re-
covered, towed back to shore, refurbished, and reused
on a subsequent flight.

The orbiter and external tank continue powered as-
cent until about eight minutes from liftoff when the
orbiter main engines are shut down. The empty exter-
nal tank, which provided liquid hydrogen and liquid
oxygen to the engines, is jettisoned before orbit is
attained and it impacts in a remote ocean area.

To enter earth orbit, the orbiter performs an insertion
burn for approximately one and one-half minutes with
its two orbital maneuvering engines, This places the
orbiter into a 50 x 100 nautical mile orbit. At 100 nauti-
cal miles the orbital maneuvering system engines are

SPACE SHUTTLE MISSION PROFILE

again burned for 50 seconds to circularize the orbit.

The shuttle has the capability to abort the ascent
and return the orbiter, its crew, and its payload intact
to the original launch site where the runway and land-
ing aids are located. Unlike past manned and expend-
able launch vehicle programs, the shuttle does not
splash down in the ocean or lose the payload in the
event of an abort. -

Until approximately four minutes into the flight, there
is sufficient propellant remaining in the external tank to
reverse the direction of motion by pitching the orbiter
and tank over to a retrograde burn attitude. In this
manner, the ascent velocity is neutralized and a return
trajectory is established back to the launch site to pro-
vide for a direct return and landing. For this abort
sequence, after main engine cutoff, the external tank
is jettisoned offshore and the orbiter glides back to a
landing at the launch and landing site.

When the orbiter exceeds the downrange limit of the
return-to-launching-and-landing site (RTLS) abort ca-
pability just described, the orbiter still possesses an
abort-once-around (AOA) capability.

This allows the orbiter to land at the same site after
one earth revolution. In this case, the external tank is

Major steps in a Space Shuttle mission are shown here. 1. Lift-off with three main
engines in the orbiter and two solid rockets burning simultaneously; 2. The solid
rockets are burned out and separated. Solid rockets are parachuted to a splash-
down and are later recovered; 3. The empty external tank is jettisoned; 4. Orbiter
inserts payloads into space and performs other operations; 5. Orbiter in Earth orbit;
8. Orbiter, after leaving space, makes re-entry and prepares to land like a conventional
aircraft; 7. Ground turnaround operations start, moving from the runway to the Orbiter
Processing Facility to the Vehicle Assembly Building and then to the launch pad for
‘another mission. Turnaround time is 160 hours.




jettisoned to impact in the same pre-targeted remote
ocean area as in a normal mission.

The two shuttle launch and landing sites are located
at Kennedy Space Center, Florida, and Vandenberg Air
Force Base, California. From these locations over-water
launches can be achieved for the full range of orbit
inclinations required to support payload needs. Pay-
load weight-carrying capability of the shuttle varies
with inclination; decreasing with higher inclinations due
to the loss of earth’s rotation effects.

Duration of a mission on orbit can be up to 30 days
with a crew of up to seven persons by adding consum-
ables and hardware for electrical power, life support,
crew provisions and propellants above those normally
carried for a seven day mission duration with a crew
of four. The system provides for placing a 65,000-
pound payload into a 100 nautical mile circular orbit
due east or 32,000 pounds to 100 nautical miles at 104°
inclination (retrograde) orbit. The shuttle can return up
to 32,000 pounds to the landing site.

By trading off payload weight for extra orbital ma-
neuvering propellant orbit altitudes up to about 650
nautical miles are possible. Therefore actual payload
weight capability depends on the orbital inclination
and the circular orbit altitude desired. Kits containing
the extra orbital maneuvering propellants are stowed
in the aft end of the payload bay when required. Each
tank set kit contains 500 feet per second of velocity
change capability.

When the on-orbit operations required by the pay-
load are completed, the orbiter is prepared for entry
and landing and the de-orbit burn is made, The orbital
maneuvering engines provide the retrograde thrust for
de-orbit which nominally requires a burn duration of
about two minutes and takes place about one-half an
earth revolution from the landing site.

After a communications blackout period, the orbiter
interrogates a ground navigation station for a final
navigation update and, at an altitude of 142,000 feet,
begins a transition to an angle-of-attack of 12 degrees.

The final maneuver consists of a descent to a posi-
tion about 5.8 nautical miles short of the runway at an
altitude of 12,000 feet. The orbiter is aligned to the
runway and begins the final approach. Final flare and
landing is 2000 feet down the runway at a speed of
about 190 knots.

The end of one mission begins the next mission be-
cause the ground turnaround operations are a key ele-
ment of each flight. There is no dead time between
missions. The turnaround operation takes 160 hours or
two weeks with a two-shift operation on a five-day work
week, The operations move from the runway to the
Orbiter Processing Facility to the Vehicle Assembly
Building, and then to launch pad. The 160-hour opera-
tion includes payload removal and installation of a new
payload. Stacking the segmented solid rocket boosters
and mating the external tank are both done before the
orbiter arrives at the Vehicle Assembly Building.

SPACE SHUTTLE MAIN ENGINE (SSME)

To be consistent with the size and weight restrictions
of the orbiter, a liquid propulsion system had to be
designed which represented a technological advance
from the previous state of the art. The 470,000-pound
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gines during initial launch phase, are releg
mately 27 miles altitude.
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vacuum thrust Space Shuttle Main Enging (SSME) is
being developed for the Space Shuttle Orbiter and pro-
vides the primary thrust for the vehicle, Three of these
engines are clustered in the aft end of the opiter. The
design of the SSME, the rocket engine of the future,
is based on maximum utilization of existing technology.
At the same time, it will have a new dimension: long
life. It is the first large liquid fuel rbcket engine de-
signed from the beginning to be reusable and to re-
quire minimum maintenance between flights, these fac-
tors minimize cost per flight. The engine is computer
controlled to ensure operation within the |imits of the
high temperatures and pressures used in the combus-
tion cycle. Performance is increased using a more
efficient two-stage power cycle which allows a nozzle
with a high expansion area ratio,

The SSME operates both in the low altitude regime
normally reserved for booster engines and also in g
vacuum where upper stages normally are employed.
Historically, booster engines were designed for low
altitude operation only, and burned oxygen-kerosene-
type fuels,

The J-2 engine, the large upper stage engine that
burned oxygen and hydrogen propellants (used on the
upper stages of the Saturn/Apollo vehicle), was the
most efficient engine during the Apolio era.

A comparison of design life requirements for the




Saturn/Apollo engines and the SSME shows a seven-
fold increase in duration.

The J-2 engine was capable of muitiple starts, and
about one hour and two and one-half minutes of opera-
tion, but it was used for only one flight. We are design-
ing the SSME to last for 55 flights and seven and one-
half hours of operation before a major overhaul is
required.

Although the shuttle engine weighs 2940 pounds
more than the J-2, it can develop more than twice the
vacuum thrust. Even with the increased engine weight,
the efficiency of the SSME is such that its thrust-to-
weight ratio has increased over the J-2.

The Space Shuttie introduced many new challenges
for the rocket engine: high performance, light weight,
long life, and low cost-per-flight maintenance.

The SSME has been designed to meet these require-
ments using the latest technology. Materials and hard-
ware are flowing into the plant to support first article
schedules. Component testing has been initiated. The
program is moving ahead toward the first sea level test
firing of a complete engine in early 1976 and delivery
of the first set of flight hardware in 1978.

In fact, the first full-power firing of a Space Shuttle
Main Engine preburner was conducted successfully at
Rockwell International’'s Rocketdyne Division recently.

Firing of the preburner is the first step in the ignition
sequence of the engine, which uses a liquid oxygen-
liquid hydrogen propellant.

Three main engines, developing a total of more than
1.4 million pounds of thrust, will be used to help boost
NASA's Space Shuttle orbiter that will be launched
like a rocket and return to Earth like an airplane.

The test was conducted for a main stage duration
of 8.2 seconds, reaching a combustion pressure of 6200
pounds per square inch. This is six times greater than
the Saturn J-2 engines that sent Apollo astronauts to
the moon, and is the highest combustion pressure ever

Shuttle orbiter jettisons external fuel tank shortly after reach-
ing Earth orbital altitude.

achieved for this large an engine. Test results met all
performance predictions.

THERMAL PROTECTION SYSTEM

The thermal protection system (TPS) attenuates aero-
thermal heating on the external surface of the orbiter
during ascent and reentry. It limits the temperatures of
the metallic structure to a maximum of 350 degrees
Fahrenheit during all flight phases to allow the use of
conventional structural design and materials. While
meeting the stringent thermal requirements, the TPS
also must sustain non-thermal external environments—
both flight induced, such as acoustic and structural de-
flection, and natural environments, such as rain and
dust. In addition, the TPS must provide an acceptable
aerodynamic surface, be reusable with minimal refur-
bishment, be light in weight and not impose unrealistic
manufacturing, installation or flight restraints.

The thermal protection system for the shuttle is a
departure from previous concepts which were designed
for single flights. Ablators and heat sinks were ruled
out because of the refurbishment necessary for reuse
and the excessive weight.

Metallic re-radiative concepts possess a much too
slow thermal response capability. Metallics also were
rejected because the necessary associated internal
insulation could not be adequately protected against
moisture without prohibitive weight,

The system to be employed on the shuttle uses two
materials. For the stagnation areas and areas which
exceed 2300 degrees Fahrenheit, pyrolyzed carbon
was selected. This material covers the nose cap and
wing leading edges. These are designed for repeated
reuse at temperatures up to 3000 degrees Fahrenheit.
The other TPS material is made of reusable silica tiles
which take care of the lower temperature range and
are replaceable if necessary during refurbishment.

A detailed test program is underway to completely
define the mechanical and thermal characteristics of
the TPS materials under the extremes of low space
temperatures for the initial flight and after repeated
exposures.

Although extensive and thorough test programs will
continue for some time, it already has been proved that
the materials selected will provide the protection re-
quired under operational conditions,

SUMMARY

The Shuttle Program to date is on schedule and
within cost projection. Progress continues to be en-
couraging. We have selected the configuration, the
materials for fabrication and the mode of operation.
Our contractors are all on board. The development is
entering the metal cutting phase and early testing of
components has begun.

Since 1969 we have traveled the long road through
three phases of this program. The next few years will
see extensive component and system testing leading
to the integration of all orbiter elements for the ap-
proach and landing test at Edwards Air Force Base in
1977.

Orbital tests will start with the first manned orbital
flight in 1979 and are expected to extend into 1980.
After that the system will become operational and
ready to benefit users throughout the world,
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The presence of some element or compound in the
ground, in the air or in the sea doesn't mean that a
usable product is readily available.

There is enough hydrogen in the oceans to provide
all of the non-polluting power that the world could use
in a zillion years. But the high technology plants to
extract that hydrogen. liquefy it. transport it, store it
and then feed it to homes, automobiles, lawnmowers
and aircraft does not exist—yet.

It takes tremendous amounts of electrical power ap-
plied to bauxite to produce aluminum ingots, and still
more skill and power to create heavy forgings and skin-
quality aluminum for the aircraft that will transport
millions of passengers and millions of pounds of freight
this year, and more next year and during each suceed-
ing year.

Already the situation is such that if any airline or-
dered a modern U.S.-made wide-body commercial
transport aircraft today (and 80°% of all transports
flown by free-world airlines are U.S.-made) it probably
would be June 1977 before that aircraft could be de-
livered. You can't deliver an aircraft without landing
gear, and the lead-time on that assembly alone is 81
weeks, providing that production, refining, machining,
assembly, testing and delivery all meet schedules.

But we have to start somewhere, and the foundation
is the availability of raw materials. That is why we
asked the Director of The Bureau of Mines, Department
of The Interior, to explore this subject in the accom-
panying article.

As reported by Dr. Falkie, minerals from which the
basic primary metals can be produced, not only for
aerospace but also for all other sectors of the American
economy are in great abundance.

It is now up to industry and the government to de-
velop a program for the allocation of limited capital
resources for the mining and production of the primary
metals to meet the needs of our nation.

The plan must be balanced among the various metals
produced to meet the diverse needs of industry and
the ultimate consumer.

But to produce the primary metals is not enough—
we must then allocate additional limited capital to ex-
panding and/or building new facilities for converting
the primary metals to the alloys required in the form
for the next step in the manufacturing operations, e.g.
forgings, castings, extrusions, bar, rod, sheet, and tub-
ing. This must be accomplished with the proper regard
for the environment and limited energy sources.—Editor.

By and large the United States is blessed with abun-
dant mineral resources. But it is important to realize
that when geologists, mining engineers and metallur-
gists use the broad term ‘“‘resources’ they are talking
about natural concentrations of raw minerals in the
crust of the earth. These may be solid, liquid or gas
in form, or may be in the waters of the Earth, or in
Earth's atmosphere.

There are a few materials, notably antimony, asbes-
tos, chromium, stragetic mica and tin which, based on
present knowledge, are small or insignificant resources
in the U.S.

Consequently, broadly viewed, our primary concern
is not with inadequacy of resources but rather with
improving our technology to convert the raw rocks,
soils and fluids of the earth, from whatever sources,
into energy and processed mineral materials useful to
man, while at the same time safeguarding the environ-
ment and meeting health, safety, sociologic and other
safeguarding standards, and doing so economically to
the extent that investment in domestic mineral indus-
tries appears attractive to venture capital.

The job of The Bureau of Mines is to assure that, in
line with the Mining and Minerals Policy Act of 1970,
the Government is equipped to provide an overview of
national materials needs, and direction as to how those
needs must be met. It must complement industry’'s
basic responsibility and efforts to develop our natural
resources to meet those needs, while at the same time
assuring that other public goals, such as environmental
protection and national security, are served. In this
activity Government, industry and educational institu-
tions must play increasingly interactive roles, because
no one of these has sufficient knowledge and authority
to arrive at significant improvement alone. If these ef-
forts are successful, improvements can be expected in
such areas as mining, metallurgy and ceramic tech-
nology, and recycling waste materials.

Minerals are especially important to the aerospace
industry because it uses materials derived from min-
erals for everything from small mica insulators in elec-
trical components to the cobalt, nickel and chromium
in the superalloys used to make jet engine compo-
nents. When the average person thinks of aerospace
materials, he usually thinks of aluminum, magnesium,
and perhaps titanium, but the aerospace industry also
uses large quantities of steel, plastics, ceramics, as
well as other metals and nonmetals.




While it is vitally important to supply the aerospace
industry with the materials it needs, the industry must
realize that the supply is limited and that other indus-
tries are competing for the available supply.

More than 40,000 pounds of new mineral materials
equally divided between energy minerals and other
are required annually for each U.S. citizen, about
minerals. The total annual use of new minerals in the
United States exceeds 4 billion tons.

Unfortunately, much of the material used by the aero-
space industry must be imported.

The 1974 estimated $35 billion increase in imports
of raw and processed minerals is attributable in large
measure to increased costs of imported fuel minerals,
and these import values are probably conservative in
that they are based on published “freight on board”
data and do not include the insurance and freight costs
involved in delivery to U.S. ports. Of course, exports
of aerospace, agricultural and mineral commodities
and manufactured goods and services, as well as float-
ing exchange rates and capital flows help the United
States to pay for needed imports of minerals. Exports
of raw and processed minerals in 1974 are now esti-
mated at $17 billion.

Materials Valued at $35 Billion

Domestic mineral raw materials produced in 1973
were valued at approximately $35 billion. These domes-
tic mineral raw materials were supplemented by im-
ports valued at $7 billion. The total supply of mineral
raw materials was then utilized by the mineral process-
ing and energy generation industries to produce energy
and mineral-based materials valued at $175 billion. At
this stage of processing, imports in 1973 supplied proc-
essed mineral materials valued at $12 billion. Exports of
both raw and processed minerals in 1973 were valued at
$11 billion,

In much of the two decades following the Korean
War period, many materials were available from foreign
sources at prices which discouraged development of
domestic mineral industries and encouraged many
U.S. firms in the mining and mineral business to expand
their foreign operations. Now, however, consumers of
mineral materials are finding that foreign nations wish
to reap the benefits of the value added by manufactur-

ing. Thus, for example, foreign nations would prefer to
produce alumina, rather than bauxite. If possible, and
if they have access to energy sources, they will seek
to produce aluminum metal rather than alumina. The
same trends are obvious in almost all materials,

Further, it is important to remember that the U.S.
population of 212 million people is only about 6 percent
of the total world population. Consequently, as the
other 94 percent of the people in the world strive for
higher material standards of living, mineral raw mate-
rials and manufactures thereof increasingly will find
attractive markets in many parts of the world, leaving
less for vital U.S. needs.
Bureau Program

The Bureau of Mines’ activities center on the effi-
cient extraction, processing, and use of the nation's
mineral resources. In attacking problems in these
areas, the Bureau conducts programs in mineral infor-
mation, mineral position analysis, and mining and met-
allurgical research. Mineral information and position
analysis.are concerned with careful and thorough in-
vestigation of all metals and minerals to determine the
near- and distant-future supplies that must be made
available to meet the nation’s needs. The mining re-
search and development activity of the Bureau is con-
cerned with conservation of mineral resources through
improved extraction technology. Metallurgical research
is conducted to develop the base technical information
that will encourage industry to produce from domestic

resources the supply of minerals and metals needed.

One example of how this is done relates to the non-
magnetic taconites resources of the upper midwest,

The Bureau launched a research program to develop
technology whereby vast quantities of nonmagnetic
taconites which were being wasted or not being ex-
ploited could be made acceptable for iron production.
Estimated reserves are over 6 billion tons in the north
central states. As a result of our research, a process
was developed for recovering usable grade iron ore
from a northern Michigan nonmagnetic taconite. The
technique has been adopted by industry and the Cleve-
land Cliffs Iron Company has completed a new $200
million iron ore and pellet production plant at Tilden,
Michigan. This is the nation’s first large-scale com-

ALUMINUM FOR COMMERCIAL TRANSPORT AIRCRAFT

NOTIFICATION OF SHIPPING DATE & QUANTITY

ORDER SKIN QUALITY ALUMINUM ALLOY
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| | | “ | | |
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DELIVERY
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2. Price is fixed at time of delivery.

The impact of material shortages on the ultimate delivery of a finished product is such that if an
airline orders a present generation U.S. transport aircraft on the first day of 1975 it might get de-
livery at the end of June 1977, two and one-half years later. A number of factors are involved: A firm
order must be placed for large aluminum forgings, skin quality aluminum, landing gear and many
other major assemblies and sub-assemblies. (Lead-time on landing gear is 81 weeks, forgings 65

weeks, aluminum sheeting 52 weeks).

(Source: Aerospace Industries Association of America, September 1974)
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mercial venture in processing nonmagnetic taconite.
The facility will treat 10 million tons of ore containing
about 35 percent iron, and will produce 4 million tons
of high-grade iron ore pellets having a value of $72 mil-
lion annually. Plans are to increase pellet production
to 12 million tons annually. At least 1 billion tons of
ore which heretofore could not be economically proc-
essed now can be considered as treatable reserves.

Assurance of a continuing supply of aluminum is
especially important to the aerospace industry. Unfor-
tunately, the United States is almost completely de-
pendent upon imported bauxite as a source of alu-
minum. Less than 10 percent of our needs for the metal
is supplied by domestic sources. The bulk of the U.S.
imported ore comes from nations in the Caribbean
Basin, Within the past few months, Jamaica has in-
creased the tax on exported bauxite by 500 percent,
resulting in an increase of 2 to 3 cents per pound in
the cost of making metal in the United States. In a
similar action Guyana is increasing its tax on exported
bauxite to over $11 per ton, which effectively doubles
the price. We have abundant resources of aluminum-
bearing minerals, but none of the proposed processes
for recovering the alumina content from such minerals
as clay, anorthosite, or alunite proved economically
competitive with the Bayer process for treating im-
ported bauxite ore at former prices. Now the Bureau
of Mines is testing, on a small pilot-plant scale, alterna-
tive processes to recover alumina from domestic clay
and other raw materials.

Pilot Plant Plan

In order to accelerate the program, interested firms
were invited to participate in a cost-sharing, coopera-
tive effort, and eight domestic aluminum-producing
companies joined the Bureau of Mines in a cooperative
effort. Because of the added impetus the cooperative
effort gave to the program, and the promising early re-
sults, the information will be available in 1976 on which
to base the design of several trial or large pilot plants
that will be able to produce 50 tons of alumina per day.
By designing more than one such plant and by careful
evaluation of the designs, selection may be made of
the best process/plant system for construction of a
single pilot plant. The eventual information from this
plant will allow easy scale-up to commercial sized
plants to produce 1000 to 2000 tons of alumina a day.
Further, this pilot plant will demonstrate openly that
the U.S. has established the ability to meet its alumi-
num needs from a domestic resource.

However, low-grade resources such as clay will re-
quire more energy to produce an equivalent amount of
alumina, For example, the hydrochloric acid-ion ex-
change process for leaching clay will require more
than twice as much energy as the Bayer process using
imported bauxite. ConSequently, additional research
is needed to develop more efficient processes.

Titanium also is an important aerospace metal. More
than 95 percent of the rutile, the mineral from which
titanium is made, is imported. Although rutile is scarce,
ilmenite, an iron-titanium oxide, is abundant in the
United States, and Bureau research has focused on
recovering titanium from this mineral. The most prom-
ising process developed by the Bureau appears to be
the chlorination of ilmenite to obtain titanium tetra-




chioride, from which high-purity titanium can be ob-
tained. The chlorine is recycled and a useful, non-
polluting, iron oxide byproduct is recovered.

Nickel is another important aerospace metal that is
largely imported. It is the basis metal for many of the
superalloys used by engine manufacturers., However,
the United States does have significant nickel resources
in the laterite deposits near the California-Oregon
border and in the nickel-copper deposits in Minnesota.
Both are submarginal resources, but research is being
performed to develop the technology that will allow
their utilization.

Research on methods to recover zircon sand and
milled zircon used in close tolerance molds for casting
superalloy turbine blades was initiated because of re-
cent price increases. In June of 1974, the price of
milled zircon was $575 per ton and was expected to
increase to the $700 to $900 per ton range by 1975.
Zircon sand increased in price from $99.40 per ton to
$292 per ton between January and July of 1973. Bureau
research has shown that the zircon in discarded mold-
ing material, now being used as landfill, can be separ-
ated for reuse by sink-float techniques, Studies also
have shown that most of the zircon in this waste ma-
terial is the high-grade milled zircon, rather than zircon
sand.

Recovering Chromium

Chromium, an important alloying element for super-
alloys, is especially critical. There are no significant
deposits of chromium-bearing ores in the United States,
Despite our total dependence upon imports, industry
throws away substantial quantities of the metal in elec-
troplating solutions and electrochemical machining
sludges. To recover this wasted chromium, the Bureau
developed a process in which two different waste
liquids are mixed together to form a precipitate that
can be filtered and treated to recover the chromium
and other valuable metals. If not recovered, super-
alloy scrap would also represent wasted chromium as
well as nickel, cobalt, and molybdenum, The Bureau
has successfully developed a process to recover nearly
90 percent of these critical metals for reuse.

The Bureau also is seeking ways to use less chrom-
ium by such techniques as restricting it to the surface
of metals where it is used for oxidation and corrosion
resistance. We are also considering substitutes for
high-chromium alloys. Greater use of titanium obtained
from domestic sources would relieve some of the de-
mand for high-chromium stainless steels.

Future turbine engines will have to operate at higher
temperatures to be more efficient., This means using
alloys and ceramics having better high-temperature
properties than our present nickel or cobalt based
alloys. The melting points of high-temperature metals
are shown in figure 6, along with the melting points of
the major metals melting at lower temperatures. Of the
high-temperature metals, the Bureau is developing
oxidation-resistant coatings and composites for molyb-
denum, and we also are investigating improved melting
and casting techniques. Molybdenum alloys are being
studied for turbine components and for other applica-
tions because molybdenum is domestically abundant
and could, therefore, relieve the demand for materials
that are in short supply.
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Tungsten is another important superalloying element
and it also is used to make rocket nozzies. The Searles
Lake brines in California contain an estimated 170
million pounds of tungstic oxide. This amounts to
about a 10-year supply at the present rate of U.S. con-
sumption of tungsten. In addition they contain a variety
of sodium, potassium, and boron chemicals. These
chemicals are being commercially extracted, but the
tungsten is being returned to the lake with depleted
brine. The Bureau is developing a process to recover
this unused tungsten.

We have discussed some of the Bureau's programs
designed to relieve future mineral shortages. These
shortages are of great concern to the Bureau of Mines
and to the Department of the Interior. Recently, Secre-
tary of the Interior Rogers C. B. Morton, said:

“If we are to meet the challenge of providing
minerals . . ., we must begin a massive revitaliza-
tion and rededication of mineral science and
technology.

“It new resources are to be discovered—as
they must—we shall need something better than
yesterday’'s techniques. And yesterday's methods
of mining and processing will have to be gx-
amined critically in order to develop new tech-
nologies that will permit more effective exploita-
tion of the mineral resources now being mined.

“Moreover, all these things must be done with
due regard to health, safety, environmental pro-
tection and land use.

“Downstream, our technology with respect to

reuse of mineral commodities—their recycling .

into productive channels—must be improved and
the application of new methods accelerated.

“The job to be done is immense. Can we solve

these problems? The answer will depend upon the :

sense of commitment, of involvement, of coopera-
tion that we can muster.”

Viewing these problems, Secretary Morton concluded

that he ‘‘chose to be optimistic.”
The Bureau of Mines is devoting its best efforts to

solving these problems by making maximum effective

use of the mining and metallurgical expertise of ijts
research and development organization. In our metal-

lurgy program, advancing minerals technology involves

research that will result in major improvements in
minerals and metals processing technology. Effecting
pollution abatement is aimed at developing methods
for reducing or eliminating pollution caused by the
minerals processing industry, improving mineral and
metal recycling is directed toward improved methods
for recovering materials from urban refuse and a varj-
ety of mineral and industrial wastes. Research on

minimizing mineral and metal needs involves develop- "

ing high-quality and improved-performance materials

which, because of longer life, will result in more effi-

cient utilization of our resources.

The Bureau of Mines intends to discharge effec- . 5
tively and efficiently its responsibilities under all min-;
eral legislation, particularly the Mining and Mmeral

Policy Act of 1970.
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Boeing 747F (freighfer model) can be loaded
through the front nose of the aircraft in addi-
tion to regular loading positions in the fuselage.
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Lockheed’s L-1011 belly compartment can accommodate a wide variety of load sizes. Addition of wide-
body jets to the U.S. air fleet doubled the air carriers’ freight capability during the past four years.

For several years it was predicted that an air freight impact of the wide body jets will be discussed later. P
“breakthrough” would come about. Now the revolution The international growth alone is quickly apparent
has happened — without fanfare, and even without wide as an area of great economic importance to the nation.
public awareness. Air freight tonnage carried between the United States
Robert D. Timm, Chairman of the Civil Aeronautics and Europe has increased five-fold during the last 10
Board, eloquently placed the air freight “‘revolution” years — from 97,000 tons to 583,000 tons or more. This
in perspective: amounts to approximately a 20 percent annual com-
“An historical event has occurred, and none of us pounded growth rate. It is much greater than the growth
recognized it when the sun came up. As long as | have rate of passenger traffic, which draws more attention.
been in the transportation regulatory business — almost Air Transport Association data for the first seven
ten years — everyone has said, ‘One of these days — months of 1974 shows that international air freight traf-
one of these days the shipping of goods by air will
explode and a new day will dawn . . . When the break-

through in air cargo comes, it will be a new era of
commerce.’” ”

“We all must have been looking on the dark side of
the moon for this momentous event because the air
cargo dawn slipped up on us and we are at that new
time,” Chairman Timm concluded.

The basic factor in launching the startling escalation
of tonnages carried by aircraft, was the design, devel-
opment and production of increasingly larger and more
efficient aircraft by transport manufacturers.

The evolution producing more and more space for
cargo has been going on for about 30 years. One air
cargo executive sums it up this way:

“When we put our first freighter aircraft into service
about 30 years ago it could handle 6,000 pounds of
cargo — less than half the 14,000 pounds that can be
carried in a single 8'x8'x10" container designed for the
wide-body air freighters. Each of these freighters can
handle 30 of these big containers.” The capability and
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fic is up nearly 14 percent over the same period in 1973, e e s e e e iy W]
measured in ton-miles of freight service.

