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THE INDUSTRY

FURTHER ADJUSTMENT to technological
change and a continuing increase in the
rate of change marked the year 1960 for the
acrospace industry, but despite the across-the-
board shifts required to meet the demands of
technolf)g‘ical progress the industry scored not-
able gains during the year.

The year saw a highly successful American
space exploration program, and industry’s con-
tributions to the program in ‘‘hardware”’ and
technical services GX};anded considerably over
the previous year. New missiles were turned
over to the operating armed forces and refine-
ments were made to a number of existing types.
Production of manned aircraft and associated

equipment, however, continued to be the major
portion of the industry’s workload.

Aerospace Industry Association
that 1960 sales would total about $11 billion,
approximately the same as 1959, with increased
missile and space activity offsetting a decline
in production of military aircraft, which
dropped to 1,200 units in 1960 from 1,700 in
1959. At the same time, expenditures for missile
production rose to $4.1 billion.

Sales of commercial aircraft, engines, propel-
lers and parts were estimated by AIA at about
$2.2  billion, compared with $1.7 billion in
1959. The estimate of total commercial aircraft

estimated
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production, including helicopters, was placed
at 8,000 units, slightly lower than 1959’s 8,242,
Year-end backlog for commercial turbine-
powered transports alone was well over the
billion-dollar mark.

A survey of nine major airframe companies,
whose sales and earnings generally parallel
those of the industry as a whole, indicated that
the year’s sales would show a slight increase
over 1959, but that earnings would continue
at the level of 2.4 per cent. The steady decline
%n industry backlog which had been evidenced
In previous years was halted during 1960. As of
September 30, the companies had $12.5 billion
in backlog, an increase of $400,000.000 from the
start of the year.

Exports of both civil and military aircraft
climbed during 1960. During the first seven
months of the fiscal year, an increase of 33.8
per cent was noted over the same period in
1959, reversing a declining trend in the years
1956-59.

Employment, however, continued to drop. At
year-end it was down to 640,000 from approxi-
mately 700,000 at the start of the year. Average
hourly wages increased from a 1959 annual
average of $2.62 to $2.73 in September, 1960.

The contributions of the individual com-
panies to aerospace progress in 1960 are de-
tailed in the pages that follow. L |
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AIRFRAME, ENGINE AND MISSILE MANUFACTURERS

AERO COMMANDER,
INCORPORATED

DURING THE YEAR, the former Acro De-
sign and Engineering Company changed its
corporate name to Aero Commander, Inc., “to
simplify corporate identity and to more closely
associate the company with the product itself
which has won world-wide acclaim for the Acro
Commander name.”

Four new models of the Aero Commander
were announced at the 1960 International Dis-
tributor Meeting at the Bethany, Okla., factory.
The new models were:

The Aero Commander 500A, powered by two
260 horsepower Continental 10-470-M fuel in-
jection engines, with a cruising speed of 217
miles per hour and a range of 1,800 miles.

The Aero Commander 500B, powered by
twin 290 horsepower Lycoming 10-540 engines,
which cruises at 218 miles per hour and ranges
1,250 miles.

The 560F, powered by Lycoming 350 horse-
power I1GO-540 engines, which has a cruise
speed of 232 miles per hour and a range of
1,500 muiles.

The 680F, which cruises at 244 miles per
hour and has a maximum speed of 290. It is
powered by Lycoming IGSO-540 engines of 380
horsepower each.

A company highlight of 1960 was an altitude
record of 37,010 feet for Class C-1.d (aircraft in
the 3,858 to 6,613 pound class), set by Miss
Jerrie Cobb in an Aero Commander model
680F on September 20.

AEROJET-GENERAL CORPORATION

DURING 1960, Aerojet-General Corporation
was actively involved in more missile and space
projects than any other U.S. rocket firm. The
company’s sales total was $412 million, com-
pared to $364 million in 1959. Solid rocket
motors accounted for 54 per cent of sales and
liquid fueled engines for 24 per cent. The re-

m.amder comprised varied projects associated
with rocketry or defense.
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Acrojet continued work on two-stage liquid
propulsion systems for the Titan ICBM and
the two-stage solid fuel power plant for the
Polaris. At the same time it was active in de-
veloping liquid rocket engines for Dyna-Soar
and the solid fuel second-stage for Minuteman.
Aerojet’s new Spacecraft Division developed the
Able-Star that put two satellites into orbit si-
multaneously. Aerojet also was providing pro-
pulsion for the Hawk, Tartar, Genie and other
weapons systems. Development work progressed
on Skybolt power plant. The company’s infra-
red system furnished the eye of the Midas re-
connaissance satellite.

The company also was engaged in plastics,
nucleonics, ordnance, anti-submarine warfare
and chemistry. Aerojet’'s Aerobee sounding
rocket series was the most extensively used
rocket during the year for upper-atmosphere
research. Its AETRON Division, specializing
in the design and construction of space-age
launching complexes, industrial building and
auxiliary services, worked on more than 500
contracts ranging from $10,000 into the millions.

Late in December, AETRON, associated with
two San Francisco firms in a joint venture
known as AETRON-BLUME-ATKINSON,
was selected by the AEC to do architect-engi-
neer-management work on a proposed $100,-
000,000 nuclear electron accelerator to be lo-
cated at Stanford University. This will be the
most advanced device of its kind in the free
world and will take five to six years to complete.

Construction and plant acquisitions during
the year brought Aerojet’s total plant facilities
to $150 million. New buildings included the
largest chemical laboratory in the industry as
well as an engineering building which doubled
the previous engineering facility at Azusa.

Rocket power from Aerojet’s Liquid Rocket
Plant and the Solid Rocket Plant helped chart
the United States path to the future. Solid
fueled motors for the Navy Polaris A-1 provided
the push as the fleet ballistic missile was launch-
ed for the first time from the submerged U.S.S.
George Washington, and an improved first-
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motor, Aerojet engineers compressed the normal
two-stage booster and sustainer into one
compact unit, thereby producing a true dual-
thrust solid rocket motor.

Aerojet’s Avionics Division conceived the
techniques and manufactured the infrared de-
tection equipment of the Midas payload in
cooperation with Lockheed.

Aerojet-General also provided two solid pro-
pellant rocket motors for the Air Force 609-A
(Blue Scout) high environmental testing ve-
hicle, representing the broad span of solid
rocketry from the powerful booster type engine
to a finely-tuned motor specifically designed for
top performance in space.

In mid-1960, Aerojet purchased a controlling
interest in Space Electronics Corporation,
Glendale, California, from Pacific Automation
Products, Inc. Space Electronics’ considerable
technical capabilities in the field of communi-
cation and guidance were expected to supple-
ment the work of Aerojet’s Spacecraft Division.

Work got under way during the yecar at
Aerojet-General Corporation to provide pilot
control of Titan ICBM engines, one of the
major modifications leading to wuse of the
engines in the Air Force man-in-space Dyna-
Soar program. Aerojet also began study of a
new Mach-b Spacecraft.

Aerojet’s Anti-Submarine Warfare Division
began production of the Hydrocket during the
year. The Hydrocket, a new water jet engine,
will propel future boats at speeds never before
thought possible. Theoretically, there is no
limit to the speed that can be reached by vessels
of any size using the Hydrocket, providing they
have the proper hull design. In addition, the
ASW Division was working at top speed on a
multimillion contract from the Navy to develop
and produce a new high-speed torpedo of radical
design.

In 1960 new applications for JATO (take-
off assist and in-flight thrust augmentation)
rockets were developed. The devices were made
operational equipment by several additional
manufacturers of commercial and private air-
craft. Aerojet has produced more than 800,000
JATO units in past 18 years.

Acrojet-General is a subsidary of The General
Tire and Rubber Company of Akron, Ohio.

AEROSPACE CORPORATION
AFEROSPACE  Corporation, a new force
engaged In accelerating the advancement of
space science and technology, was formed in
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June 1960, to serve the Air Force in the scien-
tific and technical planning and management of
misstle-space programs.

The immediate mission ol Acrospace Corpor-
ation was “to aid the United States Air Force
in applying the full reservoir of modern science
and technology to the problem of achieving
those continuing advances in ballistic missiles
and military space systems which are basic to
national sccurity.”

3y the terms of its charter, Acrospace Corp-
oration shall “engage in, assist, and contribute
to the scientific activities and projects for, and
perform and engage in rescarch, development
and advisory services to and for, the United
States Government.”

The establishment of the new non-profit pub-
lic service corporation was announced at a con-
ference in Inglewood, California, on June 25.
The announcement followed the organization
meeting of the corporation’s eleven-man Board
of Trustees, representing  a cross-section  of
leaders from the ficlds of science industry, gov-
ernment administration and education.

In July, Roswell L. Gilpatric, Chairman of
the Board of Trustees announced the appoint-
ment of Dr. Ivan A. Getting, as president of
Aerospace Corporation. Prior to his resignation
to accept the presidency, Dr. Getting was vice-
president for engineering and rescarch ol the
Raytheon Company. Dr. Getting assumed the
position as chiel executive on August 1.

A milestone of major significance in the prog-
ress of the corporation, was announced by Dr.
Getting on September 20, of a complete slate of
officers. Providing leadership are: Allen F. Don-
ovan, senior vice president, technical; Jack H.
Irving, vice president and general manager,
Systems Research and Planning; Idward J.
Barlow, vice president and general manager,
Engineering Division; and Dr. Chalmers W.
Sherwin, vice president and general manager,
Laboratories Division.

The balance of the officer complement 1n-
cludes William W. Drake, Jr., vice president,
administration.

The non-profit corporation was not chartered
to enter manufacturing or production of hard-
ware.

At the end of the year Aerospace Corporation
was fully operational and employment totaled
1500 technical and administrative staft. Highly
selective recruiting continued.

Typical systems projects included: advanced
ballistic missiles; advanced military space boost-
ers; recoverable boosters and satellites; space
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Another project of great importance is the
AERL drag brake system for re-entering satelli-
tes. This represents one facet in the extensive
program carried on at the Laboratory toward
continuously better understanding of atmos-
pheric re-entry and its practical implications.
It was early work at AERL that produced the
first answers in the solution of the re-entry
program. The system employs a drag brake
device resembling an upside down umbrella
to control a satellite’s orbit and lower it to
earth. The drag brake is the simplest method
of satellite recovery.

Basic research was underway during 1960
in the application of magnetohydrodynamics
(MHD)—the interaction of an ionized gas with
a magnetic field—as a possible method of space
propulsion. The Laboratory also conducted an
extensive program in monitoring incoming re-
entry vehicles downrange. This work, using
optical and electronic equipment was contribut-
Ing to two goals—the development of improved
re-entry vehicles and the study of possible de-
fense measures against enemy missiles.

RESEARCH AND ADVANCED DEVELOPMENT
DIVISION

The Research and Advanced Development
Division, Wilmington, Mass., held prime con-
tracts for the development of re-entry vehicles
for the Titan and Minuteman ICBMs. RAD-
developed re-entry vehicles were also being
flown on some Atlas ICBMs. In conjunction
with this important work, RAD-staff Avco-
Florida Missile Test Station at Cape Canaveral
during the year conducted an extensive series
of re-entry vehicle test flights aboard both
Titan and Atlas. The flight test program in-
cluded the following:

January 26, 1960. Avco re-entry vehicle flown
downrange from Cape Canaveral on first flight
aboard USAF Atlas ICBM.

February 24, 1960. Avco advanced design re-
entry vehicle impacts near the South Atlantic
island of Ascension, and data capsule is re-
covered following flight on USAF Titan ICBM.

March 22, 1960. Second flight success for
Avco advanced vehicle flown on Titan. Also,
second consecutive recovery made of data cap-
sule bringing back taped data recorded during
“blackout” phase of re-entry.

April 21, 1960. Third straight re-entry suc-
cess reported for Avco R/V in Titan flight.
Data cassette recovered.

May 13, 1960. Another advanced design Avco
R/V passes Titan flight test. Data cassette re-
covered.
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May 27, 1960. Aboard Titan, successful.

June 24, 1960. Aboard Titan, successful. Data
cassette recovered.

August 10, 1960. Aboard Titan, successful.

August 30, 1960. Aboard Titan, successful.

September 16, 1960. Aboard Atlas, successful.

September 28, 1960. Aboard Titan, success-
ful. Data cassette recovered.

September 29, 1960. Aboard Titan, successful.
Data cassette recovered.

October 7, 1960. Aboard Titan, successful.
Data cassette recovered.

RAD was also developing a flight test pro-
gram at Cape Canaveral for the Minuteman
ICBM.

In October the RVX-1 re-entry vehicle—the
first ICBM re-entry vehicle to be recovered
after a flight at the full ICBM range of 5,500
miles—was presented to the Smithsonian In-
stitution in Washington, D. C. This vehicle
was protected during re-entry by Avcoite, an
ablative ceramic material developed at the Avco
Everett Research Laboratory and Research and
Advanced Development Division.

The division’s materials program was de-
veloping an entirely new series of high temper-
ature materials based on plastics and ceramics.
One of these, Avcoat, was being sold in large
quantities. Another program at RAD was the
development of rocket nozzles using exotic
materials for advanced-design solid propellant
muissiles.

There was also a comprehensive program
underway in electric arc jet technology, in-
cluding arc research, application of arc jets as
materials testing tools, as an industrial spray
coating device and as a space engine.

During the summer of 1960 RAD announced
an electric arc jet engine weighing only 314
pounds, being developed to propel vehicles in
space. The miniature power plant was oper-
ated in the laboratory continuously for two
days producing 34 of a pound of thrust. The
engine eventually will produce power to move
satellites about in space for a period of several
months.

RAD was also working on a re-entry vehicle
for a Mars probe in conjunction with the Mass-
achusetts Institute of Technology. Under an-
other program, RAD will develop a re-entry
heat shield for a satellite being developed by
Lockheed Aircraft.

The division during the year established an
industrial products subdivision to serve as a
marketing vehicle for product lines as part ot
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the division’s efforts to find new tools for usc
in its re-entry programs. Among the industrial
products being marketed were arc jets, shock
test machines, high speed photographic equip-
ment and other environmental devices.

ELECTRONICS AND ORDNANCE DIVISION

In 1960 Avco Corporation changed the name
of its Crosley Division to Electronics and Ord-
nance Division. The change reflected the work
done by the division which 1s engaged almost
entirely in the design, development and pro
duction of electronics and ordnance items for
the armed services.

During the year, the Electronics and Ord-
nance Division received prime contracts on
highly classified ordnance items, missile range
safety devices, and a new mobile transistorized
communications system, the AN/VRC-12,

The division also continued and expanded
its work in the infrared field, conducting “state-
of-the-art” research into systems and concepts.

The Electronics and Ordnance Division also
was involved In air traffic control, radar and
human factors engineering.

NASHVILLE DIVISION

Avco’s Nashville Division was engaged dur-
ing 1960 in manufacturing tail and wing
structural parts made of aluminum honeycomb
for the Convair 880 and 990 jet transports. The
division was also producing aluminum tail
structures for the Lockheed C-130 turboprop
transport used by the Air Force.

In addition, the Nashville Division held a
contract with North American Aviation, Inc.,
to provide sections of the aft fuselage and some
of the bulkheads for the B-70 Valkyrie bomber.

During the year, the division announced
that it had developed a new and more econo-
mical method for producing stainless steel
honeycomb. Known as the Avcoramic tooling
method, the new technique makes possible the
production of very large pieces of stainless
steel honeycomb in almost any shape or size
and to exacting specifications.

Stainless steel honeycomb 1s used where high
heat resistance and high strength-to-weight
ratios are required, such as high Mach air-
craft and missiles of the future.

LYCOMING DIVISION
Missile activities were stepped up consider-
ably during the past year by the Lycoming
Division, which at the same time expanded de-
velopment and production of its outstanding
lines of reciprocating and gas turbine aircraft
engines.
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The Division’s .aissile activity was centered
in its Stratford, Connecticut plant where work
proceeded on nine different programs involving
eight different missiles. The Stratford plant also
expanded both its T53 and THd gas turbine
programs, while the Williamsport, Pennsyl-
vania facility pioneered further advances in
“small” reciprocating engines for the utility air-
cralt fleet.

Highlighting Lycoming’s missile work was
production of re-entry vehicles for all three of
America’s intercontinental ballistic missiles—
the Titan, Atlas and Minuteman. Mark IV
vehicles for Titan and Atlas were the first to
enter production, followed by Mark V vehicles
for the solid-fuel Minuteman.

All of these re-entry vehicles are of the high-
speed ablation type, as contrasted with the
earlier blunt-nosed heat sink models which
re-enter the atmosphere at slower speeds. The
Stratford plant developed suitable production
techniques for the advanced ablation heat
shield materials which are employed.

Numerous intercontinental range test firings
of Lycoming-built re-entry vehicles were made
from Titan and Atlas missiles during the year.
The first Minuteman test flights were scheduled
for 1961.

Other missile programs included production
of rocket chambers for second and third stage
Minuteman and second stage Polaris, all under
subcontract with Aecrojet-General Corporation.
Several hundred of these chambers have been
produced by Lycoming, with not a single fail-
ure during hydrostatic testing.

In addition, Lycoming was also manufactur-
ing Nike-Hercules nose cones, Talos diffusers,
Bullpup center sections, and Saturn bulkheads.

In the gas turbine field, two additional
models were placed in production—the 960 shp
T53-L-> and the 2200 shp T55-1.-5. This
brought to four the number of gas turbines
being produced at the Stratford plant, the
others being the T53-1.-1 and the T53-L-3 rated
at 860 shp and 960 shp respectively.

The T53-L-5 will power the Bell HU-1B
Iroquois, while the T55-L-5 is for the Army’s
three ton Chinook helicopter now being devel-
oped by Vertol Division of Boeing. The latter
engine passed its 50 hour preliminary flight
rating test in April, a month ahead of schedule,
and deliveries to Vertol commenced in August.
Its 150 hour qualification test was completed in
September. With a weight of 570 pounds, the
TH5-1-5 provides a power-to-weight ratio of
3.87, the highest of any engine in its class.
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Lycoming also received a contract calling
for development of two more powerful versions
of the T53. The engines are designated T53-1.-7
m turboprop configuration and T353-L-9 in
helicopter configuration. Both are rated at 1100
shp, and are scheduled to be in production
carly in 1961. The helicopter engine will be
used in the advanced Bell HU-1D and the Bell
204 B, commercial version of the Iroquois. The
turboprop’s first application will in the Grum-
man AO-1, currently powered by the T53-L-3.

Weight of the T53-L-9 is 485 pounds.
Iquivalent specific fuel consumption is .652
and output shaft speed is 6610 rpm at takeoft.
The Lm'h()prop engine weighs 522 pounds
complete and has an equivalent spectfic fuel
consumption ol .G41. Propeller shaft speed at
takeoff 1s 1700 rpm. Both engines ncorporate
the Lycoming “universal” concept which allows
for complete imerclmngeabili[y ol parts except
for the reduction gcar.

Further growth models of the T33 up to
1400 shp are in the advanced planning stage.

The pace-setting T53-1-1, meanwhile, played
a major role in the establishment of eight world
records for helicopters. Seven assorted marks
for Speed, distance and rate of climb were set
by a Bell HU-1A, while a Kaman H-43B
Huskice climbed to a new altitude record of al-
most 30,000 feet. Four of the eight records were
previously held by Russian helicopters.

The T53-1.-1 was awarded commercial certi-
fication by the FAA in June, receiving certifi-
cate number 1E-6. Commercial designation of
the engine is LTC1B-1. Lycoming has also sub-
mitted qualification data on the TH3-L-3 and
T53-L-5 to the FAA.

On the 1‘Cciprocating engine side, Lycoming’s
Williamsport plant continued development of
several new models for fixed wing, helicopter
and drone applications.

The first of these new engines to be intro-
duced was the 10-540, a six cylinder fuel 1in-
jection model rated at 290 horsepower. The
10-540 was awarded certificate number 1E-4 by
the FAA. Its first use is in the new Aero Com-
mander 500B.

Also certificated by the FAA, receiving certifi-
cate number 1E-7, was the 380 horsepower
IGSO-540. First installation for this geared,
supercharged model is in the Aero Commander
680F. Soon after certification, a pair ol IGSO-
540’s powered a 680F to a new world altitude
record for class C-1.d aircraft of 37,010 feet.

A third model in this serics, a normally
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aspirated geared version, was also nearing
certification and was scheduled for use in the
Aero Commander 560F.

Another new development was the IMO-360-
B1B engine, designed specifically for drone ap-
plications. Rated at 230 horsepower, the engine
powers Aerojet-General’s SD-2  surveillance
drone.

Other developments undertaken by Lycom-
ing included turbo-supercharging of existing
engines for improved high altitude perfor-
mance in both helicopter and fixed wing ap-
plications. Turbo-supercharged engines were
expected to be available to airframe manu-
facturers in 1961. Work also proceeded on the
IGSO-720, an eight cylinder fuel injection,
geared and supercharged engine that develops
520 horsepower.

Progress was made in the company’s mechani-
cal constant speed drive program, featuring
receipt of the first production contracts. The
mitial contract called for a number of LG3-1
gear boxes, incorporating a 40 KVA constant
speed drive, for the Air Force’s Lockheed RC-
121 aircraft.

Production also started on 15 KVA LDG6-1
drives for the Navy’s Douglas A4D5 aircrafe,
and the L.S1-1 AC-DC power system for the Re-
public SD-4 Swallow surveillance drone. The
LS-1 system incorporates a scaled down version
of Lycoming’s L.D3-3 20 KVA drive. As part
of the Air Force HotElect program, the com-
pany also delivered initial prototype units of a
high temperature 40 KVA drive to North
American  Aviation Corporation. Designated
as model XLD4, this drive and its entire elec-
tronic system were designed by Lycoming to
perform satisfactorily with system components
at ambients from —65 degrees F to 600 degrees
F.

An entire family of mechanical drives rang-
ing from 10 to 120 KVA was being developed
by Lycoming, including some designed for in-
dustrial and automotive applications.

Lycoming also performed a number of sub-
contract jobs for other aerospace companies
during the year, including production of main
frames for the Republic F-105, missile launch-
ing rails for McDonnell jet fighters, and rotor
hub assemblies for Vertol Division of Boeing.

The company also continued its develop-
ment activities in the amphibious hydrofoil
vehicle field and achieved exceptionally favor-
able results from an extensive test program of
the famed “Flying Duck.”
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stantially the total number of Beechcraft cer-
tified sales and service centers throughout the
free world.

In addition to commercial and military pro-
duction of hardware, Beech in 1960 made im-
portant contributions in the fields of product
development and space research. For example,
at its Boulder (Colorado) Division, the company
placed in operation the only “‘transient heat
laboratory” of its kind in America—a unique $S1
million facility capable of thermal testing liquid
hydrogen fuel systems.

Erected under an Air Force contract, the
heavily instrumented heat tower ground-tests
complete cryogenic fuel systems in an environ-
ment simulating rapidly changing temperature
extremes encountered by rockets and missiles
in high velocity flight through the atmosphere.

Construction of a new Boulder Division
headquarters building on the company’s 1,50_0-
acre tract north of Boulder was completed m
June. It now houses all division engineer-
ing and administration offices. A pioneer n
cryogenic engineering, Beech 1n 1960 con-
ducted production environmental tests of Atlas
and Titan ICBM propulsion system com-
ponents. These tests simulated conditions of
vibration, temperatures and pressures produced
in flight.

Aerospace programs at Boulder during .tllC
year embraced missile component testing,
cryogenic engineering and space vehicle pro-
pellant system design studies. The \York -
volved contracts with the armed services and
other manufacturers and agencies concerned
with advanced weapon systems and space
technology. Projects included preparation of
an advanced design proposal for the Saturn
man-in-space program. .

In May the Army announced that 1t h.ad
ordered a substantial quantity of new twim-
engine Beechcraft 1.-23F multi-purpose com-
mand transports. Initial units delivered under
an earlier contract were in Army service in the
U.S. and Europe. Farlier in the year the
Federal Aviation Agency acquired its second
L-23F for use in FAA’s continuing program of
inflight evaluation of its air trafic control
system.

Also in May the Army awarded Beech an
order for additional RL-23D Seminole aircraft
incorporating new side-looking airborne radar
(SLLAR) combat surveillance systems. Beech in
1960 continued to build new RL-23D aircraft
and modify existing L-23D Seminole transports
to the SLAR configuration. Army RL-23Ds
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previously modified by Beech were carrying out
radar observation and radar photographic mis-
sions in the U.S., Far East and Europe.

First flight of the new Beechcraft PD 75-4-1
remote-controlled missile target was completed
successfully in September at the White Sands
Missile Range in New Mexico. Similar in con-
figuration to the Beech-built KDB-1 opera-
tional with the Navy and Army, the PD 75-4-1
mounts a new Continental 145 horsepower
four-cylinder engine, as compared with the Mc-
Culloch 120 horsepower engine that powers the
KDB-1.