The Journal of Commerce, in an interview with the
chief cargo executive of a leading U.S. carrier of inter-
national air freight, provided this assessment of the
reasons for the growth.

e The movement into an era of shortages in many

IMPORTANCE OF AIR TRANSPORT
TO EMERGING NATIONS
Space considerations limit this article to a discussion
of the explosion in air freight carried by scheduled air-
lines and major freight carriers.
But there is another facet of this subject that demands

products and materials, resulting in increased reliance mention.

on airlift to keep things going. Emerging nations, often with few roads, few rail lines,
» High interest rates, resulting in the need to keep largely undeveloped waterways and few if any airports

inventories low, thereby reducing interest on capital that can let them accept and utilize efficiently the.wide-

spending. bpdy iet§ when and wherg they need them, still are
. Increases in the value of many products and com- finding air transport essential to development.

They are turning to multipurpose transports of all
sizes, from helicopters and general aviation aircratft to,
mostly, the large turboprops that can carry everything
from people to produce to bulldozers, and can land on
unimproved strips or even a short piece of open ground.

It makes no difference whether the aircraft are pur-

modities, making it more logical, from a business stand-
point, to ship by air.

« A continuation of capital expenditures aboard,
despite high interest rates. Air freight is involved here
because of its role in carrying abroad goods such as

construction materials. chased by the civil government or the armed forces,
« Multinational corporations continue their search they are used to develop the country and to improve

for new bases of operation throughout the world and communicgtions and commercg.

they are finding them in some out-of-the-way places. In fact, in 1954 Lockheed f:r;t. produced the C-130

The result is the need for speedy transportation of troop and cargo transport for military use. Today more

than 1400 aircraft of the civilian “‘Hercules” model have
been sold to 37 nations outside the U.S., and the pro-
duction line is still humming.

materials to distant places.

It is interesting to note that this assessment empha-
sizes the current economic conditions — inflation,
tight money, high interest rates and, in addition, ma-
terial scarcities in changing traditional distribution pat-
terns. Thus air freight has become an important busi-
ness tool in helping to minimize the impact of these

factors. . .
The move to passenger jets was a major step in the
air freight story. The under-bellies of jet airliners held #
g more than twice as much freight as the piston-powered ’

aircraft they replaced; jet speed delivered their cargoes
twice as fast as before.

The first jet freighter was introduced in 1963, another
evolution in cargo-lift capability. They are heavily used
and will continue to be.

Then the wide-body jet aircraft — the Boeing 747, the
Lockheed L-1011 and the McDonnell Douglas DC-10 —
provided a freighter-like capability to complement the
service of the jet freighters. These aircraft, even when
carrying a full load of passengers and their luggage,

o

McDonnell Douglas DC-10 All Freighter is shown in an
artist’'s conception. This version features two cargo decks
with powered loading systems and large cargo doors.
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can also carry up to 45,000 pounds of freight. U.S.
scheduled airlines bought 320 of these wide-body air-
craft, and that investment doubled air freight capability
during the last four years.

Now major airlines are turning to the wide-body
freighter, an aircraft that put big wings on big things.
These freighter versions of the wide-body jets are
another step in the evolution of the burgeoning air
freight system.

The first wide-body jet freighter was put into service
by a foreign carrier. It proved highly successful. As of
October 1, 1974, 11 airlines had purchased 21 wide-
body jets with main-deck cargo-carrying capability. Of
these, 14 will have been delivered by the end of 1974.
Boeing predicts that more than 100 747Fs (freighters)
will be ordered by the end of the decade.

One air industry official points out that a wide-body
freighter can carry up to three times as much cargo as
its big four-engine predecessor could after conversion
to an all-freight vechicle. As he puts it: “When you slam
the door on a wide-body freighter it sounds like the
world’s biggest cash register.”

What makes air freight ring up such sales?

Here are some examples of the capability of the wide-
body freighter to carry out-sized cargo:

- A complete mobile television studio, housed in a
40-foot trailer, was shipped back to New York from
Europe after video taping an international track and
field competition in which the U.S. fielded a team. It
was handled as a single 27,000-pound unit.

- A chemical production line weighing a total of 30
metric tons.

» An aircraft ground support tractor weighing 40,000
pounds.

- Large logging tractors.

- A $1 million dollar painting requiring protective
packaging that resulted in 14 feet by 10 feet 10 inch

AIRLINE FREIGHT REVENUES SET P
$1 BILLION RECORD IN 1973 /
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dimensions, beyond the limits of loading doors of other
aircraft.

Stuart G. Tipton, former chairman of the Air Trans-
port Association, tells this anecdote about air freight
and an entrepreneur.

“| came across the story.” he states, “‘when | found
a strange looking specific commodity air freight tariff.
It provided for the shipment of live eels at 57 cents péer
pound from Washington, D. C. to Tokyo.

“Behind the tariff is a man who lives in Montross,
Virginia, in the Tidewater area where the Potomac River
empties into the Chesapeake Bay, and where the water
teems with succulent eels. He learned that pollution had
reduced the eel supply in Japan at the same time that
demand for this Japanese delicacy was growing in that
country.

“The man in Montross was but a stone's throw from
some of the finest eels in the world. He designed his
own water-tight container, approached a U.S. flag car-
rier serving both Washington and Tokyo. A deal was
struck, a tariff was filed and that first year a few hun-
dred pounds of eels made the long journey.”

“Last year, the airlines flew some 70,000 pounds of
eels from the East Coast of the United States to Tokyo."

From this anecdote Mr. Tipton deduces: “The moral
is clear to all of us. Air freight users and carriers alike
must join in imaginative marketing.”

One of the more prosaic facts of air freight gains is
simply the method in which it is shipped. It is termed
“containerization’ in the industry. A method of efficient
and safe handling of shipment.

Containerization is important for a number of rea-
sons:

« Containers protect freight from theft and other
losses.

- Containers reduce packaging costs.

* Incentive rates are given shippers who build up
their own container loads.

« Containers of different sizes have been developed.
A few years ago they could only be used on freighter-
type aircraft. Then another type was developed that fit
the lower decks of the wide-body jets. Today wide-body
freighters can handle truck-size loads.

Each of the above factors reduces costs.

In addition, service innovations have helped the ship-
per of small packages, and there are some large volume
shippers of small packages, and their business is grow-
ing. One innovation is a service that involves a shipper
bringing a package generally limited to 50 pounds and
total outside dimension of 90 inches to a ticket counter
30 minutes before flight time; the package is picked up
30 minutes after arrival at the destination airport. This
service is one of the fastest growing phases of the ajr
freight business.

Fortune Magazine in May 1946 published an article
entitled “Freight By Air.” The concluding paragraph
was prescient:

“Among all the uncertainties in the air freight picture,
one thing is sure: as rates go down and the operationa|
efficiency goes up, the American businessman and the
public will get the benefits of a vast network of fast
airplanes.”

That has come about. Last year the air freight busi-
ness hit a landmark, achieving $1 billion in revenue.
And this year will exceed the 1973 record.
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THE JOURNAL OF

AEROSPAGE
EDUGATION

Readers interested in learning about the field of
aerospace education and what it has to offer may
wish to subscribe to the monthly Journal of AERO-
SPACE EDUCATION. A full year's subscription (ten
issues) costs $5.00 and can be obtained from:

NAA/AEROSPACE EDUCATION
National Aeronautic Association
Suite 610, Shoreham Building
806 15th Street, N.W.
Washington, D. C. 20005

The JOURNAL speaks to all educational levels,
with at least one article each issue in elementary,
secondary, and higher education. Each month the
JOURNAL includes: Articles on the ideas and pro-
grams of aerospace educators; Resources, including
notes on new books, multi media materials, free or
inexpensive classroom aids and new products; Re-
search including master and doctoral theses; Current
news of what other teachers and organizations are
doing; Reports on events and issues in aviation and
space; Career education and vocational training data;
Curricular guidance based on classroom experience;
Aerospace activities available to individuals and
groups; and a Calendar of upcoming aerospace edu-
cation events.

JOURNAL SUBSCRIBERS ALSO RECEIVE

The Directory of Aerospace Education, published
annually as a special expanded issue of the JOUR-
NAL. The DIRECTORY is the only complete guide to
sources of materials and assistance in aerospace
education. It includes addresses, services and ma-
terials of associations, manufacturers, government
agencies, and a comprehensive index to the previous
year’'s JOURNAL.

NASA Report to Educators, published quarterly
especially for elementary and secondary educators.

Aerospace magazine, published quarterly, cover-
ing topical facets of aerospace.

Aerospace Perspectives, published periodically,
covering news and views of the nation’'s high tech-
nology industry.

e Each new educational publication from the
National Aeronautics and Space Administration.

e Each new educational publication from the
Federal Aviation Administration.

e Other publications of educational value from
aerospace organizations.

(Subscribers must indicate if they wish to receive
NASAor FAA publications).

ATA

——

MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
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
Northrop Corporation
Philco-Ford Corporation
Pneumo Corporation
Cleveland Pneumatic Co.

National Water Lift Co.
Raytheon Company

RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Hydraulic Research & Manufacturing Co.
Thiokol Corporation
TRE Corporation
TRW Inc.
United Aircraft Corporation
Westinghouse Electric Corporation
Aerospace Electrical Division
Aerospace & Electronic Systems Division
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The belly compartment of a McDonnell Douglas DC-10 is loaded with a container of freight. The aircraft also carries a
passenger load and their luggage in addition to accommodating large freight shipments. The Boeing 747 and Lockheed
L-1011 also have huge compartments beneath their passenger cabins. (See Air Freight: The Quiet Revolution, p. 13) »




OFFICIAL PUBLIC _ F THE AEROSPACE INDUSTRIES ASSOCIATION 0 FEBRUARY 1975

A Salute to
WOMEN IN
AEROSPACE



AEROSPACE ECONOMIC INDICATORS

CURRENT

Value of Civil Aircraft Shipments

OUTLOOK

Total Aerospace Sales New Orders — Monthly Average
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esmmmen Afr0Space obligations fense and NASA.
Non-government prime orders for aircraft and engines.
AVERAGE LATEST SAME il
UNIT PERIOD 1964-1973 gggws Y;ﬁglgg() PERIOD 1 PERIOD
LY. Annual 3rd
AEROSPACE SALES: Total Billion $ Rate 24.1 Quarter 23.5 25.5 26.2
Billion $ Quarterly 6.1 1974 5.7 1.2 6.3
AEROSPACE SALES: Total Annual 3rd
(In Constant Dollars, Billion $ Rate 15.8 Quarter 15.2 15.2 15.2
1958—100) Billion $ Quarterly 4.0 1974 3.6 4.3 3.7
DEPARTMENT OF DEFENSE |
Aerospace obligations: Total Million $ Monthly 1,194 Sept 1974 860 1,704 1,638 2
Aircraft Million $ Monthly 716 Sept 1974 506 834 962 \
Missiles & Space Million $ Monthly 478 Sept 1974 354 870 676
Aerospace outlays: Total Million $ Monthly 1,129 Sept 1974 953 1,143 968
Aircraft Million $ Monthly 669 Sept 1974 516 620 502
Missiles & Space Million $ Monthly 460 Sept 1974 437 523 466
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,061 Sept 1974 1,302 1,021 1,714
Aircraft Million $ Monthly 667 Sept 1974 867 591 866
Missiles & Space Million $ Monthly 394 Sept 1974 435 430 848
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 283 Sept 1974 161 218 192
Expenditures Million $ Monthly 287 Sept 1974 184 182 206 Y
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 25.5 3rd 29.2 30.0 33.6 ‘
U.S. Government Billion $ Quarterly 14.5 Quarter 16.3 16.2 19.1 Tl
Nongovernment Billion $ Quarterly 11.0 1974 12.9 13.8 14.5 »
EXPORTS
Total (Including military) Million $ Monthly 249 Sept 1974 448 468 505
New Commercial Transports Million $ Monthly 77 Sept 1974 163 103 163
PROFITS 3rd
Aerospace — Based on Sales Percent Quarterly 2.7 Quarter 29 34 29
All Manufacturing — Based on Sales Percent Quarterly 4.9 1974 4.6 6.0 5.7
EMPLOYMENT: Total Thousands Monthly 1,213 Sept 1974 953 972 976
Aircraft Thousands Monthly 669 Sept 1974 516 519 539
Missiles & Space Thousands = Monthly 128 Sept 1974 95 105 93
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Daollars Monthly 3.86 Sept 1974 5.01 5.43 5.48
*1964-1973 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. poak)

Source: Aerospace Industries Association
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ALSO
SERVE

BY KARL G. HARR, JR.
President, Aerospace Industries Association

Karl G. Harr, Jr.

January 1975 began ‘“International Women'’s Year,"
so designated by the United Nations General As-
sembly. The United States chose to start the year by
saluting Women in Aerospace — from those who
fly to those who contribute so much to the develop-
ment of aircraft, spacecraft, missiles and all the
complicated systems that go into them. In paying
tribute to them all, we identify some of them in this
issue.

In a brief salute to such women it is easy to concen-
trate on the “‘doers’ and slight those whose unsung
efforts do much to make the U.S. preeminent in the
aerospace field. These are the dedicated aerospace
homemakers and child raisers who maintain a stable
family base while their spouses meet the demand-
ing schedules and performance that are character-
istic of aviation, space and missile careers.

“Rosie The Riveter,” who helped turn out 50,000 air-
planes a year for the U.S. during World War I, was
celebrated in song. But there are no songs about the
wife of an astronaut, a military, airline or test pilot,
or an aerospace technical representative supporting
his company’s product in some distant country or
aboard an aircraft carrier at sea.

Unsung they may be, but these able and silent part-
ners are a part of our industry’s salute to Women in
Aerospace.
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Karl G. Harr, Jr., President of
the Aerospace Industries Asso-
ciation of America, recently ap-
praised the aerospace industry's
performance in 1974 and looked
at what probably lies ahead for
1975. His annual ‘‘review and
forecast’” was presented at a
Washington, D.C. meeting of the
Aviation/Space Writers
Association.

Sales for the aerospace in-
dustry during 1974 are estimated
at more than $27 billion, an in-
crease of more than $2 billion
over the previous year in current
dollars. Mr. Harr forecast that
1975 sales would approach
$29 billion.

He explained that while total
1974 sales did exceed all earlier
predictions, the constant (1968)
dollar value of aerospace sales
(see chart, p. 5) was down
slightly from last year, empha-
sizing that *‘this erosion of our
industry will continue unless the
nation is successful in its efforts
to stem inflation and arrest the
current recessionary movement

FO

of our national economy.”

Noting that last year a slight
downturn was forecast in aero-
space sales due to the uncer-
tainties of energy supplies and to
the expected increases in both
materials and labor costs, he
said: “We all were somewhat
cautious in our predictions, but
the superiority of U.S. aerospace
products assisted greatly in over-
coming negative factors.”

Once again the contribution
of export sales to the total U.S.
balance of trade was cited as a
significant feature of the in-
dustry's 1974 performance.
“Exports,” Mr. Harr said, “will
not only reach their highest level
this year at $6.8 billion, but also
will more than double the 1970
total. In light of the expected
overall U.S. trade deficit for the
year, such an accomplishment is
of critical importance.”

In specific areas, both sales to
the Department of Defense
(DOD) and to the National Aero-
nautics and Space Administra-
tion (NASA) rose by less than

5 percent. DOD, however, re-
mained the single biggest cus-
tomer of the aerospace industry,
paying more than $13 billion for
goods and services. At the same
time, commercial sales in the
non-aerospace category con-
tinues to expand rapidly. The
latter category includes aero-
space products, such as elec-
tronic equipment and engines,
that are used in non-aerospace
applications.

“Commercial aerospace sales
during 1974 increased by nearly
22 percent to an all time high of
$7.5 billion. And the sale of non-
aerospace products approached
the $4 billion level for the first
time,” he said. He added further
that this increase in commercial
sales contributed to a change in
the profit picture for the industry,
as net profit after taxes as a per-
cent of sales will rise above the -
3.0 percent level for the first time
since 1968. This rate is still far
short of the 6.0 percent achieved
by all manufacturing industries.

AST




HIGHLIGHTS OF
1975 FORECAST

“Although the industry ex-
pects that total sales will rise
even more in the coming year,
the conflicting forces of inflation
and recession will substantially
negate gains normally associ-
ated with increased sales,” Mr.
Harr reported. Thus, while total
1975 sales in current dollars will
approach $29 billion, constant
dollar figures will continue a
three year downturn.

“One of the effects, parti-
cularly of the inflationary spiral,”
he pointed out, “is an extra-
ordinarily high backlog of orders
which in the long run may prove
to be somewhat artificial.”” At the
end of 1974, the backlog will be
a record high of $32 billion. On
this basis, consistent sales gains
are predicted through 1975.
“This type of growth is mislead-
ing and in fact may mean no
growth at all if the gap between
current and constant prices
widens any farther,” he said.

Mr. Harr reported that esti-
mates for 1975 aerospace sales
by customer show a decline in
all major areas when measured
in terms of constant dollars. “In
spite of the slight increase pre-
dicted in sales to the Department
of Defense, the constant dollar
figure indicates a better than 7.0
percent decline. Regarding
NASA and other government
agencies, the real dollar decline
will be in excess of 12 percent.
Furthermore, commercial aero-
space sales which are expected
to reach $8.2 billion during the
coming year in current dollar
figures, actually will realize a
very slight decline in constant
dollar value.”

Employment levels are ex-
pected to respond to the con-
stant dollar figure and will
decline to 959,000 during 1975,
down from 968,000 at the end
of 1974.




AEROSPACE INDUSTRY SALES
(Blllions of Dollars)
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The year 1975 has been proclaimed by the United
Nation’s General Assembly as International Women's
Year. America’s year-long “Salute to Women” is out-
lined in an alphabetical calendar, It began in January
with A — for women of achievement in aviation and
the aeronautical and aerospace sciences. Thus, this
is an appropriate time to recognize women for their
significant contributions to the broad field of aero-
space.

January 11, 1975, the 40th anniversary of Amelia
Earhart’s record-breaking flight from Honolulu to Oak-
land, was selected as the take-off date for the year
because Amelia Earhart’'s deeds and qualities were an
inspiration to women everywhere.

“AE”, the first woman to fly both the Atlantic and
Pacific solo, was the first president of The Ninety-
Nines, international organization of licensed women
pilots. She was always interested in encouraging other
women to fly and to help them in their careers.

In 1929, 99 of the then 117 U.S. women pilots met
and organized; hence the name. Today there are more
than 4000 members in 22 countries. The 99's award
seven Amelia Earhart scholarships each year.

TODAY, WOMEN IN AEROSPACE:

° push the throttle
° monitor oil spills in the Gulf of Mexico
° help launch satellites
* dust crops
° hunt hurricanes
* make trans-Atlantic delivery flights
¢ design cockpits
° serve as manufacturers and airlines executives
¢ wear Army and Navy aviator wings
 establish world aviation records
° pilot corporate aircraft
° serve as airport/heliport consultants, as
FAA flight examiners

/

/

control air traffic

direct aviation education programs

« work as propulsion, human factors, electrical and
design engineers

operate airports/heliports

instruct ground, flight and instrument students
program computers in missile guidance and
control systems, flight simulators

- give aerial traffic and weather reports

patrol pipelines

publish and write for aviation newspapers,
magazines, books

« transport personnel and parts to off-shore oil rigs
= co-pilot commercial airlines

fly rescue missions

- teach our youth aerospace subjects

But all this is not really new. In the early days of
aviation, women soon proved skilled and qualified as
balloon, airplane and helicopter pilots and were ac-
cepted and welcomed into the aviation fraternity.
Through the years, women have held responsible posi-
tions in all segments of aviation. Many have won inter-
national recognition for their achievements.

It would be impossible here to report completely
and accurately all the many and diversified jobs
done by women in aerospace today. Here are just a
few that are representative of what women have
done, can do, are doing, and, given the opportunity,
will do, to further advance technological develop-
ments for continued U.S. leadership in aerospace.

In 1910, Blanche Scott Stuart, in an unscheduled
take-off (strong wind) was the first woman to

solo. She went on to become an exhibition pilot.
Harriet Quimby, drama critic of Vogue magazine,
was the first American woman licensed pilot,
and the first to fly the English Channel in 1912.

In the 1930’s, Helen Richey was the first
woman to wear an airline uniform and fly




Anna Chennault, widow of
General Claire Chennault,
Commander of the World
War || Flying Tigers, is
now Vice President — In-
ternational Affairs of the
Flying Tiger Line, Inc.

a ihermody-
amijcs expert at Lockheed

?h"Craft Corp., worked on

€ cooling of advanced
p\"onics systems in the
8 Orion and the S-3A
tr'k'ng antisubmarine pa-
Ol planes.

First Officer Emily Howell of Frontier Airlines, Inc., winner of the 1973 Amelia Earhart award as the year’s out-
standing woman in U.S. aviation, has logged more than 8,000 hours in Twin Otters, Boeing’s 737's and Convair
580's. She is the first woman to qualify for membership in the Air Line Pilots Association.

Kay Rodgers, Lockheed Electronics Co., studies procedures for analyzing rocks and minerals using an atomic
absorption spectrophotometer. Her unit received a group achievement award from the National Aeronautics and
Space Administration.




Phyllis Veit is an engineer
with Aerojet Solid Propul-
sion Company’s Propellant
Development organization.

Dr. Anne Belfort holds a
key staff position with Gen-
eral Electric’s Reentry and
Environmental Systems Divi-
sion.

Dr. Nancy Mann, Rockwell
International, uses her ex-
pertise in biostatics to meas-
ure air pollution.

.\\&@l fm’ A ‘

Mary T. Gaffaney, a“member of the 1970 World Aerobatic

Barbara Greenough, staff
scientist at Lockheed Mis-
siles & Space Company, re-
ceived an award for a patent
application.

Dr. Nancy Roman is the
Chief of Astronomy/Rela-
tivity for the National Aero-
nautics and Space Adminis-
tration.

The Honorable Isabel A.
Burbess of Arizona is the
first woman member of
the National Transportation
Safety Board.

.
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Dr. Dora Dougherty Strother is Chief of the Human Factors Group
at Bell Helicopter Co. She also is a commercial glider pilot, a
qualified ground instructor, holds an airplane transport pilot cer-
tificate and a commercial helicopter rating.

Team, is the first person to win a Gold Medal in World
Aerobatic Competition for the U. S. She is also the first
woman helicopter instructor in Florida.

Yvonne Brill, of RCA, designed this system which
5 enables a satellite to change orbit in space.
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Gini Richardson, Whirly-Girl No. 64

» Operates helicopter flight

schools in Washington and California, and won the 1971
Powder Puff Derby.

Marjorie Townsend is the
Smgll Astronomy Satellite
Project Manager for NASA.

Olive Ann Beech co-founded
with her husband, the late
Walter H. Beech, the Beech
Aircraft Company in 1932,
and is now Chairman of the
Board and Chief Executive
Officer.

‘has logged 12,000 hours.

Claire Phillips, a corporate pi-
lot, is the first woman to win
the National Business Aircraft
Association’s Million Miler
Safety Award.

Shirley Mahn, a corporate pilot,

from the right seat. Also in the 30's, the famous Jacque-
line Cochran started her record-breaking career (her
speed records in the P-51 still holds), and she was the
first woman to break the sound barrier.

During World War |l she organized the WASPs
(Women's Airforce Service Pilots). In the program 1074
women won their wings and flew 60 million miles for
the U.S. Army Air Corps.

The first woman to reach toward space was the
record-setting balloonist, Jeannette Picard of Min-
neapolis, Minn., who in 1934 rose to the height of
57,559 feet. And today Constance Wolf of Blue Bell, Pa.,
holder of 15 international records, is the leading U.S.
woman balloonist.

IN AEROSPACE

It is not possible to recite here the large number of
positions held by women throughout all facets of the
aerospace industry.

The variety of their important roles includes research
and development, engineering, airframe welding, as-
sembly and installation of complicated electronic sys-
tems and subsystems, computer programing, designing
aircraft components and interiors, selling and flying
the finished products, and performing in top manage-
ment positions.

For example, Mrs. Yvonne Brill invented and
patented a design for a “Dual Thrust Level Monopro-
pellant Spacecraft Propulsion System.” With RCA
since 1966, Mrs. Brill analyzes and designs space-
craft propulsion systems for use in communications,
navigation, scientific and meteorological applications.

IN AEROSPACE EDUCATION

One of the greatest contributions of women has been
in the field of education where they are teaching aero-
space subjects in our educational systems all the way
from pre-primary to post-graduate levels. And the 99's
are actively involved in supporting aerospace educa-
tion at all levels of learning.

Elsie W. Adams, Marilyn Link and Jane N. Marshall
have received our nation’s highest award in aerospace
education — the Frank G. Brewer Trophy — awarded
annually for the most outstanding contribution in the
field of aerospace education.

Dr. Carol St. Cyr served as President of the National
Aerospace Education Association from 1972 to 1974.

Both NASA and the FAA, as well as numerous asso-
ciations have women in their education program offices.

IN GOVERNMENT

As in industry, more women are being named to top
positions in government, Aerospace-connected jobs
are no exception.

The Federal Aviation Administration of the Depart-
ment of Transportation has women in many key jobs
all over the country.

For example, since World War |l, women have been
manning the control towers at many of our airports.
In Hillsboro, Oregon, Delphine Aldecoa is the tower
chief. Many women are FAA flight examiners. At FAA
headquarters, Mary Jo Oliver is an aviation education
specialist. And aeronautical engineer Joan Barriage
holds a top post as the Deputy Director of the Office
of Environmental Quality,

And at NASA women have important roles in space
research, Marjorie Townsend of NASA's Goddard
Space Flight Center was the first woman to manage a
space launch and was the winner of the Federal
Women’'s Award in 1972. Dr. Nancie Lee Bell is a lead-



ing microbiologist at NASA’s Ames Research Center
in California. Dr. Nancy Roman, one of the world’'s
leading astronomers, is program scientist for the
astronomical Netherlands satellite and the small as-
tronomy satellite to be launched this year to investi-
gate X-ray sources.

In 1961, Jerrie Cobb was the first U.S. woman to
undergo the astronaut tests. She passed, but did not
have the test pilot experience required then. For the
last eight years Jerrie has been a jungle pilot in South
America, flying doctors, missionaries, and medicines
to the Indian tribes in Amazonia.

IN THE MILITARY

When the WASPs (Women’s Airforce Service Pilots)
flew for the Army Air Corps during World War I, they
were civilians. In 1973, the Navy for the first time
opened aviator training to women and enrolled eight
prospective pilots in the first course. They have com-
pleted their training and are now assigned to naval
air stations around the country. The Army followed in
a few months, and now has two qualified women Army
Aviator helicopter pilots. The first, Lt. Sally Murphy,
now is taking fixed wing training at Ft. Rucker, while
the second, Lt. Linda Horan, is at Army Test Pilot
School at Ft. Eustis, Va.

IN AIR TRANSPORTATION

Amelia Earhart pioneered many of the air routes
flown today and predicted the world-wide use of air
transportation. She proved to be right and would have
been proud of the women who followed her flight paths
and of their role today in this segment of aerospace.

In May 1963, Betty Miller made a record solo flight
from California to Australia (the reverse of Miss Ear-
hart’s flight), the first such flight by a woman. For this
she was awarded the first FAA Exceptional Service
Award and personally was congratulated by President
Kennedy in the Oval Office. In May 1964, a Columbus,
Ohio, housewife and mother of three, Jerrie Mock,
ﬂgaw her Cessna 180 around the world in 29% days in
hlstory’s_ﬁrst globe-circling flight by a woman. She
too received the FAA Gold Medal and was congratu-
lated by President Johnson in the Rose Garden.

Both Betty Miller and Jerrie Mock served on the
FAA Women’s Advisory Committee for Aviation, and
both are members of the 99’s and The Whirly-Girls,

the latter a world-wide organization of women heli-
copter pilots.

IN COMMUNICATIONS

_ Tony Page began her aviation news writing career
In 1940 by contributing articles to Southern (now
Flight) magazine. She became aviation editor for The
Valley Times of North Hollywood, Calif., in 1945 while
free-'lance writing for other aviation publications in-
cluding Cross Country News. In 1952 she purchased
Cross Country News and is now its editor and publisher.

The versatile Valerie Petrie keeps herself busy at
Plane & Pilot magazine, where she is both managing
editor and company pilot.

Page Shamburger’s first flying reporter job was for
Amer/qan Aviation. Flying in her own plane, she visited
3000 airports, In 1965 she was the first woman to fly on
an official Air Force hurricane hunter mission. She is
the author of six aviation books.

. Jean Blashfield served as Editor-in-Chief of the

Encyclopedia of Aviation and Space Sciences.”

There is no doubt that women in aerospace have
done and are doing much, It is a field that is expand-
ing for them every day, and in all directions.
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Ensign Joellen Drag, the Navy's first woman
officer helicopter pilot, received her wings
in 1974. She is now stationed in San Diego,
Calif.

Kelly Rueck is president of the Asso-
ciation of Flight Attendants. There
are about 35,000 women flight at-
tendants employed by airlines.
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Lt. Sally Murphy, a helicopter-rated Army aviator, checks the cockpit. f
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The Honorable Betty Crites Dillon, who holds the rank of a
U.S. Minister, is the first woman appointed as Permanent
Representative to the International Civil Aviation Organiza-
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Lt. Linda Horan, the second woman Army aviator, is shown
with General W. J. Maddox, Commander of the Army Avia-
tion Center (left), and her husband, Lt. Col. Michael Horan,
also a helicopter pilot.

& g e ,
Ensign Rosemary Conatser, Ensign Jane Skiles, Lt. Barbara
Ann Allen and Lt. Judith Ann Nedffer, are all Navy aviators.

Lauretta Foy, is a helicopter
heliport consultant and dem-
onstration pilot for the Bell
Helicopter Company's Van
Nuys, Calif. Center. She is
the 1975 president of The
Whirly-Girls.

Margurite Myrick is WIVK's
pilot for the traffic reporter
in Knoxville, Tenn.

[ | | f‘;
Helen Jost, Whirly-Girl No.
139, president of Kennebec
Helicopters, Inc., is the only
woman to operate a com-
mercial power-line helicop-
ter patrol.

Louise Sacchi heads
Sacchi Air Ferry En-
terprises (S.A.F.E.).
She has made more
than 260 solo ocean
crossings.

Fran Bera won the
Powder Puff Derb
not once but severa
times—in 1951, 1953
1955, 1956, 1958, 196
and 1962.

Ruby Sheldon (left), a remote sensing specialist f
the U.S. Geological Survey, collects airborne data f
studies of the nation’'s water and other natural r
sources. A flight and instrument instructor, she recen
taught Mary Lou Brown (right) to fly helicopters. M
Brown, one of the few women licensed jet airpla
pilots, is research program administrator for the U.

Geological Survey.




here is nothing new about remotely piloted vehicles.
\sk any boy (or father) of this century who ever has
nade an electric train go forward, stop, back up,
witch tracks or blow a whistle just by pushing buttons.

But the breed of aerial vehicles emerging from the
echnology of today is something else.

The drone male honeybee may have no sting and
jather no honey. Today’s aerospace drone — whether
t is called a ““Remotely Piloted Vehicle” (RPV) or a
lemotely Manned Vehicle (RMV) — has plenty of sting
ind can gather tremendous amounts of information. Its
nost obvious roles are weapon delivery and surveil-
ance missions.

This is not to suggest that manned combat and
econnaissance aircraft are on the way out. Far from
t. There are certain tasks that always will require the
rain, the senses, the training, the judgment and the
ouch of human beings on board at the scene. Witness
low much more men could do on the moon than
ould machines. Witness the intricate reactions of
ighter aircraft zeroing in on a hard target. Witness the
ielicopter picking an injured climber off the precipi-
ous face of a mountain, or rescuing potential victims
rom the roof of a high-rise building where they are
ibove the reach of ground fire-fighting equipment.

An RPV performing surveillance or bomb damage
issessment, as during the war in Southeast Asia, is a
ot more expendable than an F-4 Phantom with its pilot
ind radar observer. And should an RPV be shot down
over hostile territory, it is a small pile of scrap — no
asualties, no prisoners.

Studies by the Rand Corporation have noted how the
mproved accuracy of air defense systems, sophisti-
ated technology and inflation have impacted on mili-
ary aircraft budgets in such a way as to make RPVs
nore and more attractive. A World War | fighter prob-
aply cost about $5000. By the early 1950s the first
Inhtary supersonic aircraft—the North American F-100
Super Sabre — passed the $1 million-per-copy mark.
roday’s new air superiority fighters cost more than $15
nillion each. Given the equivalent of its present dollar
budget for aircraft in the dollars of the year 2000, how
many such aircraft will the Air Force be able to buy
hen? With luck, a dozen or so, if the past trend
continues,

Costing from $15,000 to $500,000 when put into pro-
duction, depending on the type and mission, RPVs
promise to be economical co-workers with more costly
modern sophisticated fighters.

The Air Force notes: “In an era of declining defense
budgets and increasing weapon system (procurement)
costs, the remotely piloted vehicle (RPV) offers a cost-
effective way of accomplishing the desired mission
with minimum risk to man and his resources.”

This is what makes relatively low-cost RPVs more
attractive and has drawn more and more aerospace
companies into a growing variety of RPV aircraft and
systgms development programs with the U.S. military
services.

Technically there is a difference between a drone,
which has been serving as an aerial bomb or aerial tar-
get for decades, and the RPVs of today and tomorrow.

The drone is an unmanned vehicle which traverses
a pre-programmed mission profile as directed by an
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- A New Breed of Super Servat
EMOTELY PILOTED VEHIGLE

LTV got into the guided
missile business in 1947
and by 1955 the Navy's
first surface - to - surface
missile, REGULUS I, was
fully operational. This
marriage of a guided
missile and Navy ships,
particularly wide-ranging
submarines, provided a
vital combat capability
during the cold war pe-
riod. REGULUS II (right)
and REGULUS | could
be configured as a mis-
sile with a nuclear war-
head, as a wheeled flight
test training version and
as a wheeled drone to
test guided missiles.

Now in U. S. Army testing
is a Westinghouse Elec-
tric Corporation system,
BLUE SPOT, that con-
sists of a television cam-
era, laser designator,
composite optics, stabi-
lized pointing and track-
ing system, and provi-
sion for a rangefinder. A
unigue feature allows any
of four different sub-
miniature cameras to be
installed.
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In addition to producing many operating RPVs and their components this one of several Northrop Corporation concepts shows
a vehicle for reconnaissance, air-to-ground and air-to-air missions. It also could be designed as a single multi-purpose vehicle.

Another interesting RPV development is
he completely de-manned aerial target
for training pilots in- air-to-air combat.
he Sperry Rand Corporation has de-
veloped an electronic control package
that can be mounted in a Convair Delta
Dart F-102 which can be put through all
paces of aerial combat and flown back
to a smooth landing by the ground con-
troller. Betty Schubert finishes wiring the
pilot’s “stand-in.”

[P P——

The Boeing Company recently met all test objectives with its ‘B” version protoype of the Air Force’s
COMPASS COPE RPV program with a flight of 17 hours that attained altitudes of more than 55,000 |
feet where temperatures reached —95°. The all-fiberglass, single-engine jet, which can carry sur-
veillance or other equipment, has a wingspan of 90 feet and an overall length of 40 feet. The final
test flight achieved a ‘first” by being brought in to a perfect landing in pre-dawn darkness.
|
|
1
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A great majority of the inventory of operational Air Force drones and RPVs are a series of modifi-
cations (some 20) of the Teledyne Ryan FIREBEE, developed to satisfy urgent requirements during
the Southeast Asia War. Now the company is competing in many development programs, two
being its long range COMPASS COPE-R entry (wingspan more than 80 feet) and has progressed to
a full scale mockup of a mini-RPV with a wingspan of 7.5 feet. COMPASS COPE-R recently flew
for more than 24 hours, reaching altitudes above 55,000 feet. &




Teledyne CAE probably is the largest supplier of engines for
RPVs. Within the family of engines is one tri-service model (the
J69-T-29, above) of which some 4250 have been delivered.
Another model is intended for use in vehicles flying up to
90,000 feet.
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A significant advance in propulsion of RPVs is
) ¢ the Garrett ATF3
LUJBOngoengme. This 4000-plus horsepower engine which weighs
COMPASSPCOSSES’ powered the Teledyne Ryan Aeronautical
i, Tior th-R RPV to an unofficial record for such vehicles
Sliltudes e than 24 hours on one test mission and attaining
Lo above 55,000 feet. The engine could power 10 to 12-
passenger business jets at high subsonic speeds on non-stop

transconti i i ; .
reserves,tmental or intercontinental flights with adequate fuel

Th i
e Air Force UPDATE program under development by Lear
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Ufi%k(alr(':d;\c{ﬁ !tS designed to produce an Interface and Control

versatility offa will improve substantially the performance and

in accurate, | ] operational RPVs. Improvements sought are

and effet:ti\;er?;saglft?ggogﬁla'}/:ry of unmanned sensors; accuracy
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Ilght capability in order to evade enerr?)‘/)i?siglﬁ,s' S, BRI

2 7_ ST N, W o S e

The RCA Corporation has been in the operations, control and
communications of droned aircraft for all services since the early
1960s — from DASH to FIREBEE, as well as mini-drones. The
company is deeply involved in the Air Force Control and Data
Retrieval System (CDRS) a program developed to direct remote
pombing, control the flight of multiple aircraft automatically and,
for NASA, provide television links that make possible the trans-
mission of live lunar pictures from the moon to the networks.

Lockheed Aircraft Company’s little F-1 RPV test-bed weighs only
350 pounds and can carry 45-Ib. payloads for a variety of mis-
sions. At the other end of the scale, the big HC-130H transport
will be able to carry four 5-ton MAVERICK winged RPVs that
can conduct reconnaissance or launch missiles at enemy targets
and return. Also in the works is an F-2, AEQUARE mini-RPV
weighing 150 pounds, yet able to carry a laser designator and
TV sensor.

. = ) T =y

A record-setting turboprop aircraft is E-Systems’ igh-
altitude, long-endurance aircraft capable )claf bné?nthspoér;erc]ilg;s
either an RPV or a manned aircraft. Flying slowly at altitudes
between 45,000 and 55,000 feet for 24 hours, the aircraft can
receive and relay line-of-sight communications from extreme
distances. It can be packed full of sensors and used for military
reconnaissance, earth resources survey, mapping, or border
surveillance.

s
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The U S. Navy's most advanced RPV missile system
is the extremely accurate Rockwell International
Corporation CONDOR This television guided. air-to-
surface system (here on the wing pylon of an A-6 air-
craft) can be fired at a target well out of sight while
the attacking aircraft 1s far from enemy defenses

ot

autopilot, with the ground or airborne control station
able to make only minor changes in the mission once
it is under way.

In fact, the first two offensive military drones were
developed in World War |. These were the Sperry
“Aerial Torpedo and the “Kettering Bug,” biplane
weapons mounted on a jury-rigged cart on rails, What-
ever their success, they did spark subsequent interest
that led eventually to the 1928 droning of a Curtis
Robin which, with its radio controls, flew training mis-
sions off and on until funding problems cut the pro-
gram in 1932.

In about 1938, the U.S. armed forces began to show
increased interest in developing remotely controlled
offensive weapons. In one attempt a pair of plywood
wings and plywood rudders were affixed to a 2000-1b.
bomb that could be dropped by a B-17 bomber and
visually guided to a target. More than 200 of these
were launched in a World War Il raid against Cologne,
Germany. The Germans reported that the manned
bombers were turned back by anti-aircraft fire, but that
“the following fighters’ all were shot down, exploding
violently and causing much damage.

In the late 1940s, interest in RPVs spurted through-
out all of the military services and the aerospace in-
dustry. In mid-1948 the first major contract was let to
the Ryan Aeronautical Company (now Teledyne Ryan
Aeronautical). This program really demonstrated the
high interest of the military services and the aerospace
industry, serving as the first benchmark in the RPV
boom.

Teledyne Ryan continued to improve the perform-
ance and to reconfigure the capabilities of the “Fire-
bee” until today there is a family of some 20 models.
And other aerospace firms are not lagging in their
efforts.

-
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In the mid-50s, Sperry fitted out F-go fighter aircraft
so that theyv could be flown automatically, and they
served well in sampling the atmosphere after nuclear
tests. But previous, late World War Il attempts to auto-
mate the flight of larger combat aircraft, such as the
B-24 and B-17 bombers, were not so successful for
two reasons. First, the cost of extensive modifications
was high. Second, the remote command and control
electronics of that time were not up to handling that
much aircraft and its myriad systems and subsystems.

The electronic art has come a long way since then.

The RPVs of today and tomorrow insert one or more
operators into the command and control “loop” at an
airborne, shipboard or ground control station. Working
thfoqgh sensors in the RPV, they can fly an entire
mission from launch or takeoff to return for aerial or
land recovery, or to the target, if it is a one-way
weapon delivery mission. Surveillance missions can
push the commander’s vision into hostile environments
—even far beyond the horizon — with data transmis-
sion links, small television cameras, digital computers
and many other products coming out of the amazing
advancements of the electronics industry. This gives
him real-time information upon which to act.

Such progress has made possible a widely growing
family of ever more sophisticated maxi-, midi-, and
mini-RPVs. In fact, there are so many programs and
variations that it is impossible to cover all of them
here, except in general terms.

The wide range of RPVs being studied and in some
cases developed run the entire gamut from tiny minis to
those weighing more than six tons and with speeds
from the slow to supersonic. And in almost all cases a
prime design objective is to minimize or eliminate the
infra-red and radar profiles detectable by the enemy.

As in the manufacture of a modern military or civil
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During a three-year program beginning late in 1968 McDonnell
Douglas Corporation developed an 80-lb. mini-RPV for the U.S.
A]'my. It was stuffed with subsystems, components and fuel.
Since then the company has developed a Mark |l prototype
tha_t'could serve as a base for other RPVs for military and
civilian purposes. The aircraft is designed to be catapult-
Iaunched in unprepared areas and recovered by flying it into
a vertical net.

Long active In the field of controls, the General Electric Com-
pany IS working on a ground system that “flies” the RPV,
coordinating ciose support between manned aircraft and
ground troops under all weather conditions. Among other
projects are development of a new color television camera
slightly larger than a package of cigarettes, and a mini-RPV
surveillance radar capable of locating an identifying enemy
artillery emplacements and battlefield surveillance over an
area 10 kilometers square and close investigation over an
area one kilometer square.

Development of highly portable, long-range lasers is a break-
through in field target designation for guided weapons, both
surface and air delivered. Philco-Ford Corporation’s PRAEIRE
11 is a sleek plastic mini-RPV that can be fitted with television
and laser or infra-red designators for daytime or nighttime

duty.
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aircraft, there is much more to an RPV and its propul-
sion system. Scores of companies throughout the 50
states provide essential systems and subsystems that
often cost more than the vehicle that transports them.

The unmanned vehicle business has three principal
product areas: cruise missiles, drones and targets,
and remotely piloted vehicles. All of these areas are
interrelated. For example, target or missile engines
have grown into RPV engines, For a long time there
seemed to be no impetus for manned aircraft engines
to move into the RPV business. Today, however, man-
rated turbofans are candidates for future reconnais-
sance missions, such as envisioned by the Air Force
COMPASS COPE program.

Development of the small turbofan engine for the
strategic sea-launched cruise missile probably will
provoke more development of mini- and midi-RPVs.
The cruise missile engine will consume much less fuel
than do currently available small turbojet engines.
This will have a payoff in smaller, lower cost vehicles
performing missions similar to those performed by
the maxi-vehicles now.

Two important technologies have been evolving
during the last three years: 1) reliable engines and
2) low-cost engines.

Although sometimes confused, life and reliability are
not the same thing. The rocket engines that launched
the Apollo series were not very long-life engines, but
they were very reliable.

The J100 turbofan engine was 100 percent reliable
for about two years. That's very reliable. A target of
100 percent reliability for a short-life engine is not as
unrealistic as a target of 100 percent reliability for an
F-15 engine.

Short-life reliability is necessary in the jet engine
for an RPV, but it only needs to be short-lived and
low cost if it is in an RPV to be used on a one-way
expendable mission.

In terms of their combat role, modern Rpvs now
flying, being tested, on the construction line or on the
drawing boards include:

 Inexpensive, short-range vehicles for |ow-altitude
battlefield surveillance and as laser target designators
for strike aircraft or other RPVs. They represent diffi-
cult targets — small, fast and probably Operating below
radar screens.

- High-altitude, long endurance vehicles for con-
tinued detailed surveillance of small or large areas.

- Long-range, low-altitude RPVs for many purposes,
varying from reconnaissance to surveillance to decoy
for attack missions.

- High-speed RPVs to attack targets and to confuse
enemy defenses, often working in concert with manned

attack aircraft.

Among tactical roles now possible or probable near-
term are electronic warfare (both positive jamming and
passive chaff dispensing); tactical reconnaissance;
weapon delivery. The fact that some high-speed ver-
sions can withstand maneuvers that generate a force
12 times that of gravity, while a pilot can take up to
about half that much force briefly, forecasts the day
when RPVs may be important teammates to manned
fighter aircraft in the air-to-air combat and ground



attack roles. Working with manned aircraft and carrying
a mix of payloads. including weapons, RPVs would give
the enemy little choice of selective defense. He would
have to try to get them all.

Aerospace industry experts foresee the time when a
number of RPVs can be controlled by a single airborne,
shipboard or ground station. “The development of se-
cure, anti-jam communications and multiple simultane-
ous RPV control are important ingredients for achieving
the full operation potential of the RPV," says David
Shore, President of the National Association for Re-
motely Piloted Vehicles (NARPV), and RCA Vice Presi-
dent for Advanced Programs Development.

As for the immediate future, military and industry
planners are looking ahead with great interest in a
number of areas, such as:

* The Tactical Expendable Drone System (TEDS)
which would provide a relatively low-cost vehicle that
would be deployed in a large number on a one-way
mission in support of Army or Marine tactical forces.
The Army Variable Speed Training Target (VSTT/Har-
poon) efforts have, in the last two years, precipitated a
viable, low-cost TEDS which will be remotely piloted
in some instances and pre-programmed in others. The
intent would be to flood a ccmbat area with low-cost
RPVs which would saturate enemy radar capabilities.
Some of these RPVs would have warheads and this
would force the opposition to direct anti-aircraft and
other combat forces toward all these vehicles.

* A multi-mission RPV that would be configured to
accept modular prime mission equipment and an en-
gine and airframe with sufficient flexibility to provide
the performance necessary for its three missions:
-strike, reconnaissance and electronic warfare. A cur-
rent modification will produce such an “interim” RPV,
which will fill the gap until the specifically designed
Advanced Multi-Mission RPV (AMMR) takes over,
probably in the 1980s.

* The COMPASS COPE program that is designed to
result in a high altitude sensor platform for battlefield
reconnaissance, signal intelligence gathering, com-
munication relay, photo reconnaissance, ocean sur-
veillance and atmospheric sampling. Both The Boeing
Company and Teledyne Ryan Aeronautical have pro-
duced competitive prototypes to meet performance
goals of more than 55,000 feet of altitude, more than 20
hours endurance and capacity for a payload of between
700 and 1500 pounds. Both of these prototypes, with
their narrow 80 to 90-foot wings, look a lot like sleek,
sophisticated powered gliders, and it is easy to visual-
ize a number of civilian applications for whichever one
is selected as the production model.

Speaking at an AIAA RPV Technology Symposium in
the U. S. recently John W. R. Taylor, Editor of the
British “Jane’s All The World's Aircraft,” said: ‘... as
we discuss (RPVs), and progress made to date . .. by
comparison with what has been achieved in the U. S,,
the rest of the world is still in the age of the Wright
Brothers.” Noting that the U.S. neglected its aircraft
leadership between the Wright's early progress and
World War |, he said: “This must never happen again.
The price of lost leadership today is one that the West
could never afford to pay.”

As one bumper sticker puts it: “RPVs ARE COMING!”
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MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Avco Corporation
The Bendix Corporation
The Boeing Company
CCl1 Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Aerospace. Electronics, Components
& Energy 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 Aerospace
McDonnell Douglas Corp.
Menasco Manufacturing Company
Northrop Corporation
Philco-Ford Corporation
Pneumo Corporation
Cleveland Pneumatic Co.
National Water Lift Co.
Raytheon Company
RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE

Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Hydraulic Research & Manufacturing Co.
Thiokol Corporation
TRE Corporation
TRW Inc.
United Aircraft Corporation
Westinghouse Public Systems Company
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CURRENT OUTLOOK
Total Aerospace Sales Value of Civil Aircraft Shipments New Orders — Monthly Averageé
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ITEM UNIT PERIOD 1964-1973 PERIOD  PERIOD o RATEST
: Annual 4th
AEROSPACE SALES: Total Billion $ Rate 241 Quarter 24.3 26.2 26.8
Billion $ Quarterly 6.1 1974 6.5 6.3 74
AEROSPACE SALES: Total Annual 4th
(In Constant Dollars, Billion $ Rate 15.8 Quarter 15.6 15.2 15.1
1958=100) Billion $ Quarterly 4.0 1974 4.2 3.7 4.0
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,194 Dec 1974 927 1,636 1,309 .
Aircraft Million $ Monthly 716 Dec 1974 560 1,223 685
Missiles & Space Million $ Monthly 478 Dec 1974 367 413 624
Aerospace outlays: Total Million $ Monthly 1,129 Dec 1974 1,062 1,065 1,101
Aircraft Million $ Monthly 669 Dec 1974 576 624 593
Missiles & Space Million $ Monthly 460 Dec 1974 486 441 508
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,061 Dec 1974 879 1,290 930
Aircraft Million $ Monthly 667 Dec 1974 316 856 569
Missiles & Space Million $ Monthly 394 Dec 1974 563 434 361
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 283 Dec 1974 127 191 165
Expenditures Million $ Monthly 287 Dec 1974 163 213 217
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 25.5 4th 29.7 34.0 35.8
U.S. Government Billion $ Quarterly 14.5 Quarter 16.7 19.5 20.9
‘Nongovernment Billion $ Quarterly 11.0 1974 13.0 14.5 14.9 ,
EXPORTS
Total (Including military) Million $ Monthly 249 Dec 1974 547 660 749
New Commercial Transports Million $ Monthly 77 Dec 1974 197 271 334
PROFITS 4th
Aerospace — Based on Sales Percent Quarterly 2.1 Quarter 2.8 2.9 23 Q
All Manufacturing — Based on Sales Percent Quarterly 4.9 1974 5.7 5.7 4.8 |
EMPLOYMENT: Total Thousands Monthly 1,213 Dec 1974 960 982 973 f
Aircraft Thousands Monthly 669 Dec 1974 517 543 537
Missiles & Space Thousands Monthly 128 Dec 1974 97 92 92 |
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.86 Dec 1974 4.97 5.61 5.67

#1964-1973 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 Association
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UBIQUITOUS
AEROSPACE

By KARL G. HARR, JR.

President, Aerospace Industries Association

Karl G. Harr, Jr

Understandably to most Americans the term ‘‘aero-
Space’’ represents swift transportation by air, explor-
Ing and utilizing space with manned and unmanned
vehicles, and developing a myriad of sophisticated
systems for national defense.

From time to time in this magazine we have docu-
mented the fact that the aerospace industry is also
very much down to earth. You will find aerospace
Companies and the aerospace divisions of diversi-
fied corporations making technological contribu-
tions in such fields as medicine, education, mine
rescue breathing devices, automotive skid controls,
vehicular traffic control, new energy sources and,
oh yes, experimental farming. In fact, the involve-
ment of aerospace companies in hundreds of strictly
non-aerospace endeavors amounted to $5 billion in
sales in 1974.

One field calling for innovation and systems man-
agement skills is transportation at or near the
surface. A major feature in this issue relates how
aerospace talent is tackling various approaches to
moving people more efficiently, one of the major
down-to-earth problems of our time.
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The end of an era is at hand. It has
been a magnificent era of incredible
technological advance. It has wit-
nessed man's boldest exploratory
ventures. It has produced priceless
new volumes of scientific knowl-
edge. It has provided benefit to con-
temporary man in practical spinoff
from rapidly advancing technology
and this benefit will continue to ac-
crue for generations to come.

It is the Apollo era that is ending.
It was just 14 years ago — May 25,
1961 — that Project Apollo was for-
mally launched with President Ken-
nedy's declaration that the United
States would put men on the moon
within the decade. Now the last
Apollo waits on its Kennedy Space
Center pad for launch in mid-July;
its mid-Pacific splash 10 days there-
after will write finis to the greatest
technological program of all time.

“For all mankind" — the words
etched on a plaque left behind by
the first moonwalkers — was the
guiding canon of Project Apollo.
From the outset, it was American
policy that Apollo’s gains in science
and technology would be shared
with the world. So it is fitting that the
Apollo program end on the same
lofty note; the final flight represents
another contribution of American
technology toward improving the
potential for world cooperation in
space.

Known as the Apollo-Soyuz Test
Project (ASTP), it is a joint venture
of the United States and the Soviet
Union, an initial step toward devel-
opment of an international space
docking system. Such a system will
be invaluable in future years, when
manned space flights become com-
monplace and other nations join
the two great technological powers
in sending human crews beyond

the atmosphere. It will allow space-
craft of different national origin to
mate in space for cooperative
experiments, or one nation’s space-
craft to berth at another's space
station. It also will make possible
rescue of one nation’s stranded as-
tronauts by the most readily avail-
able spacecraft, regardless of the
flag it flies. _
There are more immediate gains
to be realized from Apollo-Soy}Jz._
First, it gives NASA a cont:r)uny
bridge between the Skylab missions
— earlier intended to be the last use
of Apollo hardware — and the elfa
of the Space Shuttle, which wn!l
start in 1979. NASA believes that it
is very important to “‘keep the mo-
mentum going’’ in manned space
flight. It has put together an e>§traor-
dinarily efficient government/mdus-
try/university team whose efficacy
might be diminished by an oveflong
gap between actual operations.
Apollo-Soyuz narrows the gap.
Secondly, the mission affords a
last opportunity until the Shuttl‘e
starts flying to conduct man-di-
rected investigations in space.
Apollo-Soyuz includes a lgngthy
agenda of 27 experiments, flvc_a of
them to be accomplished jointly

with the Soviets.
Third, there is considerable bene-

fit in terms of improved relations
with the Soviet Union. From that
standpoint, NASA officials say, the
mission is already a success be-
cause U.S. and Soviet teams have
worked side by side for three years
in greater harmony than anyone ex-
pected. It hasn't always been roses,
of course; there has been some
desk-pounding and there have been
huffy times. In the main, howevgr,
the Soviets have displayed a will-
ingness to compromise that per-



mitted quick settlement of disputes.
Says NASA's Apollo-Soyuz Test
Project director Chester M. Lee:
“This operation has given us a
window into the Soviet Union, some
visibility we haven't had before —
not just a closer view of their space
program, but the whole Soviet sys-
tem. And it's a two-way window —
they have been in our homes, seen
our standard of living and learned
about our ways of doing things.
ASTP has provided us an opportu-
nity to establish communication and
to develop greater understanding
of each other — therefore, there is

disparate societies whose relations
with each other have ranged from
frigid to tepid — but never warm.
The docking phase will be high-
lighted by a symbolic handshake in
space, televised to hundreds of mil-
lions around the world. Global TV
has bonus value. Actually, the U.S.
and the Soviet Union are cooperat-
ing on some 150 projects in art, ed-
ucation, science and agriculture,
but few are aware of these joint ef-
forts. Extensively televised, Apollo-
Soyuz has "‘higher visibility.”" Mem-
bers of both teams consider the im-
pact on other nations important; in

flight engineer Valeriy‘ Kubasov; Soyuz commander Alexei Leonov; Apollo docking
module pilot Donald K. “Deke’ Slayton; Apollo commander Tom Stafford.

a contribution to detente.”

Both sides have indicated readi-
ness to consider further coopera-
tion and therein may lie the great-
est potential of ASTP.

“A compatible docking system
gives us the basis for future joint
ventures,” says Lee. “Space ex-
ploration is expensive but cost-
sharing brings down the cost to the
individual nation and it might allow
some very advanced projects —
Mars, for instance. Perhaps a fu-
ture Mars mission might involve not
just the two countries but three or
four or more.”

The Apollo-Soyuz mission is an
earth-orbital rendezvous and dock-
ing of two spacecraft, a type of op-
eration which has been accom-
plished often by both nations. The
difference is the dramatic meeting
in space of crews representing two

theory, showing the rest of the
world that the U.S. and the U.S.S.R.
can work together in peace ad-
vances the cause of detente. One
official puts it this way: “We may
more readily believe it ourselves if
we convince everyone else.”

From the technical standpoint,
the flight is principally a verification
of a compatible docking system.
Related aims include checking out
procedures for transferring crews
in space and testing the workability
of mission coordination between
two separate control centers with
two different languages. Once, the
members of the American and So-
viet working groups started to learn
the other nation’s language. They
found that the time factor — the
three years allowed for pre-mission
preparations — was insufficient to
develop real competence. So tech-

nical interpreters will relay commu-
nications between the control cen-
ters in Houston and Moscow.

As for the flight crews, they had
to learn the other tongue — for di-
rect communication in space and
for the most effective way of han-
dling a possible emergency. They
have worked hard at it and, accord-
ing to a Johnson Space Center in-
structor, have developed a degree
of competence roughly equivalent
to that a college graduate has after
four years of sound language train-
ing and hard work. That is more
than adequate. During the fiight, the

rule is ‘“language of the listener;"
the Soviets will address the Ameri-
cans in English and the U.S. astro-
nauts will speak Russian when talk-
ing to the cosmonauts.