Privately financed under a research and de-
velopment program sponsored jointly by Beech
and Continental Motors, the PD 75-4-1 1s de-
signed to improve performance of the basic
KDB-1 target with no increase in unit cost.
Other economic benefits are realized because
the PD 75-4-1 is compatible with existing KDB-
1 ground support equipment and many parts of
the two vehicles are interchangeable.

The company in July received a $3 million
Army contract for a large quantity of Beech-
craft Model 1025 missile targets, a slightly
modified KDB-1 system which was originally
developed for the Navy. Deliveries under the
new order were scheduled to begin in February,
1961. The Army also placed a $1.4 million
Qrder for additional KDB-1 targets, supplement-
Ing an earlier $1.5 million contract. Production
of Navy KDB-1 missile targets also continued
through 1960.

At year-end final preparations were being
made for the first powered flight of the super-
sonic XKD2B-1 rocket-powered missile target,
n development for both Air Force and Navy.
Scheduled to become operational in 1962, the
600-pound XKD2B-1 (USAF designation Q-12)
will simulate the radar appearance and perfor-
mance of enemy threat aivcraft. It will fly twice
the speed of sound and at altitudes as high as
70,000 feet or more.

Production of aft fuselage sections and
ailerons for the USAF Republic F-105 fighter-
bomber was continued through mid-1962 under
a new $7.7 million follow-on contract awarded
by Republic Aviation in August. The order
brought to $17 million the total dollar volume
of work assigned Beech thus far in connection
with the F-105 program.

Other important military projects announced
in 1960 included a $1 million Navy contract
for development of a high performance jet
fighter, ram-air driven inflight refueling system.
Beech during the year also turnished dummies,
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instrumentation and technical services for
rocket sled tests of B-58 seat ejection emergency
escape systems.

Beech in 1960 was engaged in over 100 dif-
ferent aerospace projects, including prime con-
tracts with the military and subcontracts with
other leading manufacturers, such as Convair,
Lockheed, Martin, McDonnell, North American
and Republic. Production during the year in-
cluded major assemblies and subsystems for
the F-101, F-104 and F-106 jet fighter-inter-
ceptors.

BELL AEROSYSTEMS COMPANY

BELL AEROSYSTEMS Company in 1960
celebrated its 25th anniversary and coincident-
ally experienced a radical change in organi-
zation.

In July the three companies representing the
defense business of Bell Aircraft Corporation
were purchased by Textron Inc., of Providence,
R. I. Among them was the Niagara Frontier
Division which was renamed Bell Aerosystems
Company to reflect the changing nature of the
industry. Bell Aerosystems, with Bell Heli-
copter Company of Fort Worth, Tex., and
Hydraulic Research and Manufacturing Com-
pany of Burbank, Calif., are now divisions of
Bell Aerospace Corp., a wholly owned subsidiary
of Textron Inc. The corporate offices are located
at the Bell Aerosystems Company plant near
Buffalo, New York.

Conforming to the industry shift from the
mass production of aircraft requiring large
manufacturing areas to specialized facilities,
Bell Aerosystems concentrated its efforts in one
modern main plant, retaining the ability to
support a large productive capacity and an ex-
tensive research and development activity as
well.

The Aecrospace-rockets division expanded
its production facilities for the highly reliable
Agena rocket engine which is being manufac-
tured for the Discoverer program and the Midas
and Samos early-warning and reconnaissance
satellites as well as the Ranger moon vehicle
and Mariner, planned for travel to Mars and
Venus. The DBell engine is adaptable to new
high energy fuels and is being continually
refined.

The company’s research in the area of high-
energy fuels for rocket engines has great import
for national defense. Having shown the prac-
ticability of fluorine as a rocket oxidizer, Bell
fired the first complete rocket engine using
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liquid fluorine and liquid hydrogen. paving the
way for the nation to double the payload capa-
city of present-day space and satellite vehicles.

More than 600 rocket firings were made dur-
ing Air Force sponsored programs initiated four
years ago to evaluate liquid fluorine when uscd
with ammonia and hydrazine as well as hydro-
gen.

Many of the components used in the fluorine-
hydrogen rocket engine are nearly identical to
those developed for current space and satellite
programs and demonstrate that present day ma-
terials, processes and systems can be adapted to
fluorine technology wunder conditions once
thought impossible.

Such rocket engines can now be combined
with present-day space propulsion systems to
show a signifitant reduction in size and weight
with no decrease in performance.

Bell successfully developed precise controls
to take the place of conventional control sur-
faces in the outer reaches of the atmosphere and
in the void of space. These small, chemically-
activated steam jets are being used in the ex-
perimental X-15, the Mercury manned-satellite
program, the Agena, Midas and Samos satellites
and the Centaur moon vehicle.

Bell organized a new research department
whose activities were being developed as a com-
pany-wide effort to lead an advance in major
arcas of aerospace development by defining
future requirements, maintaining adequate
scientific knowledge, and carrying out certain
advanced studies in individual problem areas:
propulsion, power, structures and materials,
space and vehicle dynamics, biosciences, con-
trols and instrumentation.

The company also was concerned with im-
proving man’s capabilities in space by augment-
ing his physical performance with artificial aids.
Studies were underway in the research depart-
ment on the use ol physical devices, the support
and augmentation of vision using conversion
devices which would allow spacemen to sce on
different wavelengths, and the retention of
images or the amplification of images received
from starlight or moonlit terrain.

Bell Aerosystems laboratories were also con-
sidering the practicability of limb-motion aids
and personal computers to extend to the future
man in space new ranges of freedom and sur-
vival enabling him to enter environments other-
wise inaccessible,

Bell’s “human engineers” also conducted
studies in the area of pilot comfort and efficiency
for manned flight within the atmosphere and
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from any point along the vast United States rail
network.

Completion of the Edwards program shifted
emphasis to Cape Canaveral, Fla., where the
first Minuteman untethered firing was sched-
uled for late 1960. Construction also was started
on a complete Air Force Minuteman launch
complex at the Boeing plant in Seattle, where
the complete weapon system will be tested to
determine the compatibility of the missile and
all support equipment. No missiles will be fired
from the site, however.

Assembly of the Minuteman will be accom-
plished at centrally located sites, under condi-
tions conducive to precision assembly and
checkout procedures. After assembly, the missile
will be transported as a fully checked out unit
to the operational site and installed as a unit.
Selection of Malmstrom Air Force Base, Mon-
tana, as the site ol the first Minuteman hard-
ened and dispersed launch complex was an-
nounced by the Air Force in March, and ground
was broken in September ar Hill ;\irL Force
Base, Utah, for an assembly facility to be oper-
ated by Boeing.

_f\lso still very much in the Boeing missile
picture, Bomarc production continued in Seat-
tle, both of the liquid fuel INM-99A and the solid
fuel IM-99B. The 100th IM-99A was delivered
to the Air Force in March and late in 1960
Bomarc bases were operational in five sites in
the United States.

Numerous successful test firines were 1€
ported during the year, includin; direct hits

on 1 SOni i -
»oth supersonic and subsonic targets.

‘The Bomarc has repeatedly demonstrated 1t
widespread capabilities gg an area defensc
weapon. In flight tests the missile has differen-
tiated between decoys and the assigned target
and carried out target re )
In these maneuvers
from their original

assignment maneuvers.
missiles were redirected

I )
, programmed targets U
secondary drones while ip mid-course ¢ruisc.
. The _111_9(1@1 B test programn, although 51.1(11
m 1ts mlancy as 18s1 esting 1 reasurce,
it AHCY a5 mussile testing is menst 1
mdicates a high probability of surpassing the
record attained by the “A” modecl. Included m
the flights of the “B”» were successful utercep-
tions of supersonic drone missiles and the
longest Bomarc flight to date for cither modecl:
a record of 345 miles,

In addition to the missiles slated for the test
ranges, nearly 180 tactical “A” missiles have
been delivered to the five Bomare bases now
operational with the Air Defense Command.
Tactical “"B” missiles also are moving off the
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production line at the Boeing Missile Produc-
tion Center in Seattle, destined for the eight
sites now under construction to handle this
advanced weapon in the United States and
Canada.

In another area of activity, one long asso-
ciated with aircraft and missiles, Boeing de-
cided in 1960 to design and manufacture an-
tennas as a separate Boeing product line.
Scientific, military and industrial antenna work
will be undertaken. An Antenna department
was formed to seek antenna business in the
fields of deep space tracking. radio telescope
observatories, early warning radar and other
large—scale, special purpose applications.

Branching into new fields, Boeing acquired
Vertol Aircraft Corporation, effective March 31,
and the Morton, Pa., firm became the Vertol
Division of Boeing Airplane Company. The
acquisition included two Vertol subsidiaries—
Canadian Vertol Aircraft Co. Ltd., of Arnprior,
Ont., and Allied Research Associates, Inc., with
Jaboratories at Boston and a weapons system
analysis group at Albuquerque, N.M. Both
became Boeing subsidiaries.

Earlier in the year New York Airways an-
nounced a contract to purchase a fleet of 10
twin-turbine Vertol 107 helicopters. Production
of these 25-passenger carriers was begun to meet
a delivery schedule of the first five by mid-1961.

Production also was started during 1960 on
the twin-turbine Vertol HC-1B8 Chinook heli-
copter which the Army has selected to replace
its current fleet of piston engine powered trans-
port helicopters. The initial contract for five
YHC-1Bs was supplemented in April for an
order for five HC-1Bs, bringing the value of the
contract to approximately $36,000,000. First
delivery was scheduled for 1961.

In July, the Royal Swedish Naval Admin-
istration signed an option agreement for 20
Vertol 107 Model II transport helicopters, with
deliveries due to begin in the fall of 1961. The
aircraft will be operated by both the Royal
Swedish Navy and the Royal Swedish Army.

During 1960 Vertol continued its flight test
programs of the Vertol 76 (Army VZ-2) tlt-
wing VTOL aircraft in cooperation with the
National Aeronautics and Space Administra-
tion. Studies in the broad field of VIOL and
STOL aivcraft continued. In September an
Army contract was received to continue a study
of an aircraft which would use the ground
effect phenomena as a means ol supporting the
plane at takeoft and landing, with wings pro-
viding acrodynamic lift while in cruise.
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The Vertol Division also announced plans
during the year to build a $2,000,000 engineer-
ing research and test facility on a 15-acre tract
adjacent to its present flight test facilities near
Philadelphia’s International Airport.

Another step in a new direction was taken
in June when Boeing received a fixed price con-
tract from the Navy to build a hydrofoil craft.
Length of the craft will be 115 feet with a full
load displacement of 110 tons. It will be pow-
ered by two 3,000-horsepower gas turbine en-
gines during foil operation.

Still another step to move in several other
directions was announced in September with the
formation of Boeing Associated Products within
the company. The company said it planned to
capitalize outside the aerospace industry on re-
search discoveries and manufacturing processes
which have potential commercial application. It
was stressed, however, that the new organiza-
tions’ major interest lies in the area of by-
products developed from Boeing effort and that
the company has no interest in the manufacture
or sale of products which it presently obtains
from outside sources.

In Seattle, research continued during the
year, highlighted in August by the dedication
of the new $2,250,000 Boeing Scientific Re-
search Laboratories which houses scientists con-
ducting basic research in the fields of mathe-
matics, flight sciences, plasma physics, solid state
physics and geo-astrophysics.

A number of research endeavors drew con-
siderable attention. These included a method of
producing white algae for use as food in space
travel, and a new type of altimeter designed for
increased accuracy at high cruise altitudes, de-
veloped by Boeing for high-performance mis-
siles and jet aircraft. Called a radioisotope den-
sity altimeter, the device measures radioactive
back-scatter proportional to atmospheric density.
Still another was an experimental ceramic
graphite-base material which spontaneously
forms its own protective coating against heat
and oxidization.

In the small gas turbine field, the Boeing
Industrial Products Division put new 400-500
shaft horsepower Model 520 engines into pro-
duction, and propeller tests began on the turbo-
prop 520 and a new 325 horsepower engine.
The 325-pound 520 (military T60) passed its
50-hour preliminary flight rating run in Sep-
tember and became the first free-shaft turbine
in its class to pass this test. It is designed for
helicopter use.

Boeing also received a contract for T50 gas
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turbines for use in the Navy's new anti-
submarine drone helicopter. Engines of 325-
horsepower rating also were installed in the
world’s first gas turbine powered fire trucks in
Seattle and San Francisco. ‘

Sales of gas turbine driven compressors used
for aircraft pneumatic ground support passed
the 200-unit mark during the year, with custo-
mers including 12 world airlines and four air-
craft service firms.

Boeing sales for the first nine months of 1960
totaled $1,202,225,628, with net earnings of
$16,167,061, or $2.03 a share. Sales for the first
nine months of 1959 had been $1,160,634,984
with net earnings of $8,276,239 or $1.06. The
Boeing Board of Directors discontinued the
annual stock dividend and changed the quarter-
ly cash dividend rate to 40 cents per share.
Since 1956 company policy provided for a
quarterly cash dividend of 25 cents, supple-
mented annually by a stock dividend. The
Boeing backlog at September 30 amounted to
$1.8 billion and included $416 million of com-
mercial jet transport orders.

CESSNA ATRCRAFT COMPANY

TOTAL SALES for Cessna Aircraft Com-
pany during the 1960 fiscal year were $103,-
278,000, second highest in the company’s $3-
year history. Commercial aircraft sales were
$56,104,000, an increase of 20 percent over
record sales of $46,623,000 in 1959.

During 1960, Cessna marketed a total of nine
commercial airplanes ranging in price from
$7,250 to $59,950. The company added three
new models to its 1961 line for a total of 12
models.

The three new additions to the 1961 com-
mercial product line included the Skyhawk, a
deluxe version of the popular Model 172 which
during 1960 outsold any other airplane; the
Skywagon, a six-place aerial station wagon with
conventional gear designed to carry heavy
loads, and the Skyhook, an advanced new four-
place rotary-wing aircraft. Other models in the
commercial aircraft line include the 150, 172,
175, Skylark, 180, 182, Skylane, 210 and 310F.

During 1960, Cessna completed a multi-
million dollar expansion of its Industrial Pro-
ducts Division at Hutchinson, Kansas, which
manufacturer hydraulic pumps, valves and
cylinders for farm machinery and mobile in-
dustrial equipment. The expansion included a
new 130,000 square foot addition to the main
factory building, plus a new 18,000 square foot

AEROSPACE YEAR BOOK






during the early days of student training to
teach students the importance of making both
visual and instrument techniques a part of their
normal flying habtis.

A record mass flyaway of new commercial air-
planes got 1961 off to a good start when a total
of 350 new airplanes worth about $4,000,000
were delivered at the October International
Sales Meeting.

CHANCE VOUGHT CORPORATION

THE NATION's third oldest aero-space com-
pany began 1961 as Chance Vought Corpora-
tion, dropping the word ‘“aircraft” from its
former name—Chance Vought Aircraft, Incor-
porated—to reflect its diversity more accurately.

Approved by company shareholders at a
special meeting November 22, 1960, the change
became effective December 31.

“Diversification activities of the past two
years have seen us outgrow our present name,”’
said F. O. Detweiler, president. “Far from mean-
ing that we intend to relinquish our position
in the aircraft field, the name change simply
means that our operations have expanded be-
yond the point where one product line is com-
pletely descriptive.”

“Aircraft and related activities continue to
form the largest portion of our business but
the company now is functioning also in such
significant and diverse fields as electronics,
astronautics, industrial automation, business
data processing, mobile homes, and missile and
satellite range systems. The name Chance
Vought Corporation will be more descriptive
of our present business.”

Chance Vought’s 1960 operations were
geared to the development of weapons, systems
and vehicles designed to operate in areas rang-
ing from outer space to the ocean depths.

The organizational structure incorporated
five divisions doing business with the govern-
ment—Aeronautics, Astronautics, Range Sys-
tems, FElectronics and Research. F¥ach had
specific responsibilities for meeting the chal-
lenges created by tremendous technological
advances which have taken place.

In addition to its five divisions, Chance
Vought in 1959 formed Vought Industries, Inc.,
a wholly-owned subsidiary operating in the
mobile homes market and headquartered in
Dallas, and acquired a majority interest in
National Data Processing Corporation of Dallas,
manufacturer of data processing equipment.

In a move further to diversify the company’s
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operations, Chance Vought early in 1960 formed
Information Systems, Inc., operating in the
ficld of industrial automation. Information Sys-
tems, Inc., with headquarters in Loos Angeles,
absorbed Genesys Corporation, established in
1958 as a Chance Vought subsidiary.

While making advances into diversified fields,
Chance Vought continued as a builder of high
performance aircraft. The Aeronautics Division
had delivered more than 750 of its record-break-
ing Crusader fighters to the Navy and Marine
Corps and orders for advanced versions ex-
tended production schedules through 1962.

Mainstay of the division’s production activi-
ties was the F8U-2N, latest in the Crusader line.
Reaching the fleet during 1960, it joined the
F8U-1, the F8U-1 photographic airplane and
the F8U-2.

In the missile field, the Aeronautics Division
was active on its supersonic low-altitude missile
—"“Project SLAM"”—under an Air Force study
contract recetved in August, 1958. A nuclear-

owered, low-altitude intercontinental missile,

SLAM could deliver devastating nuclear weap-
ons anywhere on the globe with extreme ac-
curacy.

In addition, the division in October, 1960
revealed details of a unique propulsion /control
system concept for VITOL /STGL aircraft utiliz-
ing power from four jet engines driving ducted
fans. The concept was identified by the name
ADAM, standing for Air Deflection and Modu-
lation. The division had been working on the
design of its ADAM concept since 1958, using
company funds.

The Aeronautics Division was developing
under an Air Force contract an advanced, sclf-
contained guidance system which will direct
missiles or manned aircraft to their targets with
Cxtrem(? accuracy. Other projects include anti-
submarine warfare, new types of land and sea
vehicles, nuclear and radioisotope projects, bat-
tlefield missiles, advanced crew accommodations,
new emergency escape systems, material and
fabrication advances,

The Astronautics Division was named prime
vehicle contractor for Scout, the solid-propel-
lant research rocket expected to become a
“work horse” in the National Aeronautics and
Space Administration’s research programs.
Since the outset of the program, the division
had produced the transition sections between
stages, the stage separation devices, the jet
vanes and fin assemblies, wiring and other com-
ponents which make possible the uniting of
the rocket motors into an effective research
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vehicle. Under the new program Chance
Vought Astronautics responsibility also will in-
clude final assembly and launch of the vehicles.

Also, the division was airframe contractor for
the Air Force's technically designated 609A test
systems, popularly called “Blue Scouts” to dis-
tinguish them from their NASA counterparts.
It fabricates for three stages of Blue Scout com-
ponents similar to those it supplies for the
NASA Scout.

During 1960 the Astronautics Division re-
mained active in man-in-space work and in con-
ceptual designs for unmanned payloads. Areas
of endeavor included rockets, various types of
satellites, satellite interceptors, new materials
for space vehicles and components, guidance and
instrumentation systems, optical and radar re-
connaissance systems, life sciences, sim'ulators
for astronautical training, crew restraint sys-
tems, fabrication of propulsion components,
launch operations and numerous other facets of
space conquest.

Chance Vought’s Electronics Division devel-
oped new types of highly advanced actua'toes
for the Minuteman intercontinental ballistic
missile, the nation’s first solid-propellant ICBM,
and produced them under contract to .Aoto-
netics, a division of North American Aviation,
Inc. A pioneer in the field of powered control
systems, the division also produced prototype
actuators for the Saturn space rocket.

In addition, it contributed new antenna con-
cepts, produced autopilot and guidance systems,
ground support and checkout equipment and
played a key role in the company’s anosubma-
rine warfare and guidance system Pprojects.

Among new products were: a v1deo correla-
tor, which greatly increases the effectiveness of
radar for aircraft, ships or land bases; antenna
couplers, which can quadruple the volume of
messages handled by transmitter and receiver
units and reduce the number of antennas re-
quired by airports in high density traffic areas;
a relatively simple twin-gyro controller, which
provides the “muscle power” to keep a space
vehicle in the desired location; ém(_1 a S_mflll,
light-weight C band beacon for use in missiles
and aircraft for tracking purposes.

A new multi-polarized antenna which can c.lo
the work of four separate types of ant.ennas n
operating with missiles or space ve‘hl'cl'es was
also developed by the Electronics Division.

When the first U.S. astronaut is lofted into
orbit around the earth in a Project Mercury
space capsule, the Range Systems Division will
be operating one of 17 ground tracking stations
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incorporated in a worldwide network. The divi-
sion signed a contract with the Pacific Missile
Range, acting for the National Aeronautics and
Space Administration, to operate and maintain
an Instrumentation facility at Kokee Park on
the Hawaiian island of Kauali.

The division was supplying drone services for
the Bomarc test program at Eglin Air Force
Base, Florida, using the KD2U-1, a Mach 2-plus
target vehicle based on the design of the sub-
marine-launched Regulus II.

At El Centro, California, under Air Force
contract, the division was operating a whirl
tower for high speed testing of parachutes as
well as a radar and photographic tracking com-
plex to record high and low-altitude drop tests
of various parachute designs for planes, missiles
and space vehicles. Here it also tracks and pho-
tographs satellites for the Air Force.

Range Systems was called upon by the Air
Force to make a study to determine range space
needed for space vehicle operations. It also was
given the contract for instrumenting the USNS
Range Tracker, the Pacific Missile Range’s first
tracking vessel.

Chance Vought's Research Division was work-
ing toward providing the “tools” engineers will
need to solve re-entry problems of the future,
dealing with speeds in the realm of 70,000 feet
per second or nearly three times escape velocity.
Pr-incipal areas include aero-physics, electronic
sciences, energy sources, life sciences and ma-
terials which will withstand the extreme high
temperatures of space flight.

Application of these areas includes solutions
o_f re-entry problems for space vehicles, detec-
tion methods for missiles, submarines and air-
craft, space vehicle auxiliary power and control,
life support systems and development of high
temperature materials and coatings for nose
cones, vanes and other space vehicle compo-
nents.

The company, in its 1960 nine-month finan-
cial report, reported sales totaling $169,753,012
and net income of $2,727,340, or $2.29 a share.
Unfilled orders at September 30, 1960, includ-
ing orders represented by letters of intent,
amounted to $211,000,000.

CONTINENTAL AVIATION AND
ENGINEERING CORPORATION
THROUGHOUT 1960 two J69 engine models
were in production at Continental, namely the
J69-T-25 for the Cessna T-37B twin-jet trainer
and the J69-T-29 for the Q-2C, Ryan’s latest
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Start of Convair 880 service December 15th
by Northeast Airlines;

Roll out of the first Convair 990 November
20. 1960 (formerly the 600).

Start of flight tests of the Convair 880-M and
continued output of basic 830.

Commissioning of the first Navy ship, the
UISS Dewey, to be armed with advanced Ter-
ricr guided missiles, and of the first ship, the
USS Adams, to be equipped with Tartar
missiles;

Continued development of the Army Redeye
shoulder-fired missile system;

Announcement of development of Mauler,
an Army, mobile, battlefield air defense missile
system;

Continued production of B-58 Hustler
bomber and Air Force announcement that the
B-58 was operational; )

Initial flight of TB-58, bomber-trainer ver-
sion of the B-58. )

On the executive level, R. C. Loomis was
appointed vice presidel1t and manager of the
San Diego operating division, succeeding B. F.
Coggan.

Total Convair employment in the General
Oflice, the Scientific Research Laboratory and
the five operating divisions in California and
Texas was 65,548 on October 3, 1960, compared
with 67,232 on September 25, 1959

CONVAIR-ASTRONAUTICS

Several important firsts were at[l‘i.bl.lt€d to _the
Atlas intercontinental ballistic nl~15511€ during
1960, including the first successi‘ul.space ve-
hicle launching using Atlas as the main booster.
The division expanded its inventory of space
testing facilities and capital equipmen.t, and the
Atlas base activation program gained mo-
mentum,.

Tempo of early Atlas flight testing increased
during the last half of 1959, and by early MarCh,
1960 a remarkable record had beeq al.clueved.
In less than nine months, 21 Atlas Illl‘SSIICS were
launched consecutively and successtully. The
17th and 18th missiles of this group were ﬂ()w.n
on January 24, one by an Air Force Strategic
Air Command operational crew  across t}.le
Pacific Missile Range, and one by a Cf)DVal.Iﬂ
Astronautics test crew down the Atlantic Mis-
sile. Range. Three of the 21 flights traveled
6,300 miles; most of the others averaged about
5,500 miles.

Atlas employed a new inertial guidance sys-
tem for the first time in a successful flight
March 8, 1960. The new system is under de-
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velopment by American Bosch Arma Corpora-
tion. Subsequently all-inertially guided shots
took place June 11, 1960, and on October 13,
1960.

The October 13 firing was the one in which
three mice were tucked away in a life cell of
the Atlas nose cone, boosted 700 miles into
space, and landed near the bull's-eye impact
area. During this shot, the Air Force’s new
Azusa Mark IT missile tracking system built by
Convair-Astronautics tracked the nose cone. So
accurate was the predicted impact point that
the mouse-carrying nose cone was picked up
within minutes after landing, the occupants still
alive, to bring the United States closer to its
goal of manned space flight.