The international cast of space-
men includes:

Thomas P. Stafford, Brigadier
General, USAF, 45, commander of
the Apollo, veteran of three space
flights and five rendezvous opera-
tions. With just under 300 hours in
space, Stafford is senior of the five
spacemen in rank and experience;

Vance DeVoe Brand, civilian, 44,
Apollo Command Module pilot, g
spaceflight rookie who has serveq
on three Apollo backup crews;

Donald K. “Deke’ Slayton, civil-
ian, 51, Docking Module pilot, one
of the original seven Mercury astro-
nauts who was benched for physi-
cal reasons. Now restored to flight

)
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status, Deke Slayton is going aloft
for the first time 16 years after his
selection as an astronaut;

Alexei Arkipovich Leonov, Colo-
nel, Soviet Air Force, 41, com-
mander of the Soyuz, veteran of the
Voshhod 2 flight of 1865 in which
he became the first man to conduct
“extravehicular activity’”’ or space-
walking;

Valeriy Nikolayevich Kubasov, ci-
vilian, 40, Soyuz flight engineer, a
veteran of the Soyuz 6 flight of 1969
in which he conducted the first
welding experiments under the
weightless and atmosphereless

dule in Rockwell International’s clean room.

conditions of space.

The Apollo flight hardware con-
sists of the familiar Command and
Service Modules, both extensively
modified for the dictates of this mis-
sion, plus a new segment called the
Docking Module. Developed and
built by Rockwell International’'s
Space Division, Apollo prime con-
tractor, the Docking Module is an
airlock that fits between Apollo and
Soyuz and allows crew transfers
from one spacecraft to the other.

The need for this extra segment
stems from the fact that Apollo and
Soyuz have incompatible cabin en-
vironments — the former is pure
oxygen at five pounds per square
inch, the latter normally operates at
earth sea level atmosphere, which
is an oxygen/nitrogen mix at 14.7
pounds per square inch. These en-
vironments cannot be allowed to

mingle, hence, the airlock.

l'en feet long and five feet wide,
the Docking Module is a cylinder
that can be pressurized to maich
the environment of either space-
craft. An Apollo to Soyuz transfer
goes this way: the astronaut enters
the Docking Module, operates its
controls to add nitrogen until the
module's environment is the same
as that of the Soviet spacecraft;
then he opens the hatch at the So-
yuz end of the Docking Module, the
Soyuz crew open their hatch and
the American astronaut can float
into the Soviet craft (the crews will,
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The Docking Module (top) is mated to
the Apollo Command Module.

of course, be weightless during
docked operations). A reverse
transfer — Soyuz to Apollo — in-
volves depressurization to Apollo
equivalent. After this one mission,
the Docking Module will no longer
be needed, since future U.S.
manned spacecraft — such as the
Space Shuttle — will operate at
earth sea level atmosphere and pre-
sumably the Soviets will continue
to use that environment.

The other major new develop-
ment in Apollo hardware is the
docking mechanism, located at the
end of the Docking Module which
joins with Soyuz. Actually, the
Apollo docking mechanism is one
half of the common docking system;
the other half being the fitting on
Soyuz. The two mechanisms were
jointly designed but are quite differ-
ent, one electrical and one hydrau-

lic;, nonetheless, they function as a
single unit. The docking system
compares loosely with the coupling
blocks that link freight cars, except
that the docking mechanisms are
circular rings with a series of
latches. During a docking, one
spacecraft's docking mechanism is
“active,"” the other passive. The ac-
tive system grabs the other, they
couple and the active mechanism's
latches lock automatically, tighten-
ing the connection and creating a
sealed tunnel linking the two space-
craft.

The Soviet Soyuz is a three mod-
‘ule spacecraft. It has an Instrument
Module which contains the subsys-
tems required for power, communi-
cations, propulsion and other func-
tions; a bell-shaped Descent Mod-
ule, in which the cosmonauts
descend to earth; and a larger,
spherical Orbital Module, the
crew's working quarters while in or-
bit. Once a three-place craft, Soyuz
will carry only two cosmonauts on
this mission.

Like Apollo, Soyuz was exten-
sively modified for the joint project.
Aside from the new docking sys-
tem, the other major change was a
very big alteration in the environ-
mental control system. Where the
Soviets normally operate at sea
level environment throughout a
mission, the modification will per-
mit reducing pressure from 14.7" to
10 pounds per squaré inch during
the period when the two spacecraft
are docked. This facilitates crew
transfers; without it, it would have
been necessary for transferring
spacemen to spend three hours in
the airlock to avoid getting the
bends. The modification represents
something of a milestone in U.S.-
Soviet space relationships; Soviet
willingness to undertake this very
costly narrowing of the pressure
gap convinced the American team
early in the program that the
U.S.S.R. was really serious about
the cooperative venture. As flight
date nears, NASA officials are more
impressed than ever about Soviet
sincerity; they resent media com-
ments suggesting that the U.S.S.R.
is getting a bargain-rate technolog-
ical education.



“That's a bum rap,” says Glynn
S. Lunney, Apollo Spacecraft Pro-
gram Manager for NASA's Johnson
Space Center at Houston. I can't
give you a figure as to the rubles
they have spent; they don't tell us,
we don’'t ask. But they have made
a real commitment.” Lunney men-
tions the modification of the Soyuz
environmental control system, a
change whose sole purpose was to
improve the utility of the Docking
Module; to the development of a
new docking mechanism; and a
variety of other Soyuz changes the
mission necessitated. In addition,
he points out, the U.S.S.R. flew two
unmanned Soyuz missions and one
manned flight to check out the mod-
ifications, where the U.S. flew no
preliminaries. Finally, the Soviets

are providing — for insurance of
mission success — a backup
spacecraft and launch vehicle;

NASA is unable to do so, lacking

both money and hardware. Says
Lunney,

. “It all adds up to a Sovjet fund-
INng commitment at least as great as
ours, possibly greater. They have
been dedicated to this program and
they have cooperated fully.”

Here is what happens on Apollo-
Soyuz:

First launch will take place at the
Soviet launch base in Baikonur,
some 1400 miles southeast of Mos-
cow in Asian Kazakhstan. Soyuz
vynll be boosted initially into an ellip-
tical orbit. After two rocket-firing
maneuvers, the orbit will be circu-
larized at 140 statute miles altitude.
There Soyuz will “wait” for Apollo.

Apollo will leave its Kennedy
Space Center pad some seven and
a half hours after the Soyuz launch.
Qne hour after Apollo reaches orbit,
it will start the “turnaround” ma-
neuver. The turnaround is required
because Apollo, at this point, is not
yet a complete three-module space-
craft. The Docking Module cannot
be mounted in its normal position
gt launch time, because that posi-
tion is occupied by the launch
escape tower, the emergency de-
scent system which is later jetti-

soned. So the Docking Module is
carried aloft within the Saturn 1B
launch vehicle and once in orbit it
must be affixed to the Apollo CSM
(Command and Service Modules).

The hookup will be accomplished
in this manner: the Apollo CSM will
separate from the launch vehicle
and move some 50 feet away from
it. Then, employing their rocket
thrusters, the astronauts will turn
the CSM around so that it faces the
open end of the launch vehicle, the
Docking Module's garage. Again
using the thrusters, they will close
the distance between the two ve-
hicles and jockey the manned
spacecraft until a probe in Apollo’'s
nose slips into a drogue in the
Docking Module. The latches will
lock automatically, coupling the
Docking Module to the CSM. The
CSM will then back off slowly, pull-
ing the Docking Module with it. Now
a complete spacecraft, Apollo
moves off in quest of Soyuz.

For the next two earth-days,
Apollo will “‘chase” Soyuz as the
two spacecraft revolve about the
earth like a pair of racing cars on a
circular track. Apollo, at the lower
altitude, will complete a revolution
quicker, thus will gradually catch
up. Aided by the Soviet and Ameri-
can tracking networks, and by the
control centers at Moscow and
Houston, Apollo will perform a se-
ries of maneuvers which gradually
narrow the altitude and plane differ-
entials of the two spacecraft. About
50 hours into the mission, Apollo
and Soyuz will be close enough for
visual sighting; a flashing beacon
on the Soviet craft will guide Apollo
in the final phase of the rendezvous.
Apollo will make most of the ma-
neuvers because it has more than
ample thrusting fuel while Soyuz
must conserve its limited supply for
post-docking maneuvers.

Some 52 hours after the initial
launch, Apollo commander Stafford
will nudge his spacecraft toward
Soyuz, using an optical target on
Soyuz as a guide to the first interna-
tional space merger. With the

Apollo docking mechanism active,
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the two spacecraft will couple and
lock together.
After a round of preliminary

checks. the first crew transfer will
take place. Astronauts Stafford and
Slayton will enter the Docking Mod-
ule, pressurize it to Soyuz equiva-
lency and open the hatch leading
to the Soviet craft. Then comes the
symbolic handshake between com-
manders Stafford and Leonov, tele-
vised to earth by a camera mounted
in the Docking Module.

There will be three more crew
transfers after that, each astronaut
and cosmonaut visiting the other
nation's spacecraft at least once.
The spacemen will perform a num-
ber of joint experiments during this
time and at meal occasions each
will host a “dinner party.” The five
will never get together in one place,
however, because mission rules de-
mand that one man remain in each
spacecraft at all times to monitor
the instrument displays.

After two full earth-days of joint
operations, the spacemen will dis-
engage their craft for one final joint
experiment, called the “artificial
solar eclipse.” This experiment
takes advantage of the fact that
there will be two manned spaceé-
craft in orbital proximity to make an
investigation of the solar corona
which is difficult to accomplish bY
other means. The corona, the circle
of light that surrounds the sun's
disk, is a million times fainter than
the disk itself. Attempts to photo-
graph it by earth telescopes or un-
manned spacecraft have been only
partially successful, since the in-
tense radiation from the sun's disK
tends to obscure the corona.

In this experiment, the spacemen

will use one of the spacecraft—.
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Apollo—as an ‘occulting” or
eclipsing device while the other
crew takes pictures of the corona.
Apollo will back off from Soyuz in
direct alignment with the sun until
it reaches a distance of 200 meters
from the Soviet craft. At that dis-
tance, Apollo will block out the ra-
diant solar disk, leaving visible to
the Soyuz crew only the corona. It
is hoped that the resulting photo-
graphs will be better than any yet
acquired.

The joint mission ends with the
eclipse, but both spacecraft will
remain in orbit performing unilateral
experiments. Leonov and Kubasov
in the Soyuz will start their descent
toward the end of their sixth earth-
day in space. Their drop slowed
initially by parachute and later by
braking rockets, they will make a
soft landing near the take-off point
at Baikonur.

With a lengthier agenda of ex-
perimentation, astronauts Stafford,
Brand and Slayton will continue in
orbit for five earth-days after sepa-
rating from Soyuz. They will con-
duct about a score of unilateral
investigations, many of them exten-
sions of experiments begun in the
Skylab flights of 1973-74. The ex-
periments are grouped in several
categories: earth observations, part
of a continuing Apollo/Skylab study
in the fields of geology, hydrology,
meteorology and oceanography;
astronomy, including further study
of soft X-rays and extreme ultravio-
let sources; spacemedical, em-
bracing several experiments in
which biological samples will be
studied to determine the effects of
cosmic radiation on man; and med-
ical technology, two “electrophore-
sis" experiments designed to dem-

Mounted on its transporter, the
Saturn 1B/Apollo space vehi-
cle moves to its launch com-
plex at Kennedy Space Center.

onstrate the enhanced ability .to
separate living cells in zero graylty.
which has possible clinical applica-
tions on earth. .

Of particular interest IS a‘ group
of seven experiments involving thﬁ
“multipurpose electric furngce.
The furnace, an improved, h|gh§r
temperature version of one used in
Skylab missions, provides a means
of studying materials. phasg-
changes under zero grawty. condi-
tions. This investigation is aimed at
the possibility of materials process-
ing or manufacturing in .space. An
example of the potential advan-
tages is contained in the .fact that
defective crystals are a major cause
of electronic device failure, espe-
cially semiconductor devices. Sky-
lab tests, to be verified on the
upcoming mission, showed th?t
larger and more perfect crystals
can be “grown” under the weight-
less conditions of orbital fhgh'&
“Application of this technology,
says a NASA/Rockwell Apollq—
Soyuz brochure, ‘‘should make. it
possible to produce more transis-
tors per given area and m?egrated
circuits with greater densities, and
it may allow researchers to pu;h
integrated circuit technology to its
ultimate performance.”

At the start of the 10th earth-day.
the Apollo astronauts will begin
preparations for the descent to
earth. The Docking Module and the
Service Module will be discarded;
with a retrofiring of its rocket thrust-
ers at approximately 220 hours after
the mission’s beginning, the Apollo
Command Module will de-orpit and
drop to the familiar splash in the
Pacific Ocean. It will be the last
splash, for the water-recovery tech-
nique will be used no more; futgre
U.S. manned spacecraft, starting
with the Space Shuttle will make
surface landings on wheels, like an
airplane. ‘

fiopefully this last Apollo fl;ght
ends one era and launches & new
one, an era of peaceful explor.atlon
of space and ever-broadening inter-
national cooperation—"‘for all man-
kind.”
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Iransporiatlion
al the Surface

EFROSPACE certainly is the:

Huge aircraft that can whisk 300
assengers across the United States
' some five hours;

- Towering launch vehicle and its
hacecraft that can put men on the
ioon and bring them back;

| Satellites that study Earth’'s re-
ources and weather, bring distant
vents into your living room, lower
]?l cost of long distance telephone
alls;

I Reconnaissance aircraft that can
y from New York to London in less
nan two hours:

' Missiles, bombers, superior fighter
ircraft and other weapons and wea-
on systems that the nation decides
t neec_is for its defense:

| Bgsmess and personal aircraft that
rovide pleasure or quick, conven-
ent, productive travel for busy
eople;
I.Helicopters that can do so many
hings quicker and better than any
other vehicle, from rescuing accident
/Ictims to serving off-shore oil rigs to
0gging timber inaccessable by road.

The aerospace i i i
3 much'm%r: industry is all this
th;tt Is deeply involved in activities

at range from agriculture to oil and
Mmineral exploration.
tiorla‘;e Just one field — transporta-
il f}\Of near the surface of the
o ol s illustrated in this article, a

eJcArlty of the member companies of
= deroquce Industries Association
eeply involved in this vital area

of development.
pr:r;:ansportation and energy are
iad eofconcems of our country today
ey the twq, tran_sportation may

Leavi?\ morg n.mmed!ate urgency.
ment. | g aviation as;dg for the mo-
i ) |and transportation — road or
mo’re ong-haul or short-haul —is
i critical to more people. And the

€ congested the population cen-

ters become, th i
e, , the more urgent is the

We must be able to move large
loads of people and things rapidly,
efficiently, safely and, in the case of
passengers, comfortably. This means
within cities, around cities and their
suburbs, between cities and across
the country.

But today no one means of trans-
portation will serve all purposes or
areas. Essential is a mix that provides
a balanced transportation system. If
an individual can fly 1,000 miles from
one major airport to another in a
couple of hours and then find that
he has spent more time on the
ground getting to and from the air-
ports than he did in the air, the sys-
tem obviously is not a system — or it
has some badly antiquated segments.

What is good between cities thou-
sands of miles apart or even 300 to
500 miles apart is not necessarily the
answer for a megalopolis, a sprawl-
ing metropolis, or even a medium-
sized city.

The relatively short-haul of large
numbers of people and things
quickly, comfortably and conven-
iently becomes a greater requirement
daily. The transportation of masses
of people in the spreading urban
areas is the most critical of the trans-
portation problems.

Tokyo, Japan, in the early '50s was
a sprawling city of millions with
hordes of bicycles, three-wheeled
“cyclos” and a growing number of
automobiles. But for the masses there
at that time, Tokyo had an efficient
spoked-wheel system of trains and
subways that served the great ma-
jority efficiently. In one typical sub-
urb, for instance, it was a three-block
walk to the train station (a train every
five minutes or so), a three-minute
ride to the heart of a suburban shop-
ping area; a quick connection and a
15-minute subway ride to the base-
ment of any of the major department
stores along the heart of the down-
town Ginza shopping district. All this
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guldgeway. It is designed with a second generation “nencmi
duction motor for speeds up to 300 mph. Garrett AiRes:r !
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working on an Advanced Concept Train (ACT-1) prototy®
for the Department of Transportation.
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. This Canadian Coast Guard air cushion vehicle (ACV), or ‘‘hovercraft,’

made by Bell Aerospace Canada, can break up ice-jams on rivers, and
is being tested as a transportation system serving Quebec s lower north
shore communities. Bell also is developing a 2000-ton SES prototype for
the Navy.

. Except for the comfort and quiet you might not know that your next ride

on a Greyhound MC-8 Americruiser is powered by a 350-horsepower
Detroit Diesel Allison gas turbine engine driving through an Allison fully
automatic transmission. Allison turbines or diesel engines also power
other forms of surface transportation.

This Sperry Rand Corporation aontrol panel, with map and symbol dis-
plays, will make it possible for traffic engineers .to control car move-
ments on the new Washington, D. C., Metro transit system.

. Driven at high speed by an advanced linear induction motor (LIM) and

levitated about a foot above a guideway this quiet, non-polluting Ray-
theon Company ‘‘Magneplane’”’ may be the land transporta!ion of the
future for short to medium distances (cities 300 to 500 miles apart).
Here a model is readied for a run on an MIT test track.

. Grumman hydrofoils, such as the Flagstaff | driven by Garrett AiResearch

jet turbines and capable of speeds of 50 mph, were tested under combat
conditions in Southeast Asia. A larger Flagstaff I, capable of 60 mph
speed over waves up to eight feet and with a foil-borne range of 940
nautical miles is under development.

_ RCA two-way mobile radio systems are important elements of ground

transportation systems that ensure that fresh concrete and crews get to
the site where they are needed, as for instance in the construction of
the Washington, D. C., Metro subway system.

The Boeing Company, a leader in the fields of automated Personal

Rapid Transit (PRT), Advanced Concept Trains (along with Garrett pro-
pulsion) and U. S. Navy Patrol Hydrofoil Missile (PHM) ships, builds
commercial jetfoil craft that carry as many as 284 passengers at more
than 50-mph in virtually all sea conditions as well as rapid rail transit
vehicles for Chicago, Boston and San Francisco.
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fully planned mix. This really is an
extension of the old commuter train,
combined with the trolley or jitney
bus. In fact, essentially it is the con-
cept of the Bay Area Rapid Transit
(BART) system now being smoothed
out to serve the San Francisco Bay
area efficiently.

At the third level is the guided or
tracked air cushion or magnetically
levitated train-like vehicle capable of
smooth, virtually pollution-free trans-
portation at from 150 to 300 miles-
per-hour, probably on an elevated
guide-way or guide-rail. With a 10-
minute stop at two intermediate sta-
tions a 250-mph train could go from
downtown San Francisco to San
Louis Obispo to Los Angeles to
downtown San Diego in something
like two hours. And given the same
conditions the trip from downtown
Washington, D.C., to downtown Bos-
ton by way of Baltimore, Philadelphia
and New York should be less than
two hours.

Such a trip would be great, of
course, but it wouldn't be part of a
transportation system unless there
were efficient, integrated modes of
rail, bus and PRT transportation sys-
tems operating within each city on
the route.

Guidance of land vehicles can be
provided by guideways, a center
guide-rail or an overhead monorail.
These on, over or below the surface
traffic installations will not be un-
sightly and can save on both con-
struction and land acquisition costs
by using the sides or center strips
of land already committed to major
ground highways and boulevards.

Although adequate transportation
is essential today and for the future
—and it can be provided —this is
not to say that it can be provided
without a psychological wrench or
perhaps some other type of adjust-
ment for citizens as they accommo-
date themselves to new transporta-
tion installations. But is a quiet, low
emission monorail or surface rail
system less esthetically tolerable
than more and wider ribbons of con-
crete and bridges, intricate highway
interchanges, and special bus lanes?

Propulsion may come irom jet en-
gines, conventional ground or aircraft
engines, electricity from track or
guideway or from linear induction
motors in which the guide rail reacts
with electricity produced on board
to levitate and to pull the vehicle
forward at speeds only possible be-
cause there is no friction other than
that of theatmosphere. “No friction”
also means lower costs from start to
finish, including maintenance.

Water covers some three-quarters
of the Earth’s surface, and the aero-
space industry is busy in this envir-
onment, as well.
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Container-carners and loaded barge-carners are sp2-
cialties of General Dynamics. as is this new concep!
of a Liquid Natural Gas (LNG) tanker that will trans.

port 125,000 cubic meters of LNG across oceans at
super-cold temperatures

, This is an Aecronutronic Ford design for the Depart-

ment of Transportation that could provide a magnet:-
cally suspended. high-speed rapid transit vehicle n
the near future. Cruising about one foo! above a
guideway the “*je! aircraft without wings' would serve
cities 300 to S00 miles apart a! speeds up to 300 mph

. The Aerojet Liquid Rocke! Company is the “base-

line”" company providing propulsion power for the
Boeing Patrol Hydrofoil Missile stup It also 1s pro-
viding the water jets and pumps for the 2000-ton arr
cushion Surface Effecis Ship prolotlypes being built
by Bell and Rohr for Navy evaluation

, A "Powerjet 20" engine by Rockwell International’s
Rocketdyne Division powers the commercially suc-
cessful, 50-mph Boeing jet hydrofoil, now in commer-
cial use. Rockwell also 18 designing a 40,000-hp water
jet and propulsion drive system for the Bell Aero-
gspace and a Lockheed protolype 2000-ton surface
effects ship for Navy evaluation

Roll-on, Roll-off ships can accept
large numbers of pre-loaded trailers
and transport them across the ocean.
And container ships can be loaded
with pre-packaged containers for
similar long voyages with minimum
handling.

Now we have huge ships that can
accommodate fully loaded barges.
The ships sail to Europe, stop outside
the harbor, unload the barges which
then use the ports and waterways to
deliver their goods. Busy harbors are
not choked, and turn-around time is
cut to a minimum, saving not only
time (as much as eight days on a
transatlantic round-trip voyage), but
money. That's productivity.

Next is the liquid natural gas (LNG)
ship. These ships must be able to ac-
cept liquid natural gas at extremely
low temperatures and maintain those
temperatures all the way across the
ocean for delivery to storage facili-
ties. There the gas can be packaged
for delivery, or re-converted to a gas
and distributed to heat homes, cook
food, keep the wheels of industry
turning. The answer to problems like
these come directly from aerospace

and government research and devel-
opment.

Perhaps the most visually exciting
developments in the marine environ-
ment are the Surface Effects Ships
(SES) and the hydrofoils. World-wide
applications of such ships are easy
to visualize.

Hydrofoil ships, whosg underwater
“wings” or foils lift the hull out of
the water for greater speed and sta-
bility, already are being produced
commercially for applications such
as carrying 284 passengers at more
than 50 miles-per-hour between Hong

Kong and Macao and among the
Hawaiian Islands.

Hydrofoils also have great defense
possibilities with the U.S. Navy,
wi)ich is contracting for Patrol Hydro-
foil Missile (PHM) ships that will ride
up to 12 feet above the surface, serv-
Ing as swift fleet protection, assault

Ssupport and target bombardment
platforms. #

Surface Effect Ships actually are
more than ships. Using a variety of
propulsion systems they create a
cushion of air so that they are lifted
off the surface from an inch to a foot.
They can cover water, beaches,
swamps, snow, ice and relatively flat
?erram at great speeds because there
IS no ground friction. In fact, Admiral
Elmo R. Zumwalt, former Chief of
Naval Operations, after a ride on an
SES (which already can reach speeds
of more than 90-miles-per-hour) said
that the day of the 100-knot navy is
at hand. Already the U.S. Navy has
aerospace firms competing in the de-
sign, development and testing of

2000-ton SES vehicles.

An SES serves outlying islands in
Canada; is standing by the Yukon
River in the far Northwest just in
case the natural ice bridge over the
river, so essential to the devolpment
of the Alaska pipeline from the north
slope, should go. out; others are
breaking up ice-jams that used to
cause rivers to flood land and homes
in Canada north of the St. Lawrence
river. The future applications of such
vehicles are innumerable — from de-
livering feed to livestock stranded
on snow-blanketed plains to serving
out-of-the-way towns where tides are
too high or there are inadequate
shipping and docks.

These new generations of water
vehicles will be propelled by a variety
of systems — turbojet or reciprocat-
ing engines providing power for un-
derwater propellers, for jets of water,
ducted above-deck propeller fans, or
even straight turbojet drive. Hydro-
foils and SES vehicles will require
different mixes of power and propul-
sion, but the family of turbojet, diesel
and other engines is growing SO
greatly that there is an engine or a
combination of engines for. almost
any power-generating and/or pro-
pulsion use.

New off-road vehicles for construc-
tion, logging and other difficult tasks
are being developed, and it has bgen
estimated that a new family of towing
vehicles could cut air pollution by
85 percent, reduce noise significantly
and save untold gallons of fuel used
by taxiing aircraft at Los Angeles
International Airport alone.

And behind all of this are the elec-
tronic command and control systems
to monitor, guide and regulate tpe
ever-increasing flow of traffic on city
streets and highways. These are the
“black boxes,” the visual displays,
the automation and remote controls
that can keep transportation on
schedule, regulate lights, signs and
other control systems — keep people
and things moving. !

A Department of Transportation
spokesman has said: “We must con-
tinue to seek better mass transit
technology, and we very much need
new ideas—especially ones that have
favorable cost/benefits relationships
and that from the user’'s standpoint
offer atiractive alternatives to the
private automobile. To cite a specific
need, if any (one) could come up
with what amounts to a ‘lovable bus’
we would willingly award the Depart-
ment’s equivalent of the Nobel Prize."”

From the standpoint of technology,
more and better transportation is on
the way — not only in the air, where
great strides have been made, but
near or on the surface where people-
moving has become such a critical
problem.
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Editor’s Note: The following general introduction to the subject
of careers in the aerospace industry stems from the many re-
quests for career information received by the Association from

students, teachers and others. In Iimited space, it is at best
an overview and cannot therefore provide an insight into the
hundreds of rewarding job categories which aerospace activity
envelops.

Firms that engage in the research, development and pro-
duction of aircraft, missiles, spacecraft and associated
equipment make up what is known as the '‘aerospace
industry.” In 1974, almost one million people worked in
the industry; the bulk of them in the manufacture and
assembly of complete aircraft, aircraft engines, propellers,
and auxiliary parts and equipment; the remainder in mis-
siles and spacecraft and in companies that make elec-
tronic equipment and instruments for aircraft, missiles,
and spacecraft. Thousands of workers in other industries
produced parts, machinery, and equipment used in the
manufacture of aerospace vehicles. Also, thousands of
federal workers were engaged in aerospace related work,
because the government is a major purchaser of the in-
dustry’'s products.

Nature of the Industry

Although there are many kinds of aircraft, missiles, and
spacecraft, they all have the same basic components: a
frame to hold and support the rest of the vehicle, an en-
gine or engines to propel the vehicle, and a guidance and
control system.

Types of aircraft vary from small personal or business
planes that cost not much more than an automobile, to
multi-million dollar jumbo transports and supersonic
fighters.

Missiles are chiefly for military use. Some are capable
of traveling only a few miles, others have intercontinental
ranges of 7000 miles or more.

Most of the country’s spacecraft are built for the Na-
tional Aeronautics and Space Administration and the De-
partment of Defense to explore outer space or to monitor
conditions within the earth’s atmosphere.

Major aircraft, missile and spacecraft firms contract
with government or private business to produce an aero-
space vehicle. As contractors, they are responsible for
managing and coordinating the entire systems develop-
ment. Scientists and engineers, usually in a laboratory
environment, continuously work on expanding the tech-
nological base needed for new products. When sufficient
technology is in hand the firm’'s engineering department
commences with preliminary design and development
testing. When the design has been proved, final design
drawings and specifications for the product are prepared
and go to the production department where planners work
on the many details regarding machines, materials, and
operations needed to manufacture the vehicle. Production
includes designing and producing the tools and fixtureg
needed to produce thousands of parts and acressories
that make up an aerospace vehicle. Parts and components
are inspected and tested many times before being as-
sembled, and completed systems are examined for con-
formance to specifications. Before a finished vehicle is
delivered, it is checked out by a team of inspectors anqg
flight-tested.

Aircraft, missiles, and spacecraft manufacturers gen-
erally make many components of a craft and do final




assembly work. However, because there are so many spe-
cialized components that make up the complete systems,
much of the work is subcontracted to other firms. There
are thousands of subcontractors involved in the produc-
tion of parts that go into aerospace vehicles. Some sub-
contractors make parts or supplies such as bearings,
rocket fuels, or special lubricants. Others produce sub-
assemblies such as communication or guidance equip-
ment, or major components such as jet engines.
Because of the complex and changing nature of aero-
space technology. firms need workers with many different
job skills that vary according to their fields of interest.

Professional and Technical Occupations. Research and
development (R&D) are vital to the aerospace industry.
Efforts are being made to develop vehicles with greater
speeds, ranges, and reliability. Engines with more power
and new sources of rocket propulsion such as nuclear and
electric energy are being investigated and may be avail-
able in the future. Metals and plastics are continually
being explored for wider capabilities, as are electronic
guidance and communication systems. The pace of dis-
covery in aerospace techonolgy is so rapid that some
equipment becomes obsolete while still in an experimental
stage or soon after being put into production.

Emphasis on R&D makes the aerospace industry an
important source of jobs for technigal personnel. Almost
one-fourth of all employees are engineers, scientists, and
technicians, a considerably higher proportion than in most
other manufacturing industries.

Many kinds of engineers and scientists work in the
aerospace industry. Electronic, electrical, aerospace,
chemical, nuclear, mechanical, and industrial engineers
are among the larger engineering classifications. Scien-
tists in the industry include physicists, mathematicians,
chemists, metallurgists, and astronomers. Aerospace en-
gineers and scientists work in a wide and varied range
of applied fields such as materials.and structures, energy
and power systems, and space sciences. o

Among the many types of workers assisting scientists
and engineers are technicians such as 'draftsmen, mathe-
matics aides, and engineering and science technicians.
Engineers and scientists also work with other technical
personnel such as production planners, who plan the
layout of machinery, movement of materials, and se-
quence of operations for efficient manufacturing proc-
esses, and technical illustrators who help prepare man-
uals and other technical literature describing the opera-
tion and maintenance of aerospace products.

Administrative, Clerical, and Related Occupations. Man-
agerial and administrative jobs generally are comparable
to similar jobs in other industries, except that they are
often filled by engineers, scientists, and other technical
Personnel. People in these jobs include executives re-
sponsible for the direction and supervision of research
and production and officials in departments such as sales,
Purchasing, accounting, and industrial relations. The in-
dustry also employs many thousands of clerks, secretar-
ies, stenographers, typists, tabulating machine and com-
Puter operators, and other office personnel.

Production Occupations. About one-half of all workers in
the aerospace industry have plant or production-related
jobs. Production workers can be classified in the follow-
ing groups: Sheet metal work; machining and tool fabri-
cation; other metal-processing; assembly and installation;
inspecting and testing; flight checkout; and materials
handling, maintenance, and custodial.

Aerospace engineers (A&B) play a
vital role in America's aerospace ac-
tivities. Engineers working in the air-
craft field are usually called aero-
nautical engineers. Those in the field
of missiles, rockets, and spacecraft
often are referred to as astronautical
engineers. Aerospace engineers usu-
ally have degrees in both fields.

In aerospace the scientist (C) is a key
man in Research and Development
(R&D). He directs himself to the dis-
covery of new products and proces-
ses. While the engineer applies his
skill to solving specific problems with
known facts, the scientist probes the
unknown. He seeks to know ‘‘why?"
rather than ‘‘how?"; and he attempts
to present the rules upon which the
engineer may build.

Managerial positions (D) in aerospace
are often filled by engineers, scien-
tists, and other technical personnel
who are responsible for the direction
and supervision of research, develop-
ment and production.




Production Workers

Assembly and installation workers
(E&F) include final assemblers of
complete aircraft, missile or rocket
assembly mechanics, and assemblers
specializing in other systems such as
power plants, electrical wiring, heat-
ing, ventilation and plumbing.

Sheet-metal workers follow blueprints
and other engineering information to
shape complete parts from sheets of
metal by hand or machine methods.

Machinery and tool fabrication work-
ers shape and finish metal parts with
machine tools, as well as producing
jigs, fixtures, tools, and dies required
for the production and assembly of
parts for aerospace vehicles.

Other metal-processing workers (G&H)
use mechanical and electrical devices
to form and join fabricated parts and
chemically and heat-treat parts to
clean, change or protect their sur-
faces or structural conditions.

Inspecting and testing workers in-
clude inspectors who examine com-
ponents ordered from other firms, ma-
chine parts inspectors and fabrication
and assembly inspactors.

Flight checkout workers (1&J) check
out every part of an aircraft or space-
craft before its first flight.
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From December 1968 to December 1971, aerospace em-
ployment dropped from 1,403,000 to 924,000. It then pro-
ceeded to climb to 973,000 by December 1974. Current
estimates indicate that during 1975, aerospace employ-
ment will decrease by 2.8 percent — to 946,000 at year
end.

Production worker employment is expected to decrease
from 483,000 in December 1974 to 463,000 by year end
1975 — a decrease of 4.2 percent, while scientists and
engineers decrease from 166,000 to 163,000 or down 1.8
percent, and technicians remain steady at 67,000 during
the same period of time. The employment of clerical,
administrative and maintenance personnel is expected to
decrease by 1.6 percent, from 257,000 to 253,000.

It is estimated that 55,400 people, including 6900 scien-
tists and engineers, will be employed in the final assembly
of transport aircraft at the end of 1975. This estimate
compares with 63,600 workers at the end of 1974, and a
high in recent years of 126,200 reached at the end of
1968. These figures do not include transport-related em-
ployment of subcontractors and engine manufacturers.

Employment in missiles, space vehicles and parts is
predicted to remain at 209,000 at the end of 1975, the
same as 1974. The area of ‘‘other related products,” which
includes other aerospace and non-aerospace products
manufactured in plants primarily devoted to aerospace,
will remain steady at about 210,000 employees.

Aerospace jobs exist in almost every state. The largest
concentration is in California. Other states with large
numbers of aerospace jobs include New York, Washing-
ton, Connecticut, Texas, Florida, Ohio, Missouri, Penn-
sylvania, Massachusetts, Kansas, Alabama, Maryland, New
Jersey, and Georgia.

By geographic regions, total aerospace employment is
expected to show an increase of 8.7 percent in the South
Atlantic area; however, this gain is offset by the declines
in other regions. The largest decline — 6.5 percent—is
predicted for the Pacific area.

AEROSPACE INDUSTRY EMPLOYMENT

By Occupational Classification
December 1968 to December 1975
(Employment in Thousands)

Month AEROSPACE EMPLOYMENT

f”d Production | Scientists All

ear TOTAL Workers & Engineers | Technicians Others
Dec. 1968 1,403 738 221 81 363
Dec. 1969 1,295 658 203 72 362
Dec. 1970 1,069 528 167 67 307
Dec. 1971 924 448 159 60 257
Dec. 1972 944 473 168 65 238
Dec. 1973 962 484 164 66 248
Mar. 1974 950 474 163 66 247
June 1974 962 481 165 67 249
Sep. 1974 976 482 168 67 259
Dec. 1974 973 483 166 67 257
June 1975 951 464 165 67 255
Dec. 1975* 946 463 163 67 253

* Forecast

The aerospace industry continued to be one of the na-
tion's primary employers of scientists and engineers for
R&D. In 1974, the nation employed 360,000 scientists and
engineers for R&D; aerospace accounted for nearly 20
percent of the total with 70,300 workers in this category.

Production workers’ earnings in the aerospace industry
are higher than those in most other manufacturing indus-
tries. In 1974, for example, production workers in plants
making aircraft and parts averaged $5.40 an hour; pro-
duction workers in all manufacturing industries as a whole
averaged about $4.40 an hour.



A college degree in engineering or in one of the sciences
usually is the minimum requirement for working as an
engineer or scientist in the aerospace industry. A few
workers obtain these jobs without a college degree, but
only after years of work experience and some college-
level training. An undergraduate preparing for a career
as an aerospace engineer or scientist should get as solid
a background as possible in mathematics and physics.
More specialized fields of the industry require graduate
school education or on-the-job training.

An increasing number of technical occupations such as
draftsmen and electronics technicians require two years
of formal education in a technical institute or community
college. Others may qualify through several years of di-
versified work experience.

Production jobs require many skill levels. Some less
skilled jobs that require repetitive work can be filled by
workers with little or no training and can be learned
quickly on the job. More skilled jobs require some com-
bination of job related experience, high school or voca-
tional education, and on-the-job training. Many workers
often start at trainee level positions and work their way
up to the more skilled occupations.

Apprenticeship programs are sometimes available for
craftsmen such as machinists, tool and die makers, sheet-
metal workers, aircraft mechanics, or electricians. The
programs vary in length from three to five years depend-
ing on the trade and during this time the apprentice han-
dles work of progressively increasing difficulty. Besides
on-the-job training, the apprentice receives classroom
instruction in subjects related to the craft.

Because complex and rapidly-changing products re-
quire highly trained workers, aerospace plants sometimes
support formal training to supplement day-to-day experi-
ence and help workers advance more rapidly.
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Employment in the aerospace industry is expected to rise
above recent levels by the mid-1980's. Thousands of jobs
will open each year because of the growth expected in
the industry, and to replace workers who retire, die, or
transfer to jobs in other industries. Job opportunities
should be most favorabBle for highly-trained workers such
as scientists, engineers, and technicians. Less skilled and
unskilled workers will also be needed to fill entry level
Production positions.

Growing demand for civilian aircraft products is an im-
portant element underlying the expected increase in aero-
space employment. The increasing mobility of the popu-
lation should encourage expanded use of large wide-
bodied commercial aircraft and development of rapid air-
taxi operations between major urban centers. Increased
business flying, expanded use of helicopters for such
tasks as medical evacuation and traffic reporting, and
exports of aircraft to foreign nations are some of the
other major factors influencing the growth of civilian air-
craft manufacturing.

A large proportion of aerospace products are primarily
for national defense and to advance the nation’s goals
in space. Therefore, the industry’s future depends largely
on the level of federal expenditures. Changes in these ex-
penditures usually have been accompanied by sharp fluc-
tuations in aerospace employment.
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MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Aeronutronic Ford Corporation
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Aerospace, Electronics, Components
& Energy 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 Aerospace
McDonnell Douglas Corp.
Menasco Manufacturing Company
Northrop Corporation
Pneumo Corporation
Cleveland Pneumatic Co.
National Water Lift Co.
Raytheon Company
RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
Aerospace and Marine Systems
Sperry Rand Corporation
Sundstrand Corporation
Sundstrand Aviation Division
Teledyne CAE
Teledyne Ryan Aeronautical
Textron Inc.
Bell Aerospace Company
Bell Helicopter Company
Hydraulic Research & Manufacturing Co.
Thiokol Corporation
TRW Inc.
United Technologies Corporation

Westinghouse Public Systems Company
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The Boeing Vertol Company and The Garrett Corporation are building the first new streetcar-type vehicles in 20 years
with better propulsion and controls that will give a significantly smoother ride for passengers. First beneficiaries \.‘.’r.:l
be Boston with 150 cars and San Francisco with 80 (See Aerospace Is Involved — Transportation At The Surface, p.8).
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ROSPACE ECONOMIC INDICATORS
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ITEM UNIT PERIOD 1964-1973 PERIOD PERIOD - +
. SHOWN YEAR AGO PERIOD PERICD
Annual 1st
AEROSPACE SALES: Total Billion $ Rate 241 Quarter 24.9 26.8 215
Billion $ Quarterly 6.1 1975 6.2 73 6.9
AEROSPACE SALES: Total Annual 1st
(In Constant Dollars, Billion $ Rate 15.8 Quarter 16.2 15.1 5.1
1958-—100) Billion $ Quarterly 4.0 1975 3.8 4.0 3.8
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,194 Mar 1975 1,049 1,272 1,045
Aircraft Million $ Monthly 716 Mar 1975 691 902 651
Missiles & Space Million $ Monthly 478 Mar 1975 358 370 394
Aerospace outlays: Total Million $ Monthly 1,129 Mar 1975 1,109 1,129 1,239
Aircraft Million $ Monthly 669 Mar 1975 615 664 745
Missiles & Space Million $ Monthly 460 Mar 1975 494 465 494
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,061 Mar 1975 772 785 665
Aircraft Million $ Monthly 667 Mar 1975 517 509 421
Missiles & Space Million $ Monthly 394 Mar 1975 255 276 244
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 283 Mar 1975 215 216 221
Expenditures Million $ Monthly 287 Mar 1975 253 286 315
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 25.5 1st 30.6 35.5 35.2
U.S. Government Billion $ Quarterly 14.5 Quarter 17.3 20.9 21.0
Nongovernment Billion $ Quarterly 11.0 1975 13.3 14.6 14.2
EXPORTS
Total (Including military) Million $ Monthly 249 Mar 1975 157 782 772
New Commercial Transports Million $ Monthly 77 Mar 1975 294 379 397
PROFITS 1st
Aerospace — Based on Sales Percent Quarterly 2.7 Quarter 3.4 2.2 2,6
All Manufacturing — Based on Sales Percent Quarterly 49 1975 5.6 4.8 3.7
EMPLOYMENT: Total Thousands  Monthly 1,213 Mar 1975 950 933 931
Aircraft Thousands  Monthly 669 Mar 1975 509 506 506
Missiles & Space Thousands  Monthly 128 Mar 1975 99 91 92
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.86 Mar 1975 5.22 5.72 5.76

* 1964-1973 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 Association




Rational Answers
to National Problems

By KARL G
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Among current national problems, the likelihood of a con-
tinuing unacceptable high rate of unemployment is re-
ceiving increasing attention within government and in the
national media.

In the period immediately ahead various options will
be explored in the search for the best methods of solving
this critical aspect of economic recovery. This search will
be complicated by widely-divergent opinion as to the in-
come and job-creating potential of the public sector as
compared with the private sector.

That issue will not be debated here. The private sector
— business and industry, aerospace included — asks
only that solutions to economic dilemmas including unem-
ployment, be arrived at rationally. If done in this fashion,
the private sector believes that the resulting public policies
Will place upon it the prime responsibility for restoring old
jobs and creating new ones.

Business and industry believe that rational considera-
tions of economic facts will lead government to adopt
economic policies which will enable the non-government
work force to expand, to prosper, and, incidentally, to pay
taxes to support the many government programs con-
sidered vital to our society.

Among the many areas where industry asks policy-
makers to look at the facts is exports. U.S. exports involve
hundreds of thousands of jobs in the U.S. A NAM-Business
Roundtable survey examined the effects of exports by 290
companies on U.S. employment. The data, released last
month, shows that 458,000 jobs in these companies were
directly attributable to their exports. And an equal number
of supporting jobs in other industries were dependent on
such exports. One more fact: this survey only covered 21
percent of the $142 billion of U.S. exports of goods and
services in 1974.

An important element of our export performance in the
past three years has been the formation of DISCs, Domes-
tic International Sales Corporations. The DISC program
as discussed in this issue relates its contribution to our
competitive efforts in foreign trade. Suffice it to say that the
trade experts calculate that at least 450,000 additional jobs
in the United States are attributable to these specialized
corporations.
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Milifary Aircraff -
THE NEW
yENERATION

Numerous inquiries received by this association strongly demonstrate a keen
public interest in the “new generation’ aircraft programs now in various stages
of development, testing and production for the Army, Navy and Air Force. All
of these programs contribute to the major U.S. goals of peace and interna-

tional stability by helping to maintain the world-wide military equilibrium that
is the sine qua non of peace.—Editor

The basic document that spells out

“] am sensitive to the fact that na-
our national defense requirements is

tional security is not a product th.at
the annual Report of The Secretary brings explicit and tangible benefits

of Defense to The Congress. It cov- to us, although most of us are acutely
ers in both broad-gauged rationale aware when it is absent. As Sir John
and fine detail where we are and Slessor once noted: ‘It is customary
where we are going in our national in democratic countries to deplore
defense posture, our commitments expenditure on armament as con-
tp allies, and assessments of poten- flicting with the requirements of the
tial aggressors. This article, how- social services. There is a tendency
ever, is limited to reporting on major to forget that the most important so-
New military aircraft systems. cial service that a government can
Secretary of Defense James R. do for its people is to keep them
Schlesinger lucidly and eloquently alive and free.’
sets the stage for his report in the “It is also common to allege that
operiing chapter: the Defense Budget contains some
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inner momentum of its own, that is it
has a Parkinsonian tendency to ex-

pand independently of external
threats (although the perceived
growth is in current and highly in-
flated dollars). Few of us give ear tq
some of our most trenchant critics i
Congress who acknowledge that the
Department of Defense is the best
managed in government.

“Obviously, this Department cgp
always improve the efficiency of jtg
performance, but we will never reach
zero defects. In any event, the Uniteqd
States can afford both increased so-
cial programs and an adequate pos-




ture of defense; the two objectives
are not incompatible and we do not
have to trade one for the other.”

This ‘“adequate posture of de-
fense” includes these following air-
craft programs which include five
fighters, a new bomber, an attack
aircraft, an airborne command post,
an airborne warning and control sys-
tem, a medium short takeoff and
landing (STOL) transport and two
new helicopter programs.

F-14. This is the Navy’s super-
spnic, carrier-based aircraft, de-
signed from inception as an air su-
periority fighter. It is built by the

Grumman Aerospace Corporation,
and entered fleet service last year as
a replacement for the McDonnell
Doyglas F-4, a USAF attack aircraft
which also entered Navy service
nearly'15 years ago and performed
splendidly. According to a senior
Navy official, the need for the F-14
was clear. He pointed out that pres-
ent Navy fighters had become obso-
lete while the Soviets had introduced
four new fighter aircraft whose per-
iormance exceeded our best model.
The problem,” he said, ‘“is clear
and so is the solution. We must have
a new fighter superior in air combat
tp present and postulated Soviet
fighters, for close-in visual encoun-
ters and for stand-off all-weather
conditions. In addition, the new
fighter must be able to defeat the
enemy air threats to naval forces,
bombers and missiles.” The result
was the F-14, which carries a Phoe-
nix missile built by Hughes and a
HL{ghes AWG-9 fire control system.
It is powered by two Pratt and Whit-

ney (United Technologies) TF30 tur-
bofan engines. The F-14 carries a
two man crew and its variable-sweep
wing gives its high maneuverability
and optimum performance at all alti-
tudes and speeds.

Senator Howard Cannon, reporting
on the aircraft's progress, in a
speech to the Senate, stated: “Four
Phoenix missiles were launched si-
multaneously and shot down four tar-
gets simulating enemy fighters. This
had never been done before. The
Phoenix intercepted a target at
80,000 feet and Mach 2.2,

«“The F-14/Phoenix has looked
down at three targets below 5,000
feet and shot them down, which has
never been done before. On one of
the shots the F-14 was at 20,500 feet
and launched a missile at a target
20.2 miles away simulating an enemy
cruise missile at less than 500 feet
and scored a direct hit.”

F-15. This new USAF air superior-
ity fighter, built by McDonnell Doug-
las, was delivered to the Tactical Air

3



Command in November 1974. It is
operational.

Secretary of the Air Force John L.
McLucas, testifying before the Sen-
ate Armed Services Committee, re-
cently stated:

“This aircraft (the F-15) is needed
to give us all-weather superiority
against all challengers. Effective tac-
tical air warfare in support of ground
forces depends on maintaining, at a
minimum, local air superiority.

“The F-15 was designed from the
beginning to optimize its counterair
capability. Because of its inherent
aerodynamic and avionic perform-
ance it also possesses an excellent
air-to-surface strike potential. In its
flight test program, which has been
underway for nearly three years, the
F-15 has met or exceeded all of our
expectations. We are encouraged by
its reduced cost of ownership com-
pared to contemporary operational
fighters. The aircraft is durable and
requires only moderate maintenance.
In fact, the radar in the F-15 that flew
to the 1974 Farnborough Air Show
went 72 flights before maintenance
was required—a performance many
times better than current fighters
achieve.”

The key factors in designing a
maneuverable, combat-capable fight-
er are low wing-loading, high thrust-
to-weight ratio and supporting weap-
ons. These features were exploited
to produce an aircraft with superb
air-to-air combat capability.

The F-15 is powered by two Pratt
& Whitney F11-PW-100 turbofan en-
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gines  producing about 25,000
pounds of thrust. The attack radar
system to detect low flying targets,
was developed by Hughes, and Gen-
eral Electric was selected to build
the aircraft’'s cannon armament. It
also carries Raytheon Sidewinder
and Sparrow missiles.

F-16. This General Dynamics air
combat fighter, following selection
as a new U.S. Air Force fighter, also
was purchased by Belgium, Den-
mark, the Netherlands and Norway
to modernize their air forces.

Secretary MclLucas, in announcing
the selection of the F-16, provided
this background on the requirement:

“. . . This airplane goes back to
the lightweight fighter prototype pro-
gram which we expected to run for
about two years and to culminate in
a flight test (program) of about a
year, and which would demonstrate
a number of advantages in advanced
fighter concepts through a prototype
program which we did not have the
confidence at that time to go directly
into production.

“We wanted to do the lightweight
fighter program then to give us that
confidence and to give us the option
of later making a decision to put a
lower-cost fighter in the inventory
... We felt that it would be good to
have in the high-low mix of aircraft
something like the air combat
fighter.”

The USAF/General Dynamics air
combat fighter is a “fighter pilot’s
fighter” in the classic sense. It makes
extensive use of advanced technol-

7. U.S At Force Boeing €-3

8 U.S Air Force Boemnp £-4

ogy. Usually, the incorporation of
advanced technology has tended to
increase complexity and cost. The
technologies applied to the F-16 have
been selected and incorporated in a
fashion that reduced the weight of
the airplane by several thousand
pounds. thereby reducing the basic
cost.

The avionics and other subsystems
incorporate built-in self test features
to reduce the time and manpower
required for isolation and replace-
ment on the flight line. These and
other features allow the F-16 to be
supported with 64 percent fewer di-
rect maintenance personnel than
other fighters. The F-16 is powered
by a single Pratt & Whitney F100
turbofan.

F-18. This aircraft, basically an
adaptation of the F-17, is the Navy's
air combat fighter. The aircraft is a
McDonnell Douglas (prime) and
Northrop project. The F-18 is a
single-place, twin jet fighter. The
primary missions are fighter escort
and interdiction, Weaponry consists
of the Raytheon Sparrow and Side-
winder missiles and a 20mm cannon
mounted in the nose. It is capable of
all-weather carrier operations. It is
powered by two General Electric
F404 turbofans, a modified version of
the General Electric J101 used in the
F-17.

Dr. Malcolm Currie, Director of
Defense Research and Engineering,
made this statement recently before
the Senate Committee on Govern-
ment Operations:
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“There are two significant points
to be made in the development of
the F-16 and F-18. One is the impor-
tance of having options in future de-
fense planning. One great benefit of
the high-low mix approach is that
having both types of aircraft in pro-
duction simultaneously provides us
with the opportunity to increase or
decrease the production of either in
proportion to changes in the emerg-
Ing threat.

“Second, we have found that there
is nothing so effective in holding
costs down as the existence of on-
going competition between manu-
facturers. This has been recognized
explicitly by the Commission on Gov-
ernment Procurement. Development
of the F-16 and F-18 provides a stim-
ulus to keep costs down on the F-14
and F-15, while the existence of the
F-14 and F-15 assures that the costs
of the F-16 and F-18 cannot increase
very much.

“Moreover, both the F-16 and F-18
in some measure compete with one
another . . . To be able to achieve
this |evel of competition in our fighter
aircraft is a situation we have not
had for over 20 years—and it is now
available with virtually no increase in
the overall cost of ownership. This is
an opportunity for the American busi-
ness tradition to work by itself. | feel
the pay-off will be substantial.”

XFV-12A. Two of these aircraft are
now under construction for the U. S.
Navy by Rockwell International. The
first of the aircraft is scheduled to
make its first flight in mid-1976. The

XFV-12A Vertical/Short Takeoff and
Landing (V/STOL) Technology Proto-
type program objective is to demon-
strate the feasibility of a new V/STOL
concept which integrates propulsion,
lift, and control in a high performance
aircraft. It is powered by a Pratt &
Whitney F401-PW-400.

Dr. Malcolm Currie, Director of De-
fense Research & Engineering, in a
recent statement, said that “continu-
ation of research and advanced de-
yel.opment effort in the V/STOL area
is Justified by the potential high pay-
off .of combining technologies to
achieve a combat-useful and afford-
able vehicle. | intend to continue a
moderate effort in V/STOL research
and d.evelopment to create the tech-
nological opportunities for advanced
development of a form of V/STOL
combat aircraft.”

B-1. The main mission of this USAF
Rockwell International bomber air-
craft is a replacement for the Boeing
B-52, which has been in the inven-
tory of the Strategic Air Command
since 1953. The B-1 is to provide a
deterrence into the 21st century. The
aircraft is part of a strategy that re-
quires a retaliatory force of sufficient
strength and diversity to preclude an
enemy attack. This strategy is known
as TRIAD, and the B-1 is one leg of
the stool. The other legs are subma-
rine-launched nuclear missiles and
land-based Intercontinental Ballistic
Missiles (ICBM). Engines for the B-1
are General Electric's F101 turbo-
fans, rated at 30,000 pounds of
thrust. Prime nuclear weapon is the

Boeing Short Range Attack Missile
(SRAM).

The B-1 program is guided by

three main philosophies:

e Design to cost.

e Test before buy.

e Try before buy.

Design to cost means that if some
aspect of the program appears to be
driving costs up, studies are made
to determine the reasons and alter-
nate ways to solve the problem. One
example of this was the reduction of
titanium, an extremely efficignt but
expensive metal, in the B-1 airframe.
It was determined that titanium con-
tent could be reduced to approxi-
mately 20 percent of the airfram’e
weight without jeopardizing the B-1's
mission of fatigue life.

Test before buy is probably best
exemplified by the amount of wind
tunnel testing done on the B-1 con-
figuration before its first flight. More
than 22,000 hours of wind tunnel time
was completed before the B-1's first
flight late last year.

Try before buy is a concept |
adopted by the Department of De- !
fense in early 1970. Under this con-
cept, the B-1 is developed and built
under a research and development
program and tested before any deci-
sion tc go into full production is
made.

Secretary Schlesinger, in his com-
prehensive report to Congress, said:

“We have again examined the en-
tire bomber modernization problem
and the results have been provided
to the Congress. Of the six ‘equal
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9. U.S. Air Force/Boeing YC-14
10. U.S. Air Force/McDonnell Douglas YC-15
11. U. S. Army/Sikorsky YUH-60
12. U. S. Army/Boeing Vertol YUH-61
13. U. S. Army/Bell YAH-63
14. U. S. Army/Hughes YAH-64

15. U. S. Air Force/Fairchild Industries A-10

cost’ alternative forces examined

against the estimated threat in the

late 19 those } the B-1
appear to be the most cost-efteclive
Because of i1ls qreater speed and
greater abilitly to withstand the ef-
fects of nuclear detonations, 1t will

have a distinctly shorter airfield es-
cape ume than the B-52 and be-
cause of its smaller radar Cross-sec-
tion and i1ts ability to fly at very low
altitudes at high .-mu:.v‘-«ﬁ!m‘ speed, it
should have a much better capabil-
ity to penetrate improved Soviet air
defenses

“Moreover, because of 11s wider
range of air speed options and
larger number of internal weapon
spaces. the B-1 will provide consid-
erably greater employment flexibility
than the B-52, thereby enhancing our
ability to execute a wide range of
options in response to potential
enemy actions. In short, the B-1 pro-
vides us with a weapon system which
is least sensitive to potential in-
creases in the threat.”

Airborne Warning and Control Sys-
tem (AWACS E-3A) and Advanced
Airborne Command Post (AABNCP
E-4). AWACS is an Airborne Warning
and Control System, designed t0 pro-
vide battle management in the con-
duct of air warfare. The distinguish-
ing technical feature of AWACS is the
radar technology by Westinghouse
Electric permitting detection and
tracking of targets at extremely long
range, operating at all altitudes over
land and water despite ground clut-
ter—the radar energy reflected from
the ground. )

AWACS is installed in a production
jet transport, the Boeing 707-320.
The aircraft carries an externally
mounted rotodome. Communications
gear aboard the aircraft provide for
reception, recording, display, trans-
missions, and relay of a wide variety
of signals.

Secretary McLucas said: “We
learned in Southeast Asia that with
the fast, relatively long-range jet air-
craft, a commander needs an im-
proved ability to monitor and direct
large scale air operations. In Central
Europe the difficulties are much
greater because there the environ-
ment would be one of high aircraft
density and variety.