On May 20, 1960, Atlas 56-D placed an op-
erational-type nose cone on target more than
9,000 miles from Cape Canaveral, Florida. This
historic flight ended beyond the southern tip
of Africa in the Indian Ocean. Missile 56-D was
not a “super” Atlas, for it was identical in
power to D-series missiles in the nation’s opera-
tional inventory. The extended journey—some
2,675 miles beyond the usual range—was made
possible by reprogramming the Atlas flight path.
The missile could have flown much farther, for
it carried an additional 1,000 pounds of test in-
Strumentation not normally installed in opera-
tional Atlas nose cones. Another Atlas flew
9,000 miles on September 19.

The series L Atlas, with its 30,000-pounds’
more thrust than the D series (360,000 pounds),
was tested for the first time this year. Eventually

.scheduled for launching from underground silo

emplacements, Atlas Es are equipped with the
powerful MA-3 engine, produced by North
American Aviation, Inc.’s Rocketdyne Division.
The series E Atlas is capable of even greater
ranges than the 9,000-plus-mile series D Atlas.

Convair-Astronautics, as principal associate
contractor for Atlas, also was responsible for
establishing technical criteria for Atlas launch
complexes, integrating installation of ground
support equipment, activating Atlas bases, and
turning them over to the Strategic Air Com-
mand in operational condition. Thirteen opera-
tional squadrons are assigned to SAC, involving
construction of some 129 launching pads ex-
tending from Washington to New York.

Since Vandenberg Air Force Base, California,
attained operational status in September 1959,
several Atlases have been added to the base’s
complement. All three types of Atlas launch
complexes were in use or under construction at
Vandenberg: the early vertical tower arrange-
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For builders of the B-38, the year’s high point
was the capturing of first place in SAC’s bomb-
ing competition by the 43rd Bomb Wing, 19th
Air Division, Carswell Air Force Base at Fort
Worth. The 43rd Bomb Wing won the compe-
titon against 12 other bombers, all of which
had many years of operational experience. It
was the B-538's first competition, and this with
an aircraft that only 45 days earlier had been
declared operational. Never before had a newly
operational bombardment weapon system won
this event.

During the year, the division continued de-
livering B-58s to the Air Force to round out the
nation’s first supersonic bomb wing, the 43rd.
After the 43rd is fully equipped, B-38s will be
assigned to the 305th Bomb Wing at Bunker
Hill A¥B, near Peru, Indiana.

The division also turned out reworked B-58s
that had already gone through extensive flight
testing. Instrumentation first was removed anq
the aircraft then worked over to make it equi-
valent to the latest production configuration.
This gave the Air Force 13 combat-ready B-58s
at a fraction of the cost of building 13 B-58s
from the beginning.

On May 10, 1960, date of its first flight, Con-
vair-Fort Worth unveiled the first TB-58, the
B-58 trainer-bomber version. Four TB-58s were
on order, each to be produced by converting
carlier B-58s. In the TB-53 c01lﬁglll‘ath11,
identical externally to the B-58 except for
added window area, the airplane can be flown
from either the forward crew compartment
(housing the pilot in the bomber version), or
the second crew station (housing li,he bombar-
dier-navigator in the bomber ver51on).' In tl}e
TB-58, twin flight controls are provided in
both the first and second stations. USAF will
use T'B-58s to expedite jet transition and pro-
ficiency training for pilots due to fly B-58 muis-
sions for SAC.

Among more advanced work perfqrmed by
the division was that on nose cones for Atlas-
Centaur and on the nuclear—powered NX-2 for
USAF.

The first nose cone for Atlas-Centaur was
delivered in October to Convair-Astronautics
at San Diego for tests to prove that its fiberglass
sandwich construction is adequate to protect the
space vehicle’s payload as it travels through _the
carth’s atmosphere. It is designed to be jet-
tisoned in space after passing through the at-
mosphere. Subsequent nose cones were {'_or
actual Atlas-Centaur vehicles to be used in
flight tests.
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Though the division has been working nine
years toward a nuclear-powered aircraft for
USAF, it was only in 1960 that design studies
of two possible versions of the aircraft were
released for publication. Division drawings
showed two swept-wing aircraft basically the
same except for changes required to accommo-
date two different nuclear powerplants. Each
has the same swept wing and each shows a
cluster of jet-like engines mounted in the fuse-
lage tail. The canard-type planes lack conven-
tional tails. At each wing tip is a vertical stabi-
lizer-rudder assembly. Horizontal stabilizer-
clevator surfaces are placed forward on the
fuselage, like stubby wings. One design calls
for direct-air-cycle nuclear engines being de-
veloped by General Electric Company. The
other is for indirect-cycle engines under devel-
opment by Pratt & Whitney. Which type will
be used in the frst plane had not been
determined.

Convair-Fort Worth employment was 17,828
on October 3, 1960, as against 19,660 on Sep-
tember 25, 1959.

CONVAIR-POMONA

Production of advanced Terrier and Tartar
supersonic surface-to-air guided misstles con-
tinued during 1960 at the Naval Weapons In-
dustrial Reserve Plant operated by Convair at
Pomona, California.

Three Bureau of Naval Weapons contracts
for production of both missiles were announced:
one for $25.2 million for advanced Terrier:
one for $41.8 million for Tartar; and the third
for $32.5 million for advanced Terrier and
Tartar.

. The advanced version of the original Terrier

SIgniﬁcantly increases the Navy's defense capa-
bility against air attack. The new Terrier series
lla§ greatly improved effectiveness against low-
flying aircraft and multiple targets, and extends
the missile’s current anti-airvcraft capability to
provide defense for surface targets and land
installations. Advanced Terrier will have con-
siderably more transistorization than the
original Terrier,

First ship to be armed with advanced Terrier
is the USS Dewey, commissioned late in 1959 as
the first Navy guided missile destroyer leader
(frigate).

Original Terriers have been operational in
the fleet since January, 1956. At present, Ter-
rier and advanced Terrier-armed ships include
the guided missile cruisers Boston, Canberra,
Providence, Topeka and Springfield: the guided
missile destroyer Gyatt, and guided missile de-
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In October, Convair-Pomona was awarded
one of six study contracts by the U. S. Army
for FABMDS, or Field Army Ballistic Missile
Defense System. FABMDS is a proposed missile
system capable of moving with and protecting
Army units in the field from threats posed by
a variety of ballistic and guided missiles.

The division continued support programs for
other phases of Convair production and worked
on various ground support equipment projects.
The division developed and built a set of train-
ing panels for the U. S. Navy Training Device
Center, Port Washington, New York, and con-
ducted a second study for the Federal A\.riat%on
Agency, one covering FAA communication
operations in the Miami, Florida, area.

Coonvair-Pomona employment totaled 6,433
on October 31, 1960, as compared with 5,987 a
year carlier.

CONVAIR-SAN DIEGO

Major production programs at Convair-San
Diego were concentrated during 1960 on .F-
106A/B advanced all-weather supersonic jet in-
terceptors for the Air Force and Convair 5.380
and 990 jet transports for domestic and f01‘elg1_1
airlines. Electronics output increased substanti-
ally over that of previous years.

An F-106A production aircraft set a new
world’s  speed record December 15, 1959, at
Edwards Air Force Base, California. Maj. ‘]os.eph
W. Rogers, Air Defense Command pilot,
streaked 1,525.95 mph over a straight course at
40,500 feet, in east-to-west and west-to-€ast runs
to conform with Federation Aeronautique In-
ternationale requirements.

Another F-106 flew itself non-stop across the
continent March 23, 1960. Maj. Fl‘ﬁl}k FOTSYFI‘:
chief F-106 acceptance pilot for Air Materiel
Command, lifted the interceptor off the Palm-
dale, California, runway. A minute later, the
F-106 picked up an electronic signal from the
ground, Forsyth took his hands off the contr_ols,
and the F-106 flew itself to Jacksonville, Florida.

Still another ¥-106 demonstrated its low-l?vel
striking capability skimming at tree-top height
over 300 miles of Southern California des.ert at
700 mph. C. E. “Chuck” Myers, CO{l\ralr en-
gineering test pilot, made the run during a test
mission out of Edwards AFB. Nearly allhthc
flight was made in turbulent air at elevations
of 50 to 800 feet above the ground. Tl,le per-
formance demonstrated the interceptors S‘”ﬁ'
ability for low-level tactical missim‘ls in addi-
tion to its normal interception assignment at
altitudes above 50,000 feet.

The conversion of 35 Air Force F-106 test
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aircraft to tactical configuration was initiated
early in the year to include replacing nose and
cockpit with new components and installing
new equipment and systems. Program cost was
to total nearly $20 million.

Nearing the end of a four-year intensive pro-
gram, the testing of the Convair-designed ejec-
tion seat for supersonic aircraft was in its final
stages at Edwards AFB and at Holloman AFB,
New Mexico. In an entirely new concept, the
system propels the pilot and seat vertically from
the plane’s cockpit. Dummies were successtully
cjected from the aft cockpit of an F-106B at
speeds up to Mach 1.74. Test ejection of human
beings was scheduled early in 1961.

In the field of commercial jet transports, a
Convair 880 flown by a Delta Air Lines crew
set a transcontinental speed record February 10,
1960, spanning the continent from San Diecgo
to Miami in 3 hours 31 minutes, 54 seconds.
The 880 was Delta’s first of 13 Convair jet
transports on order. Delta was first to inaugu-
rate 880 passenger service in a New York-to-
Houston fligcht on May 15, 1960.

Convair’s newest jetliner version, the 880-M,
made its first flight in San Diego on October 3,
1960. The first 880-M is the No. 1 Convair 830,
modified to its new configuration. Leading edge
slats were added to create additional lift. Pow-
ering the 880-M are four General Electric CJ-
805-3B engines, each providing 450 more
pounds’ thrust at sea level than the basic 880°
éngincs. The 880-M landing gear was designed
191‘ heavier operating weights to permit installa-
tion of additional fuel tanks to carry an extra
1,850 gallons of fuel. Fourteen 880-Ms were
on order.

Deliveries of the medium-to-long-range Con-
vair 990 jet transport (formerly the Model 600)
will begin in 196].

A $400,000 shock-driven wind tunnel was
completed at Convair's seaplane ramp. This
hypersonic laboratory operates from Mach 7
speeds to Mach numbers of 25 (approximatcly
18,750 miles per hour) at altitudes of 350,000
feet.

A $90,000 ultra-high-vacuum test chamber
began operating in July. Designed to duplicate
space conditions at altitudes as high as 250
miles above the earth, the chamber consists of
a 10-ft.-in-diameter stainless steel chamber, a
pumping system to create ultra-high vacuum, a
1200-gallon tank for liquid nitrogen, and a
control panel. Within-chamber temperatures
may range from minus 300 degrees to plus 700
degrees Fahrenheit.
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Final unit of a high-temperature structures
research laboratory was installed to complete
the $1-million electronically controlled informa-
tion system for the inter-division facility.

Construction of a $500,000 cafeteria was com-
pleted in August.

Convair-San Diego’s Engineering Department
included approximately 3,500 personnel at the
end of October 1960. Research and develop-
ment programs under way included studies of
space vehicles, anti-missile projects, electronics
projects, supersonic transports, and other types
of aircraft.

Convair-San Diego employment dropped
from 24,440 on October 1, 1959, to 19,423 on
October 1, 1960.

CONVAIR SCIENTIFIC RESEARCH LABORATORY

Among the 30 projects carried on during
1960 by the Convair Scientific Research Lab-
oratory was a high-altitude physics program
using large sky-hook balloons to make measure-
ments from sea level to 120,000 feet. The pro-
gram concentrated on gamma ray flux and the
energy spectrum of the sun during period of
abnormal activity. To achieve this, procedures
called for launching specialized Convair-
developed instrumentation on 12-hours’ notice.
Coordination with the High Altitude Observa-
tory at Boulder, Colorado, provides the advance
warning to insure obtaining the greatest amount
of useful data from each flight.

The laboratory’s operation of the radio
astronomy site at Clark Dry Lake near Borrego
Springs, California, yielded a provocative set
of observations. Measurements taken during the
occultation of the Crab Nebula by the solar
corona during June 1959 and again in 1960
tend to prove that models of the solar corona
advanced to date are incorrect. Import of this
discovery with respect to space flight in the
solar system and its effect upon the earth’s en-
vironment was being studied.

The laboratory developed two new refine-
ments of techniques for measuring surface ten-
sion. One, employing measurements of mag-
netic permeability, is adaptable to high-temper-
ature systems. The other is an adaptation of
the bubble-pressure method to the measurement
of surface tension at liquid-liquid interfaces.
Results of experiments using each method
established the validity of a new theory for
adhesion previously proposed by the laboratory.

Theoretical studies included calculation of
the absolute energy spectrum of the earth’s
neutron albedo and the probable injection
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source of the inner Van Allen radiation belt.
Studies of non-equilibrium flow and the effcats
of chemical reactions in high-temperature gas
dynamics were conducted. Of especial interest
in connection with the latter study was the
observance of the structure of strong normal
shock waves, the effects of burning in the boun-
dary layer on laminar and turbulent boundary
layer characteristics, and the non-equilibrium
structure of wakes.

The laboratory, with 60 staff members, of
whom 48 are scientific and technical personnel,
continued to support and monitor many other
basic research programs in Convair operating
divisions and for universities throughout the
country.

CURTISS-WRIGHT CORPORATION

CURTISS-WRIGHT Corporation contin-
ued to place increasing emphasis on propul-
sion and electronic programs during 1960. Re-
search and development efforts were intensified
in the aerospace field, supplementing products
being produced for the military services and
industry generally.

In April, 1960, announcement was made of
a VI'OL type aircraft which utilizes new radial
lift type propellers to both lift the airplane ver-
tically and provide thrust for horizontal flight.
The test airplane, using the radial lift propeller
principle developed by the Curtiss-Wright Pro-
peller Division, was flown successfully at 5,000
feet altitude, at high speeds. Vertical landings
were made from 4,000 feet. Future versions of
the airplane were being designed for vertical
landing and takeoff, speeds up to 400 miles per
hour and operation at 17,500 feet altitude.

Development work continued at the Wright
Aeronautical Division on various versions of
the Curtiss-Wright Rotating Combustion En-
gine which was revealed in November, 1959.
Developed jointly by Curtiss-Wright Corpora-
tion and NSU Werke, of West Germany, this
entirely new type of internal combustion engine
has only two major moving parts and offers an
excellent weight to horsepower ratio. Several
versions of the engine, suitable for both aircraft
and industrial uses, were undergoing extensive
operational tests.

Flight tests have been completed by the Pro-
peller Division on mechanical controls and ac-
tuation systems for aircraft and missile use. Cul-
minating several years of development work, the
mechanical servo and actuation systems with-
stand extreme temperatures, eliminate all fluids
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tiss-Wright emerged as one of the largest pro-
ducers of beryllium oxide components for nu-
clear applications. Fabricated beryllium oxide
components are essential to the construction of
high temperature nuclear reactors, since it will
give high performance at temperatures up to
3,000 degrees Fahrenheit. Curtiss-Wright pro-
duced beryllium oxide components were being
used in several nuclear reactor systems cur-
rently being designed and engineered, includ-
ing the Tory II-A program.

Production of products in the nuclear field
were concentrated in the Princeton Division of
Curtiss-Wright Corporation. A nuclear system
department was specializing in the design and
manufacture of rod control systems for reactors
and the division is now the largest supplier of
such controls for nuclear submarines.

Design and construction of a Food Process
Development Irradiator for the Army was being
done at the Princeton Division, and contracts
were received to supply irradiator equipment to
South America.

The division was also producing a broad line
of isotopic control and testing equipment for
industry.

Production of the Swench, the first manual
impact wrench that works, was begun by the
Marquette Division during 1960. Used to loosen
the most stubborn “frozen’ nuts or for precision
tightening, the Swench is a compact, hand oper-
ated impact wrench that multiplies torque ap-
plied to the handle more than 15 times, and
delivers it as torsional impact each time the
handle is advanced 30 degrees. Swench has wide
application in many industries for loosening
nuts that were previously burned or sledged off.

DOUGLAS AIRCRAFT COMPANY

STEADY PRODUCTION of commercial
and military aircraft, manufacture of a variety
of missiles and boosters for space vehicles, plus
the award of four major new contracts high-
lighted activity at the Douglas Aircraft Co. dur-
ing 1960.

Early in the year, Douglas received the go-
ahead for development of the Skybolt air-
launched ballistic missile, a “stand-off” weapon
with 1000-mile range, to be added by 1964 to
the arsenals of the Strategic Air Command,
USAF, and Bomber Command, Royal Air
Force.

The company was nominated in May to
develop and produce the S-IV second stage of
the C-1 three stage Saturn space vehicle for the
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National Aeronautics and Space Administra-
tion. Contract cost of development and produc-
tion of 10 second stages is more than $65 mil-
lion, including spares.

The company was awarded a Navy order for
the new and improved version of the Skyhawk,
to be designated A4D-5. In addition, Douglas
received a $71.5 million contract from the Navy
for additional production of the A4D-2N ver-
sion of the Skyhawk, Navy’s lightest attack air-
craft. Douglas had previously received three
contracts totalling approximately $232 million
for A4D-2N production at the El Segundo Di-
vision.

Finally, Douglas was named in July by the
Navy as prime contractor for the development
of the Missileer, launching aircraft for the
Eagle, a long range air-to-air missile. Missileer
will be produced at the Douglas El Segundo
Division.

The company’s Long Beach Division deliv-
ered to domestic and foreign airlines during
1960 more than 90 DC-8 Jetliners, valued at
nearly $500 million. Long Beach also produced
nearly 50 C-133A and B type transports for
the USAF.

In February, Douglas and Sud Aviation of
Toulouse, France, reached a working agreement
whereby Douglas would represent Sud in alj
matters pertaimning to the Caravelle medium
range jet transport in large areas of the world
and have rights to its manufacture in the United
States.

Research and development was proceeding on
Nike-Zeus, an anti-missile missile, which Doug-
las will produce in partnership with Western
Electric, Bell Telephone ILaboratories, and
others._ It was announced during the year that
operational tests would be conducted over the
Pacific Missile Range, in which Zeus, from sites
on Kwaja.lein in the Marshall Islands, would
intercept intercontinental ballistic missiles fired
from Vandenberg AFB or Point Arguello on
the California mainland.,

The Douglas-built Thor IRBM was reor-
dered by the Air Force. An additional 21 of
the rockets will be delivered for continuing
satellite and Space probe programs. The Thors
will be modified to accommodate the Agena B
second stage vehicle carrying assorted scientific
and military payloads. In October, Thor be-
came the first intermediate-range ballistic mis-
sile to reach the 100-launch milestone when it
successfully blasted the Courier satellite into
space.

The deployment of three tactical squadrons
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for the previous year and earnings of $4,767,796
or 34.48 per share.

J. C. Garrett, president, explained the record
sales and profit picture as a direct result of large
expenditures for research and development
made out of prior year’s profit.

The figures indicated that Garrett’s 10,000
employees working in eight divisions and two
subsidiaries responded to a formidable chal-
lenge as technological demands increased in
intensity and scope. The diversity of Garrett’s
area was indicated by the fact that nearly 300,-
000 purchase orders were processed to record its
sales record.

Garrett’s largest division, AiResearch Manu-
facturing Division of Los Angeles, continued to
pioneer the field of environmental controls and
avionic Instruments.

AiResearch continued to work on production
orders for environmental equipment and sys-
tems for such aircraft as the Boeing 707, 720;
Lockheed Electra; Grumman Gulfstream; Fok-
ker Friendship; Northrop T-38; Caravelle;
Lockheed C-130; and others. Its cabin compres-
sors recorded more than 40 million hours of
operation aboard aircraft.

It also added the B-52H to the list of aircraft
air conditioned by AiResearch.

One of the largest single sales efforts in the
history of AiResearch Los Angeles centered
around the various versions of the ¥F-104. As a
result, AiResearch’s central air data product
line and air conditioning and pressurization
equipment was sold for almost every version of
the famed all-weather fighter. In addition, air
data systems were produced for the A3] and
F4H aircraft.

For space, AiResearch technology produced
environmental control systems for Project Mer-
cury and North American’s X-15. AiResearch
developed a unique space capsule which en-
abled the Air Force to simulate space flight on
the ground. At the end of the year it was pro-
posing on Dyna-Soar and Apollo projects.

In the areas of heat transfer equipment, elec-
tromechanical systems, missile power systems
and air conditioning systems, AiResearch’s
products found increasing application and ac-
ceptance. In each of these areas AiResearch
recorded many engineering breakthroughs. It
was also awarded a varicty of resecarch and
devclopment contracts in these areas.

AiResearch’s capability and experience in the
environmental field was clearly demonstrated
by the end of fiscal 1960 when the company
announced it had designed or produced envi-
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ronmental equipment capable of sustaining man
at every level of existence—from the bottom of
the ocean, in hostile environments on earth, or
at extreme altitudes in space.

Garrett’s AiResearch Manufacturing Com-
pany of Arizona, the free world's largest pro-
ducer of small gas turbines, announced during
the year that its 9000th turbine was delivered.

AiResearch Phoenix found even more appli-
cations for gas turbines in the automotive in-
dustry, oil industry, and marine industry. The
Arizona division today produces highly reliable
gas turbines in the 30 to 1000 horsepower range.

Largest user of the AiResearch turbines was
the Air Force. The compact units are mounted
in carts, on tractors or in such craft as the C-130
and C-133 transports, or KC-135 jet tankers as
airborne auxiliary power units.

Other AiResearch turbines power missile sys-
tems such as the Army’s Sergeant, and provide
main propulsion for helicopters. Airborne tur-
bines also serve in the Grumman Gulfstream
and other business aircraft.

More than 200 AiResearch turbines were in
use at year-end by foreign and domestic com-
mercial airlines. Airlines using turbines for
main engine starting and ground electrical
power included: American, Braniff, Continen-
tal, Fastern, National, Pan American-Grace,
TWA, Western, KL.M, and Qantas and North-
east,

Two significant spacc contracts were awarded
AiResearch during the year. The Air Force's
Wright Air Development Division selected
AiResearch as the prime contract for the SPUR
project, the nation’s largest nuclear space power
system.

The SPUR project will produce a 300 Kilo-
watt space power system.

AiResearch also received a contract to pro-
duce a power system using solar power. The
solar contract calls for the first test of a space
boiler and heat storage unit actually using the
sun as a heat source.

Traditional AiResearch Phoenix products
continued to find broad use in the aerospace
industry. Starters, constant speed drives, valves
and controls were sold to both military and
commercial airliners.

Of special note is the success in selling start-
ers to the Air Force and commercial manufac-
turers despite intense competitive efforts. These
highly reliable and efficient units enable a jet
to start independent of ground support equip-
ment.,

AiResearch Aviation Service Division entered
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a new area of aircraft modification with a con-
tract to convert Convairs from piston power to
Napier prop-jet engines. Several completed
planes have already been delivered to Napier
Engines, Inc., and will ultimately go into service
with Allegheny Airlines.

Development of a unique ‘“‘stinger” power
system. designed to make prop-jet powered Con-
vairs completely independent of ground sup-
port equipment, was announced. Hub of the
installation is an AiResearch gas turbine
mounted in a depressurized section of the air-
plane’s tailcone.

AiResearch was fully prepared for the .1961
advent of the Lockheed JetStar as a business
executive aircraft. First-hand information rela-
tive to executive interior requirements was
obtained by visits to Lockheed’s Marietta (Ga.)
plant, a cabin mockup fully equipped f(_)r b1}51-
ness use was built at AiResearch, and interior
designs were being worked out with. future
owners. Underway was a prograim for mstallzy
tion of passenger interiors into North Ameri-
can’s military T-39 jet (Sabreliner).

During 1960, Viscounts, Gulfstreams a}ld
F-27s were modified with AiResearch executive
interiors. .

An intproved type of aircraft escape §11de,
designed specifically for jet powered 211}"1{11.61‘5,
was developed by the Air Cruisell‘s Division,
Belmar, N.J. Flexibility of the slide reduces
rate of passenger’s descent near the‘g"r(_nmd- .The
division went into production 0_[' air springs,
or inflated containers, to provide a riding
cushion for missiles during transportation. Also
developed were impact decelerationl bags to
absorb landing shock for operaﬂoqal recovery
of missile drones. In line with its life vest and
life raft production, Air Cruisers gained an
exclusive contract for sales of a new, water-
activated CO, inflator developefl by Henry
Engineering Co. of Burbank, Calif.

These developments carried on in G'flrrett’s
divisions resulted in not only expansion _Of
interest area and technology but also facilities
and areas of operation.

Three divisions of Garrett increased their
facilities during the year. In addition, a number
of agreements in Europe were entered into,
further establishing the “Garrett” name 1n
France, Germany, England, the Netherlands,
Switzerland, Belgium, Australia, and.Italy. In
Japan, Garrett (Japan) Ltd. was.estabhshed.All
these foreign activities were directed by Gar-
rett International S.A., a wholly owned sub-
sidiary of The Garrett Corporation.
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GENERAL ELECTRIC
FLIGHT PROPULSION DIVISION
LARGE JET ENGINE DEPARTMENT
THE FLIGHT Propulsion Division’s Pro-
duction Engine and Jet Engine Departments
were consolidated to become the Large Jet
Engine Department, early in 1960.