“The AWACS E-3A is able to pro-
vide this improved surveillance and
control capability. With its exception-
ally capable radar, the AWACS can
detect hundreds of aircraft. . . . It
also will be configured to detect and
track ships at sea.”

The Advanced Airborne Command
Post utilizes the Boeing 747 (E-4),
which provides a significant increase
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A-10. This single-place aircraft
Powered by two General Electric

TF34-100 turbofans each with 9.000
Pounds of thrust. was specifically
designed the close air support
mission. The A-10 1s the first Air
Force aircraft to be developed
strictly to deliver aenal firepower in
Support of friendly ground forces. It
IS built by Fairchild Industries.

Secretary MclLucas states: “Pro-
viding combat air support of ground
troops has been a primary mission
of tactical air forces since World War
I. In Europe, one of the most chal-
lenging tasks for air support is to
help counter the Warsaw Pact's nu-
merical advantage in armor. In the
A-10, we have an aircraft that has
been designed specifically for the
destruction of enemy ground power,
including armor.

‘.. . The A-10 has demonstrated
that it has all the necessary attri-
butes of an excellent combat air sup-
port system, including extended
loiter time, a lethal weapons load,
Survivability, responsiveness to
ground commanders' needs. The A-
10 can operate from forward, austere
bases, and can do so with a large,
versatile, ordnance load. (This in-
cludes the General Electric 30mm
GAU-8 gun that can penetrate even
heavy armor).

“Because it is highly maneuver-
able, it is effective even under low
clouds in poor visibility, conditions
that are often encountered in Cen-
tral Europe.”

for

Advanced Medium STOL Transport
{AMST). Two companies are building
prototypes of the Air Force AMST.
They are the Boeing YC-14, powered
by two General Electric CF6-50 tur-

e

s. each developing 50,000
nds of thrust, and the McDonnell
uglas YC-15, powered by four

& Whitney JT8D-17 turbofans,

developing 16,000 pounds of

g design will employ a
led Upper Surface Blow-
the thrust from the
ol C s to blow air over
the wings and flaps, creating pow-
¢ : t. The McDonnell Douglas
prototype is designed with externally
flaps and other high-lift tech-
nology devices. The externally blown
flap system is an arrangement which
owers wing flaps directly into the
engine exhaust, increasing the areo-
dynamic lift on the entire wing.
Secretary Mclucas said: “Our
present tactical transport, the C-130,
cannot meet all current or future tac-
tical aircraft requirements. Further,
by the mid-1980s, most of the C-130
force will be between 20 and 30
years old, and will require either ex-
pensive modification or replacement.
The AMST is designed to accommo-
date the Army's new larger equip-
ment, carry about two and a half
times the C-130's payload, operate
from shorter runways, and be air re-
fueled to help meet strategic airlift
surge requirements.”

blown flaps

Utility Tactical Transport Aircraft
System (UTTAS). Two companies are
testing prototypes for the Army's
UTTAS helicopter. Sikorsky Aircraft
is flying the YUH-60 prototypes, and
Boeing Vertol is flying the YUH-61A.
Both models are powered by two
General Electric T700 turbine en-
gines of more than 1,500 shaft horse-
power each. The UTTAS is basically
a replacement for the Bell Helicopter
UH-1 (Huey) series, one of the most
successful systems ever fielded by
the Army.

Norman R. Augustine, Assistant
Secretary of the Army (Research and
Development), and Lt. General How-
ard H. Cooksey, Acting Deputy Chief
of Staff for Research, Development
and Acquisition, recently explained
to the Senate Appropriations Com-
mittee the background to the UTTAS
prototype program:

“Continuous improvements and re-
finements, many based on combat
experiences, Wwill insure its (Huey)
usefulness to our Army and those of
our allies well into the 1990s. The
aircraft, because of the 1950 tech-
nology it represents, possesses some
innate shortcomings which cannot be
rectified by product improvement.
Hot weather and high altitudes, such
as were frequently encountered in
Southeast Asia, severely limit its pas-
senger-carrying capacity, often to
one or two combat-laden soldiers.

“UTTAS will be capable of carry-
ing a combat loaded 11-man squad
in virtually any climatic conditions or
altitudes in which the Army is likely
to operate. It can maneuver agilely
at nap-of-the-earth altitudes and is
virtually invulnerable to 7.6mm fire.
Its main and tail rotors are designed
to withstand impact with branches
and small obstructions, and the air-
frame is engineered to progressively
deform under crash impact forces,
enhancing the chances of survival
for the crew, passengers and the
aircratft itself.

Advanced Attack Helicopter (AAH).
There are two companies engaged in
prototype work for the Army's AAH
program. The Bell Helicopter entry in
the competition is the YAH-63, and
Hughes Helicopters is building the
YAH-64. Both are powered by two
General Electric T700 engines, com-
mon with those of the Army's UTTAS
candidates. Doy

A senior Army official, testifying
on the program, said: “One of the
few quantitative advantages which
the Army possesses over the Soviets
is in the area of attack helicopters:
The AAH program proposes to €x-
ploit our superiority in this area with
the introduction of a fast, highly ma-
neuverable, highly survivable aerial
weapon system as a deterrent to the
Soviet and Warsaw Pact armor
threat.

“Armed with the combat proven
TOW missile system (built by
Hughes), this aircraft will be able to
take advantage of natural cover and
terrain features, in total darkness, 10
deliver extremely accurate missile
and cannon fire against tanks and
other targets. The night and adversé
weather capability it will possess IS
especially critical in light of the War-
saw Pact's propensity for night op-
erations and the unfavorable weather
conditions likely to be encountered
in European warfare.

“The aircraft's armor, redundancy
of critical systems, and other design
features, in addition to its innate
elusiveness, will provide it with a
strong chance of survival in the event
of hits from a variety of anti-aircraft,
armor piercing and incediary pro-
jectiles.”

This is an impressive line-up Of
high-performance and special-per-
formance aircraft, demonstrating the
aerospace industry's response to na-
tional security requirements. A vital
incentive to technological superiority.

the key card, is the highly competi-
tive nature of the aerospace indus-
try. In all cases, the aircraft selected,
or to be selected, for production
went through the toughest crucible
of all: competition.
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Senator Moss is one of the most knowledgeable proponents of U.S. leadership in
aviation and space—aerospace. In this article he looks at the exciting future of com-
mercial air transport and general aviation, if current improvement efforts and long-range

research continue.—Editor

Scientists recently discovered, in
Texas naturally, the fossilized re-
mains of the world's largest flying
creature—a reptile called the ptero-
saur. Its wingspan was over 50 feet,
greater than most fighter planes. The
problem was, this jumbo buzzard
dined on dead dinosaurs, which
gradually became a rather scarce
aviation fuel, even in prehistoric
Texas. Soon thereafter, the pterosaur
declined.

I'm concerned that history may re-
peat itself. Texas and the world
around fear that the day is coming
when oil may go the way of the dino-
saur—an ironic historical twist. How
can we continue feeding our twen-
tieth century pterosaurs? Perhaps the
answer is to hatch a new generation
of them, a leaner, more fuel efficient
version.

Encouraging Future

Four months ago | wrote Dr.
Fletcher, the Administrator of NASA,
(National Aeronautics and Space Ad-
ministration) asking him if NASA
could establish, in collaboration V\{|th
industry, a technology demonstration
goal to make possible a much more
fuel-efficient generation of commer-
cial aircraft. NASA’s response has
been most encouraging. In recent
testimony before the Senate Com-
mittee on Aeronautical and Space
Sciences, NASA officials expressed
their preliminary assessment: if a fuel
efficiency program is pursued suc-

cessfully, commercial aircraft pro-
duced in the late 1980’s could be
designed to use 50 percent less fuel
than the present fleet.

Some observers have said that the
most dramatic reductions in aviation
fuel consumption are achievable
without modifying the basic aircraft
design at all. They point to our very
inefficient use of commercial aircraft.

It is true that if passenger load fac-
tors were to reach only 70 percent,
fuel savings would be 25 percent bet-
ter than pre-oil-crisis days. And the
installation of high density seating
in our transports could further boost
the overall efficiency.

Improvement Means Competition

Current CAB regulation prohibits
air fare competition between the air-
lines, but competition still exists in
the form of route scheduling wars
and accommodations contests—
wider seats, newer movies, shorter
skirts.

Under this regulation we get quick
reliable service from the airlines but
we pay for it through lower load fac-
tors and higher fares. Recent events
in Washington, such as National Air-
lines' proposal for a variety of fares
for a given trip, suggest that load
factors may rise dramatically in the
next decade because of regulatory
changes.

However, two considerations un-

dercut, | think, the value of this ap-
proach:



* The prospect of regulatory
change is uncertain and speculative;
and mainly,

» It doesn’t lead to better aircraft.

If we put our effort into developing
more fuel efficient aircraft, we ac-
complish several goals:

* We save fuel;

* We cut the operations costs of
the airlines;

* We create jobs and stimulate
the aerospace industry;

* We get a more attractive product
for export and domestic use, and, by
the way, export of aircraft is the
backbone of our hope for a favorable
balance of payments.

One other point to note—you may
have asked yourself what is NASA
doing getting into energy conserva-
tion?

Isn’t that ERDA’s (Energy Research
and Development Administration) re-
sponsibility?

NASA/Industry Role

The answer is that NASA and in-
dusiry have always been involved in
the search for fuel efficiency. Every
decrease in aircraft weight, decrease
in drag or improvement in engine
efficiency is a step in the right direc-
tion. The airplane is such an inter-
dependent system that no agency but
NASA is equipped to tinker with it.

So what kind of improvements
does NASA foresee when they set
this remarkable goal of a 50 percent
improvement?

First, NASA engineers tell me that
the use of the supercritical wing
alone will result in a 10-15 percent
overall economy improvement. The
interesting thing about the supercriti-
tical wing is that the rising cost of
fuel has changed its attraction alto-

gether.
~ Originally it was seen as a means
of achieving supercritical cruise
speeds—that is, cruise speeds closer
to the sound barrier.

But now rising fuel costs make
higher speeds less appealing. Yet, an
ancillary benefit of the supercritical
wing is that the wing is fatter than
conventional ones by about 50 per-
cent. Because it’s fatter, it can be
made Jighter. Unfortunately, this
same concept does not apply to
people.

But being lighter the wing can be
lengthened to increase the wingspan.
And as every aeronautical engineer
knows, for reasons not altogether
clear to most Senators, a bigger
w‘ingspan improves the aircraft effi-
ciency and fuel economy.

The Value of Research

To me the supercritical wing is a
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During the last 10 years.
the United States has
gone from a plus balancs
of foreign trade of $7.86
billion in 1964 to a 3¢ I
deficit in 1974, In fact, |8
only oné of the last five
years have we achieved
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strongest possible sup-
port behind the effort t©
continue as the world’s
leader in the fields of

advanced research and
high technology.
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perfect example of the productivity
of research. Research showed us
how to change the wing shape into
a simpler, lighter, and cheaper con-
figuration that yields 10-15 percent
more fuel economy. It's the closest
thing | know of to getting something
for nothing but some R&D dollars.
The second innovation that NASA
will apply to the fuel stretching gen-
eration of aircraft is the winglet. I'm
told that this is just a small vertical
plate added to the wing tip. Appar-
ently, engineers have sought the
right shape and size of the winglet
for many years, believing that drag
could be reduced. None ever worked.
But at last, researchers have discov-
ered just the right combination. Tests
of current versions show a 5 percent
increase in aircraft fuel economy for
very little additional weight to the
aircraft and we think the winglet can
be retrofitted to current aircraft. So

(71
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they too will save money. It makes
you wonder if aeronautics isn't more
magic than science. After all, the
alchemist of the Middle Ages and the
aeronautical engineer seek the same
end—to convert commonplace metal
into gold. In the case of the winglet,
we’ll use aluminum to make black
gold.

Composite Material Advantages

The third candidate for the next
generation of aircraft are advanced
composite materials which are twice
as strong yet lighter than conven-
tional materials. As you know, these
consist of fibers of graphite, boron or
nylon embedded in plastic-like ma-
terial.

This technological breakthrough
gives a double barreled energy bene-
fit. First, the weight savings will lead
to an estimated 10-15 percent overal]
fuel savings. And second, manufac-

and industry to put the




turing a pound of composite material
requires only 15 percent of the en-
ergy required to manufacture a pound
of aluminum and less than 2': per-
cent of the energy needed to produce
a pound of titamum So with com-
posite materials we save energy as
"~ we make them and as we use them
NASA says that the obstacle nght
now is the lack of fhight expenence
" with this material and its cost But
the cost is dropping fast as more
‘composites are produced To gamn
flight experience with composites.
" many transports in service today are
‘fited with selected parls made of
- composites in order to evaluate them
From what I've seen. the move from
" metal to composites in aircraft will
. be as significant as was the jump
" from fabric to metal.
. Another advancement will come n
* propulsion systems in the next gen-
“eration of aircraft. | would have ex-
pected that we have already pushed
.~ jet engines to their limits considering
that today's transports get three
~ times the fuel economy of the 1958
~ jets. After all, current automobiles
‘get worse mileage than those of
1958. Yet another 5-10 percent im-
provement is expected to come from
reduced clearances, better seals and
other black magic.
- And NASA claims that we have on
the horizon more advanced engines
£ with the “preheated combustor inlet
~air concept’” which may lower fuel
consumption by another 10-20 per-
; cent over current turbofans.

‘Fly By Wire”

One last innovation that may find
its way into our next fuel-sipping
generation of awcraft 1s what NASA
calls “active controls” or “fiy by
wire  systems

I must confess that “fly by wire”
left me cold for a while Even if it is

quadruply redundant. I'd feel a lot

sater with good old-tashioned link
rods and hinges between the pilot's
hands and the rudder and elevator.
However. an engineer pointed out to
me that the control surfaces on the
747—which | think 1s a pretly safe
arrplane—are moved hydraulically
because a man doesn’t have the
strength to move them with muscle.
I've decided that perhaps “tly by
wire” 1s no worse than “fly by hose.”

One thing for sure, fly by wire 1s
here to stay

An Air Force General recently told
me that the F-16 and probably every
Air Force fighter from now on will be
fly by wire But, he said. the biggest
payolfs from this system are in store
for transports. not fighters.

Fly by wire lets you build smaller
and lighter airplane tails and even to
relax the requirements on where the
center of gravity is—so more cargo
can be carried. The plane flies more
smoothly, too. So there’'s less weight,
less drag and more payload. NASA
claims that the direct benefits alone
of fly by wire and active control sys-
tems will give 5 percent better fuel
economy.

Laminar Air Flow

Now 1if we rub our NASA crystal
ball a little harder we can see even
further into the future of aviation—
beyond the 1980's. Sometime ahead
engineers may discover a long-
sought “‘cure” for the aeronautical
equivalent of the common cold—that
15, turbulent airflow, which saps the
tuel efficiency of aircraft. If the air-
tlow over the wings. fuselage and tail
can be kept smooth (the engineers
call it “laminar’™), then fuel economy
will jump by 20-40 percent. That's a
bigger gain than that promised by
any other single innovation.

In the 1960's such laminar airflow
was achieved on an experimental
aircraft by sucking air through thou-
sands of holes on the wing. It worked
for a while, but I'm told the holes
eventually clogged up with dust.

There are many other schemes to
achieve this laminar airflow, but so
far none work. Considering the imag-
ination of these NASA engineers, |
fully expect that one day we'll get
this whopping improvement in fuel

economy through laminar flow con-
trol.

And Flying Wings

Another vision of the future in-
cludes gigantic flying wings carrying
payloads up to six times that of the
747. The idea is to store the cargo in-
side the wing so that the load is dis-
tributed evenly instead of being con-
centrated in a fuselage. This way the

Tests of the “‘winglet’, a small vertical plate added to the wing
tip. show that it helps to reduce drag, producing fuel economy.




wing can be made lighter. Of course
the wing would have to be about 10
feet thick, but then that's not so
tough—even Howard Hughes' ply-
wood Spruce Goose had an 11 foot
thick wing.

Hydrogen May Be The Fuel

Finally, decades from now we
probably will have other fuels for air-
craft besides petroleum. Of particu-
lar interest is hydrogen, because
pound for pound it (liquid hydrogen)
has three times the energy of petro-
leum. Assuming storage problems
can be worked out, hydrogen looks
like an excellent aviation fuel.

Getting that much hydrogen may
look difficult now but, who knows, by
then we may have a total hydrogen
economy. | do believe that hydrogen
will play an increasingly important
role in our economy. First, to power
the space shuttle; later, as an energy
storage medium that powers fuel
cells as energy is required. Eventu-
ally, deuterium, a form of hydrogen,
will be the fuel for fusion plants. Hy-
drogen itself might be transported as
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natural gas is today and used as a
substitute for petroleum in airplanes
and ground transportation

But enough of worrying about our
descendants’ problems. Besides
these far off visions of aviation, |'ve
given you a glimpse of what NASA
thinks we can actually put into the
commercial aircraft built in 1985 to
conserve fuel—perhaps 50 percent
less fuel. Of course, this is just a
goal; | don't know if we'll reach it or
not but two things are certain—first,
the generation of commercial aircraft
built in 1985 or so will be signifi-
cantly more fuel efficient than what
we have today, and second, if we
don't give NASA the money it needs
for aircraft fuel efficiency research
now, we'll be giving it to the Arabs
as petrodollars later on.

NASA can stimulate new jobs for
Americans, encourage design of bet-
ter aircraft for U.S. export and cause
a significant reduction in our de-
pendence on oil imports from the
Arabs. I'd say that's a bargain 1'd
say | would pay NASA even more
than they can save us in oil imports
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as safety. This may look ‘re

putting the aircraft manufac
the middle of a tug of war, bu
reality everyone is pulling them in
the same direction—toward a more
desirable and saleable aircratft.
Finally, | want to mention a seg-
ment of aviation that has long been
overlooked. General aviation aircraft
flew 80 million passengers last year
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Secondary structural components made of composite materials are
in operational use today on the aircraft shown. Later composites

will comprise primary structures yielding even greater benefits.

COMPOSITE STRUCTURES FOR TRANSPORTS

FAIRINGS
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PRIMARY STRUCTURE

MAJOR BENEFITS
- Reduced Weight

Cheaper Manufacturing
Techniques

Reduced Maintenance

Longer Fatigue Life




CARGO AIRCRAFT CONCEPTS
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—it is a fundamental transportation
Mode in many parts of our country.
And one-third of the light planes pro-
duced in the U.S. are exported, so
general aviation aircraft are also an
Important part of our technological
€Xxports.

Because of its wide-spread use
and export, | believe the light plane
Should be included in the fuel effi-
Clency program.

I was much disturbed last month
by a NASA official’s statement that
the basic technology present in the
light plane has not changed since
the late 1940’s. In other words, we're
lust beginning on the learning curve
In general aviation.

The general aviation manufactur-
ers are of course much smaller in
Size than the air transport manufac-
turers and so their research budgets
are far smaller as well. For this rea-
sSon, | believe NASA can be of even
Qreater assistance to general avia-
tion in improving fuel economy as
Wel| as with other problems. Already,
Piper Aircraft Company, working
With NASA in a NASA-funded proj-
ect, has put the supercritical wing on
One of its light planes for tests. Engi-
Neers estimate that they will get a
10 percent saving in fuel and in addi-

tion a smoother ride and safer climb
capability.

Hydrogen In Your Fuel?

Another big problem for general
aviation is meeting the tough 1979
EPA emissions standards for aircraft
piston engines. You may have heard
that NASA has been experimenting
with the injection at the carburetor
of very small amounts of hydrogen
with the gasoline in automobile en-
gines. The hydrogen is obtained by
bleeding a little gasoline off and cat-
alytically cracking it in a small de-
vice attached to the engine. Not only
are the emissions reduced, but fuel
economy is improved as well—
mainly because the engine can Qe
run much leaner than normal. This
system looked so good on automo-
biles that NASA has begun experi-
mentation with light aircraft engines.
Researchers found that not only are
the aircraft engine emissions dras-
tically reduced, but because of the
leaner fuel mixture, fuel economy
may be 20 percent greater at cruise
power settings. So it appears_that
environmental pollution controls and
fuel economy don’t have to be mu-
tually exclusive on light planes at
least.

FUSELAGE LOADERS

e INCREASED PAYLOAD
e EASED CARGO HANDLING
e FUEL CONSERVATIVE

Now | want to point out here that
these two examples of NASA contri-
butions to general aviation—the su-
percritical wing and hydrogen injec-
tion—were adapted from NASA ef-
forts in other areas. Let's face it, it's
hand-me-down technology. That's
great if it works, but I'd like to see
NASA treat general aviation, not as
an afterthought, but rather as com-
merical aviation’s twin. I'm not sug-
gesting that the research funding for
each should be equal but | do think
that it's time general aviation
received some primary attention.

In closing, | just want to lay to rest
some fears that | may have caused.
You see the chief argument sur-
rounding the pterosaur today is
whether.it flapped its wings or merely
glided—in other words whether it
had a propulsion system. When
NASA and industry hatch the next
generation, a more fuel efficient gen-
eration of pterosaurs, | can assure
you that they will have propulsion
systems, whether or not the prehis-
toric version did. Up to now increases
in propulsion efficiency have been far
and away the chief reason for im-
provements in aircraft efficiency; |
hope that (we) will continue to lead
the effort to hatch a leaner pterosaur.
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g DISC....

Some trade matlers make the news. The
export of grain, for example, is currently
in the headlines. But many aspects of
trade not only attract minimal notice but
also appear esoieric to the uninitiated.
Such is the case with DISC, an acronym
meaning Domestic International Sales Cor-
poration. Because of its relevance to the
growth of U. S. trade, we herewith present
a digest of views recenlly gleaned from
Congressional hearings and discussions
with analysts of DISC's role in the com-
petitive arena.—Editor

For most of 1974 and the first half of
1975 the economic news was depress-
ing. Real productivity declined for
the first time in years. Unemployment
reached record highs. Capital invest-
ment lagged. Real profits were down.

Most of the leading indicators of
national economic vitality were bad,
but there was one extraordinary ex-
ception. From 1972 to the present, the
volume of U.S. exports grew at an un-
precedented rate. While there has
been much press coverage which
leads one to believe the growth has
been primarily in agricultural prod-
ucts, the fact is that the greatest in-
creases in foreign sales have been
in high-technology products—prod-
ucts which have maximum multiplier
effects on Grass National Product
(GNP), primary and secondary em-
ployment, real wages, and in terms of
federal tax revenues.

The fact that this superior export
performance occurred in a period of
general economic decline makes it
important that we examine the rea-
sons for it, to determine to what ex-
tent, if any, this growth can be attrib-
uted to conscious public policy. The
lessons might be applied to other
aspects of our economic life.

In the years following World War I,
U.S. surpluses of exports over im-
ports afforded the United States con-
siderable latitude in carrying out its
foreign policy. They made possible a
continuing program of economic as-
sistance to developing nations and of
military aid to our allies. They made
possible the establishment of vital de-
fense installations and the stationing
of American forces overseas to fulfill
mutual defense alliances.

Because of these heavy, non-trade
commitments against dollar reserves,
there was a lingering concern over
the years about maintaining our total
balance of payments. The trade bal-
ance itself, however, was a depend-
able source of foreign exchange. As
the President’'s Commission on Inter-

national Trade and Investment re-
ported in the summer of 1971, the
private-sector economy of the United
States “has been carrying a burden
of government payments abroad quite
disproportionate to that of any other
country in the world.”

But by the early 1970's it had be-
come clear that the superior trade
position so vital to maintaining Amer-
ica's economic strength at home and
foreign policy strength around the
world was evaporating.

In late 1971, the state of U.S. export
trade came under critical review in
the Congress — as part of its con-
sideration of the President’'s eco-
nomic recommendations of August
15, 1971. The findings were unset-
tling. While the total dollar volume of
exports was rising somewhat, largely
because of inflationary costs, the U.S.
share of total world export trade in
manufactured goods was in steep de-
cline. Only 10 years earlier, in 1960,
we were furnishing over 25 percent of
all the manufactured goods exported
by the 15 major industrialized nations
of the world. But by August of 1971
that share had dwindled to less than
19 percent, and the rate of decline
was accelerating.

American businessmen found it ad-
vantageous, and often essential, to
their ability to compete in world
markets, to locate new manufacturing
facilities in foreign countries or to
enter into joint ventures with foreign
firms.

It was abundantly clear that, among
the reasons for the deteriorating u.S.
trade position, were the various sys-
tems of border taxes and export re-
bates that had evolved among our
trading partners during those years
when the United States held a sub-
stantial trade advantage. These were
taxes on the value added during the
manufacture of a product (for ex-
ample, wire into nails) which were
given back to the manufacturer if the
product were exported. It could be
said that we were not in a position to
protest at the time these systems
were adopted. But the pendulum had
swung too far. The subsidies and tax
advantages afforded foreign manu-
facturers and exporters by their gov-
ernments were being used not to
strike a balance in their trade rela-
tions with the U.S., but to press for
superiority. They were successful.

The Commission on International
Trade and Investment Policy noted in
its report to the President: “Our
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problems were further compounded
by various foreign government meas-
ures, particularly in the field of taxa-
tion, which artificially improved the
trade position of other countries.
Many of these measures in fact con-
stitute direct or indirect subsidies.”

In 1970 the Treasury Department
devised a program for offsetting
these foreign subsidies and for pro-
viding American exporters a fair
means of competing in foreign mar-
kets. The “Domestic International
Sales Corporation” (DISC) provi-
sions, which allowed for a deferral of
federal income taxes on earnings
from export sales, had been incor-
porated into trade legislation passed
by the House of Representatives late
in 1970. Because of the controversial
nature of some of the bill’s other pro-
visions, the Senate Finance Commit-
tee was unable to complete action on
it before final adjournment of the
92nd Congress.

The DISC concept was revived the
following year during the considera-
tion of the Revenue Act of 1971. It
worked its way through the legisla-
tive process in an atmosphere of un-
certainty about its potential impact
on our trade balance. It was strongly
opposed by some because they felt

-the public benefit did not outweigh
the revenue cost of the tax deferral
feature. Others opposed it because
they saw it as a “tax windfall” for
businesses already inv®lved in export
trade.

Because of these reservations, the
Treasury proposal was amended by
the House of Representatives to al-
low for deferral of export income
only to the extent that such income
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exceeded previous export earnings.
In the Senate, the Finance Commit-
tee’s version eliminated the complex
incremental export income provisions
and, instead, limited DISC applica-
tion to 50 percent of qualified DISC
income. A 10-year limit was imposed
on deferrals, and this was further re-
stricted on the Senate floor to five
years.

Conference action on the bill re-
solved the basic conflicts between
the House and Senate versions in a

- Percent
24

UNITED STATES EXPORTS OF MANUFACTURED GOODS AS A
PERCENTAGE OF WORLD EXPORTS OF MANUFACTURED GOODS
(Standard International Trade Classification 5-8)

(Percentage based on current rates of exchange. World exports defined as exports A
of 15 major industrial countries, excluding shipments to the United States)

way which retained the best features
of both and eliminated those provi-
sions which would have discouraged
U.S. businesses from using the DISC
incentive. The final result allowed de-
ferral, without time limit, for 50 per-
cent of qualified export income if
95 percent of such income were used
in export-related activities.

In addition to the DISC offset pro-
vision, the Revenue Act of 1971 re-
enacted the seven percent invest-
ment tax credit for new plant and
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By the same token, the seven per-

cent investment tax credit and the
flexible depreciation provisions of
ADR went only part way in putting
U.S. businesses on an equal footing
with foreign competitors in terms of
capital recovery for new plant and
equipment. We stll rank lowest
among the major industrialized na-
tions in this respect.

In spite of the continued disparity
between export incentives and cap-
ital recovery methods here and
abroad, it is interesting to see what
U.S. businesses have done since the
Revenue Act of 1971 was enacted.

The U.S. Treasury Department has
issued two reports on the operations
of DISC, covering calendar years
1972 and 1973.

During 1972, 41 percent of export
income was DISC related, amounting
to $21.9 billion in foreign exchange.
As a measure of DISC effectiveness,
the Treasury report shows that the
growth rate of DISC-related export
Sales was 32.6 percent for the period
Compared to 23.4 percent for all ex-
Ports. Results for 1973 were com-
Parable.