The multi-record breaking J79 turbojet,
which has powered more than half of the free
world’s Mach 2 flight, passed its 100,000th hour
of flight time. The J79 at year-end was power-
ing the Lockheed F-104 Starfighter, North
American’s A3] Vigilante, the McDonnell F4H
Phantom II and the Convair B-58 Hustler. The
four-engined Hustler, America’s first supersonic
bomber, became operational with the Strategic
Air Command in August.

In September, twin J79’s powered the F4H
to two unofhcial closed course speed records.
The Navy's F4H averaged 1216.78 miles per
hour in the 500 kilometer closed -course run,
bettering by 400 miles an hour the former rec-
ord held by an Air Force RF-101 Voodoo. A
Phantom II also claimed the 100 kilometer
closed course record by averaging 1890.21 miles
per hour; bettering both the official course rec-
ord of 1I67.35 mph held by the Air Force's
F-105B, and an as—yet—unrecognized Russian
claim of 1298.7 miles per hour by a T-405 air-
craft.

The first production models of the ]J79-8 were
delivered to the Navy in September. These en-
gines were to power the F4H and the A3]J in
fleet deployment, when these Mach 2 aircraft
become operational in 1961.

In the foreign programs area, General Elec-
tric completed shipment of J79-7 engines for
West Germany’s F-104F trainer-fighter aircraft.
The West German F-104G’s produced in Lock-
heed’s American plants will be powered by
American-built J79-11 and -11A engines. The
improved J79-11 and the F-104 airframe will be
produced in West Germany under licensing
agreements with General Electric and Lockheed.

In December, the Large Jet Engine Depart-
ment began shipment of “Dash 11A” engines
to the Air Force for delivery to Japan.

Development activity on the Mach 3 J93 tur-
bojet, scheduled to power the North American
B-70 Valkyrie, continued through 1960, with
a significant step-up in the latter part of the
year following renewed interest in the B-70
weapons system by the Department of Defense.
The engine incorporates such proven J79 de-
sign principles as the variable stator compres-
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Air Yorce a bailed T-38 “Talon” trainer for its
flight evaluation program. Twin afterburning
J85-5’s power the supersonic trainer. Both the
-0 and -7 engines were fully qualified and en-
tered production in 1960.

In the commercial engine line, the depart-
ment’s CF700 and CJ610 companion engines
arc continuing to undergo parallel develop-
ment. The basic J85 gas generator is used in
both of the new commercial engines.

Two unofficial 150-hour endurance runs were
completed in 1960. Both engines are scheduled
for certification in 1961.

The 1,250-horsepower T58-8 turboshaft en-
gine passed its qualification test last year and
has entered production. A growth version of
the 1,050-horsepower T58-6 production engine,
the -8 configuration was being used in the
Navy's Kaman HU2K and Sikorsky HSS-2 pro-
grams.

Three other milestones were reached with
the TH8. It successfully completed a 2,000-hour
endurance run, was granted a 1.000-hour allow-
able time between overhaul on the Sikorsky S-62
for non-scheduled operations and received FAA
production facility certification.

Applications for the CT58-110, comumercial
version of the military T5h8-8, were announced
for the DC-3 size Vertol 107 and Sikorsky S-61
turbocopters which will enter passenger service
in 1961. This engine s rated at 1,250-horse-
power and was FAA certificated in December
1960.

Sikorsky’s S-62, a 10-passenger craft powered
by the CT58-100, late in 1960 became the first
turbine-powered helicopter to enter schedule_d
airline service. The turbocopter was placed in
service by Los Angeles Airways.

Two new configurations were added in Janu-
ary 1960 to SAED's existing T64 turboshaft
and turboprop models. A direct drive turbo-
shaft version, designated T64-GE-6, and a
turboprop model with the gearbox offset above
the engine line, T64-GE-8, were unveiled. The
T64-2/-6/-A turboshaft enginms are rated at
2,650~horsepower and the -4/-8 turboprop en-
gines are rated at 2,700-horsepower. Both basic
configurations completed official 50-hour prelir_n-
Inary flight rating tests ahead of schedule in
1960.

The T64 turboprop was to be flight-tested
late in the year on de Havilland’s Caribou.

AIRCRAFT ACCESSORY TURBINE DEPARTMENT

In 1960, General Electric’s Aircraft Acces-
sory Turbine Department made significant con-
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tributions for marine and aircraft applications.

A portable power supply representing one of
the first practical military applications of fuel
cells—devices that convert chemical energy di-
rectly into electricity—was developed by the de-
partment. General Electric’s program was the
first aimed at building a fuel cell power source
that can be mass-produced and made available
to the military as an off-the-shelf item.

Producing 200-watts of 24-volt direct cur-
rent for 14 hours, the 35-pound power pack can
be carried easily by one man and will take
the place of a 55-pound engine generator or
80 pounds of secondary batteries. If operated
continuously over longer periods of time, it
requires only additional increments of fuel.

A unique hydraulic power package was de-
veloped to provide power for the flight con-
trol system of the Navy’s Polaris missile. The
unit is an integrated package combining the
characteristics of an existing direct current mo-
tor with a new variable displacement, pressure
compensated, ball-piston pump. The new vari-
able displacement pump takes no more space
than a fixed-displacement pump.

A self-contained starter, normally used on
aircraft engines, will be used to start a 600
horsepower gas turbine engine to drive ship-
board generator sets slated for use by both the
Navy’s Bureau of Ships and the Federal Re-
public of Germany.

New turbodrives for oxidizer and fuel boost
pumps to be incorporated in a unique, light-
weight fuel system for an advanced space probe
went into production.

More than 3,000 hours of successful flight
testing of General Electric’s hydraulic constant
speed drives were logged on a leased Air Force
RB-66 jet.

G-E turbo alternator drives achieved a record
of 70,000 drive flight operating hours without an
unscheduled removal during operations of B-52
“Stratofortress” bombers of the 99th Bombard-
ment Wing at Westover Air Force Base.

Announcement was made of the successful de-
velopment of sheet metal turbine buckets that
cut costs and weight of small turbine wheels by
more than 50 per cent.

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT

During the year, General Electric’s Aircraft
Nuclear Propulsion Department (ANPD) be-
gan design of a high-performance nuclear turbo-
jet system which will be available for flight in
mid-1965. The new system is a developmental
extension of the Heat Transfer Rcactor Experi-
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ments (HTRE) which have produced a tech-
nology now applicable directly to flight systems,
including those which will be supersonic.

The latest of these, the HTRE-3, involved the
simultaneous powering by atomic energy of
two modified General Electric J47’s in the first
such successful operation of its kind in the
world.

This assembly, in which the reactor was
placed in a horizontal configuration, operated
for more than 120 hours on the ground. Of this
total time, 65 hours were continuous. Both
reactor and engines performed in accordance
with all design specifications.

These historic experiments were carried out
by ANPD at the Atomic Energy Commission’s
Idaho Falls test station. General Electric oper-
ates ANPD, with headquarters at Cincinnati,
for the Air Force and the AEC.

ANPD was developing a direct-cycle nuclear
propulsion system for aircraft that will have
almost unlimited range. Such a nuclear powered
plane will be adaptable as a strategic bomber,
for reconnaissance, missile launching, and air-
borne alert. Earlier in its history, ANPD con-
ducted the first successful operation of a jet
engine on nuclear power at the Idaho Test
Station, located at the AEC’s National Reactor
Testing Station.

Other ANP accomplishments included:

1. Completion of the first endurance run of
the aircraft nuclear propulsion system turbo-
machinery.

9. Development of metals for fuel elements
and moderators to meet initial power plant
Hight test requirements.

3. Establishment of the fundamental stability
of nuclear power plant control systems.

4. Verification of the theoretical reactor
physics and full-scale power plant feasibility.

5. Effective use of fuel and moderator in the
reactor to produce optimum power distribution.

6. Establishment of nuclear principles on
shielding work, with assurance that special
shielding work in progress can be completed
- successfully.

7. Development of the first electronic com-
ponents, for control of an atomic reactor, which
operated successfully at 845 degrees fahrenheit
and in high intensity radiation for more than
1,000 hours.

8. Development of reactor technology mate-
rials to the point where they benefited the
Army package power plant program, the nu-
clear missile (project Pluto) and the nuclear
rocket (project Rover) programs.
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HEAVY MILITARY ELECTRONICS DEPARTMENT

Heavy Military Electronics Department prod-
ucts in 1960 ranged from mobile and shipborne
electronic equipments to fixed radars weighing
many thousands of tons, and included tiny en-
capsulated electronic components for market-
ing to other defense industry prime contractors.

In the field of electronic control and guid-
ance, the departinent was engaged in design,
development, and systems management work on
the 4121 Air Weapons Control System. This
is an advanced air delense system designed to
coordinate a wide variety of defensive weapons.
It has been nicknamed “The Little SAGE”
since it will be used outside of the Continental
United States. The department also was de-
signing and producing the AN/GPA-73 Data
Processing and Display Subsystem, which is the
heart of the overall 4121 System. In the missile
guidance field, the department was responsible
for developing and producing the ground elec-
tronic equipment for the radio-command guid-
ance system used by the Atlas ICBM, and the
precision tracking subsystem for the new Mis-
sile Trajectory Measurement System (MIST-
RAM) being developed by General Electric
for the Air Force.

For missile defense, the department was pro-
ducing, installing, and placing in operation the
world’s largest radar for ballistic missile early
warning at Thule, Greenland and Clear, Alaska.
This giant surveillance radar will play a major
role in the USAF’s Ballistic Missile Early Warn-
ing System. Similarly, the department was de-
veloping and producing an advanced high power
acquisition radar (HIPAR) for use with the
Improved Nike-Hercules Weapon System.

This radar played a key role in the destruc-
tion of a Nike-Hercules by another Hercules
missile in tests at the White Sands Proving
Ground in Southern New Mexico. Highly
specialized developments also were underway
in the areas of counter-counter measures and
space vehicle detection, location and cataloging.

Undersea warfare equipments being designed
and produced by the Heavy Military Electronics
Department included the AN/SQS-26 anti-
submarine sonar, believed to be the world’s
largest for surface ships, and the AN/UQS-1
and other advanced mine detection and classi-
fication sonars. The department’s sonar aboard
the USS Nautilus and the USS Skate on their
historic under-the-pole voyages cnabled these
nucleared-powered submarines to detect open
areas in the ice-cap for surfacing.

For land warfare, the Heavy Military Elec-
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the Fleet DBallistic Missile Polaris and under-
sea warfare equipment including the Sonobuoy.

The department was also selected to supply
the ballistic missile computer for the GAM
87-A Skybolt guidance system.

Other products included GEVIC, a compact
digital computer based on the new variable in-
crement technique, and GEPAC, a program-
mable automatic comparator for electronic sys-
tems.

MISSILE PRODUCTION SECTION

General Electric’s Missile Production Section
of the Missile & Space Vehicle Department re-
ceived additional contracts in 1960 for further
work on the company’s fast-firing M-61 Vulcan
cannon and linkless ammunition feed system.
The gun was being employed as armament
on the Republic F-105 Thunderchief, the
Lockheed F-104 fighter-interceptor and the
Convair B-58 Hustler bomber.

In addition to the Vulcan weapon, the de-
partment was working on Army research and
development contracts for helicopter arma-
ment systems designed to decrease the vulner-
ability of the aircraft to ground fire in battle
areas. The Missile Production Section was also
engaged in developing and producing safing,
arming and fuzing subsystems for Army surface-
to-air and surface-to-surface missiles: Nike-Her-
cules, Honest John, LaCrosse, and Little John.

MISSILE AND SPACE VEHICLE DEPARTMENT

The General Electric Missile and Space Ve-
hicle Department continued its growth during
1960, both in facilities and personnel and in
the number of space programs in which it is
involved.

Probably the highlight of the year was the
successful recovery from orbit of the depart-
ment-designed Discoverer XIII recovery cap-
sule. The recovery of this capsule, and the sub-
sequent recovery of several others during the
year, was an important step forward in solving
the problems involved in future space flight.
Work on the program continued in the depart-
ment and it was expected that during 1961 Dis-
coverer recovery vehicles housing a department-
developed life support system would carry a
primate into orbit and return.

The recovered Discoverer XIII capsule was
presented to the Smithsonian Institution, join-
ing other department-developed items already
on permanent display there, including the data
capsule which was the first object ever re-
covered from outer space, a Mark 2 re-entry
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vehicle, and the RVX-1, the first ablative nose
cone to travel intercontinental distance ancl
re-enter.

Research, development, and production of
nose cones for ballistic missiles continued to be
a major function of the department during
1960.

Production of the first of the operational
nose cones, the Mark 2 heatsink type re-entry
vehicle, was completed by MSVD early in the
year, and the last test flight of this nose cone
was made at Cape Canaveral on February 29.
Mark 2’s were operational on the Thor inter-
mediate range missiles stationed in England,
and on the Atlas intercontinental range mis-
sile in the U.S.

Development and production of the Mark
3 ablative-type nose cone, the so-called “‘second
generation’ re-entry vehicle, was continued by
the department during the year. The Mark 3
is intended for operational use on the Air
Force's Atlas missile. Among the many flight
tests conducted on this vehicle during the yéar,
two were for distances exceeding 9,000 miles.

Work was begun on development of a re-
entry vehicle for the Air Force’s Titan II inter-
continental range ballistic missile. This vehicle,
designated the Mark 6, will be an ablative-
type nose cone and will have an improved tech-
nical configuration.

Work continued on the department’s fourth
major re-entry vehicle program, the develop-
ment of the nose cone for the Air Force's Sky-
bolt air-launched ballistic missile. This work
was being conducted under a contract awarded
by the Douglas Aircraft Company.

Research and development of new ablative
materials for advanced re-entry vehicles was
another important aspect of the department’s
efforts during the year, and out of this work
evolved materials designated the “G-E Century
Series.” One of the highlights of the materials
development program was the launching in
October of the RVX-2-A materials research
re-entry vehicle aboard an Atlas missile from
Cape Canaveral.

The RVX-2-A was the largest re-entry ve-
hicle yet flown in the free world and was also
the largest vehicle to be recovered after a
ballistic flight. Within a few hours after its
sucessful flight and impact 5,000 miles down
the Atlantic Missile Range near Ascension
Island it was aboard a recovery ship and on its
way back to department headquarters for
analysis of the effects of re-entry on the “Cen-
tury Series” materials.
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An additional feature of the RVX-2-A flight
was that it carried a great variety of scientific
experiments in addition to its main materials
research purpose. Included in the experiments
were three mice in a life support cell, two
space power devices, and several Cxperimental
packages designed to measure flux and distri-
bution of radiation particles in space. Also In-
cluded was a 70-millimeter camera which took
the first color pictures of Earth from outer
space.

Work in the area of manned space vehicle
development was accelerated by MSVD during
the year, with department engineers and scien-
tists studying the electrical, electronic, struc
tural, physical, medical, and other problems
of manned space flight. Design concepts of
various types of manned vehicles were de-
veloped, and a study contract for the Apollo
manned space vehicle was received from the
National Aeronautics and Space Administra-
tion.

In fields allied to man-in-space, the depart-
ment during 1960 conducted several- funded
studies concerned with life support 1n space.
Among these are Project Frost, demgned to
learn more about the preservation of food on
long space flights; design of a device for re-
covering potable water from biological wastes:
and the design of space suits and eq}llpn1€11t
for use outside space vehicles while In outer
space.

Much effort was also devoted during the year
in the calculation of trajectories for space Ve
hicles to follow in trips to the moon. Mars,
Venus, and other planets.

Development of units to provide electricgl
power in space was also given great emphasis
In the department during 1960. This work,
under several contracts from the military serv-
ices and NASA, included design of thermionic
converters using the sun’s energy to produce
electrical energy: solar cell development; the
flesign of fuel cells in which chemical energy
1s converted directly into electricity; and the
use of magnetohydrodynamic power genera-
tion.

In the field of satellite development, MSVD
conducted work under a contract from the Air
Force Ballistic Missile Center to design and
produce the space vehicle for the Advent com-
munication satellite. The Advent satellite will
be an active repeater system which will receive
and repeat a radio signal back to earth. The
satellite will be placed in orbit around the
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equator travelling at speeds equal to the earth’s
rotation at an altitude of approximately 20,000
nautical miles, and must be able to operate
without maintenance in space for a full year.

The department also carried out design work
on the control and stabilization system for the
National Aeronautics and Space Administra-
tion’s Nimbus meteorological satellite system.

The department was also extensively iIn-
volved in the design and production of various
components for such missiles as the Army’s
Honest John, Little John, and Lacrosse mis-
siles. These components included arming and
fuzing systems, nose cones, and other sub-
systems.

Late in the year, MSVD announced receipt
of a $1.6 million contract from the Army for
fabrication and test of airframes for the Army’s
surface-launched free flight rockets and Auto-
met test vehicles.

The signing of a license agreement between
the department and Nord Aviation of France
covering the American production of the §§-10
and SS-11 wire-guided anti-tank missiles was
also announced during the year.

Vulcan, the six-barrelled cannon developed
by General Electric, was maintained in pro-
duction by the department for use in both
American and European aircraft, and studies
on the development of helicopter armament
systems were continued.

Employment in the department continued
to climb at a rapid pace and at year’s end had
increased over 609, over January. Facilities
were also increased, and early in the year
ground was broken for the Department’s new
Space Technology Center near Valley Forge,
Pennsylvania. This facility will be one of the
largest pirvately financed space research centers
i the country. Department personnel will
begin occupying the center late this year.

Plans were also announced to construct a
new solar test facility near Phoenix, Arizona
to be used in the development of solar powered
electrical generating systems for space vehicles.
This facility was expected to be in operation
early in 1961.

ORDNANCE DEPARTMENT

‘The Ordnance Department’s activity in 1960
centered around the Polaris fleet ballistic mis-
sile and the ASROC anti-submarine warfare
weapons systems.

In January, Polaris made its first fully-guided
flight using the inertial guidance system pro-
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duced by the Ordnance Department. Through-
out the year there were a number of subse-
quent flights, none aborted because of guid-
ance malfunction.

Ordnance Department also supplied the fire
control system for Polaris-carrying nuclear
powered subs. On July 20, Polaris was launched
from the submarine George Washington while
submerged off Cape Canaveral, the fire con-
trol system functioning perfectly. A number
of successtul launchings from the George Wash-
ington and the Patrick Henry followed later
in the year.

The GE fully-transistorized fire control sys-
tem contains more than 17,000 transistors,
1054 digital boards, 40,000 circuits and 250,000
terminations. Designed to operate under all
conditions of sea and weather, it provides ac-
curate information to the missile guidance
system despite sea conditions which induce
roll, pitch, yaw and other motions to the sub-
marine.

In June, the Navy demonstrated the ASROC
ASW weapon using Ordnance Department’s
MK 44 acoustic homing torpedo as its payload.

In September, the Navy’s first guided missile
destroyer to be equipped with the Tartar mis-
sile was commissioned. The USS C.F. Adams
was also the first to be equipped with GE’s
Ordnance Department’s MK 73 Director.

During the year, Ordnance Department an-
nounced development of a cryogenic gyroscope.
Under contract with the Army, Ordnance De-
partment was sponsoring the work, which was
being conducted at GE’s General Engineering
Laboratory in Schenectady, N.Y. The cryogenic
gyro promises accuracies many times greater
than existing gyros and offers utility in future
submarine navigation and missile and space
inertial guidance systems where extreme ac-
curacies are required.

GOODYEAR AIRCRAFT
CORPORATION

GOODYEAR Aircraft Corporation in 1960
began reorienting its diverse interests by re-
grouping its capabilities in order to focus at-
tention on specific fields of effort.

The prime areas, reflecting what the com-
pany feels are its strongest capabilities in terms
of interest, experience, proprietary technology
and facilities, include Undersea Warfare, Elec-
tronics, Astronautics, Radar and Communica-
tions Structures and Fabric Structures.

Long known for its activity in the lighter-
than-air field, the company in recent years has
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applied its extensive experience with fabrics to
development of inflatable vehicles such as the
rubberized Inflatoplane and retardation devices
for slowing re-entry of missiles and space craft.
Foreseeing a need for expanded structures, the
company in 1960 was devoting considerable
research to the use of inflatable structures for
manned space stations.

From its early experience in design and con-
struction of computer installations, GAC devel-
oped its electronic capabilities to the extent
that in 1960 it was one of the Navy's prime con-
tractors for development and production of
flight simulation equipment. 'The company also
served the Air Force as prime contractor for
the ATRAN map-matching guidance system
used in the TM 61B Matador and in the TM
76 A Mace missile, the latter deployed on opera-
tional status with the Tactical Air Command
in Europe.

As prime contractor for the Subroc system to
the Bureau of Naval Weapons, GAC was work-
ing closely with the Naval Ordnance Labora-
tory and making rapid strides in the missile’s
development. The Subroc system can detect
submarines at considerable distances, automatic-
ally compute speed, range, and bearing of the
target, then launch the weapon through tor-
pedo tubes by conventional launching methods.

Programmed to exit from the water and to
fly as a ballistic-type missile, a rocket motor is
ignited as soon as the weapon is a safe distance
from the submarine. At a predetermined point
in the trajectory, the motor is separated from
the warhead, which continues to the target
guided by an inertial system. After water im-

pact, the warhead sinks to the required depth
and detonates.

Because of the ever-growing importance of
underseas warfare to the defense of the country,
the USW group in the Weapon Systems and
Forward Planning department was being ex-
panded. A number of scientists and engineers
with wide experience in this type work were
engaged in studies of what may become mili-
tary requirements in the years ahead.

In July, the company delivered to the Navy
the last of four ZPG-3W AEW airships. The
largest non-rigid airships ever built, the huge
craft are 403-feet long and have an envelope
capacity of 1,500,000 cubic feet non-inflam-
mable helium gas. The largest airborne radar
antennas ever built—40 feet long—are mounted
inside the bags and can detect aircraft at great
distances.
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Production continued in a GAC specialty—
radar antennas. In addition to big ones for
BMEWS and small helical ones for aircraft, a
production line was established for the fabrica-
tion of taxi radar antennas to be used to control
traffic at airports, and big horns for transmission
of microwave signals and television.

Goodyear Aircraft was contributing impor-
tant portions of two other defense systems—the
Air Force’s BMEWS (Ballistic Missile Early
Warning System) and the Army’s Nike Zeus
anti-missile missile weapon system.

Fabrication was started on radomes and track-
ing antennas for BMEWS installations at Thule,
Greenland, and Fylingdale Moors, England.
Built entirely of plastic faces and paper honey-
comb core, except for the metal bolts holding
the 1600 hexagonal and pentagonal panels to-
gether, the huge radomes are the world’s largest.
There is no framework or support other than
that provided by the panels themselves. The
radomes will withstand winds to 130. mph and
can be modified to withstand 180 mph gales.

The GAC-built tracking antennas, which will
be protected by these radomes, are 84-foot di-
ameter concave dishes that can lock onto a mis-
sile as soon as it appears over the horizon sev-
eral thousands of miles away, track the weapon
and feed data on speed, range, and bearing to
computers that calculate the impact point and
give warning.

During the year, one of the antennas under-
went a mechanical “torture test” in the big
GAC airdock at Akron. It operated continu-
ously for nine months with only brief pro-

ammed shutdowns for inspection.

For the Nike Zeus program, Goodyear Air-
craft was building the radomes to cover receiv-
ing antennas for the anti-missile missile system.
These enclosures are only slightly smaller than
those for BMEWS—140 feet in diameter for
BMEWS, 110 feet for Nike Zeus—but are built
of plastic panels mounted on metal random-
pattern space frames.

The receiving antenna for Nike Zeus is a
Luneberg lens fabricated by GAC and consist-
ing of thousands of foam plastic blocks impreg-
nated with slivers of aluminum to focus incom-
ing radar beams. For the transmitter, Goodyear
Aircraft was making polarized windows that are
among the largest of its type ever built.

Plastic products development and fabrication
were important in the over-all picture for 1960.
Two old standbys—fiberglass fertilizer hoppers
and food bins—continued to be made in quan-
tity, while plastic radomes and windows for
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military and commercial aircraft were fabri-
cated.

A development in the honeycomb type of
construction materials was announced and given
the name of Bondolite 7 panels. These panels
are in the three most popular gages of sheet
metal, but weigh only about half as much and
practically nothing in rigidity or strength is lost
when 7. panels replace sheet metal. Many appli-
cations for aircraft and missiles are envisioned.

Manufacture of airplane wheels and brakes
for The Goodyear Tire & Rubber Company
continued to be a source of substantial income
at the Akron plant.

ARIZONA DIVISION

Avionics, ground support equipment and
plastic components took on added importance
at Goodyear Aircraft Corporation’s Arizona
Division at Litchfield Park during 1960.

Transition from mass production of airframe
components for manned aircraft to similar ac-
tivity embracing the field of missiles has been
a continuing factor at the Arizona Division.

Nonetheless, airframe work continued on
wing center sections for the Boeing B-52 Strato-
fortress, with change-over from the “G” to the
“H" model of the jet-powered, high-speed, long-
range Strategic Air Command bomber.

In the Division’s Aerophysics department
major advances were made during the year in
the development of high-resolution radar, radar
data processors, electronic test equipment and
high-speed electronic communicators.

Of special interest was the award of a contract
for the development of an electronic computer
and radar display system to eliminate human
error in ship navigation to prevent collision at
sea. An outgrowth of knowledge gained in re-
search and development of missile guidance
system, the radar data computer will be applied
to §hip navigation. The device is capable of
indicating course, speed, bearing and range of
up to ten vessels in either true or relative posi-
tion.

According to the Maritime Administration,
which awarded the Arizona Division a research
and development contract in October, of par-
ticular importance to safety at sea will be the
automatic determination of an appropriate
avoidance maneuver in the event a possible col-
lision is indicated. Electronic computation will
not only include avoidance of a single vessel
but others in the area as well.

Further advancements were made during the
year in development of three dimensional and
color radar displays. Flight testing as well as

AEROSPACE YEAR BOOK









Two other versions of the Super Falcon with
advanced guidance systems, new rocket motors,
Mach 2 launch speed. deadly accuracy and
ability to ignore enemy decoys were announced
as being in quantity production for use with
F-106A jet interceptors.

Scientists at HAC announced that for the
first time man had created a source of “coher-
ent” light—an atomic radio-light brighter than
the center of the sun.

The “laser” (Light Amplification by Stimu-
lated Emission of Radiation) is a new solid-state
electronic device, smaller than a water tumbler
and containing a synthetic ruby as its “heart.”

As a scientific advance the laser projects the
radio spectrum into a range 10,000 times higher.
The radio spectrum is the range of electro-
magnetic frequencies starting with commercial
radio at one million cycles per second and ex-
tending into upper microwave region of 50,000
million cycles. The laser jumps the gap from
50,000 million cycles to 500,000 billion cycles,
opening the way for a host of important applica-
tions.

Some of these applications are: true amplifi-
cation of light for the first time in scientific
history; a new scientific tool for ill\'estjgati11g
properties of matter and performing basic ex-
periments of physics; focusing of light into high-
intensity beams for space communications: \?ast
increases in the number of available communi-
cations channels and utilization of high light
concentration for industrial, chemical and med.-
ical purposes.

In the educational field Hughes continued to
grant fellowships for masters degrees. In 1960,
some 52 college graduates from 21 states were
awarded Master of Science fellowship grants.

The fellowships permit outstanding young
graduates in engineering and physics to do
graduate work while holding related jobs with
Hughes. §111CC the program was instituted in
1952, 585 students have received masters of
science degrees.

Throughout the year Hughes continued to
expand tlll‘()}lg‘h new divisions and the erection
of Iaboratories.

In Tucson, Arizona, ground was broken for
two new buildings to comprise the Tucson Engi-
neering Laboratories of Hughes Aircraft Com-
pany. The l)llildiligs are to be used in further
development of the Falcon missile.

Two new divisions of HAC were established
{for the development, production and marketing
of commercial vacuum tube devices in Los
Angeles. They were named the Microwave
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Tube division and the Vacuum Tube division.
In Fullerton, California, the HAC ground
systems group established a computer labora-
tory with a staft of 600 employees. The ground
systems group also began operations of its ad-
vanced radar test center in Carbon Canyon.
One name change took place during the year
when the Airborne Systems Group became the
Aerospace Group. During the year HAC pur-
chased the MevA Corporation, Santa Monica,
California, the nation’s only commercial manu-
facturer of cyclotrons, high-energy machines
popularly known as “atom smashers.”

KAMAN AIRCRAFT CORPORATION

VOLUME DELIVERIES of the H-43B HUS-
KIE to the Air Force, a shift from prototype to
initial production deliveries of the HU2K SEA-
SPRITE to the Navy and its first space contract
marked 1960 for Kaman Aircraft Corporation.

During the year the H-43B local base rescue
helicopter entered operational status at Air
Force bases around the country. In its first six
months of active use the HUSKIE performed a
number of life saving missions. Operational
areas ranged from the turbulent winds at thg
bottom of the Grand Canyon to the high alti-
tudes over the rugged terrain of the Donner
Pass.

In October the H-43A, piston-powered pre-
decessor of the HUSKIE put out a potentlallz
dangerous fire and saved the lives of 11 KC-97
crewmen following a crash landing near Ran-
dolph Air Force Base. By the end of the year
about half of the Air Force production order
had been filled and the Air Force had begun
a study of the HUSKIE’s possible use in new
requirements. .

Late in 1960 the Navy awarded Kamal_l Air-
craft a contract for production deliveries of
the HU2K SEASPRITE utility helicopter. The
order for operational models of the versatile,
high speed SEASPRITE came just 14 months
after first flight and less than four years after
the initial development contract was awarde-d.
When it becomes operational with the fleet in
1962, the SEASPRITE will provide the Nc.qu
with an all-weather helicopter capable of ﬂy_mg
faster and farther than anything now in service.
In addition to its electronic stabilization and
navigation equipment, the SEASP_RITE also
has the capability of carrying qddltlollal elec-
tronic equipment for the performance Qt a
wide range of support and combat missions.
These features, plus the SEASPRITE's com-
pact size, enable it to operate from the fleet’s
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LEC has four operating systems—Military Sys-
tems-Stavid, Information Technology, Engi-
neering Services, and Avionics and Industrial
Products. Lockheed was expanding LEC’s capa-
bilities, aimed at increasing its sales in 1961
and developing systems to satisfy varied govern-
ment requirements.

After a fatal accident in March 1960 that
duplicated some aspects of an earlier crash,
the Federal Aviation Agency imposcd speed
restrictions that assured safe operations for
Lockheed FElectras then in service. After ex-
haustive investigation, Lockheed undertook a
program to modify and improve the aircraft’s
power package-nacelle and wing, and all Elec-
tras were scheduled to be modified by midyear
1961. By the end of 1960’s first nine months
Lockheed had delivered 142 Electras, with 26
others to be delivered and one on lease to the
Navy for use in over-ocean tracking for its
Pacific Missile Range.

At year-end Lockheed had more than 20
firm orders for its four-engine JetStar for use
as corporate planes. The company’s affiliates
in Mexico, Italy, and Argentina are gearing
to begin deliveries this year of the LLASA 60,
a versatile six-place utility plane being mar-
keted in Latin and North America, Europe,
and Asia.

Lockheed’s growing capabilities in nucleon-
ics were reflected late in 1960 when the Lock-
heed Nuclear Products branch won its fifth
contract to design and manufacture a low-
power reactor, this one to be used by NASA
for critical experiments at its Plum Brook
facility in Ohio. LNP had previously designed
and built reactors for Ohio State University,
the University of 'Texas, Pensacola (Fla.)
Junior College, and the Atomic Energy Com-
mission. The AEC reactor features the current
“Atoms at Work” exhibit that began a year-
long tour of South America in November 1960.

At year-end Puget Sound Bridge & Dry Dock
Co. of Seattle, Wash., which Lockheed ac-
quired in April 1959, was at work on a four-
year Navy program to construct a guided-
missile destroyer leader and three guided-
missile destroyers. Puget Sound was also In
joint ventures to construct a floating bridge
and a Titan missile base, and is active in free-
way and building construction.

Total Lockheed employment at year-end
among all divisions was 58,000, about 1000
under the same 1959 period. Its backlog at
year-end stood at approximately $1.2 billion,
somewhat higher than a year earlier.
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McDONNELL AIRCRAFT
CORPORATION

McDONNELL AIRCRAFT during 1960
successfully diversified into astronautics and
automation from its strong position during its
first 20 years in aeronautics.

The progressive solution of scientific prob-
lems continually arising in the probing of the
frontiers of space and hypersonic flight greatly
strengthened the company’s capabilities in its
government work, and will provide vital re-
search support to the company’s diversification
in the fields of aeronautics, astronautics and
automation.

The principal areas of research activities dur-
ing 1960 were:

* Plasma Physics Research, directed at the
generation of high enthalpy air plasma for
simulating vehicle re-entry environments in
the study of ablation, heat transfer, and chemi-
cal reaction characteristics of materials and con-
figurations. T'o date, the plasma jet has attained
a maximum temperature calculated to be 25,-
000° F.

* Heat I'ransfer Research, to investigate
temperature characteristics of bodies at super-
sonic and hypersonic velocities. Emphasis was
placed on nose cones and bodies inclined to the
direction of flight, to provide scientific informa-
tion important to boost-glide missiles and space
systems.

* Astronomy and Astrophysics, concerning
solar and stellar radiations, planetary atmos-
pheres, and lunar atmosphere, as well as dy-
namical astronomy applicable to orbit and
trajectory analysis. On 2 October 1959, the com-
pany, under joint sponsorship with the USAF
Air Research and Development Command,
made observations of the polarization of the
solar corona during the total eclipse of the sun
from a McDonnell F-101 airplane at 45,000
feet.

* Solid State Physics, to study fundamentals
of energy conversion and amplification by solid
state techniques. Part of the necessary laboratory
equipment was in hand and preliminary re-
search was initiated on arsenic telluride and
silicon crystals.

* Anti-Submarine Warfare, to investigate
methods for search, detection, classification,
Jocalization and attack as elements of integrated
anti-submarine warfare systems. The company
submitted two proposals to the government as
an outgrowth of this effort.

In the field of fighter airplanes, means of
further increasing the military capabilities of

AEROSPACE YEAR BOOK



the Phantom II were vigorously sought. A new
technique, known as “pre-compressor cooling,”
which greatly augments engine thrust at ex-
treme speeds and thus improves both the speed
and zltitude performance, was proposed for
test during the year. A boundary layer control
system over the leading and trailing edge flaps
to reduce approach and landing speeds was suc-
cessfully developed for production airplanes.
This permits the Phantom II to land aboard air-
craft carriers 12 knots slower than had been pos-
sible previously and will greatly reduce land-
ing hazards aboard carriers, particularly under
adverse conditions of wind and sea.

In the missile field two missiles reached more
advanced stages of development during the
year. New applications for the flight-proven
aeroballistic missile were found as continued
studies demonstrated the missile’s versatility.

The Army awarded the company two re-
search contracts for further devolopment of a
new anti-tank rocket which combines opera-
tional simplicity with extreme accuracy.

The Air Force also awarded the company
contracts for study in the field of hypersonic
flight, including a contract for the design of a
boost glide flight test vehicle.

Research and development work was con-
tinued vigorously throughout the year on
STOL (short takeoff and landing) aircraft.

A grueling flight test program conducted by
both company and Navy personnel effectively
proved the high performance capability of the
Phantom II. Combining great speed (Mach
2-4), range and high altitude capabilities with
df’.\{astating fire power and the superior relia-
bility of twin-engines, the Phantom 11 markedly
enhances the Navy's deterrent and striking
power.

Three world records were set by the Phan-
tom IT within a nine-month period. A dramatic
recapturing of the world’s altitude record from
the Russians was accomplished in December,
1959 when Navy Commander Lawrence E.
Flint, Jr. flew the Phantom II to 98,557 feet
and attained speeds in excess of 1500 miles per
hour in achieving the new mark.

On September 5, 1960 a Phantom II piloted
by Marine Lt. Col. Thomas H. Miller set a
new world 500-kilometer closed course record
of 1216.78 miles per hour. Three weeks later on
Sept. 25, 1960, Commander John F. Davis
averaged 1390.21 miles per hour in a Phantom
IT to set a new 100-kilometer closed course rec-
ord, thus bettering a Russian claim of 1298.7
miles per hour set May 28, 1960.
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In another phase of the flight test program,
the Phantom II successfully completed its car-
rier suitability trials with a total of 126 catapults
and landings during the day and at night
aboard the U.S.S. Independence, the U.S.S.
Intrepid, the U.S.S. Saratoga and the U.S.S.
Forrestal. Despite the great speed developed
with the two J79 engines, the Phantom II in
these trials conclusively demonstrated that it
could land aboard carriers at speeds about equal
to those of other current supersonic, carrier-
based jet fighters.

The adaptability of the Phantom II to attack
and other missions, and its ability to operate
from limited runways, give it a world-wide
operational potential for both the United
States and its allies.

Deliveries of the Phantom II to the Navy for
final Board of Inspection and Survey tests were
made in July 1960.

An order from the Navy of §108,956,520 for
additional Phantom II airplanes provided for
continued deliveries of the carrier-based fighter
through December, 1962.

The F-101B supersonic two-place, twin-jet
interceptor for the Air Defense Command went
into operation with nine more Air Force squad-
rons during the year. With its long range and
its ability to deliver both Genie MB-1 nuclear
rockets and Falcon missiles, the F-101B becam-e
primary air defense weapon at 16 US. Air
Force bases.

After eight years of design, development and
manufacture of the F-101, production was com-
pleted at year’s end. Completion of thls con-
tract, except for a substantial business in spare
parts, brought to an end a series of contracts
for this airplane which have totalled more than
$1,000,000,000.

Since the first flight of the F-101 Voodoo on
29 September 1954, the company (.lelivered
more than 800 airplanes in three versions . . .
the F-101 fighter-bomber, the RF-101 photo
reconnaissance airplane, and the F-101B inter-
ceptor.

The Voodoos, which hold several official
world speed marks, as well as a number of trans-
oceanic records, reached a total operational
flight time of more than 220,000 flight hours in
carrying out their missions with 29 Air Force
squadrons throughout the free world.

Production of airframes and integrated ram-
jet engines of the Navy's Talos surface-to-air
missile continued through the year. The super-
sonic missile has a range of more than 65 miles
and is designed to destroy enemy aircraft at ex-
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servatory: a study contract for a multi-crew
space laboratory; studies related to orbiting a
man around the moon, and further uses for
company-designed orbital space vehicles. Mc-
Donnell was one of four firms selected by the
Jet Propulsion Laboratory of the National
Aeronautics and Space Administration to work
on a design study leading to a program to soft-
land an instrumented spacecraft on the moon.

Another space project, under contract with
the Air Force, called for the design, fabrication,
and testing of structural re-entry components
for spacecraft, utilizing refractory metals with
working temperatures up to 2500°F. A typical
structural assembly of special columbium alloy
was designed and fabricating techniques for this
component were developed during the year.

The above programs were necessary early
steps. They provide the broad technical base
needed for development of larger, more sophis-
ticated spacecraft which will soon be feasible.

The design and construction of a manned
orbital space vehicle by this company in close
coordination with the National Aeronautics
and Space Administration (NASA) represents
one of the great engineering team undertak-
ings in the history of the aerospace industry.
Man’s ageless dream to explore space is becom-
ing a reality as a result of funneling into the
Mercury Project the practical application of
accumulated scientific theory, knowledge, and
skills. The satellite is designed to carry an
astronaut more than 100 miles above the earth,
travel at a speed of 17,400 miles per hour, with-
stand re-entry heating, and land safely in a
predetermined area in the Atlantic Ocean after
three 90-minute orbits around the earth.

Complex, miniaturized systems provide auto-
matic, manual, and ground control; two-way
communications; a system to provide the as-
tronaut with environmental cockpit conditions
comparable to those in military aircraft flying
within the atmosphere; and a system for locat-
ing “the spacecraft during landing. Alternate
systems are incorporated wherever they further
Insure the pilot’s safety.

Construction of such a space vehicle has re-
quired aggressive, pioneering innovations to as-
sure maximum reliability. New production and
assembly procedures were introduced with the
establishment of “white rooms” to provide pre-
cise control of temperature and humidity and
to eliminate airborne contamination. New
methods were devised to test the structural and
functional elements and the environmental,
control, and communication systems at various
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stages before, during, and after component in-
stallation.

Since the signing of the contract for the
Mercury capsule and supporting equipment, a
number of the 20 capsules and all of the check-
out and telemetry mobile trailers and ground
control block-house equipment were delivered.
The first of the delivered capsules successfully
tested the pilot escape system, which carries the
capsule away from the booster for a parachute
landing in case of a malfunction prior to launch
or during the early stages of flight. Several cap-
sules were being readied for tests to fully
qualify the vehicle under anticipated orbital
flight conditions before launching the manned
space flight.

To familiarize the astronauts with the satel-
lite systems and procedures which they will
operate in actual flight, two M.A.C.-developed
electronic mission simulators and an egress
trainer were delivered to NASA.

An engineering task group from the company
was established at Cape Canaveral, Florida, for
the complete, final preparation of the satellite
vehicle, and for the support of the NASA team
during the countdown and launch procedures
for the uninhabited, primate, and manned bal-
listic and orbital flights. _

In the process of designing and producing
aircraft and spacecraft, the company deyeloped
an unusual competence in the producn(')n.an_d
utilization of automatic equipment. This 1s 1!-
lustrated by (1) an electronic equipment busi-
ness which for fiscal 1960 totaled over $45.000,-
000 in completed work and year end backlog,
and (2) the use of more than $7,000,000 worth
of electronic data processing equipment.

On March 21, 1960, the company announced
its first formal diversification in the commercial
field of automation with the establishment of
the McDonnell Automation Center to provide
complete electronic data processing seryices
both for scientific work as well as in administra-
tive fields such as inventory control, marketing
analyses, production control and accounting.

McDonnell had more than 300 specialists in
data processing and systems work and its fac.ili-
ties are the largest in Mid-America. Processing
capacity was being increased over 500%, by the
addition of two huge electronic computers: the
IBM 7090 and the country's first commercial
7080 in September 1961.

The efficiency and savings provided by this
service have stimulated interest by many types
and sizes of businesses.

The design, development, and production of
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electronic equipment expanded materially at
McDonnell Aircraft during the year, and the
%$24,900,000 of work was an increase of 98.49%,
over 1959.

While much of this effort was directed at
developing subsystems and grou'nd support
equipment related to McDonnell a1rp1ane, mis-
sile and spacecraft systems, some of these elec-
tronic products were purchased by _the govern-
ment and other contractors for use in a variety
of weapon systems and some had potential for
commercial sales. Typical of these products
were: McDonnell Simulator Rocket which per-
mits economical training of interceptor crews
by simulated rocket launchings instead of actual
launchings of Genie rockets; an improved pitot-
static test set developed for use at Navy air
bases which provides a safe and rapid means of
performing maintenance checks and calibration
of the sensitive altitude and airspeed instru-
ments; and the first development model of a
message computer for data link equipped Phan-
tom II airplanes which provides decoding for
visual display of intercept instructions to the
air crew, and in turn encodes speed, altitude,
fuel and other aircraft information for reply
to control center.

The construction of the $1,000,000 Hyper-
velocity Impulse Tunnel during the year com-
pleted the second of two bH-year l"acility. pro-
grams originally begun 1 July 19ﬂ50: .Tlus 10-
year reinvestment in up-to-date facilities and
equipment amounted to $57,709,654, and in-
cluded the construction of an Engineering
Campus, Engineering Laboratory, Low Speed
and Polysonic Wind Tunnels, Thermodynamics
and Propulsion Laboratories, Missile Assembly
building, and two Manufacturing and Flight
Test hangars.

These technically advanced facilities com-
prise a vital part of the fully integrated plant
at Lambert-St. Louis Municipal Airport con-
sisting of %,425911 gross square feet of the
total 3,898,890 square feet occupied by the com-
pany at all locations on 30 June 1960. Of this
total, only 19.79%, was leased from the Govern-
ment.

The new Hypervelocity Impulse Tunnel
which was put into operation in May 1960, only
9 months after construction was begun, is de-
signed to simulate speeds up to 27 times the
speed of sound, temperatures hotter than the
surface of the sun, and aldtudes from 20 to
about 60 miles. The new research facility is
designed to test spacecraft and missiles under
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conditions similar to those encountered during
re-entry from space.

The tunnel derives its energy from a bank
of 2,320 capacitors which discharge 3,600,000
amperes at 12,000 volts in three milliseconds.
In this fraction of a second the tunnel draws
more current than the nation’s five largest
cities combined. The three-millisecond dis-
charge of 3,200,000 kilowatts of electrical power
represents an output greater than the impulse
power of Grand Coulee Dam.

Expenditures for facilities for fiscal year 1960
amounted to $2,726,503, as compared to the
cash return from depreciation of $5,678,313.
According to plans, expenditures for facilities
in fiscal 1961 will be lower than any year in the
past decade.

THE MARQUARDT CORPORATION
DURING 1960, the Bomarc IM99A and D

interceptor missiles became operational, and
the development program for the Marquardte
ramjet engine which powers these missiles
reached a gratifying conclusion. The ramjet
engine development program was initiated in
1956 to produce an engine with improved per-
formance and resulted in threce RJ43 engines,
the -7, -9, and the -11. The -11 and its predeces-
sor the -3 are the only two ramjets cver to have
passed the Air Force Military Qualification
tests. These engines were used to power the
Bomarc missile on many successful flights, and
their development paved the way for the hyper-
jet and a liquid-air-cycle engine as well as open-
ing a development study for a hypersonic
engine.

To compensate for the phaseout of the Bo-
marc engine development program at Van Nuys
in 1960 and of Bomarc engine production at
Ogden in 1962, Marquardt was expanding its
activities in diversified aveas. As part of a long-
range plan to expand the company’s product
base, an Independent Research and Develop-
ment Program was initiated last year.

Contributions to the development of a nu-
clear ramjet (Project Pluto) were made by
Marquardt’s Nuclear Systems Division in con-
junction with a contract to support the Law-
rence Radiation Laboratory’s development of a
non-flyable nuclear test reactor, the Tory IL
Marquardt’s primary effort was in the develop-
ment of non-nuclear components for the re-
actor and in support studies.

The newly organized Facilities Engincering
Division had a part in Project Pluto, designing
the airflow system and furnishing preliminary
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A Special Projects Laboratory for the pur-
pose of developing security devices and systems
for government and commercial applications
was established in the Congressional Plaza area
at Rockville, Maryland. The 4,000 square-foot
laboratory is designed for engineering develop-
ment and model-shop fabrication of small-scale
electronic and electromechanical security equip-
ment.

The Cooper Division was moved to Van
Nuys, location of the Power Systems Group,
where Cooper now has immediate access to the
technical and facility resources of the new en-
vironment. Cooper had been located at Mon-
rovia, California, and was acquired by Mar-
quardt in 1958. Among Cooper’s major efforts
1s a recent contract from the Army Signal Sup-
ply Agency, Fort Monmouth, New Jersey, for
600 meteorological rockets received late in 1960.
Other contract work is being done by this
division in the area of launch Tecovery systems.

A program of realignment commensurate
with increased sales activity brought the market-
ing and engineering functions of the Power
Systems Group together to establish centralized
engineering-sales teams in support of specific
projects of the Group.

Marketing activities were further accelerated
with the election of a marketing vice president,
Stuart E. Weaver, formerly of Northrop. Harry
B. Horne, former director of corporate plan-
ning, was elected to the vice presidency of that
function.

In the early part of 1960, Marquardt was
listed on the New York Stock Exchange with
the designation “MRQ.” At the end of October,
current sales for the preceding 40-week period
approximated those for the same period the
previous year, and sales for the entire year were
estimated to be about the same as 1959, when
sales amourited to $69,011,225.

THE MARTIN COMPANY

DURING 1960, The Martin Company’s
activities included missiles and support equip-
ment, electronics, space age projects, nucleonics
and research. The company was operating six
divisions:  Baltimore (Maryland), Orlando
(Florida), Cocoa (Florida-near Cape Canav-
eral), Denver (Colorado), Nuclear (Maryland),
and RIAS—-Research Institute for Advanced
Studies (Maryland).

In 1960 Martin continued to show gains in
sales and earnings, with a steady favorable
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relationship to costs and expenses. This was
the firm’s 10th consecutive year of increasing
sales volume. Indicative of this rise in busi-
ness was an increase in the company’s approxi-
mate total employment from 34,300 to 40,700
during the past year.

Two new vice presidents were added to the
corporate executive staff: Dr. William L. Whit-
son (Denver Division) and Douglas V. Dor-
man (Industrial Relations). George M. Bunker,
board chairman, and William B. Bergen, presi-
dent, directed Martin’s six divisions and other
corporate activities.

Martin acquired stock in two smaller com-
panies, General Precision Equipment Corpora-
tion and Nuclear Corporation of America, and
in October three Martin executives were
elected to the board of the latter.

In education, Martin established an annual
$5000 VANGUARD doctorate fellowship at
Johns Hopkins University (open to students
of all nations that participated in the Inter-
national Geophysical Year), and continued its
Foundation Scholarship and cooperative engi-
neering education programs.

A recently-formed group attached directly
to the corporate organization, Advanced Pro-
grams, coordinates new business activities
among the company’s half-dozen geographically
separate divisions. Its functions are to develop
plans and strategies for acquiring new busi-
ness, to direct specific efforts to this end and
to identify and help solve problems that stand
in the way of its goal.

Because of the company’s expansion, a site
near the Baltimore Friendship International
Airport was purchased for the construction of
new corporate offices. The executive move
should be accomplished in 1961.