The Department of Commerce has
Projected these impacts to current
export rates and concludes that the
increase in U.S. exports directly at-
tributable to DISC will be as high as
$9 billion in 1974 alone. A conserva-
tive multiplier increases this value to
$27 billion in gross national product.
The Commerce study shows that em-
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rwise would not be available
will be a net gain in federal

tax revenues (after deducting all

DISC tax deferrals) of more than

These hgures apply only to that
portion of U.S. export trade which
jovernment agencies can properly
credit to the DISC incentive. That
share 1s growing each year. The im-
portance of our total export trade is
best demonstrated by recent figures
cited by Secretary of Commerce
Rogers C. B. Morton which indicate
that more than 2.5 million workers in
this country are directly employed in
the production of export goods, and
for every $1 billion increase in ex-
ports, we add at least 50,000 new
jobs to the U.S. economy.

A common thread runs through the
testimony of those who favor an ag-
gressive U.S. trade posture. It is that
there is a lesson to be learned from
the experience of DISC and its incen-
tive effect in reversing the trend of a
declining U.S. share of world exports
of manufactured products. The les-
son is that U.S. businesses can and
will produce the world's finest prod-
ucts at competitive prices, if given
half a chance. DISC works to give
them an edge, but only about half as
much of an edge as their foreign
competitors enjoy.

With Congress now involved in
another review of federal income tax
policy, proponents of DISC urge its
retention along with a thorough anal-
ysis of the relationship between cap-
ital recovery tax provisions and long
term productivity. They urge that
care be taken not to strike out at
new, well thought out programs like
DISC which are only beginning to
prove their worth.
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MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Aeronutronic Ford Corporation
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries Inc.
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Acrospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Aerospace, Electronics, Components
& Energy Group
ITT Aerospace, Optical Division
ITT Avionics Division
ITT Defense Communications Division
Kaiser Aerospace & Electronics Corporation
Lear Siegler, Inc.
Lockheed Aircraft Corporation
LTV Acrospace Corporation
Martin Marietta Aerospace
McDonnell Douglas Corp.
Menasco Manufacturing Company
Northrop Corporation
Pneumo Corporation
Cleveland Pneumatic Co.
National Water Lift Co.
Raytheon Company
RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
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.
Spectrolab .
Thiokol Corporation
TRW Inc.
United Technologies Corporation
Western Gear Corporation
Westinghouse Public Systems Company
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Hydrogen, pound for pound, produces three times the energy of petroleum. It

appears to be an excellent aviation fuel, assuming storage problems can be A
worked out. (See Challenge To Aviation—Hatching A Leaner Pterosaur, p. 8).
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AEROSPACE ECONOMIC INDICATORS

CURRENT

Total Aerospace Sales

Value of Civil Aircraft Shipments
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180 i
! ' 220 | f 5 | 1
160 ! i S 200 :~ el } s
140 - a' :
[ | ' i
’ 1 , ot COVERMMENT
= = — g 150 :
, l
100 ‘ J > cIviL "l
' (198‘,4-1973 Average-100) g “'~:\
80 4 ‘: [ ’ . 0 g !
] |
60 | |11 60 |
69 70 71 72 73 '74 75 '69 70 71 72 '73 74 '75 69 1 74 5
£ ns by of fense and NASA
i me orders fc f engin
\\
AVERAGE LATEST SAME PRECEDING LATEST
ITEM UNIT PERIOD 1964-1573 PERIOD PERIOD b5 : b
» SHOWN YEAR AGD ' CRioD FERIOD
b Annual 2nd
AEROSPACE SALES: Total Billion $ Rate 241 Quarter 25.5 21.5 27.6
- Billion $ Quarterly 6.1 1975 1.2 6.9 73
AEROSPACE SALES: Total Annual 2nd
(In Constant Dollars, Billion $ Rate 15.8 Quarter 15.2 15.1 15.0
1958-—-100) Billion $ Quarterly 4.0 1975 4.3 3.8 4.0
DEPARTMENT OF DEFENSE
Aerospace obligations: Total Million $ Monthly 1,194 June 1975 1,060 887 1,399
Aircraft Million $ Monthly 716 June 1975 629 668 833
Missiles & Space Million $ Monthly 478 June 1975 431 219 566
Aerospace outlays: Total Million $ Monthly 1,129 June 1975 1,197 1,183 1,161
Aircraft Million $ Monthly 669 June 1975 643 662 705
Missiles & Space Million $ Monthly 460 June 1975 554 521 456
Aerospace Military Prime
Contract Awards: TOTAL Million $ Monthly 1,061 June 1975 825 628 1,269
Aircraft Million $ Monthly 667 June 1975 502 386 732
Missiles & Space Million $ Monthly 394 June 1975 323 242 537
NASA RESEARCH AND DEVELOPMENT
Obligations Million $ Monthly 283 June 1975 360 178 250
Expenditures Million $ Monthly 287 June 1975 328 222 108
BACKLOG (55 Aerospace Mfrs.): Total Billion $ Quarterly 25.5 2nd 29.9 35.2 33.5
U.S. Government Billion $ Quarterly 14.5 Quarter 16.2 21.0 20.3
Nongovernment Billion $ Quarterly 11.0 1975 13.7 14.2 13.2
EXPORTS
Total (Including military) Million $ Monthly 249 June 1975 704 685 681
New Commercial Transports Million $ Monthly 77 June 1975 305 252 269
PROFITS 2nd
Aerospace — Based on Sales Percent Quarterly 2.7 Quarter 3.3 2.6 3.1
All Manufacturing — Based on Sales Percent Quarterly 4.9 1975 6.0 3.7 4.7
EMPLOYMENT: Total Thousands  Monthly 1,213 June 1975 962 939 934
Aircraft Thousands  Monthly 669 June 1975 514 514 509
Missiles & Space Thousands  Monthly 128 June 1975 103 91 92
AVERAGE HOURLY EARNINGS,
PRODUCTION WORKERS Dollars Monthly 3.86 June 1975 5.36 5.87 5.97

* 1964-1973 average is computed by dividing tctal year data by 12 or 4 to yield monthly or quarterly averages.

+ Preceding period refers to month or quarter preceding latest period shown.

Source: Aerospace Industries Association
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WILL WE BECOME {
COLONISTS?
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On the eve of our Bicentennial, this is the stimu-
lating question raised by the illustration on the
cover and the article in this issue by Professor
Gerard K. O'Neill.

We in aerospace share the nostalgia and sense
of accomplishment inherent in celebrating the
200th anniversary of a most remarkable nation. It
is with a sense of pride that we review the signifi-
cant milestones from the Wright Brothers to the
world-wide air transportation network of today
and from the crude rockets of Dr. Robert Goddard
to the footprints of Apollo astronauts on the moon.

What we most particularly see in the Bicenten-
nial is its challenge to look to the future not only
as a matter of self interest but also from the per-
spective of a somewhat troubled earth. Given our
many problems, we commend seeking tomor-
row’s answers to them through the same imagi-
hative pioneering that has contributed so much
to today’s high standard of living.

Continuing that contribution in the future may
well be productive communities in space which
will help solve specific problems on mankind’s
behalf. Granted, for many, it seems a “way out”
idea. But, for its time, wasn’t the Declaration of
Independence?
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A segment of a wheel-
shaped space colony is
shown during final con-
struction. The colony,
150 yards in internal
diameter, is visible
through the 100-foot
strip windows which
encircle the colony.
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THE NEXT FRONTIER

Dr. Gerard K. O'Neill, Professor of Physics
at Princeton University, since 1969 has
investigated the possibilities of research,
manufacturing and human habitation in
space. He works in the field of high-energy
experimental particle physics. He is a
graduate of Swarthmore College, and re-
ceived his Ph.D. in physics from Cornell
University. Dr. O'Neill is a Fellow of the
American Physical Society, and a member
of the American Institute of Aeronautics
and Astronautics, Phi Beta Kappa, Sigma
Xi, the Soaring Society of America and
the Experimental Aircraft Association.

BY GERARD K. O'NEILL
Professor of Physics,
Princeton University

Within the last year a new possibility
for the direction and motivation of
our thrust into space has reached the
stage of public discussion. We have
yet to find an appropriate name for
this new concept; space colonies,
space manufacturing facilities, space
industrialization have all been tried,
but none is wholly appropriate. The
definition of the topic is best made
operationally:

. To establish a highly industrial-
ized, self-maintaining human commu-
nity in free space, where solar energy
is available full-time.

« To construct the community al-
most wholly out of lunar surface
materials and, later, to use the same
source for materials to be processed
into finished products; not to be used
directly on Earth, but for use in high

orbit.

. By so freeing the construction
effort from launch-vehicle limitations,
and by reducing the total launch re-
quirements from the earth, to initiate
the space-colonization program soon
—within a time frame appropriate to
the space-shuttle and to a simplified
shuttle-derived lift vehicle.

The possibility of space coloniza-
tion brings up a curious distinction,
not often made: Some lines of re-
search and development require
nothing new in the way of physical
understanding or of materials tech-
nology, but have not previously been
worked on and therefore seem

3




strange. In contrast, there are lines of
development which we accept as
inevitable simply because we have
been exposed to them for a very long
time, even though they may still re-
quire for their realization new physi-
cal understanding or real break-
throughs in materials technology.
Fusion energy research is perhaps a
classical example of the second
class, and space colonization seems
to typify the first.

Although my own work on this
topic began in 1969, originally as an
academic exercise, | later found that
others had considered pieces of the
problem much earlier. Of these, Kon-
stantin Tsiolkowsky, J. D. Bernal,
John Stroud, Dandridge Cole, Arthur
C. Clarke, G. Harry Stine and Kraft
Ehricke should all be mentioned, but
in my opinion the work of Tsiolkow-
sky is particularly relevant to the
present developments.

The key ideas of space coloniza-
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tion are, first, the utilization of solar
energy in the environment where 1t
can be used most efficiently, at the
desire of the user: in free space. re-
mote from the shadow of any planet
second, obtaining materials from the
weak gravity of the moon rather than
from the strong gravity of the earth

An automatic, lunar-based electro-
magnetic launching device which
we now study for transporting those
materials is unusual from an aero-
space industry viewpoint: it would
operate no higher than room tem-
perature and, in contrast to any new
rocket or jet engine, would make no
demands on high-strength materials
technology.

In essence, it would be a recircu-
lating linear electric motor, in which
vehicles would be constrained by
the phenomenon known as dynamic
magnetic levitation, which involves
permanent magnets flying above a
conducting metal surface producing

Y capital
j when amor-
tized over
The tota
such vehicles would be less

ton. The mass-dniver can be

launcheag

veral hundred
than one
analyzed
by Maxwell’'s electromagnetic lf"m“!\
(magnetism created by an a‘lt‘,(?!l!:(‘,
charge in motion), which was well-
understood a century ago

Yet, because it is so unlike a rock-
et engine, it is sometimes viewed
with suspicion by aerospace engi-




of 1t ratures by several hundred
degr { xt rocket jine to
be d: ped

T?' l‘ . | -'l f » 3CE 31'”6’1
tion rest n at least two factors

1. The tactor of 20 1n enerqy by
which it 15 casier to transport to free
space a payload from the moon than
from the ecartt

2 The tactor of about 10 1n Lime-
averaged intensity between sunhight
in free space and sunhight at the
earth's surface in our midwinter

Those two numbers suggest the
first hkely use of a space colony: for
the manufacture of satellite solar
power stations, to be relocated In
geosynchronous (24-hour) orbit to

supply energy to the earth through a
microwave hink. The energy interval
between lunar orbit, where a space
facility would be lo-

manufacturing

cated. and geosynchronous orbit is
only 1/30 as large as the interval
from the earth’'s surface to geo-
synchronous

It a space colony is to be useful, it
must be large enough and attractive
ugh to attract talented, hardwork-
ng people as residents; it must be
far more than a space-station.

It was a surprise to me to discover,
six years ago. that a pressure vessel
n space. containing an atmosphere,
and rotating to provide the equiva-
lent of earth-normal gravity, could be
made as large as several miles in
diameter, within the limits of the
ordinary structural materials with
which we are familiar.

The largest colonies now foresee-
able would probably be formed as
cylinders, alternating areas of glass
and interior land areas. From those
land areas a resident would see a
reflected image of the ordinary disc
of the sun in the sky, and the sun's
image would move across the sky
from dawn to dusk as it does on
earth. Within civil engineering limits
no greater than those under which
our terrestrial bridges and buildings
are built. the land area of one
cylinder could be as large as 100
square miles. It would be a very long
time before there would be a need
to build colonies of so large a size.
Even for the early small colonies,
t_hough. there would be the same op-
tions of independent control over the
day-length. climate and seasons.

Agriculture for a space community
would be carried out in external
Cylinders or rings with atmospheres,
temperature, humidity and day-
length chosen to match the needs of
each crop being grown. Agriculture
N space could be efficient and
predictable, free of the extremes of
crop-failure and glut which the ter-
restrial environment forces on our
farmers.

Heavy industry at a space colony
could benefit from the convenience
of zero gravity. In external, non-

ono

This conception of a space colony
features a bridge comparable in
size to the San Francisco Bay
Bridge to emphasize the eventual
sizes of such colonies. Solar
energy would supply power to the
habitat while raw materials would
be derived from lunar rocks or
asteroids.

rotating factories, zero gravity and
breathable atmospheres would per-
mit the easy assembly, without
cranes, lift trucks or other handling
equipment, of very large, massive
products. These could be the com-
ponents of new colonies, radio and
optical telescopes, large ships for
the further human exploration of the
solar system, and power plants to
supply energy to the earth.

In the early years of this research,
before the question of implementa-
tion was seriously addressed, it
seemed wise to check whether an
expansion into space would soon en-
counter ‘“‘growth limits" of the sort
which humankind is now reaching on
earth, and which have been de-
scribed for us vividly by Professor
Jay Forrester of M.L.T., in studies
supported by the Club of Rome.

In the long run, it seems fairly cer-
tain that the materials source for
space colonies will be the asteroids
rather than the moon. The asteroids
have, in addition to those minerals
found on the lunar surface, carbon,
nitrogen and hydrogen. Typical aste-
roids are no more remote in energy
from lunar orbit than is the earth,
and no high thrusts are required to
transfer materials or finished colo-
nies from the asteroid belt. Given
that source of materials, the “limits
of growth™ are absurdly high; the to-
tal quantity of material within only
the three largest asteroids is quite
enough to permit building space
colonies with a total land area more
than ten thousand times that of the
Earth.

As Hubert Davis of NASA-Houston
has aptly pointed out, the introduc-
tion of the space colony option is
equivalent to releasing us from what
must otherwise be a ‘zero-sum
game” on the surface of the earth.
The practical and immediate ques-
tion is how to establish the first
colony; once it exists and is in full
production, it will serve as a beach-
head in space, manufacturing addi-
tional colonies as well as other
products.

During the summer of 1975 a group
of about 25 people meeting- at the
NASA Ames Laboratory, in coopera-
tion with Stanford University, studied
the space-colony concept from two
viewpoints: first, to find whether
there is any essential flaw in the

arguments set forth in the first paper
on the topic (Physics Today, Septem-
ber 1974); second, if no such flaw is
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found, to examine in more detail the
optimizations and tradeoffs which
would control the cost and time-scale
for an actual construction project. In
that effort the group, working under
a program of the American Society
for Engineering Education, was aided
by having access to the papers of
1974 and 1975 Princeton Confer-
ences on this topic.

No ‘“fatal flaw’ was uncovered in
the original arguments. In detail,
some conclusions were reached
which were not suspected at the time
the study began. It is easy first to
dispose of those items which were
anticipated but which now have been
put on a firmer basis.

First, the details of launch vehicles
and deep-space tugs were es-
tablished through papers by Hubert
Davis and Adelbert Tischler at the
1975 Conference. Nothing more ad-
vanced than the space-shuttle main
engines is required, and the assump-
tion is made that transport from the
Earth will be by the shuttle, for peo-
ple, or by a simple lift vehicle with
shuttle main engines, for freight. In
deep space, only a chemical tug is
assumed. In keeping with those as-
sumptions, if the cost of transport to
low earth orbit is taken as one unit,
transport to lunar orbit is taken as
four units and, to the lunar surface,
eight units.

The optimum location for the first
colony is not yet established at the
time of writing. The L4 and L5
Lagrange-points* of the earth-moon
system have been considered, as
have geosynchronous orbit and high
lunar orbit. Geosynchronous orbit ap-
pears to be less advantageous, main-
ly because it would raise the costs
of materials transport from the lunar
mine to the processing facility.

It is assumed automatically by
most people who consider the space-
colony concept that materials proc-
essing would be carried out on the
moon. So far, that does not appear
to be a cost-effective choice. Proc-
essing machinery carried to the
moon would be saddled with a large
additional amortization cost due to
its transport, and it would lose the

*In 1772 Astronomer Joseph L. Lagrange
computed points in space equidistant
from the Earth and moon—points of tri-
angles 237,000 miles on a side—where
a satellite or space station would remain
in constant orbit above the Earth. L4

(east) and L5 (west) are the two stable
positions.

advantages of full-time solar energy
and of adjustable gravity. The ab-
sence of the zero-gravity option
would alone be a grave disadvantage.
As it now appears, even unselected
lunar surface material 1s close
enough to ideal in its element-
concentrations that there seems not
much point in processing it on the
lunar surface. The unselected Apollo-
11 fines, for example, are 40 percent
oxygen by weight, more than 30 per-
cent metals, and about 20 percent
silicon. Baseline Colony One de-
signs, with a total mass of 500,000
tons, require about 150,000 tons of
metals, 150,000 tons of soil, and smal-
ler amounts of glass—materials that
seem to be well matched to those
available on the moon. Work by the
Summer Study group has substan-
tiated earlier indications from the
1975 Princeton Conference, to the ef-
fect that the original estimates of
agricultural growing-area needs were
pessimistic by about a factor two;
the agricultural specialists now con-
clude that under the ideal growing
conditions of a deep-space green-
house, a growing area of 45 square
meters per person should be enough.
A normal type of North American
diet, with vegetables, poultry, dairy
products and meat is assumed.

We take a conservative approach
to electric power plant masses; al-
though further improvements may
come with time, for the purposes of
cost estimation the Study Group as-
sumed for the surface of the moon a
nuclear reactor, weighing 45 tons
per megawatt of power. It would be
rated at about 170 megawatts, of
which just under 160 would be devot-
ed to the mass-driver. That would be
sufficient for the transport of 900,000
tons/year assuming 70 percent relia-
bility. For the deep-space applica-
tions, we assume at present a solar
thermal system with a turbogenera-
tor, as has been studied by Gordon
Woodcock of Boeing. We assume,
however, a performance appropriate
to an early timeframe: that is, 10
tons per megawatt instead of 5.

Unexpectedly, the summer study
has shown up a possible physiologi-
cal limit more severe than had been
anticipated. Until now, on the basis
of advice from those experienced in
aerospace physiology, we had as-
sumed that rotation rates of up to
three rotations per minute (rpm)
would be acceptable to nearly all
prospective colonists after initial ac-

climatization. To those of us who
have logged some centrifuge timeg,
that rate seems rather slow. It seemg,
though, that there is enough djs-
agreement among physiologists that
contingency plans must be made.
Conceivably, the rate may have to be
held below 1 rpm, because of the
fraction of the work force which will
be commuting daily between the ro-
tating environment and the zero-
gravity assembly areas.

This possible limit prompted more
attention, in the summer study, to
habitat geometries than was antici-
pated initially. For constant gravity,
if the rotation rate is cut from 3 rpm
to 1 rpm, the required radial dimen-
sion of the habitat must go up from
100 meters to 900 meters. For
Earth-normal gravity a rotation rate of
3 rpm translates to 100 meter radius,
for which the atmospheric pressure
dominates the equation for habitat
total mass. At 1 rpm the radius must
go to 900 meters, and there the
gravity itself dominates the mass
equation.

A number of geometries have been
considered. The most efficient in
terms of mass is probably a tethered
pair of pressure vessels, but that ar-
rangement is inconvenient for pas-
sive cosmic-ray shielding. The next
most efficient may be a cable-
supported band structure, and after




that a wheel.

It appears that for a
population of 10,000 people a total

land area (residential, service, rec-
reational and agricultural) should be
about 900,000 square meters—about
one-half square mile—if the density
is to be as low as in attractive sub-
urban areas of the U.S. and Southern
France, so far taken as models. For
1 rpm the summer study chose a
wheel geometry, as a compromise
between esthetics and spin rate. Pas-
sive shielding against cosmic-rays
would be possible though inconveni-
ent with that geometry.

Until further experiments on the
physiological tolerance-range are
carried out, we retain an alternate
design which would be more attrac-
tive esthetically and which would
lend itself naturally to cosmic-ray
shielding, but which would rotate at
1.95 rpm. Its circumference would
be 0.87 mile, and its external agricul-
tural areas would use the efficient
cable-supported band structure.

In preparing for testimony before
the Space Science and Applications
Subcommittee of the House Commit-
tee on Science and Technology (July
23, 1975), | calculated, with the aid
of Mark Hopkins, a number of eco-
nomic scenarios for the growth of
space manufacturing facilities, and
for their construction of satellite so-
lar power stations. One such calcula-

tion assumes an investment of about
$96 billion over a six-year period dur-
ing the establishment of the first
beachhead-colony, and an additional
$80 billion over the next decade as
the initial colony builds others as
well as power stations. We assume
payment of 10 percent interest per
year on the outstanding investment.
The key factor entering the estimates
is productivity; conservatively we as-
sume that, in spite of the advantages
of zero gravity and of any improve-
ments which automation may bring,
the productivity per person-year will
be only about the same as it is in
heavy industry on earth.

Including all processing, manufac-
turing and assembly, it appears that
a population of 10,000 could manu-
facture about one new colony every
two years, and could in addition build
two power stations per year of 5,000
megawatts each. As in all the others
which we considered, the program
builds toward a steady-state popula-
tion of about 160,000 people in
space. In all cases, even with pro-
gram costs of up to $300 billion, the
payback in dollars exceeds the total
investment and interest; profits from
the sale of power begin in the ninth
year and grow rapidly; total payoff of
the program cost, including all inter-
est charges, occurs after about 20-25
years.

A resident of a 21st Century space
colony might view this vista of
Earth-like landscape inside his
home in space. The interior could
be made to resemble the Rocky
Mountains, the plains of South
Dakota or the timber forests of
Oregon, depending how the build-
ers plan it to be. This conception
shows a colony 19 miles long and
four miles in diameter.

In these scenarios the amount of
energy supplied to the Earth is quite
sufficient to end the energy-crisis
permanently. Typically, 13 years after
the beginning of construction the
amount of energy being supplied to
the earth each year in the form of
usable electricity at the busbar (the
point where power enters the dis-
tribution system) exceeds the peak
capacity of the Alaska pipeline (two
million barrels per day) and a few
years later the total electrical energy
supplied to date could exceed the
estimated fossil fuel capacity of the
Alaskan North Slope.

For us who work in technical ﬁelqls
it is easy to become immersed in
performance optimizations and cost-
benefit analyses. Such work is nec-
essary, though, and the practicali?y
of a space-colonization program is
becoming better established mgiply
because additional people are giving
their talent and hard work to thev
research on that topic.

It seems clear, though, that the
extraordinary amount of interest
which the space community concept
has aroused during the last year
stems at least in part from an intan-
gible payback: the beginning of hope
that our near-term future may not be
one of despair or resignation in an
increasingly rigid, resource-limited
society, but of freedom and new
opportunities on a frontier which is
just within our reach.

In the great days of American
progress and enthusiasm, it was the
private sector which spurred the
drive toward industrial expansion. It
remains to be seen whether industry
retains the drive and imagination to
take an active part in the next ad-
vance, or whether it will be content
to leave both the risks and the op-
portunities to government. | believe
that it will be more healthy for the
country if industry takes an active
role in exploring the new possibili-

ties.
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Congressman Dale Milford has a broad background in aviation. Elected to Congress in
1972, Mr. Milford, in addition to his duties as Chairman of the House Subcommittee on
Aviation and Transportation Research and Development, is also a member of the
Aviation Subcommittee on Public Works and Transportation which oversees the
aviation regulatory agencies. He is an Army pilot, serving in World War Il and Korea.
Mr. Milford attended Baylor University, and became a certified professional meteorolo-
gist while he operated a flight service. He has a commercial pilot rating and has com-
piled more than 6,500 flying hours. Mr. Milford is shown with a plane he built, the T-35

Buckaroo.

BY CONGRESSMAN DALE MILFORD

Chairman. House Subcommittee on
Aviation and Transportation
Research and Development

Considerable public attention is gen-
erated by Government research and
development programs, particularly
those of the Department of Defense
and the National Aeronautics and
Space Administration. This is proper
since their programs deal with the
frontiers of technology, and are deeply
involved in such vital concerns as our
national defense posture, national
prestige and economic progress.

Less known, but equally vital, are
the research and development pro-
grams of the Federal Aviation Admin-
istration (FAA). which provide a key
element to a prime national asset—
air transportation.

The House Subcommittee on Avia-
tion and Transportation Research and
Development has, among other duties,
the responsibility for recommending
to the full Committee and the Con-
gress FAA research and development
programs which will keep this national
asset viable. It is hoped that this out-
look for air traffic control will be use-
ful in understanding this important
activity.

The FAA is charged with regulating
air commerce to foster aviation safety,
promoting civil aviation, developing
a national system of airports, achiev-
ing efficient use of the navigable air-
space, and developing and operating
a common system of air traffic con-
trol and air navigation for both ctvil-
ian and military aircraft.

This is a large and difficult man-
date for maintaining, and even im-
proving flying safety in today’s ever-
more crowded skies.

The scope and extent of the FAA’s
current activity are reflected by the
size of its workforce and the amount
of its annual budget.

For a workforce of 57,600 employ-
ees to operate, maintain, and con-
tinue to improve this National Air-
space System in Fiscal Year 1976,

the FAA has requested approximately
$2 billion dollars, distributed as indi-
cated:

(in 000's)
Item Amount
Operation of ATC* system 764,261
Maintenance of ATC system 388,974
Installation of new equipment 162,746
Flight Standards Program 173,582
Facilities and Equipment 250,000
Research, Engineering and
Development 80,400
Other 468,237
2,288,200

Total Appropriation

*Air Traffic Control

The trend has been for the FAA
operating costs and number of_ pe9—
ple required to operate and maintain
the system to increase in almo;t
direct proportion to the air trafflp
activity growth as measured by vari-
ous indicators. Some of them are
number of aircraft, number of air
carrier flights, and number of instru-
ment operations. In general, the air
traffic activity has been increasing at
the rate of 6 to 8 percent per year
over the past decade. Even with the
decline in economic activity and the
higher fuel costs in recent years, the
growth rate still exceeds 5 percent.
This trend has generated the need to
conduct a continuous development
and modernization program concen-
trating on enhancements to safety,
performance, and system produc-

tivity.

Safety

The current Air Traffic Control (ATC)
system has an excellent flight safety
record with less than two air carrier
fatalities per billion passenger miles.
The fact, however, that some acci-
dents still occur, coupled with the
continued growth in air traffic and in-
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Crease in passenger carrying capacity
of air carrier aircraft, make it essen-
tial that safety improvements continue
to receive the highest priority in the
FAA’s engineering and development
program.

Performance

The ATC system currently handles
about 60 million operations, generat-
ing 40 million flight hours per year
(excluding military operations) in the
U.S. Improved performance requires
achievement of higher capacity by
reducing the number and length of
delays and improvement in service by
extending the coverage, reliability,
and continuity of the ATC system.

The capacity problem exists pri-
marily at the higher density terminal
areas, but affects airspace and air-
ports serving these terminals. Im-
provement in capacity must address
the problem of providing more pre-
cise control of aircraft in the airspace
around the airports where the flight
paths converge, and improving con-
trol on the surface where the number
of runways available and the runway
occupancy time of aircraft are limit-
ing factors. These problems, of

AUTOMATIC

course, intensify in bad weather.
Although there are standard ap-

proach and departure routes which
can be flown by reference to navi-
gation aids, the efficient handling of
large numbers of aircraft with differ-
ent performance characteristics cur-
rently is primarily dependent on the
skill of air traffic controllers. The
engineering and development pro-
gram is developing the means to
supplement these skills with new
concepts and equipment that will
resolve the problems and increase
the system’'s capacity and efficiency.

System Productivity

The third main objective is to provide
increased safety and improved service
in the most economical way. Achieve-
ment of the required increases will
not be easy. It will require increased
effectiveness on the part of control-
lers, flight service station specialists,
and maintenance personnel and is
only possible through the use of the
most modern technology and imple-
mentation of higher levels of automa-
tion.