BALTIMORE DIVISION

Martin-Baltimore during 1960 developed im-
portant refinements to its Air Force MACE
missile system, began manufacturing the
booster of the new Air Force DYNA-SOAR
manned space vehicle, produced a lightweight
trainer modification of the Martin Navy-Air
Force BULLPUP, designed a unique infrared
seeker-tracker, established 3 special electronics
division, and began a study for NASA on
PROJECT APOLLO, in addition to diversified
activities in other scientific and electronic areas.

The TM-76A MACE, in production since
mid-1958 and operational a year later, was in
full combat readiness status with the Air Force
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LES batteries was called “a significant step to-
ward perfecting the defenses of the American
continent.” By year-end ten scheduled MISSILE
MASTER installations were activated and were
coordinating NIKE batteries at Ft. Meade, Md.
(Washington-Baltimore defense); Ft. Lawton,
Wash. (Seattle-Tacoma); Ft. Heath, Mass.
(Boston-Providence); Highlands Air Force Sta-
tion. N.J. (New York metropolitan area); Lock-
port Air Force Station, N.Y. (Buffalo-Niagara)
and Selfridge Air Force Base (Detroit). Instal-
lations were completed and scheduled for
operational status by the end of 1960 at Pitts-
burgh, Philadelphia. Chicago and Los Angeles.

Initiation of the PERSHING flight test pro-
gram at Cape Canaveral began in early 1960.
The first six attempts (first stage only with
dummy second stage) were successful. establish-
ing a new reliability record at the Atlantic
Missile Range. By the end of the year PER-
SHING was well into its two-stage flight test
program.

The Pershing weapon system was demon-
strated before President Eisenhower and top
Pentagon leaders at the Army’s Project NMAN:
it was also flown to Europe and demonstrated
before ranking U.S. and NATO commanders
and staff.

In support of the Orlando Division’s accele-
rated research program, a new technical and
research staft (TARS) was organized in mid-
1960. This group was concentrating on the
application of technical competence to exist-
Mg weapon system projects.

In addition, this high level research and
development team was providing technical sup-
port to the Division’s Advanced Systems group,
assuring the superiority of future projects.

Two of the more promising developments
to come out ol this group are the Cesium vapor
cell and thin film circuits.

It was discovered that a simplified frequency
standard can be developed by ground state
hyperfine splitting of the Cesium atom. Light
from a ten watt Cesium lamp is polarized by
being passed through suitable filters to excite
a Cesium vapor cell mounted in a cylindrical
cavity.

The accuracy and stability of this frequency
standard makes possible the development of an
atomic clock which will vary not more than
one sccond in 300,000 years. This timing device
has further application as a precise tool for
checking Einstein’s Theory of Relativity.

In the area of thin film previously unused
electrical properties of matter find application
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in thin film circuits. A single thin film, 18 milli-
meters square by one millimeter thick, repre-
sents a complete flip-flop circuit, many hun-
dreds of which are used in digital computers.
In addition to the extraordinary space and
weight savings, simplicity and fewer solder con-
nections lead to the greater reliability de-
manded of space and missile systems.

COCOA DIVISION

In the first 11 months of 1960, Martin-Cocoa
launched 19 Denver-built TITAN interconti-
nental ballistic missiles for the Air Force, eight
selective-range  PERSHING missiles for the
Army and ten MACE tactical missiles for the
Air Force, a total of 37 missiles, or a launch
rate of better than three per month.

The year saw the first two-stage TITAN flight
on February 2 and the first complete systems,
full-ICBM-range flight on February 24. The
test program for this largest of U.S. missiles
progressed so rapidly during 1960 that the first
successful operational prototype was launched
August 10 and five more of these missiles had
been flown, including one at 6100 miles, by
the end of October. Of the 19 TITANS
launched in that period. 14 TITANS accom-
plished all major objectives. '

February also marked beginning of the f‘hgl.lt
test program for the Army’s two-stage, soh_d
propellant PERSHING, built in Orla-ndo. This
selective combat range artillery missile, which
established a launch record at Cape Canaveral
with six successes on its first six launches, wa,s
well into an advanced phase of testing by years
end.

A third missile test program conducted at
the Cape during 1960 by Martin-Cocoa was the
Air Force’s TM-76B, an inertially-guided,
longer-range version of the operational T{\I-
76A MACE. Ten of these Baltimore—bU{lt,
swept-wing, tactical missiles were launched. 1n-
cluding five from a simulated battlefield
launcher—a concrete shelter which would con-
ceal and protect-the MACE from enemy action.
The first launch from the hardsite occurred
July 11 and Air Force troops successfully
launched a MACE from the shelter for the first
time on October 7.

Martin-Cocoa’s administrative staff, number-
ing less than one-tenth of the total Martin
employment at the Cape, moved into a modern,
one-story office building south of Canaveral
early in 1960.

The Cocoa Division was established in 1957
to conduct all missile flight testing for Martin's
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other divisions at the Atlantic Missile Range.
At the end of 1960, facilities assigned to and
operated by Martin-Cocoa included three
hangars and four launch complexes for the
TITAN, an assembly building and complex
with hard and soft launch sites for MACE and
a complex with two launch pads for PER-
SHING.

DENVER DIVISION

In October 1960, the Air Force TITAN
ICBM (SM-68) began full intercontinental
range tests over the Atlantic Missile Range. A
missile launched from Cape Canaveral, Fla., on
Oct. 24, delivered its nose cone 6100 miles to a
point near St. Helena Island in the South At-
lantic. Late in 1960, TITAN was scheduled for
its first fully operational flight test from train-
ing facilities at Vandenberg Air Force Base,
California.

In its first complete systems test on February
24, 1960, TITAN was launched 5000 miles
from Cape Canaveral. Both stages functioned
properly, the nose cone separated and dropped
in the target area near Ascension Island. A data
capsule, carried in the nose cone, was recovered,
beginning the collection of valuable re-entry
data which cannot be achieved by telemetry.
In all there have been 25 flights, since the first
on February 6, 1959, 19 in the first 11 months
of 1960.

On June 20, 1960, The Martin Company
was awarded an Air Force contract for develop-
ment and production of TITAN II, a bigger
and more powerful version of TITAN. Desig-
nated SM-68B, TITAN II will be longer
(TITAN I is 98 feet) and larger (10-foot-
diameter second stage compared with eight feet
in TITAN I). TITAN II engines are substanti-
ally uprated, utilizing storable fuels. (TTTAN
I first stage engine delivers 300,000 pounds of
thrust; second stage 80,000 pounds.) The stor-
able fuels (nitrogen tetroxide and a 50-50 mix
of anhydrous hydrazine and unsymmetric di-
methyl hydrazine) give TITAN II a virtually
instantaneous reaction time. TITAN II will be
launched from the bottom of its underground
silo, whereas TITAN I must be lifted on an
elevator to the surface before launch. TITAN
IT will incorporate a complete inertial guidance
system; TITAN I depends upon ground radio
guidance.

Bases were announced in 1960 for the 14
squadrons (TITAN I and TITAN II com-
bined) so far authorized by the Air Force. Each
squadron will contain nine missiles in silo, plus
a spare maintained nearby, accounting for the
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current 140 TITAN
ICBM's.

The first squadron of TITAN T was to be-
come operational during 1961. It will be
located at Lowry Air Force Base where basic
construction was nearly complete and installa-
tion and checkout of electronic and other
ground based equipment had started by late
1960. Two squadrons will be located at Lowry.
Construction was underway at four other
TITAN 1 bases (one squadron each) at Ells-
worth AFB, Rapid City, $.D.; Mountain Home
AFB, Mountain Home, Idaho; Larson AFB,
Moses Lake, Wash., and Beale AFB, Marysville,
Calif.

Four TITAN II bases announced by the Air
Force will be located at Davis-Monthan AFDB,
Tucson, Ariz., McConnell AFB, Wichita,
Kansas, Little Rock AFB, Little Rock, Ark.,
and Griffiss AFB, Rome, New York. These
bases will contain two squadrons each.

In the TITAN 1 base, missiles will be
grouped in complexes of three TITANS each,
with a central control and guidance center for
cach complex. TITAN II will be dispersed in
individual silos capable of launching an entire
squadron or more in salvo. All installations are
of concrete and steel and placed deep under-
ground to withstand the blast of an enemy
nuclear attack.

production total of

NUCLEAR DIVISION

During 1960 Martin began work on its
second air-transportable nuclear reactor for the
Atomic Energy Commission and started elec-
trical tests on a new “isotopic power” generator
in the SNAP series. The company was also
awarded a study contract by the National Aero-
nautics and Space Administration to develop
plans for the first flight test of a nuclear rocket
Cnglne.

Work on the company’s first portable reactor
system, the PM-1, reached the hardware stage.
Zero power tests began in March on the PM-1
core—an assembly of tubular fuel elements the
size of a single oil drum which will produce
heat and electrical power equal to that supplied
by millions of gallons of high grade diesel fuel.

Preparation of the PM-1 site at Sundance Air
Force Station, Wyoming, was completed and a
flight test demonstrated air transport ability.

The new power plant for which Martin re-
ceived an AEC contract during 1960 was PM-
3A, a reactor system which will service the
Naval Air Facility at McMurdo Sound, Antarc-
vica—headquarters for all American scientific
activities on the polar continent. The electrical
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output of PM-3A will be 1500 electrical kilo-
watts (50 per cent higher than PM-1), and the
plant is scheduled for delivery in November,
1961.

A full year after it began operation, the tiny
SNAP-3 generator built by Martin was still
producing continuous electrical power, and
further environmental tests indicated that
“Systems for Nuclear Auxiliary Power” of this
type could be used safely in satellites and space
probes. Meanwhile, electrical tests began on a
larger unit, the 125-watt SNAP 1-A, which 1s
designed to operate at full power for a year.

In these isotopic power units pioneered by
Martin, heat produced by the spontaneous de-
cay of radioactive material is converted directly
into electricity by thermoelectric elements. The
operating life and the power density depend on
the specific radioisotope used.

A new, highly-automated laboratory built
by Martin during 1960 will help to multiply
the supply of one radioisotope which is particu-
larly valuable for such applications, Curium-242,
Almost simultancously, the company leased ad-
ditional laboratory facilities at Quehanna,
Pennsylvania, where final steps in the Curium
production process can be carried out and
where future isotopic power units will be
fueled and tested.

The NASA contract in the nuclear rocket
flight test program calls for preliminary design
of the system, evaluation of safety factors,
planning of test and tracking facilities, and de-
velopment programming and scheduling. The
study will consider three basic approaches to
the first flight test: (1) start-up of the nuclear
engine on the ground in a “booster” stage;
(2) use of the nuclear engine in the second
stage; or (3) start-up after béing placed in orbit
by a Saturn vehicle.

Independent of the NASA study (in which
the Denver and Nuclear Divisions are cooperat-
ing) Martin continued its intensive investiga-
tions ol suitable fuel element materials for nu-
clear rocket reactors. The extreme temperatures
which will be experienced in such a working
system pose a scvere materials problcm which
must be solved in order to make possible the
increased endurance and specific impulse of-
fered by nuclear rocketry.

Research and development in the field of
direct energy conversion was also expanded dur-
ing the year by the establishment of a new
laboratory and the creation of a new group 1o
investigate advanced thermoelectric, thermionic
and magnetohydrodynamic systems.
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RIAS

RIAS intensified its program of basic re-
search in 1960. Scientific advances were ac-
companied by a growing measure of support
from government agencies, mindful of the need
for a deeper understanding of fundamental
scientific principles. Basic studies in mathe-
matics, the biosciences, physics, chemistry and
metallurgy were conducted by the staff, aided
by contracts and grants from the Air Force, the
Army, the Navy, the Atomic Energy Commis-
sion, the National Science Foundation and the
National Institutes of Health.

In the RIAS metallurgical laboratories, not-
able results were achieved in studies of disper-
sion-hardened alloys. Experiments with a ma-
trix of silver in which had been incorporated
an aggregate of aluminum oxide proved that
this alloy retained mechanical strength at tem-
peratures higher than the melting point of
silver.

Studies were conducted on the effects of sur-
face treatment on the mechanical properties of
metals and on the influence of plane defects on
the strength of fabricated metal.

Among the photosynthesis investigations per-
formed by the Biosciences Group were studies
of carbon monoxide uptake in green plants;
the analysis of the lipid constituents of the
chloroplasts and lipid metabolism in plants; the
significance of the laminar structures in which
radiant energy is converted 1nto chemical
energy, and the mode of pigment interaction in
the photochemical conversions.

In the Physics Group experimental and
theoretical studies were conducted in solid state
physics, cosmic radiation and the modern
theories of fields. The solid-state program was
concerned with the properties associated with
the transport of electrons and photons through
solids.

The cosmic ray studies were being perfol‘med
by sending ionization chambers aloft in satel-
lites, rockets and balloons. Analysis continued
of data obtained in the experiment with the
Explorer VII satellite. This research was de-
voted to an investigation of the heavy com-
ponent of the primary cosmic radiation and of
the secondary neutrons cmergent from the
atmosphere.

A major theoretical program involved the
study of the combined theortes of electromagne-
tism and gravitation as expressed by the general
theory of relativity and the covariant torm of
Maxwell’s equations.

In theoretical chemistry, studies were begun,
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seeking the cause of interfacial instability in
systems where diffusion of a solute is occur-
ring. The newly-expanded quantum chemistry
group was working to set up methods to predict
molecular properties based on molecular or-
bital calculations for compounds containing
heteroatoms, such as boron and nitrogen, in ad-
dition to simple carbon and hydrogen atoms.

Members of the Mathematics Group concen-
trated most of their work in the field of non-
linear differential equations, which can be
used to describe highly dynamic systems, such
as those used for missile and rocket controls.
Four RIAS mathematicians presented papers
at the International Federated Automatic Con-
trol Congress in Moscow during the spring of
1960.

The growing productiveness of the RIAS re-
search program was reflected in the sizeable in-
crease in the number of papers published in
scientific journals. More than 60 technical re-
ports and monographs were published in 1960,
an increase of 50 per cent over the best previous
year. Staff members conducted numerous semi-
nars and conferences and delivered many lec-
tures to disseminate the results of their research.

NORTH AMERICAN
AVIATION, INC.

NEW WORLD RECORDS for speed and
altitude in a manned aircraft were set by North
American’s X-15 rocket plane when the ship
went 2,196 miles an hour and up to 136,500
feet with two XLR-11 engines totaling 16,000
pounds thrust. First tests were made with the
single 57,000-1b. thrust XLR-99 engine in the
aircraft.

Development work went ahead on the B-70
Valkyrie, strategic bomber which will fly at
2,000 miles an hour and above 70,000 feet.

The T-39 Sabreliner twin-jet trainer bettered
its design speed and range in first flight tests
of production models. Quantity production
started with 94 aircraft on order from the Air
Force.

The A3] Vigilante attack weapon system
completed carrier suitability trials and the T2]
Buckeye jet trainer graduated its first class of
Navy fliers.

Rocketdyne’s Atlas engines were employed in
the first generation of operational ICBM’s, the
first full cluster of Saturn engines was test-fired
and work went ahead on the F-1 engine, 1,-
500,000 Ibs. of thrust in one chamber. Thor,
Atlas, and other Rocketdyne engines continued
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to put up the great majority of the nation’s
satellites and space probes. Production was be-
gun on the J-2, a liquid hydrogen engine of
200,000 lbs. thrust, for later versions of Saturn.
Other production during the year included
Redstone and Jupiter engines and solid propel-
lant boosters.

The company was in production on the Air
Force GAM-77 Hound Dog air-to-surface mis-
sile and was developing the Redhead-Road-
runner target missile for the Army.

Development and production of the guidance
and control system for Minuteman and for the
Hound Dog, inertial navigation systems for nu-
clear submarines, flight control for the A3]
and armament control for the F-105, F-104,
A3] and T-39 continued. The company also
increased its activity in computers and data
processing equipment.

Fabrication was started on the 600-ft. radio
telescope antenna for the Navy.

Construction of two nuclear power plants
proceeded and the company continued a num-
ber of nuclear reactor experiments for the AEC,
including development of systems for nuclear
auxiliary power in space and a reactor for nu-
clear ramjet propulsion.

There was sharply increased effort in basic
research and in research and development across
a wide range of technology, but particularly in
the area of space.

Agreement was completed with the French
firm, Societe D’Etude De La Propulsion Par
Reaction in the rocket field. North American
and two other French firms organized Dynatom,
a joint company to design, build and market
nuclear reactors. A mutual licensing agreement
in electronics was reached between North
American and A. B. Atvidabergs Industrier of
Sweden.

In 1960, North American received the
Arnold Air Society’'s Hoyt S. Vandenberg
Award for the company’s contribution to aero-
space power for national security.

Employment rose to 67,000 on September
30, the highest mark for any year but one since
1943.

North American’s sales for the fiscal year
ending September 30 totaled $964,162,496, com-
pared with $1,044,899,580 for the previous
year. Net income after all costs and provisions
for federal income taxes was $23,394,548.

Back log of unfilled orders on September 30
was $873,000,000, not including orders that
were negotiated but not yet funded. Activities
of the various divisions were as follows:
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AUTONETICS DIVISION

Autonetics growth in 1960 was highlighted
by an increase in employment from 13,500 to
22,000 to make it North American Aviation’s
largest division. To improve its efficiency and
expanding markets for military and industrial
electronic  products, the organization was
divided into four product divisions: Armament
and Flight Control; Computers and Data
Systems; Inertial Navigation and Industrial
Products.

The Computers and Data Systems building
was completed and occupied in Downey; con-
struction of the first of three buildings was
begun on 130 acres purchased in Anaheim; an
International Operations office was established;
a sales and service office for Industrial Products
was opened in New York City and plans for
construction of an advanced electronics re-
search center in Anaheim were announced.

Autonetics inertial navigation systems par-
ticipated in two history-making events. Its
Ship’s Inertial Navigation System (SINS)
operated perfectly aboard the nuclear-powered
submarine USS George Washington during the
first two underwater firings of Polaris Fleet
Ballistic Missiles. Its N6A all-inertial auto-
navigator helped guide the atomic submarine
USS Sargo on a deep winter voyage under the
Arctic icecap and to the North Pole.

In research and development of the USAF
Minuteman ICBM, Autonetics’ guidance sys-
tem was successful in rocket sled testing at
Holloman Air Force Base and the USAF ac-
cepted the first production-type inertial naviga-
tion system.

Verdan computers were delivered by Au-
tonetics to USAF Strategic Air Command
squadrons to do double duty by guiding the
GAM-77 Hound Dog air-to-surface missiles as
well as checking out the missile’s inertial auto-
navigator on the ground. Development of the
FADAC computer was furthered with addi-
tional U.S. Army contracts.

Production of Autonetics R14A Nasarr radar
for the USAF F-105 Thunderchief fighter-
bomber was in high gear. Nasarr also was
ordered for Lockheed’s F-104 for various Free
World nations—West  Germany,
Netherlands, Canada, and Japan.

A Navy contract was received to develop a
lightweight, helicopter stability augmentation
system. Another Air Force contract called for
design, fabrication and flight testing an all-
weather automatic landing system.

Autonetics  Industrial Products

Belgium,

achieved
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wider use of its RECOMP computer which was
leased by several organizations for use on a
variety of scientific and engineering problems.
The year also brought successful completion of
a reciprocal agreement between Autonetics and
Facit Electronics (subsidiary of AB Atvida-
bergs Industrier) of Sweden and the introduc-
tion of a new wiring continuity tester called
NIFTE (Neon Indicator Flashing Test Fquip-
ment).
COLUMBUS DIVISION

The carrier-based A3] Vigilante, produced
by the Columbus Division for the Navy, suc-
cessfully completed carrier suitability trials and
is to be ready for fleet assignment early in 1961.
Flying at twice the speed of sound, the A3] can
deliver either nuclear or conventional weapons
over long distances at either high or low alti-
tudes, and in any weather. It ejects its stores
from the tail through a tunnel-like linear
bomb bay.

During 1960 the first Navy fliers graduated
from training in North American’s T2] Buck-
eye.

The Columbus Division was at work on the
fabrication and flight testing of a new super-
sonic high or low level recoverable target mis-
sile, the Redhead-Roadrunner, for the Army.
The low-cost missile is unique in that the same
missile system is intended to be used for either
high or low controlled missions, and has stubby
delta wings which can be quickly attached for
added maneuverability on high-level supersonic
flights. The missile will be able to fly in the
Mach 2 range and from near ground level to
more than 50,000 feet.

Columbus was building the 600-foot reflector
for the Navy’s giant radio telescope at Sugar
Grove, West Virginia and is at work on various
other telescope, antenna and communications
projects.

Many other programs were embraced by
new laboratories including one finished late in
the year which was testing the effects of sonic
tatigue on men and materials.

MISSILE DIVISION

Strategic Air Command squadrons were be-
ing equipped with the GAM-77 Hound Dog
air-to-surface missile, developed and produced
by the company’s Missile Division in Downey,
California. The 43-ft. missiles can be launched
from B-52 bombers to deliver nuclear war-
heads at supersonic speeds over a range of
hundreds of miles.

‘The missile’s turbo-jet engine, with a thrust
of 7500 pounds, can be used to assist the mother
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bomber during takeoff, substantially reducing
the length of take-off roll.

Simultaneous with the production of the
GADM-77 the division was developing an ad-
vanced Hound Dog with several improved capa-
bilities.

In addition to the Hound Dog program, the
Missile Division had several study contracts
with various government agencies. Through
the division’s Aero-Space Laboratories, research
was being conducted in such areas as flight
space mechanics, gas dynamics, and the geo-
physical, material and astronautical sciences.

ATOMICS INTERNATIONAL

This division was building compact power
reactors for the Atomic Energy Commission’s
program to develop Systems for Nuclear Aux-
iliary Power (SNAP) for space vehicles. Studies
also were being conducted for the AEC on the
development of a power reactor for nuclear
ramjet propulsion. The division continued
design and production of reactors for research
and the generation of commercial power both
in this country and abroad.

NORTHROP CORPORATION

NORTHROP Corporation, headquartered
in Beverly Hills, California, continued during
1960 to carry on its research and development,
manufacturing and marketing activities through
its four divisions: Norair, Nortronics, Radio-
plane, and Northrop International, and a
wholly-owned subsidiary, Page Communica-
tions Engineers. The company had approxi-
mately 70 basic products and programs concen-
trated in weapon systems, subsystems and other
developments related to the national defense
effort.

Out of the company’s plants and laboratories
have come technologies which have put North-
rop into new and expanding programs in
electronics, missiles, aeronautics, space, and
communications systems.

During the year Northrop moved deep into
two top-priority ballistic missile programs—the
Air Force’s Skybolt and the Navy’'s Polaris.
Skybolt, in an early stage of development, and
the Polaris which was operational status, both
represent the most advanced concepts in mobile
missile-launching systems. The Skybolt will be
launched from high altitude bombers; the
Polaris is launched from submerged nuclear
submarines. Both demand electronic systems of
the highest reliability and precision.

For Skybolt, Northrop was developing the
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astronertial guidance system. Northrop’s capa-
bility in this field grew out of more than ten
years of leadership in the development of stel-
lar-monitored inertial guidance systems, using
electronics, mechanics, and optics to track the
stars by day and by night.

For Polaris, Northrop was supplier of an
electronic system known as Datico. Aboard the
submarine, Datico monitors all of the 16
Polaris missiles, activates and checks the vari-
ous phases of the missile launch-sequence, and
finally gives a green light to the fire control
officer. Developed at Northrop, Datico was in-
stalled in the first missile launching submarines
and contributed to the success of the first Polaris
flights.

The George Washington-type nuclear sub-
marine also uses a stabilized periscope, pre-
cision gyroscopes, and a radiometric sextant, all
produced by Northrop for the Navy, to make
possible underwater stellar navigation.

In aeronautics, eleven years of Northrop re-
search produced a major breakthrough in the
field of Low-Drag Boundary Layer Control.
This'is a technique which, applied to large air-
craft, will double their range without increas-
ing the fuel requirement. Northrop will apply
the technique to two test aircraft to be designed
and built under an Air Force contract received
during the 1960 fiscal year. The impact of
Northrop’s Low-Drag Boundary Layer antrol
on military and civilian air transport 1s e€X-
pected to be profound.

The Northrop T-38 Talon, the country’s
only lightweight supersonic trainer aircraft, was
being produced in increasing volume and con-
tinued the company’s tradition of advanced air-
craft design.

The technology used to decelerate and re-
cover high-speed target missiles has placed the
company in NASA’s Project Mercury, the
manned satellite program, for which Northrop
will supply the astronaut recovery system.
Drawing on the same technology, Northrop
was designing the specialized components in
the recovery system for Samos, the orbital
reconnaissance satellite.

The company received an important contract
which draws on Northrop’s experience in
equipping and activating missile bases. North-
rop will manage the installation, equipping,
and activation of the first launching site for
the Titan missile at Ellsworth Air Force Base,
South Dakota. The company’s specialized com-
petence in this area, developed in connection
with the Snark missile base, should bring addi-
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An Air Force contract for 144 more T-38
Talon supersonic trainers brought the total of
T-38 aircraft on order to 213 as the Talon
prepared to enter service in the Air Training
Command. Meanwhile, the Talon test force at
Edwards Air Force Base, Calif., passed the 900-
flight mark. The Talon’s sister aircraft, North-
rop’s N-1356F multipurpose Freedom Fighter,
continued through exhaustive evaluation by
potential military users. Subcontract manu-
facture of major airframe sections of KC-135
jet tankers and Boeing 707 and 720 jet air-
liners continued at a high level.

The Norair-developed Laminar Flow Con-
trol (also known as Low Drag Boundary Layer
Control) method for increasing aircraft per-
formance won two new Air Research and De-
velopment Command contracts. In a two-year
program totaling more than $20,000,000, Nor-
air was assembling and testing two multi-engine
jet aircraft to demonstrate Laminar Flow Con-
trol under operational conditions. Another
ARDC contract continued research into super-
sonic and other sophisticated applications of
LFC. The LFC system smooths out boundary
la}-'er turbulence by sucking air through wafer-
Fhm,ﬂ5panwise slots in the wings and exhaust-
Ing 1t rearward. The suction eliminates 80
percent of friction drag and increases range,
Payload, or endurance.

Norair's new Site Activation Department
moved swiftly into a new program of installa-
tlon_ a.nd checkout of Titan intercontinental
ballistic missiles and ground equipment at Ells-
worth Air Force Base near Rapid City, S.D.
Tl_le' work is being performed under a multi-
million dollar contract awarded by The Martin
Co., associate prime contractor for the Titan
weapon system. This was the first major launch
site activation contract awarded for Titan.

During 1960, Norair continued to develop
New approaches to man’s conquest of space.
Computer techniques for rapid calculation of
trajectories and launch times for satellite ren-
dezvous, research into the application of mag-
netogasdynamics propulsion for an orbiting
space vehicle refueling system, and new equip-
ment and methods for investigating the be-
havior of liquids and gases in zero-gravity at-
tracted wide scientific attention.

The Division also conducted, under classified
contracts, studies of orbital and deep space mis-
sions. These studies drew on Norair capabil-
ities 1n space physics, astrodynamics, space pro-
pulsion, bioastronautics, space materials and
space vehicle design—new advanced research
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laboratories—built, equipped and staffed dur-
ing the year—brought additional Norair capa-
bilities to bear on the divisions space programs.

In addition, new equipment, advanced
methods and stringent test criteria moved the
Division’s test laboratories into the realm of
hyperenvironments—the conditions simulating
the rigors of space travel.

Norair-developed fabrication methods for
Space Age materials including Nortobraze, a
method of high-temperature brazing which
uses electronically-controlled banks of radiant
quartz lamps to cut brazing time from hours
to minutes in the manufacture of stainless steel
honeycomb sandwich structures.

The SM-62 Snark intercontinental guided
missile completed its scheduled production.
The Snark is now in service with the Strategic
Air Command.

New concepts—for missiles, for ground en-
vironment to support missile, space vehicle and
military and commercial aircraft operations—
took major steps toward the hardware stage
during the year at Norair.

NORTRONICS DIVISION

New steps in weapon system support and
advanced guidance system technology were
taken by Nortronics during 1960 with stepped-
up emphasis on the Air Force Skybolt astro-
nertial guidance system and the Navy Polaris
Missile automatic checkout system.

Development of the Skybolt guidance system
stemmed from the Division’s work on the: Mark
I stellar-monitored inertial system and 1its test
equipment developed for operational versions
of the USAF Snark SM-62, LINS (lightx\'elg:ht
inertial navigation system), A-5 astronertial
guidance system, and A-8 star tracker for space
navigation.

The Skybolt program was being carried out
at Nortronics’ Electronic Systems and Equip-
ment Department in Hawthorne, California.
Scheduled for a 1964 operational date, .all ele-
ments of the Skybolt system were being de-
veloped on an accelerated priority basis. The
Nortronics guidance system will provide the
capability for directing the missile to target
from launch positions as much as 45 degrees
off azimuth. Skybolt will contain the guidance
platform and computers while the launch air-
craft will contain the prelaunch computer.
The system will make use of existing bombing-
navigation aboard the aircraft.

Related rescarch and development programs
underway at Hawthorne in the fields of flight
control and airborne electronics include the
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“Q” Ball attitude-sensing nose cone for NASA's
X-15 research vehicle and ballistic missile ap-
plication, micro-electronic refrigeration em-
ploying the Peltier effect, and completely tran-
sistorized airborne computers.

The Navy selected Nortronics’ Datico auto-
matic electronic evaluation system for its
Polaris Fleet Ballistic Missile System. Datico is
based on the concept developed some three
years ago under company sponsorship and since
employed by the Air Force and Army. Delivery
of the first Navy unit was made six months
from the date of go-ahead. For Polaris, Datico
is used to monitor, checkout and perform the
launch countdown sequence for each of the
sixteen missiles aboard the submarines. It is
used on the submarines, the submarine tenders,
at the Naval Weapons Annex and on factory
assembly lines.

The Datico work was being conducted at
Anaheim, California by Nortronics Systems
Support Department. Other major programs
at Anaheim include awards from all three
branches of the military services for advanced
optical display and vision systems. These are
extensions of original specialization in optical
systems, periscopes and rangefinders. Among
the new assignments were development of new
reconnaissance photograph viewers for the
Navy, a universal articulated telescope and
T-57 rangefinder for the Army, and a 600 milli-
meter ballistic camera for the Air Force. This
latter project represents the first such under-
taking in this country. The camera is designed
to record the exact trajectory of a missile by
photographing it against a background of stars.

Volume production on the highly successful
Army Hawk was continued through the year
at Anaheim. Mobile launchers, tracked loaders
and major portions of the missile airframe were
designed by Nortronics. In addition to service
with the Army, Hawk is slated for employment
by the Marine Corps and production by Euro-
pean firms for NATO forces.

Northrop acquired the Military Products
Division of American Radiator and Standard
Sanitary Corporation in February of this year,
and integrated the unit as an operating depart-
ing of the Nortronics Division. Known as the
Precision Products Department and located in
Norwood, Massachusetts, this group was also
engaged on the high priority Polaris program.
The Norwood unit developed and was produc-
ing the Type-11 stablized periscope system for
the Polaris submarines to permit celestial navi-
gation while submerged. Precision Products
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Department of Nortronics has a broad back-
ground in gyroscope design, development, and
production. At year-end, it was supplying gyro-
scopes for the Terrier, Talos, Tartar and Nike-
Zeus missiles, F-106 aircraft, HU-43B helicopter
as well as for the Polaris submarine SINS sys-
tems. Additional company-sponsored research
and development work was underway in gyro-
scopes and related systems.

Indicative of the dynamic growth experi-
enced during the year by Nortronics, in addi-
tion to substantial increases in contract assign-
ments in a variety of fields, were the facility
authorizations for all three operating depart-
ments. A new research and science center was
under construction at Palos Verdes, California,
for the Electronic Systems and Equipment De-
partment. Scheduled for completion early in
1961, this modern facility will provide a
campus-like atmosphere for a 600-man creative
scientific team and will house the division’s
executive headquarters. A new tllree—quarter
million dollar addition to one of the three
facilities of the Precision Products Department
was also underway with completion expected
early in 1961. This addition will accommodate
a step-up in Polaris system engineering and pro-
duction and other gyroscope work underway at
the Norwood location.

Most recent authorization by Northrop for
Nortronics facilities was received by the Sys-
tems Support Department in Anaheim where
a new one and three quarter million dollar
engineering and administration center will be
erected starting early in 1961. This facility will
be located on the Northrop owned tract where
a new underground countermeasure and ex-
plosive ordnance laboratory was completed in
mid-1960.

Present programs and company-sponsored re-
search have intensified Nortronics’ emphasis
on broadening its efforts and capabilities to
support the entire spectrum of ground, air-
borne and space systems.

PAGE COMMUNICATIONS ENGINEERS

Page Communications Engineers, Inc., a
wholly-owned subsidiary has designed and built
telecommunications systems on four continents.
The firm has been a leader in the design and
construction of long-distance ionospheric-
scatter radio communication systems (scattered
reflection of radio waves from the electrically
charged layer of air 25 to 250 miles above the
earth’s surface) and long-distance tropospheric-
scatter communication systems (scattered re-
bound of radio waves from that area of the
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carth’s atmosphere extending from the earth’s
surface up to about 10 miles.

In the past year, Page completed a multi-
channel, 6,500 mile trans-Pacific scatter net-
work for the Army, linking Hawaii and the
Philippines. Another link from the Philippines
to Okinawa was in process of completion.

The company designed and was constructing
the Air Force tropospheric scatter system con-
necting England, Spain, and North Africa.
Also for the Air Force, it was designing, install-
ing, and testing seven tropospheric scatter cir-
cuits in Turkey, linking Ismir, Karamursel,
Ankara, Samsun, and Trabzon: three additional
circuits were to be installed and operated be-
tween Karamursel, Ankara, Samsun, and Sinop.

In addition to the North African and Middle
Eastern communications work, Page held con-
tracts for the integration and operation of a
national telecommunications network for the
Kingdom of Libya, and for the inspection, test-
Ing, and acceptance of a communications system
for the Japanese air defense network.

Under an Air Force contract, Page estab-
lished a very high frequency (VHF) ionospheric
scatter test range between Stony Point, New
York and Carrabelle, Florida. This contract in-
cluded equipping the two sites, conducting per-
iorn_mnce tests, and designing and adapting
¢quipment utilizing meteor bursts as a means
(_)f communication by reflection of radio waves
from the electrically charged trails of meteors.

Another Air Force contract covered design
of the communications systems for the National
Space Surveillance System. Page recently com-
pleted the design of the communications systems
for the Navy’s Pacific Missile Range.

_Du?*mg the year Page moved into a new
bmldmg in Washington, D.C.

RADIOPLANE

During 1960 contracts for the production of
a total of 700 RP-76 rocket powered target
missiles were received from the Army. Produc-
tron and delivery was in progress at year-end.
The contracts also provide for a complete
Radioplane furnished flight services program.
The RP-76 was being used as a training target
by Army Nike Hercules and Ajax missile crews.
A supersonic version of the RP-76 was under-
going flight test and evaluation. A drone alti-
tude record of 72,500 feet was set by the RP-76.

The OQ-19 type aerial target continued in
full production throughout the year. Foreign
contracts included an order from the British
Royal Navy for a quantity of KD2R-5 targets
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for fleet training operations at various stations
around the world. Negotations for SD-1 sur-
veillance drones were pending with several
foreign customers.

A contract was received for turboprop RP-
77D targets to be flown against the Hawk
missile. The versatile RP-77D was being con-
sidered for other specialized missions such as
battlefield surveillance (tactical photography,
T. V., SLAR, Communications), CBR (tactical
BW/CW, dispensing and sampling) and as a
logistic drone (cargo carrier, tactical and logistic
missions).

Increase in production contracts marked the
SD-1 surveillance drone program. Developed
for, and evaluated by the Army Signal Corps,
the SD-1 was operational as an aerial photo-
graphic reconnaissance drone with the Army in
Europe, the Far East and the United States.

The latest of the Q-4 type supersonic drones,
the XQ-4B, was being developed to meet a
USAF requirement for testing, training and
evaluating operational units in the employment
of defense weapon systems. Several XQ-4B
vehicles were delivered to the Air Force at
Holloman Air Force Base, New Mexico where
in-flight testing is being accomplished.

Radioplane’s paradynamics researc_h and pro-
duction projects included the landing system
for NASA’s Project Mercury manned satel}ue
program and associated advanced space veh_lcle
research equipment; human escape and survival
systems for supersonic aircraft; decelerator de-
vices for absorbing ground impact loads of air-
dropped cargo; missile and target drone para-
chute recovery systems; and the new “Skysail
high-performance personnel parachute capable
of providing safe escape at airspeeds 1n eXcess
of 400 knots. Numerous successful test drops of
boilerplate Project Mercury capsules were ac-
complished at the Salton Sea range, and a full
scale, instrumented capsule was safely lowe%‘ed
by a Radioplane landing system after being
fired hundreds of miles downrange from Cape
Canaveral by an Atlas Missile. A contract was
received for stabilization and recovery cquip-
ment for the B-58 (Hustler) emergency escape
system. Also, a subcontract was received from
Convair for the production of parachute escape
and survival packs for the F-106 program.

Radioplane produced recovery components
for SAMOS, the surveillance satellite space or-
bital vehicle. Also in progress was a Radioplane
sponsored study of the problems associated with
lunar landings of space vehicles and landings
on other planets.
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750 pounds of instruments on the moon.

In another space project for which the LR-
115 has been chosen, Centaur will serve as an
upper stage of the huge Saturn missile atop a
cluster of rockets delivering approximately 1,-
500,000 pounds of thrust, and aimed to lift 35,-
000 pounds to a 300-mile orbit.

The LR-115, which delivers 15,000 pounds
of thrust, was designed to make multiple starts
in space after coasting for hours. Because of
these restart capabilities, a satellite could be
placed so exactly in orbit that it would remain
over a single point on the earth’s surface 24
hours a day. A more powerful version of the
engine, the LR-119, also will be supplied by
P&WA.

In developing the Centaur engine, P&WA
pioneered a new technology in the handling of
hydrogen as a cryogenic, or very cold, fuel. This
fuel flows colder (minus 423 degrees Fahren-
heit) and burns hotter than any other liquid
rocket fuel. It is also the lightest fuel and
packs the greatest specific impulse punch
(pounds of thrust per pound of propellant per
second of burning.) A decade ago liquid hydro-
gen was a mere laboratory curiosity; today it is
an industrial product of high importance, and
one which gives promise of playing a major role
in man’s conquest of space.

Pratt & Whitney Aircraft used more than
8,000,000 gallons of liquid hydrogen in develop-
ing the engine and in other associated pro-
grams. This is more than that used by all other
consumers in the nation.

The Centaur engine employs a regenerative
cycle known as a “bootstrap,” which eliminates
the need for a separate gas generator to power
the fuel pumps. Liquid hydrogen fuel in the
LR-115 is used to power the engine’s pumps
before passing into the thrust chamber to be
burned. Liquid hydrogen’s high specific im-
pulse makes possible heavier payloads than in
the past.

The Air Force reported in 1960 that P&WA
made ‘“‘significant strides” in developing a nu-
clear-powered aircraft engine. The company,
in cooperation with the Atomic Energy Com-
mission and Air Force, has been working on an
indirect cycle powerplant system at the Con-
necticut Aircraft Nuclear Engine Laborato

(CANEL) in Middletown since 1953. Facilities
also will be made available at the commission’s
National Reactor Testing Station in Idaho.

The indirect cycle system, using a live re-
actor for its energy source, has a liquid metal
coolant which serves as the heat carrier from
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the reactor to a radiator in a turbojet where the
heat is exchanged to the air to produce thrust.

In the jet age, planes using P&RWA JT3 and
JT4 engines, commercial versions of the J-57
and J-75, continued to shatter records and in-
crease the popularity of air travel.

Since the start of commercial service the
Boeing 707s and Douglas DC-8s powered by
Pratt & Whitney Aircraft engines had accumu-
lated by year-end a total of 2,600,000 engine
hours. The combined total for commercial and
military usage of the engines was nearly
12,000,000 engine hours.

The jet airliners, now serving all continents
except Antarctica, established numerous speed
and load records. The five Boeing 707s of Sa-
bena Belgian Airlines were used with great
effect to evacuate people from the Congo dur-
ing the mutiny there. Thousands of Belgian
nationals were flown out of the Congo. In one
memorable flight a 170-seat plane powered by
P&WA JT4 engines air-lifted a total of 303
persons.

By September 20, the Federal Aviation
Agency granted Continental Air Lines the
first 1,400-hour time between overhaul on its
J T3 engines. This TBO period also was granted
later to other airlines using the engines. Engine
overhaul time was 800 hours when Continental
began its jet service in the summer of 1959.

Sabena Belgian World Airlines was granted
a 1,400 hour time between overhaul on new
JT4 engines.

By the end of 1960 more than 700 JT3s and
more than 950 JT4s had been delivered for use
in the commercial Boeing 707s and 720s and the
Douglas DC-8s. Hundreds of the military vers-
iQns of these engines were delivered for installa-
tion in a variety of fighter-interceptor, tanker-
transport and bomber aircraft.

_The company’s JT3D commercial and TF33
military turbofan programs made significant
progress in 1960. Engines were delivered to
Boeing and Douglas for installation in their
planes made for various airlines. The Boeing
707-120B for American Airlines made its first
flight with JT8D engines on June 22. Engine
performance was reported satisfactory on this
first production turbofan jetliner. Turbofan
engines also were installed and flown on a Boe-
ing 720B short range plane, also for American
Airlines.

The turbofan engine produces 17,000 pounds
of thrust at takeoff and gives improved per-
formance and efficiency. The engine differs
from earlier turbojets in having a large fan,
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powered by the engine turbines, at the front
of the engine. This enclosed, many-bladed fan
pushes air back past the engine as well as
through it. _

American Airlines will convert its entire
fleet of Boeing 707s to the advanced 707-120B
configuration which will be 85 miles per hour
faster than the 707s now in service. Maximum
Cruising speed will be 610 miles per hour. The
720B will have even higher cruise speeds.
QANTAS Empire Airways of Australia also has
ordered turbofan-powered 707s and will have
its present fleet of seven Boeing jetliners con-
verted to 707-120Bs. KILM Royal Dutch Air-
lines and Iberia of Spain have ordered turbo-
fans for their Douglas DC-8s. The other airlines
ordering the turbofans are United, Lufthansa,
Ethiopian, Western, Avianca of Colombia, and
Hawajiian.

The Air Force also chose the turbofan for
the Bp2H model of the longrange, eight-
engined Boeing bombers. The turbofan engine
is expected to stretch the bomber’s unrefueled
range of ‘“more than 9,000 miles” by a good
Mmargin,

The end of June saw tlie beginning of an-
other chapter in aVlf_flUOH hlStOry—the FAA cer-
tificate of airworthme:ss Wwas awarded to the
BOeing 790 intermedlate~range jetliner. The
720 i powered by Pra.tt & Whitney Aircraft
JTs3 engines, each dCllVe.rlng 12,000 pounds
of thrust at takeoff. United Ajy Lines and
Amerjcan Airlines put the 720 ip¢o regular
service in 1960-

Deljverjes of the JTI?’ or J60 in the military
Version, were m‘ade. This is tl_le new 436-pound
Single-spool, axial-flow turbojet introduced in
1958, The USAF selected the 600-mile-per-hour
Lockheed JetStar for trallmng_ future bombar-

ier-navigatorsy and the plane is powered by the
JT12 Which develops 8’009 pounds of thrust.
This small but rugged engine also was picked
to power the North American T39 Sabreliner,
the Canadair CL4.1: and two unmanned sur-
veillapee drones PN, de\{eloped for the Army
by Republic and Falrchlld._ Successful flight
tests were carried out A design of the engine,
with afterburners 18 capable of Mach 2 opera-
tion, _ _

Prace g whitney Aircraft widened its engine
line i, 1957 with the 8,500-pound thrus¢ J-52.
In April 1960, 2 Na}’}_’ low-level atta_ck bomber
With sef’:ing-eye ability was unveiled. This

Tumman A2F Intruder is tlle ﬁrst. manned
aircraft to use€ the Plflcwjii J-52. Tlus engine
also jg yeed in the NOTE American Hound
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Dog missiles carried by the B-52s.

The PT6, a small, lightweight free turbine
engine weighing only 250 pounds, was intro-
duced by Canadian Pratt & Whitney Aircraft.
It is designed for turboprop use in light planes
and turboshaft installations in helicopters. It
develops 500 equivalent shaft horsepower. At
the other end of the P&WA power spectrum is
the J-58, a big single-spool turbojet in the
30,000-pound thrust class. This engine is in-
tended for operation at high altitude and high
Mach numbers.

Production of the T34 propeller turbine,
which delivers more than 6,000 equivalent shaft
horsepower, continued for the USAF’s four-
engined Douglas C-133 transport.

A new and versatile gas turbine engine with
air, ground and marine capability was de-
veloped during the vyear. Designated the
JFTDIZ, it features a free turbine drive which
extracts energy from the exhaust gases of the
jet to provide a source of shaft horsepower.
The first installation of the new engine was
slated for the large twin-engined Sikorsky
S-64 Skycrane helicopter. In this application
the JFIDI2 will develop 4,050 shaft horse-
power. An industrial version of the engine,
known as the FTI12, will have a maximum
rating of 3,000 horsepower. Prospective uses
of the FT12 include primary and boost power
for ships, high pressure pumps and compressors,
electric power generation, and propulsion for
large ground vehicles such -as military tanks
and earth-moving equipment.

In cooperation with Cooper-Bessemer Cor-
poration of Mount Vernon, Ohio, an entirely
new concept of stationary power was demon-
strated late in 1960. A Pratt & Whitney Aircraft
J-57 engine was modified to drive a Cooper-
Bessemer gas turbine, converting the turbo-
jet’s thrust into rotative horsepower. The first
unit of 10,500 horsepower was installed at the
Clementsville, Ky., compressor station of the
Columbia Gulf Transmission Co., operator of
Columbia Gas System’s long-distance natural
gas pipeline. Natural gas taken directly from
the pipeline substituted for coventional jet
fuel. Besides use in the natural gas pipeline ap-
plication, the companies saw the power package
as opening new sources of lower cost power in
chemical and petro-chemical processing, and in
electrical power generation.

During the year Pratt & Whitney Aircraft
also announced an expanded program in de-
velopment and manufacture of fuel cells for
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space vehicles and commercial uses. The en-
larged program, undertaken in conjunction
with the Patterson-Moos division of Leesona
Corporation of Cranston, Rhode Island, covers
the carbox fuel cell, a power-producing unit
which can use low-cost hydrocarbon fuels with
air as an oxidizer. The carbox cell has been
under development by Leesona and the
National Research Development Corp. of
England. Previously, Pratt & Whitney Aircraft
announced it was working with Leesona on
the hydrox fuel cell, which employs hydrogen
as a fuel and oxygen as oxidizer. The fuel cell
is a powerplant which converts chemical energy
directly into electricity without the need of
conventional electrical generators.

In its highly promising solid rocket missile
case program, Pratt & Whitney Aircraft con-
tinued to make significant technical progress.
This program was based primarily on the com-
pany’s metalworking capabilities, such as its
unmatched flow-turning experience. Deliveries
were made for the Minuteman and Pershing
missiles. Advanced development was under way
on Polaris cases.

Employment at the year-end was approxi-
mately 37,500.

REPUBLIC AVIATION CORPORATION

IN 1960 Republic Aviation Corporation ex-
perienced the expansion of programs initiated
in many areas during previous years, while
undertaking new projects in varied fields.
Significant high points were the delivery to the
Air Force of the F-105 ‘D’ Thunderchief all-
weather fighter-bomber, the operational status
placed on the company’s $14 million Research
and Development Center, and the receipt of
follow-on and new contracts in missile and
aerospace areas.

During the year, the Federation Aeronau-
tique Internationale officially certified Repub-
lic’s 100 kilometer closed course world’s speed
record of 1,167 miles per hour, set December
11, 1959, by Brigadier General Joseph H.
Moore in an F-105 Thunderchief.

October marked the formal introduction of
the F-105D into the USAF Tactical Air Com-
mand’s combat training program at Nellis Air
Force Base. Conducted by the 4520th Combat
Crew Training Wing, select Air Force pilots
will culminate their training in the F-105D
which will be used as a “flying classroom desk.”

Earlier in the year, the four squadrons of
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TAC’s 4th Tactical Fighter Wing were brought
to full strength. The 333rd, 334th, and 336th
squadrons are equipped with the nuclear-carry-
ing, Mach 2 F-105B. The all-weather, electronic-
packed F-105D fills the complement of the
335th squadron. In May, the 4th TFW was
honored with two flying safety awards from
USAF and TAC. The awards were for an ac-
cident-free record from July through December,
1959, covering 12,326 hours flown while pilots
were transitioning into the F-105. Plans called
for the F-105D to serve also with the Air Force
in Europe and the Pacific.

Evidence of the F-105 Thunderchief’s auto-
matic flight and weapons capability was re-
vealed in October.

Republic and the USAF Air Proving Ground
Center announced that two F-105s had siiccess-
fully completed a round-trip flight between
Eglin Air Force Base, Florida, and George Air
Force Base, California, in two 1600-mile hops
described as “‘completely under automatic con-
trol,” except for routine pilot control at take-
offs and landings. The advanced all-weather
F-105s have logged scores of thousands of miles
of “hands-off” automated flight.

At the USAF World-Wide Fighter Weapons
Meet at Nellis Air Force Base, Nevada, the
F-105 demonstrated a new nuclear bombing
technique which provides greater accuracy and
an additional margin of safety. Termed simply
the “laydown” bombing method, it employs a
delayed action fuse and a spiked nose on the
bomb. “Laydown” enables the F-105 to ap-
proach the target at an extremely low altitude,
hence greater accuracy, and release the weapon
which noses over to stick in the target. The de-
layed action fuse gives the pilot the necessary
seconds to speed away from the effects of the
resultant blast.