In structuring an Engineering and
Development (E&D) program to

meet the objectives. there are con-
straints that the FAA must consider
in upgrading the system. These in-
clude protection of the natural en-
vironment, conservation of energy.
preservation of the greatest possible
freedom of flight and access to the
airspace for all users. The accessi-
bility to airspace 1s of particular sig-
nificance to an ATC system that
serves general aviation, the military,
and air carriers. Air carrniers with
millions of dollars invested in each
airframe can tolerate ATC avionics
costs of several hundred thousand
dollars per aircraft while this same
ATC avionics cost would be intoler-
able to general aviation, largely cor-
porate and private aircraft. Still an-
other factor to be considered is the
“user charge' concept, where users
of the airspace are expected to pay
a fair share of the ATC system cost
based upon services rendered. Al-
though the present taxes on aviation
fuel and passenger tickets are used
to fund new airports and airway de-
velopment (ATC), there is no attempt
to recover equitably all the ATC sys-
tem operation and maintenance cost
from different users. Congress is now
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teviceang the user charge legisiation.

The three main objectives of
saletly. performance and productivity
(costy are also not mutually exclusive
or ablwmays complementary In addi-
tion the requirements (and/or de-
siresy of the vanous users are not
the same and in some cases are not
completely compatible For example,
air carniers prefer positive control
while general aviaion normally pre-
fers a mimimum of control. Mence.
the problem tacing the FAA is 1o
design and engincer an improved
syslem which represents an accep-
table compromise among the varying
requirements. constraints, and di-
verse needs and desires of the cus-
tomers while at the same time pro-
viding an economically feasible and
implementable approach.

Commercial air passenger enplane-
ments are increasing at a rate of five
to six percent per year and some
15,000 new general aviation aircraft
are produced each year. The corre-
sponding expectation for all mea-
sures of air activity, including both
enroute and terminal-area traffic, is
a continued substantial growth in
the range of 5 to 7 percent per year.
This means that the demand for air
traffic control services will double
every 10 to 15 years. There will not,
however, be a doubling of major hub
airports or the number of runways
on these airports (in fact, little physi-
cal growth is expected), the amount
of airspace which aircraft desire to
use, the number of major city-pairs
between which the bulk of this traffic
will travel, or the radio spectrum
available for air traffic control use.

Coincidently, 10 to 15 years is just
about the length of one ATC genera-
tion or, perhaps more pertinently, it
is the length of time required to de-
velop and deploy a new or upgraded
system to provide for the forecast in-
crease in traffic. Implementation of
needed Air Traffic Control improve-
ments requires large FAA Research
and Development (R&D) budgets fol-
lowed by increased implementation
funds. If we wish to accommodate
the increased use of air travel, we
must be willing to accept its in-
creased cost. The other solution is to
restrict the development of air travel.
Clearly this is not acceptable.

It is not acceptable, because avia-
tion manufacturing is one of our
healthiest industries, and one on
which we must depend as a major
exporter—i.e., a significant portion of

the U.S. balance of trade.

The recent breakthroughs in elec-
tronic technclogy, leading to ex-
traordinary reductions in the size,
weight, cost and power requirements
of electronic digital circuitry, has led
to many new and interesting possi-
bilities for the design of air traffic
control equipments, systems and sub-
systems. Accordingly, a number of
suggestions have been made for en-
urely new ATC system designs based
on these new avionic and ground-
based capabilities. Dispersed system
architectures involving greater use of
airborne avionics or major new de-
signs including equipment integration
of communications, navigation and
surveillance functions have been
suggested.

Despite the technical attractive-
ness of these new concepts and de-
signs, they do not stand up yet to
careful scrutiny and detailed analysis
and realistic implementation plan-
ning. The present system must be
maintained in continuous operation
and the very large investment in the
ground-based ATC system and user
avionics cannot be discarded. Ac-
cordingly, there continues to be a
preponderance of evidence that we
must continue the gradual step-by-
step evolution of our current system,
rather than consider a revolutionary
approach, as we proceed to meet the
requirements of the future.

In 1969, the Department of Trans-
portation appointed an Air Traffic
Control Advisory Committee to define
the future ATC development program.
The Committee’s report contained
the concept for an improved air traf-
fic control system, which could be
achieved for the 1980s and 1990s
through evolution and improvement
of the present ground based system,
with priority given to the greater use
of automation. This concept, now re-
ferred to as the Upgraded Third Gen-
eration System (UG3RD), has been
adopted by the FAA and builds on
the National Air Space (NAS) Stage
A and the Automated Radar Terminal
System (ARTS) lll, which constitute
the Third Generation System. While
there is not yet a commitment to im-
plement this system, there is a com-
mitment to perform the engineering
and development activities necessary
to develop and evaluate such a future
system.

This Upgraded Third Generation
System Concept has been trans-
formed into a broad system design

highlighted by, but not restricted to,
nine key features. Hardware and soft-
ware development programs associ-
ated with these features have been
initiated, with most test and evalua-
tion activity scheduled for the 1976~
1978 time period. At the conclusion
of these tests, the FAA will make
final system design choices and im-
plementation decisions leading to op-
erational capabilities in the early
1980s. A summary of the nine ele-
ments follows:

Airbome Separation Assurance

As the volume of air traffic grows,
the probability of collisions rises. The
E&D program is investigating sev-
eral solutions to improve safety and
potentially reduce the number of mid-
air collisions. One is to extend the
limits of controlled airspace to in-
clude airspace areas where the bulk
of the non-controlled general aviation
flights and fatalities occur. This alter-
native places a heavy penalty on
these aircraft in terms of both free-
dom of flight and avionics require-
ments.

Another solution, which places a
heavy avionic burden on all aircraft,
is to institute a mandatory airborne
Collision Avoidance System (CAS) by
which aircraft automatically ex-
change information with surrounding
aircraft and generate collision avoid-
ance instructions. Various CAS sys-
tems are under an expedited test pro-
gram by the FAA. Still another solu-
tion is to extend the current ground-
based system to provide a new sep-
aration service: Intermittent Positive
Control (IPC). With IPC, the ground-
based system will maintain surveil-
lance on all aircraft—controlled as
well as non-controlled flights—and
will transmit advisory and collision
avoidance instructions when non-
controlled aircraft approach each
other or pose a danger to controlled
aircraft. This intermittent service
would only intervene into the VFR
flight regime when one aircraft's
course and altitude put it into conflict
with another.

Discrete Address Beacon System

The Discrete Address Beacon Sys-
tem (DABS) is to provide the im-
proved surveiliance and integral digi-
tal data link between the ground-
based ATC system and aircraft to al-
low higher levels of automation to be
used effectively. DABS will be an ex-

tension of and compatible with the

present Air Traffic Control Radar
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Beacon System (ATCRBS). Some of
the major advantages of DABS over
the present ATCRBS are improved
detection, reliability, position accur-
acy; unigue address code for each
aircraft (discrete address), and " an
integral data link. The design of the
DABS system is such that the present
ATCRBS transponders will be use-
able in the DABS-environment and
DABS can be incrementally imple-
mented leading to an orderly, evolu-
tionary introduction of the new sys-
tem. The basic design and bread-
board verification of DABS are com-
plete, and prototype development
and testing will begin soon.

Area Navigation

Presently navigation is performed
along a series of straight line
courses, which extend radially from
VHF Omni-directional Range/Tactical
Air Navigation (VORTAC) and VOR
ground stations. This constrains all
routes to a series of straight line seg-
ments, which resuits in extra mileage
being flown between many terminals
and has limited the number and ca-
pacity of air routes. Area Navigation
(RNAV) refers to a navigation system
capability which permits navigation
along direct routes to most destina-
tions. Advanced avionic capabilities
have made possible the future elimi-
nation of the restrictions imposed by
radial airways. They also provide air-
craft with the ability to follow prede-
termined altitude and time schedules
in proceeding from one navigational
fix to the next. Integration and utiliza-
tion of RNAV in two-, three-, and four-
dimensional versions is a goal of the
Upgraded Third Generation System.
Such utilization will provide more
routes, permitting possible traffic
segregation by speed classes and
separation of traffic headed for met-
ropolitan areas served by several air-
ports according to the airport of des-
tination. Vectoring by ground-based
controllers and pilot workload will be
reduced, and aircraft operating costs
will be lowered through the use of
more direct routes and optimum
climb-out profiles. RNAV develop-
ment activities are primarily con-
cerned with the proper integration
of the capability into the existing
ground-based system. It is possible
that by 1980 the enroute airways
structure at high altitudes and in
those dense terminal areas where
positive control is exercised will be
almost entirely based on area navi-
gation capabilities.

12

The Microwave Landing System
Although the present Instrument
Landing System (ILS) has provided
highly useful service, it has several
problems which limit its use for the
UG3RD. Two of these limitations are:
susceptibility to reflections from ob-
jects in the vicinity of the antenna
which can preclude its use at some
airports altogether, and provision of
only a single approach path which
does not allow the flexibility required
to meet the new environmental con-
straints.

The new Microwave Landing Sys-
tem (MLS) will provide more flexible
and precise approach paths with less
stringent site requirements. The new
MLS will make possible steeper glide
paths to meet V/STOL (Vertical/
Short Takeoff and Landing) require-
ments, will extend service to many
airports, and will aid in noise abate-
ment by providing curved approaches.
Its greater precision also will make
possible close-spaced parallel ap-
proaches, thus increasing the ca-
pacity of many existing airports. A
three-phase MLS development pro-
gram was launched by the FAA in
1971 as a joint effort by the Depart-
ments of Transportation, Defense and
the National Aeronautics and Space
Administration. Phase | involived six
aerospace industry contractors in
technique analysis and design defini-
tion. Phase 11, involved four contrac-
tors in the construction and test of
feasibility equipments for two of the
techniques studied. Phase ill resulted
in the selection of two contractors
who are proceeding with develop-
ment of prototype equipment using
the selected time-referenced scan-
ning beam technique.

Automation

Increases in the number of aircraft to
be controlled normally results in a
nearly linear increase in the number
of air traffic controllers. This in turn
results in smaller control sectors and
an increase in the amount of the con-
troller’'s time which is spent in co-
ordination activities such as the
transfer of control responsibility be-
tween sectors. This process in-
creases both pilot and controller
workload.

To completely replace the man as
the principle element in the control
loop is very difficult and expensive,
and it is probably most unwise to try.
Hence, the focus of the automation
program is on providing automation

to check the man (controlier and.

piot) through impiementation of au-
tomation features such as Mintmum
Sale Altitude Warning. Metenng and
Spacing. Confiict Alert. Central Flow
Control. Cockpit Warnming Systems
and others The NAS Stage A and
ARTS Il systems represent a major
step forward in the automation of air
traffic control But they are only a
first step. primanly providing collec-
tion, correlation and presentation of
flight plan. radar. and beacon data:
the controller must then use these
data in the monitoring and contro!
processes. However, these steps
represent a base to which other func-
tions can be added. Development
and testing of the new functions are
now underway and some have
reached the stage where they can be
implemented in the field.

Airport Surface Tratfic Control
Increased tralffic loads, coupled with
weather conditions and building ob-
structions which block the tower con-
troller’'s view of runways and taxi-
ways, result in traffic handling prob-
lems and delays on airports. Improve-
ment in the controi of aircraft on the
airport surface requires better sur-
veillance of the airport surroundings
in all weather, better guidance infor-
mation for aircraft, and improved
control of all airport traffic.

To improve surveillance, the cur-
rent airport surface detection radar
equipment is being enhanced. Even
with the improvements, its perform-
ance is limited; therefore, new
ground surveillance techniques are
being developed and tested, with
the goal being a reliable, automatic
aircraft tracking system for the air-
port surface.

Some of the techniques being in-
vestigated include advanced radar
systems, trilateration systems based
on the ATC radar beacon system,
and discrete sensor detection equip-
ment. All techniques would lead to
designs for a completely automated
and integrated control system. The
end goal is a modular design for air-
port traffic control that can be read-
ily adapted to individual airport
needs.

Wake Vortex Avoidance System

Trailing wake vortices, especially
those generated by large aircraft,
present hazards to following aircraft
during approach and landing. Pres-
ently, increased longitudinal separa-
tion is used to provide safety, but this
procedure significantly reduces air-
port capacity. Several areas are be-
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Trailing wake vortices generated by large aircraft present a hazard o
following aircraft during approach and landing. Shown here is the
instrumentation used to develop a wake vortex avoidance system.

ing investigated. NASA is examining
methods of reducing the size and
hazard of vortices by modification of
the aircraft wing structure.

The FAA is developing and testing
ground-based systems to detect and
predict the location and movement
of vortices to help pilots avoid the
associated hazards. Tests conducted
at Denver Stapleton, Chicago O'Hare
and Kennedy airports have demon-
strated that pulsed and doppler
radar-like devices operating at
acoustic frequencies can detect and
track vortices. Development and test
of these devices continues on an ex-
pedited basis. Laser detectors are
also being investigated. Since these
detectors provide improved knowl-
edge of the movement and effect of
vortices on aircraft, it is expected
that they will form a major compo-
nent in a system which would detect
the presence of vortices, predict their
pehavior and hazard, and present
this information in a suitable fashion
either to tower controllers, who can
“tailor’” aircraft spacings accordingly,
or to the automation system for auto-
matic adjustments of approach spac-
ing intervals by the metering and
spacing function.

Flight Service Stations

A new automated Flight Service Sta-
tion (FSS) system is under develop-
ment. The automated system will

continue to emphasize the telephone
as the primary interface between the
pilot and the FSS system, but the
preflight briefing messages will be
largely computer generated and se-
lectively accessed through utilization
of the touch-tone or dial telephones.
Flight plan processing will be auto-
mated through the use of telephone
accessed recording devices.
Consideration will be given to de-
velopment of interfaces for more ad-
vanced portable data terminals for
pilot/system interface. The main em-
phasis of the system improvement
program is to reduce the amount of
manpower required per briefing while
at the same time improve the overall
quality of the service provided.

Aeronautical Satellites

For Trans-Ocean Flights

Air traffic control and air carrier
communications for trans-ocean
flights are presently conducted over
high-frequency radio circuits which
are of relatively low reliability and
are approaching saturation in the
North Atlantic and Eastern Pacific.
Except for coastal areas, there is no
surveillance capability in the oceanic
airspace.

Separation and control are based
on pilot reports of aircraft positions
as determined from on-board navi-
gation equipment. With the future air
traffic loads predicted, improved

communications and surveillance
capability will be required to achieve
safely the required reduction in air-
craft separations. The alternative will
be lengthy ground delays or the use
of longer and less desirable flight
paths.

Although many solutions have been
considered during the last ten years,
there is universal agreement that
satellites in geo-stationary orbits pro-
vide the best method of relaying
voice and data link messages to
transoceanic aircraft and of providing
surveillance information to the ATC
system. A joint international AERO-
SAT program to test and evaluate the
application of satellites to oceanic
traffic control has been consummated
between the U.S., Canada, and the
European Space Research Organi-
zation (ESRO). The two required
satellites should be launched over

the Atlantic by 1980.

Although each of the nine features
make some contribution toward im-
proving safety, always the number
one priority, most contribute to the
other two objectives of improving
performance with minimum costs, but
many of the significant gains are only
achieved by simultaneous implemen-
tation of several features. For ex-
ample, the DABS surveillance system
will provide the automation system
with target information which is ac-
curate and reliable enough to permit
the control of aircraft safely with
closer separation than is possible
today.

Automation of the metering and
spacing of aircraft with minimum
separations being controlled by the
Wake Vortex Avoidance System will
permit delivery of aircraft to runways
at higher rates. Use of MLS will per-
mit this improved capability to be
achieved under all weather condi-
tions. On the surface of the airport,
the ASTC will allow the controllers to
clear the runways and taxiways safely
and expeditiously even though they
do not have visual contact with the
aircraft.

In conclusion, if the nation’s air
traffic control system is to operate
safely and effectively in the 1980s
and 1990s, the major development
program for the UG3RD system being
actively pursued by the FAA must be

completed. This system, although it
still is in the engineering and devel-
opment phase, contains the system
improvements that will meet the chal-
lenges and needs of the future.
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Challenges.
Opportunities

BY PAUL R. IGNATIUS

President, Air Transport Association of America

It speaks well for the national mood, | think, that so
many people from all walks of life and so many insitu-
tions and industries have joined in observing our
country’s 200th anniversary. The airline industry’s op-

portunity to participate comes at a most appropriate
time.

The U.S. airlines in 1976 will mark the 50th anniver-
sary of regularly scheduled service. The Air Transport

Association also has a birthday—its 40th—on January
1, 1976.

In the first half century of service to the growth and
strength of our nation, the scheduled airlines have
become the dominant form of public transportation
among our cities, large and small. The Postal Service
relies upon the airlines to move most of the country’s
first class intercity letter mail, and the airline system
rapidly transports some of the world’s most valuable
freight.

Any meaningful response from the airline industry
to its own 50th anniversary should be at least threefold:

First, let's make room for a dash of history. For the
airline history has been as productive as it has been
exciting, accounting for remarkable evolutions in trans-
portation productivity, in service to the passenger and
shipper, and to the Department of Defense.

Then there should be a prideful review of the pres-
ent scope of the air transport system and its contribu-
tion to the country’s economy.

And finally, we need to assess the seriousness of
two_challenges—increasing fuel prices and threats
against the basic structure of the system—that must
be overcome, if air transportation is to realize the

Opportunities for even greater service in the decades
ahead.

Seaplane Service

The dash of history actually should go back more

duled
an-

than 50 years, to salute the first venture in sche
airline service. It lasted for three months—from J
uary through March in 1914—when a Benoist seaplane
was operated between St. Petersburg and Tam_P&

The 18-mile one-way trip was made in 23 minutes—
a considerable improvement over the two hours. by
steamer, the six hours by car and the 12 hours via a
circuitous rail route. The company, the St. petersburg-
Tampa Airboat Line, adopted as its motto ‘‘Safety
First'—the forerunner of an airline priority that has
never changed—and operated two scheduled round-
trips a day.

A ticket cost five dollars—usually. It was five dollars
per 100 pounds of cargo and five dollars.per pas-
senger, provided the passenger didn’'t weigh more
than 200 pounds. Above that, the charge was five
cents for each additional pound.

Twelve year later, in 1926, Congress passed a land-
mark piece of legislation, the Air Commerce Act, from
which our industry traces the beginning of scheduled
air service as a continuing and increasingly important
part of this country’s national life.

The 1926 Act gave national impetus to the develop-
ment of commercial aviation in the United States,
assigning to the Department of Commerce responsi-
bility for regulating and fostering development of a
commercial airline system. As a result, airline opera-
tors now saw the prospect of profit in transporting
people. Before that, the few people who did fly often sat
on top of mail sacks.

Aviation writers have written volumes about the de-
velopments in commercial aviation that have occurred
since passage of the Air Commerce Act of 1926. One
way of compressing the highlights of this history into a
few words is to take a quick look at the two evolutions
that have characterized our industry: the evolutions in
aircraft productivity and in improved service.

As appliers of technology, airlines and airframe and



. |
+ Pibi

i

' s [ _’1 |
e n-'t-i' Rt g
;> s ¢ 2

engine manufacturers have worked together in intro-
ducing generations of new aircraft that were faster,
had greater range and more capacity than the airliners
they replaced.

DC-3—First Modern Airliner

The DC-3, introduced in 1936, was the first really
modern airliner and the first one that could transport
people at a profit. It dominated the world's air routes
for more than a decade. This 21-passenger aircraft,
cruising at 180 miles an hour, required 17 hours and at
least three stops on a trip across the United States.

A few years after the end of World War Il, aircraft
such as the Douglas DC-6, the DC-7, the Boeing Strato-
cruiser and the Lockheed Constellation increased air-
liner speed to more than 300 miles per hpur and
aircraft range to 3,000 miles. This made possible non-
stop trans-continental flights in 10 hours. Trans-Atlan-
tic flights were being made in about 12 hours, down
from 25 hours a decade earlier.

Later in the 1950’s another boost in aircraft prpduc-
tivity was provided by the turboprops. Thgse anrc_:raft
formed a short but significant technological bridge
between the piston-powered planes and the turbojets.

The most significant advance in airliner productivity
occurred with the introduction of the commercial jets
in 1958. The jets doubled airliner speed and capacity.
The wide-body jets—the Boeing 747, the Lockheed
L-1011 and the McDonnell Douglas DC-10—took the
productivity evolution a step further.

The evolution in airline service to passengers and
shippers has produced some innovations that have
become part of the American way of life. Airlines
pioneered the credit card, invented the flight attendant
and greatly advanced the supermarket concept of
travel services by providing for a rental car, hotel, and
sightseeing tours for a passenger at the same time he
or she reserves an airline seat.

~ Ataa cost of hundreds of millions of dollars invested
in ;omputers and other sophisticated equipment, the
airline industry has produced for passengers and ship-
pers the most advanced reservation system in all of
transportation. A passenger or shipper can visit or
phone .the office of one airline and arrange service to
any point served by that airline and most other airlines
throughqut the world. About 80 per cent of these
reservations are made by phone—through switchboards
open 24 ljours a day, every day of the year.

The Price tag for innovation in service and in more
productlvg .aircraft has been high. For example, the
r‘::gj::: airliner fleet of about 2,200 of the world's most
&F Teitre tCho\;-lmmercnql .anrcraft represents an investment
fam 16 The 203;11S2u billion. Bu't the cost of air transportg-
the €conomy. mer remains one of the best buys in
uIeDdeZFi)rlt?rzn the ad\(ance_s that have occurred in sched-
doubled se?S-portat'OH since 1948—speed more than
the aver’age V'C.e more corqfqnable and convenient—
only about 22pnce - an airline ticket has increased

Per cent in these 27 years. Prices gen-

erall
riseny’1 3:33 reflected by the Consumer Price Index, have
Per cent in these same years.

Role in National Life

inrfi)c\)/r:il:)nr:serh\;avlue’ .‘technc?logical advar]ces and servipe
grained role in ?hglven air transportatnpn a Qeeply in-

’ e fabric of national life. It is well to
assess .thIS role, in its transportation dimensions as
well as in its economic and social dimensions.

® The U.S. scheduled airlines now account for almost
80 per cent of this country’s intercity passenger miles
of public transportation and for about 95 per cent of
such travel between the U.S. and points abroad.

e Modern air service has broadened the jet set from
the glamarous few of yesteryear to the people next
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door. And among the more than 200 million passengers
flying annually with the airlines are some of the world’'s
most talented people in science, medicine, business
and arts—people using the speed of air travel to make
their talents available to more people and in more
places than ever before.

e The airlines now move about eight out of every
ten pieces of intercity first class mail, about 16 billion
pieces annually.

e The air freight industry, increasing its volume by
more than 275 per cent in the past decade alone,
delivers substantial quantities of high-value goods to
other industries and to retail customers, and rushes
life-saving pharmaceuticals to some 3,000 hospitals
and medical research facilities throughout the country.

e The airline system in this country now serves a
network of 58,000 city pairs. This is the combination of
city pairs between which a passenger, a letter or a
freight shipment can move via scheduled air service.

e The airline industry makes many of its long-range
aircraft available to support the nation's military aircraft
capabilities in time of need.

e The airline industry, a substantial employer in its
own right, with a work force of some 300,000, supports
a much larger work force through the billions of dollars
the industry invests in capital goods in the major air-
frame and engine manufacturing companies and among
their subcontractors, large and small, throughout the
country. More than 70 per cent of the commercial
planes flying the air routes of the world were built in
this country. First ordered by U.S. airlines, these air-
craft are a most important element in the nation’s
export sales.

e Air transportation helps make possible a major
portion of the $60 billion tourism industry in the United
States.

REVENUE PASSENGER MILES
U.S. SCHEDULED AIRLINES

Billions of
Passenger Miles

200
- 163
150
100 el
50 - Bt ]
e
1947 1955 1965 1974

) A YEAR

Serious Challenges

This brief summary of the
uled air t [ ’ g -
pansion in the ¢ f !
the national econon
taken for granted
scope and c«
be taken for granted—unles
ful In overcoming two ser |

The most immediate haller t
pressures that have combined ! f i )
industry in financial difficullic Tt f
these cost pressures comes from the soaring cost of
jet fuel.

The second challenge, now 1n the leqgislative pro-
posal stage, arises from dem; f radical r re
turing of the airline ndustry a dismanthing of the
regulatory framework that has helped produce the

finest air transport system the world has ever known

The impact of skyrocketing fuel costs on the
is pointed up in the fact that the price of jet fuel was
running about 12 cents a gallon for this country’s air-
lines in April, 1973, when fuel accounted for about 12
per cent of direct operating costs.

Now the U.S. airlines are paying, on average, about
29 cents per gallon, and fuel accounts for about 20
per cent of the industry’s direct operating costs. Each
penny increase in the price of a gallon of jet fuel
increases the airline industry's annual fuel bill about
$100 million.

In 1973 the airlines launched comprehensive pro-
grams of fuel conservation, and consumed a billion
gallons less fuel in 1974 than in 1973; but their fuel bill
increased by more than a billion dollars. The fuel bill
increases continued in 1975 at the rate of about $1.4

million a day.

airhines
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Deregulation Problems

If the airhne industry fuel price problem has im-
“ aerospace industry. the same is true of the
fx!“ ‘ yjulation would create in making it nearly
;m:‘; yssible to determine future needs for commercial
aircraft

An uncertain and unstable airline market entry and
exit environment would be far from conducive to the
long and costly process of developing new airc.raft.
f‘.dar:,u.‘nctururs "1.'.5urci find 1t difficult, if not impossible,
to make meaningful plans. Similarly. the airlines WOU.Id
find it difficult, if not impossible, to find the financial
resources for new aircraft because heretofore meap-
ingful route franchises, which have provided the basic
foundation for securing capital, would be severely
downgraded by market entry and exit instability.

Deregulation is proposed as a magic elixir to lower
the price of air transportation. No deregulation scheme
yet proposed addresses itself to the key elements
going into the price of air transportation—the costs of

providing the service. If total deregulation occurred
tomorrow:

e The price of jet fuel would not go down.

Skilled airline employees would not work for lgss.
Airport operators would not lower their landing
fees. _
Nor would other suppliers of goods and services
to the airlines lower their prices.

The one thing that would go down would be the
widespread availability of airline service.

The most far-reaching deregulatory proposals appear
to be grasping at anutopian shadow, at the risk of
losing the substance—in this case the substance of
the best air transport system in the world._

Fortunately, there is growing awareness in Congress
and in communities throughout the nation of the need
to preserve and strengthen the scheduled air trans-
portation system. There is, of course, recogmtnqn that
some changes in the regulatory process are desirable,
such as streamlining procedures to combat “regulatc_)ry
lag.” But it is essential that no actions are taken which
would degrade the air transportation system. .

The first 50 years of scheduled air tranqurtatlpn
have demonstrated the capabilities of the airline in-
dustry to accept and overcome great challenggs and
to embrace and fulfill ever-expanding opportunities for
service to the nation.

At this birthday observance, the men and women of
the airline industry, with their many partners in traps-
portation progress, look forward to another exciting
50 years ahead, filled with new challenges and new
opportunities.
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MANUFACTURING
MEMBERS

Abex Corporation
Aerojet-General Corporation
Aeronca, Inc.
Aeronutronic Ford Corporation
Avco Corporation
The Bendix Corporation
The Boeing Company
CCI Corporation
The Marquardt Company
Chandler Evans, Inc.
Control Systems Division of
Colt Industries Inc.
E-Systems, Inc.
The Garrett Corporation
Gates Learjet Corporation
General Dynamics Corporation
General Electric Company
Aerospace Group
Aircraft Engine Group
General Motors Corporation
Detroit Diesel Allison Division
The B. F. Goodrich Company
Engineered Systems Co.
Goodyear Aerospace Corporation
Heath Tecna Corporation
Hercules Incorporated
Honeywell Inc.
Hughes Aircraft Company
IBM Corporation
Federal Systems Division
ITT Aerospace, Electronics, Components
& Energy 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 Aerospace
McDonnell Douglas Corp.
Menasco Manufacturing Company
Northrop Corporation
Pneumo Corporation
Cleveland Pneumatic Co.
National Water Lift Co.
Raytheon Company
RCA Corporation
Rockwell International Corporation
Rohr Industries, Inc.
The Singer Company
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.
Spectrolab
Thiokol Corporation
TRW Inc.
United Technologies Corporation
Western Gear Corporation
Westinghouse Public Systems Company



AEROSPACE INDUSTRIES ASSOCIATION
1725 De Sales St., N.W., Washington, D. C. 20036

RETURN REQUESTED

Revenue passenger miles flown by U.S. scheduled airlines jumped from 8 billion in 1947 to 163 billion )
ishing increase of nearly 2,000 percent. (See Air Transportation — Accomplishments, Challenges, Opportunities




- N A e s e e e b g 2 Wt
e R~ A . T e e e
e o ey
T e < e et

% i S 01 e,

ST A v b S e h A e e s e o e
D Y A A - =
e ot e o & e
. e o -