Two other bombing methods were displayed:
The “LABS” or toss bombing delivery and the
drogue rtetarded method which employs a
drogue chute to float the store to explode at
a pre-set altitude.

In addition to firing the Sidewinder missile
at the Weapons Meet, the F-105, it was an-
nounced, will be equipped with the GAM-83
Bullpup air-to-surface missile. Use of the Bull-
pup, a pilot-guided missile which can be
launched effectively more than two miles from
the target, will make the striking power of the
Thunderchief even greater.

Maintenance and service on Republic’s F-84F
Thunderstreak and RF-84 Thunderflash was
still being provided. The ‘F’ with a primary
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second engine had been constructed and was
undergoing experimentation.

Republic continued to assemble and market
in North America the Alouette jet-powered
helicopter designed by Sud Aviation of France.
The five-place helicopter is the only jet-powered
helicopter licensed for commercial operation in
the Western Hemisphere. Earlier this year, the
Alouette was equipped with the 480-horsepower
Artouste 11-C gas turbine engine. Its diversified
use by operators located in varied climates re-
quire the Alouette to operate at a temperature
of —35 degrees Fahrenheit in Alaska and 105
degrees Fahrenheit in the Gulf of Mexico.

Later, Republic marked the first delivery of
custom-outfitted, passenger models of the
Alouette. Such models are being used for com-
mercial air taxi service.

The Missile Systems Division continued pro-
duction of the SD-4 Swallow advanced combat
surveillance drone and ground control system
under a $30-million contract from the Army
Signal Corps. First flight of the 30-foot, jet-
powered, pilotless craft was scheduled for late in
the year. Employing advanced observation
equipment such as photography, radar and
infrared, the Swallow is designed to collect and
transmit information on enemy installations
and movements.

An additional contract for determining the
feasibility of developing a simple, lightweight,
low-cost aerial reconnaissance drone system was
awarded to the Missile Systems Division in
August by the Marine Corps.

In March, the company announced develop-
ment of a tiny, dice-sized submodule—a com-
pact circuit unit designed for off-the shelf elec-
tronic components. Each module, holding from
12 to 18 components and weighing only two
grams, will be used in the guidance system of
the SD-4 Swallow drone. The module is suit-
able for use in any all-purpose digital computer
whether for military or commercial use and is
highly desirable because it has a packing density
of a quarter of a million parts per cubic foot,
or five times the density attainable through
standard circuit techniques.

Under contract, the missile division an-
nounced that it would build automatic guid-
ance systems for the Navy’s Bullpup missile.
The system will be the first such automatic
control for air-to-surface missiles. Study con-
tract work continued on anti-ICBM and highly-
sophisticated ballistic missile defense systems.

Under a program designed to broaden dis-
tribution and marketing of commercial pro-
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ducts developed by Republic and which were
not feasible for production within the company,
a licensing agreement was made with Pearce-
Simpson, Inc., Florida, to manufacture, sell,
and service nationally, a product line of eclec-
tronic check-out equipment for industrial,
marine, and military application.

During the year, the Special Products and
Services departient continued the development
and extension of its particular line. An oval-
shaped radar reflector constructed of reinforced
plastic, developed and formulated at Republic,
was in production. It is used as the antenna in
a guidance system employed with missile in-
stallations aboard Naval vessels. Another type
radar reflector, this one all-metal, was being
produced for use with a Marine Corps ground
radar system for directing mortar fire and de-
tection. Republic designed and developed auto-
matic battery chargers and testers and other
items, in the line of ground support equipment,
are being produced for a wide variety of ap-
plications.

Two significant financial agreements occurred
in 1960 which strengthened Republic’s position
in the aerospace field. In April, the company
acquired a substantial minority interest in the
Royal Netherlands Aircraft Factories, Fokker,
Holland, in a move designed to bring about
participation by both companies in aircraft and
missile projects in the respective countries.

In May, ACF Industries, Inc., a leader in the
atomic energy and many other fields, acquired
approximately 15 per cent of Republic stock.
The companies, which have worked together on
studies of nuclear-propelled rockets, have capa-
bilities which will supplement each other in

promising fields of future growth and develop-
ment.

Republic closed the third quarter of 1960
with a backlog amounting to $738,000,000 a
rise of 459, over the $511,000,000 at the be-
ginning of the year.

For the nine months’ period ending Septem-
ber 30, 1960, a net income of $1,572,548 on
sales totaling $115,264,645 was reported.

RYAN AERONAUTICAL COMPANY

PRIME CONTRACTS ROSE to a new high
as quantity production of Ryan-developed jet
target missiles and airborne electronic auto-
matic navigational systems entered high gear
in 1960.

Equally significant was the company’s estab-
lishment of three subsidiaries which project
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Air Force of the Ryan Vertifan concept, in
which one or more fans, imbedded in an air-
plane wing, are powered by a turbine driven
by a jet engine exhaust to provide lift; ground
effects machines; and high energy, or “ex-
plosive” forming.

A new high-energy forming production fa-
cility for explosive shaping of complex parts
made of tough “space age” metals for use in
missile, aircraft and space vehicle assemblies
went into commission during 1960 at San
Diego, Calif., as Ryan expanded its pioneering
efforts in this field.

Indicative of the facility’s potential was the
variety of parts produced during its first few
weeks of operation—components for the Polaris
missile, tailpipes for the Q-2C Firebee, spherical
units for the tailpipes of a new carrier-based
Navy jet, and radar reflectors for aircraft an-
tennas.

Far afield from Ryan’s Southern California
operations, a crew of Aerolab engineers
launched a special study in Washington, D.C.
for the Post Office Department to speed the
handling of mail by electronic and other auto-
matic techniques.

Ryan’s airframe assembly lines continued to
produce giant fuselage sections for the Boeing
KC-135 jet tanker-transport and Douglas DC-8
Jetliner power pods and pylons, as well as var-
ious high temperature components for missiles
and jet and piston engines.

Estimated business volume for the fiscal year
1960 was expected to be at least $110 million,
highest in the company’s history, and com-
pared with the previous record set in 1959, of

$84,745,349.

SCHWEIZER AIRCRAFT CORP.

THE MAJOR PRODUCTION items at
Schweizer Aircraft during 1960 were the AG-
CAT Crop Duster bi-planes and the tail sur-
faces and ailerons for the Gulfstream G-159
executive type plane for Grumman Aircraft
Engineering Corp. Other subcontracts included
work for Sperry, Bell Helicopter, Fairchild and
others.

Steady increase in soaring interest brought an
increase in sailplane production. Schweizer
production included the 1-26, one design, single
place sailplane; the 2-22C, two-place trainer
and the 1-23H high performance sailplane; and
the 1-23H-15, Standard Class version. Activity
at the Schweizer Soaring School continued to
increase.
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The major development project at Schweizer
Aircraft was a new two-place light plane, ad-
vanced version of the 1-30 which has been fly-
ing since 1958. The two-place version, the 2-31,
was undergoing test flights at year-end.

SIKORSKY AJRCRAFT DIVISION
UNITED AIRCRAFT CORPORATION

OUTSTANDING PROGRESS in the devel-
opment of the Navy’s HSS-2, an advanced heli-
copter weapons system, highlighted a year of
steady accomplishments for Sikorsky Aircraft.

The twin-turbine helicopter flew its design
mission repeatedly. In almost every instance, the
design specifications were exceeded.

The boat-hulled HSS-2 is an anti-submarine
warfare weapons system. In addition to being
the Navy’'s first all weather helicopter, it is the
Navy’s first helicopter that can both search out
and destroy enemy submarines while achieving
maximum designed range.

The big helicopter was put through the most
extensive test program ever undertaken for a
new rotary wing aircraft. By late-October,
HSS-2s had logged an aggregate of more than
1,100 flight hours in test and demonstration
flights at East Coast Naval air installations and
at the Sikorsky plant in Stratford, Conn.

Only the Board of Inspection and Survey
(BIS) trials, scheduled to get under way early
in 1961, remained to be completed before fleet
deliveries of the HSS-2 commence some time in
the first half of 1961. All other Navy trials were
successfully passed. These included the arma-
ment demonstration, special weapons demon-
stration, sonar evaluation and demonstration,
cold weather test in the climatic hanger at the
Eg]in Air Base, contractor’s demonstration, and
all ground tests required for fleet acceptance.

Impressive test statistics complied as of Octo-
ber 15 also included:

® More than 70 test plans completed in 1,000

separate flights to determine structural, aero-

dynamic and equipment characteristics.

* 1,500 hours main rotor testing.

* 1,200 hours tail rotor testing.

® In fatigue labs, more than 100 main and

tail rotor components tested and more than

75 main and tail rotor blade tests conducted.

® 2,000 hours bench testing on main, tail

and intermediate transmissions.

® 450 hours tiedown testing.

® 500 hours turbine test bed.

As a result of this extensive testing, many
design changes were incorporated into the air-
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ever fired from a helicopter. A helicopter
aerial recovery of a package suspended from a
decending parachute was carried out over the
Sussex County Airport in Georgetown, Dela.
The demonstration, sponsored by Sikorsky Air-
craft and All-American Engineering Co.,
opened up new possibilities for recovery of
missile nose cones, data capsules, and drones. A
Sikorsky S-55 helicopter, with special recovery
gear suspended beneath the fuselage, made four
air-to-air pickups at altitudes ranging from
1,000 to 6,000 feet. The parachutes were re-
leased from a light plane at an altitude of 8,000
feet.

The biggest order announced by Sikorsky
during the year was a $45,000,000 contract re-
ceived from the Navy for further production,
spare parts and associated items for the HSS-2.
The Marine Corps placed a $19,000,000 reorder
for the HUS, the Navy awarded a $4,688,319
contract for additional HSS-1Ns, and the U.S.
Army Transportation Materiel Command
placed a $3,438,094 contract for the modifica-
tion of a quantity of H-37 helicopters.

Chicago Helicopter Airways purchased two
more S-58s to help meet its rapidly-increasing
volume of business. This gave Chicago a fleet

of eight S-58s.
The Japanese Self Defense Forces, which

operate both the $-55 and S-58, ordered four
more S-58s for naval use. Sikorsky also licensed
Mitsubishi Heavy Industries, Ltd., of Japan to
manufacture and sell the S-61.

Although turbine helicopters predominated
in Sikorsky’s production during the year, the
company continued to produce its piston-
powered S-55, S-56 and S-58 helicopters for the
Navy, Marines, Army and Coast Guard, as well
as commercial and foreign customers.

In addition to work with its present and
programmed aircraft, Sikorsky continued ex-
tensive basic research and examination into
high speed helicopter flight and alternate means
of VTOL flight. As a result of this research, the
company predicted higher performing helicop-
ters in the near future both from the standpoint
of speed and size.

Two major executive changes were made at
Sikorsky during the year. James ?V- Clyne was
named manager of sales and service in a move
which consolidated two departments to meet
growing sales and service demands. Carlos C.
Wood was appointed engineering manager, suc-
ceeding Michael E. Gluhareff, who reached re-
tirement age October 1.

Both Clyne and Wood came from Douglas
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Aircraft Co. Clyne had been director of inter-
national commercial sales and president and a
member of the board of directors of Douglas
Aircraft Co. (Japan) Ltd. Wood had been di-
rector of advanced engineering planning for
Douglas at Santa Monica. He was a prominent
member of the technical team that produced
some of the world’s most successful transport
and combat airplanes and was co-holder of the
design patent on the DQ-G.

Mr. Gluhareff was retained as an enginecring
consultant.

June 3 marked the 50th anniversary of the
first airplane ﬂig_ht of.Igor L Sikorsky, founder
and retired engineering manager of Sikorsky
who still serves the company as a consyltant.
Mr. Sikorsky’s pioneering aA€ronautica] achieve-
ments include the world’s first f0111‘~engine air-
plane, amphibians and occanspanning flying
boats, and the Western Hemispheye’g ﬁlo‘st praé-
tical helicopter.

L. B. SMITH AIRCRApT

SINCE ITS FOUNI?ING in 1948 L. .
Smith Aircraft Corporation has COHtinu’a“ .em_
phasized diversiﬁcatlon wl.ule deve]opin Yskill
and experience 11 Fhe various fielqg of a{-i{rcraft
engineering, manufact'ure, COnye, S i’ omn and
modification. Of partlcular impor anon anc
products resulting from these aCtivitios ghave
been the production of: the Srnith_AEF (rans-
port - category SElper 46-C, the pressurized
Tempo II executive (ransport apg

worthy “firsts” 1n aircraft enginee

ions, seat design and manufactyre.

Development, production, CCrtification and
customer delivery O_f the firSt PrOduct'O line
Tempo 11 (detailed in the * laneg and Ilzonn g
in Production” section) markeq 1. B s%rnith
Aircraft’s entry into the advanCed e>;eCL1tiV€
aircraft field. The ten passengey aircraft, the
first executive version of the Doul ,B'ZG
available with an F.A-A-_Appro\,ed %gsFlight
Manual, were In p-roductlon At the any’s
Miami facility during 1960. omp

More than thirt’}’ 50,650 Poung take-off gross
Smith-Super 46’C,5 have dbeen Prodyced and
delivered to airlings ‘K Pblemengyl car-
riers in all parts © : i or
both cargo-passenl‘;er or convert?b e ilsslegn;%aige
number of these planes a1€ equip, o with sixtEY
passenger configuration ;:tatm 'at was devel-
oped by L. B. Sl?l.d-l - A’ ga“ey and ]\ vatory
manufacturing divistons er_osmi“ Prodaucts.

In the field of executive lnteri()r conversion,

Some note-
red-convers-
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company in France; Weser Flugzeugbau, a
major West German aircraft manufacturing
company; and Microtecnica, S.p.A., a leading
manufacturer of electromechanical products in
Italy. It also had licensing agreements with a
number of other companies in Asia and Europe.

United Aircraft maintained a high level of
development and production during 1960. In
1959, the last full year for which figures
are available, United Aircraft reported a
net income of $28,638,353 on sales totaling
$1,080,980,782. Total current assets at Decem-
ber 31, 1959, amounted to $397,416,596, com-
pared to total current liabilities of $235,513.571.
Contracts, orders, and government letters of
intent amounted to $1.000,000,000. The corpor-
ation’s employment as of December 31, 1959,
was 57,423.

HAMILTON STANDARD DIVISION

During 1960, Hamilton Standard continued
its diversification program, undertaking new
product lines both within and outside the aero-
space industry.

In the environmental control field, new con-
tracts were awarded to the division to provide
systems for the Boeing B-52H and Douglas
A4D-5. With the addition of these aircraft.
Hamilton Standard environmental systems were
specified for over two dozen types of the most
modern fighters, bombers, and commercial air-
craft. Included were such Mach 2 aircraft as the
Century Series Lockheed F-104, Republic F-105,
and Convair F-106; the Convair B-58 bomber;
and the Chance Vought F8U series fighters, in-
cluding the all-weather -2N version. A vapor
cycle system, introduced into commercial serv-
lce on the Convair 880 during the year, was
giving excellent service. In the small transport
field, first deliveries of the system were made
to Lockheed for use on the JetStar. Despite a
reduction in the B-70 program early in the
year, Hamilton Standard’s environmental con-
trol system was retained and development con-
tinued during 1960.

~Engine control activity during the year con-
tinued strong, with principal production cen-
tered on the main controls for both military
and commercial versions of the Pratt & Whitney
J57 and J75 pure jet and turbofan engines.
New engine control contracts awarded during
the year included those for the Continental 217
and Pratt & Whitney Aircraft JT12. Among the
other engines using Hamilton Standard con-
trols are the P&WA J52 and ]58; Canadian
Pratt & Whitney Aircraft PT6; General Electric
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J79, T58 and T64; Lycoming T55; and Con-
tinental J69. ) _

A small scale prototype of the air induction
control for the North American B-70 was com-
pleted and tested successfully during the year.

In the propeller field, the division h_ad more
new propellers under development during 1960
than at any time in the company’s history. The
announcement of one of these new propellers,
called the variable camber, created considerable
industry interest. The variable camber con-
cept mounts propeller blades in tandem, where
they work in pairs to simulate an over-_all change
in camber for varying flight conditions. Tk}e
test program indicated that this results 1n
greatly increased thrust and/or range. In pro-
duction during 1960 were the 54H60 model
for the Lockheed C-130B and Electra; the
53C51 for the Grumman AO-1; and severa‘l
types of Hydromatics for the deHavilland Cari-
bou, Douglas DC-6 and DC-7, and Lockheed
Constellation.

Jet engine starter activity during 1960 was
highlighted by the award of contracts to pro-
vide pneumatic types for the Lockheed P3V,
Grumman. W2F, and Canadian Lockheed F-lOfi.
Meanwhile production continued on pneumatic
and combustion types for use on aircraft SBCh as
the Convair B-58, Boeing B-52 and KC-97, and
Convair F-106. .

Hamilton Standard’s Ground S_UPPOTt qul(lip‘
ment group, established as an 1nteg1.‘at€_(fi‘1 C;
partment last year, acquired a signiican
amount of business in 1960 and h.ad a variety of
equipment in production du.rl_ng _ the Yeag
Among the equipment: air conditioning groun
carts to be used in the Titan and Minuteman
missile programs; jet engine contro_l test stands;
mobile control tower and electronic shop carts
for the Air Force: and electrical simulator
carts.

Another of Hamilton Standard’s integra?cd
departments, Electronics, continued to provide
a variety of electronic controls to military an.d
commercial customers, including 'the automatic
stablization equipment for the Sikorsky HS_S—?
amphibious helicopter. Major efforts dur.mg
1960 were directed toward power conversion
equipment, and units were under construct19n
for all three services, as well as for commercial
customers. Late in the year, the department was
selected to provide electronic equipment for
both the Boeing and Grumman hydrofoils.

In the field of solar power, Hamilton Stan-
dard in 1960 received a contract to design and
develop a multi-cell generator for the Air Force.
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A major stride into the space vehicle field
was taken by Hamilton Standard d'urlflg tl.le
year when United Aircraft Corporat10n§ Mis-
siles & Space Systems group was reconstlt.uted
to form an additional operation of Hamilton
Standard. )

The division also moved into the metal fabri-
cation field with the acquisition of North Amer-
ican manufacturing rights to an electron beam
process developed by the Carl Zeiss Ifoundatmn
of West Germany. The Hamilton-Zeiss electron
beamm machine can cut or weld the hardest
known material, and the beam can be focus?d
to spot size as small as .0008 of an inch for mic-
rominiaturized work. During 1960, contracts
for the manufacture of several machines were
received, and the armed services initiated two
study contracts involving use of the machine—
one for electron beam welding of space age
metals, and the other for microminiaturization
welding. .

Hamilton Standard expanded further into
the overseas market during the year by pur-
chasing a 50 per cent interest in Microtecnica,
S.p.A., of Turin, Italy. The Italian firm, a
leader in the European industrial ﬁel@, will
build Hamilton Standard jet equipment
products under license.

NORDEN DIVISION

Consolidation of a large part of operations
into two new facilities, continued advancements
in the engineering and development of new
systems and products, and increz'lsed production
of widely accepted electronic components
marked the 1960 activities of United Aircraft
Corporation’s Norden division. .

On November 15, the division began moving
a major portion of its opera.tions InNto a new
350,000-square-foot engineermg—research and
manufacturing facility located on an 80-acre
tract in Norwalk, Connecticut. This move,
scheduled to be completed in January, 1()61 1r,1-
volved approximately 1,400 of the F11V1510ns
employees who have been working in leased
plants and laboratories in Milford and Stam-
ford, Conn., and White Plains, New York.

One month earlier, on October 17, the di-
vision’s Data Systems department, whose en-
gineers have been responsible for many of the
new concepts in digital computer art, occupied
a new 50,000—square-foot engineering-research
and manufacturing facility at Costa Mesa, Cali-
fornia. This department’s 200 employees prev-
iously were housed in leased facilities at Gar-
dena and Santa Ana, California.
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The Ketay department of Norden did not
figure in the plant consolidation. It continued
its research, design, development, and produc-
tion of precision servo components in a modern
82,500-square-foot plant at Commack, Long
Island, New York.

The division was engaged in three basic
areas: the design and manufacture of military
systems and components at Norwalk: the de-
velopment and manufacture of rotating com-
ponents at Commack; and the developmént and
production of commercial and industrial con-
trol systems and processing equipment at Costa
Mesa. Divisional offices are at Norwalk.

Among the 1960 highlights was t},e award of
a nine-month study contract from the Maritime
Administration. This was the first step by the
Maritime Administration in. a long-range pro-
gram to investigate the possibilities qf applica-
tion of automation to American merchant ships.
The contract, awarded in May, called for Nor-
den to investigate and suggest solutiong o, prob-
lems involved in the Instrumentation and
mechanization of merchant ships tq operate
automatically. Ideally, an a“tomatically oper-
ated merchant ship 1s VIS_“aliZCd as one that
could sail without the' Services of jgg crew from
the point where the pilot is droppeq as it clears
the harbor OutbOU_nd to the poin where the
pilot boards the ship at 1ts port gf destination.
Such a ship must be capable of self-sustained,
unmanned operation for at leas 30 days with-
out any maintenance, and for a¢ jo,  “ days
with only minor maintenance. Fipg, Step; in the
program, however, IPVOIVC StUdy of semi-auto-
matic ships. In carrying out this cop, . Nor-
den called on two other .Umt?d Aircraft’divis—
ions, Pratt & Whitney Aircraft g, propulsion
and Hamilton Standard for Contrg], Pt ’

Included among the Nordep achievements
during 1960 was the SU_CCGSSf_Ul fligh testing of
its small, all-attitude, 1nertial Platforrﬁ *f“his
provides a basic module around Which 5 djverse
line of guidance, Navigation anq Attitude con-
trol systems will be b_ullt. for Missj)e aircraft,
drone and ship appllcatlons. The },)latformys
components, including the lligh]y accurate
gyros, pancake S}’delro’ aan aCcelemmeter were
designed and built bY I\Orden and are’addi‘
tional new product lines. .

In 1960, Norden also delivereq the Navy
for ficld testing a COMGACt Analgg go 0 5ol
tern which orients mMan in the lmnatll)xrayl el-
vironment berl@atlf the. sea. “Thig Compact SYyS-
tem pr()vidCS a plctorla] pathyy 6] P" th-

r a st

. . ing on a single . .
marine, displaying Creen all pertin-
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ent parameters: pitch, roll, heading, speed, sur-
face and bottom positions. It also has applica-
tions for a variety of aircraft and space ve-
hicles.

Also in 1960, deliveries were made of cer-
tain units of a terrain clearance system for use
in jet aircraft. It employs advanced radar princi-
ples with television, presenting visually to
pilots the positions of their aircraft while flying
in bad weather.

Deliveries of advanced bomb director sets
continued as scheduled for the Navy's Douglas
A3D Skywarrior, and a television theodolite was
delivered and satisfactorily field tested at Eglin
Air Force Base.

Another 1960 achievement was the delivery
of a photographic overlap computer to Wright
Air Development Division. It provides an
aerial photographer with a view of the terrain
within the camera field of view and automatic-
ally actuates the shutter to give a predeter-
mined amount of overlap on consecutive photo-
graphs.

In the data processing and mark sensing field,
a unique new automatic scoring machine was
delivered to Educational Testing Service, a na-
tionwide organization at Princeton, New Jersey,
that provides tests and testing service for
schools, colleges, and professional associations.
This machine is capable of grading more than
20 different, randomly mixed college board en-
trance examinations at the rate of 6,000 an
hour,

In this same field, Norden also delivered to
the County of Los Angeles an electronic vote
tallying system. It uses ultra-violet light and
mark sensing principles and is designed to
bring about substantial savings in election
costs by decreasing for precinct workers the
burden of tallying votes, reducing the number
O.f precincts needed, and providing earlier elec-
tion returns. The system reads and counts votes
on paper ballots at the rate of 600 a minute.

Also in 1960, the division increased deliveries
of its automatic positioning systems for machine
tools. A new concept in numerical control, these
modumatic systems feature display of actual
position and allow machine tool manufacturers
to automate to any degree.

In its wide range of components, the di-
vision in 1960 increased production and ship-
ments of encoders, transducers, pressure ratio
indicators, and gas pressure systems.

New analog-digital converter types, directed
toward higher accuracy and improved perform-
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ance, were successfully engineered and pro-
duced. The Ketay department’s line of rotating
components was enlarged and further com-
ponent miniaturization programs were success-
fully completed. New Size 5 and Size 11 syn-
chros were added and produced as were Size
08 resolvers and ultra-accurate vernier resolvers.
A two-inch floated rate gyro was added to the
product line, and engineering work progressed
on a one-inch gyro. Packaging of servo compon-
ents was initiated and new developments in-
cluded a magnetic encoder and high-tempera-
ture, nuclear resistant units.

VANGUARD AIR AND MARINE CORP.

VANGUARD CONTINUED with the de-
velopment of the first fan-in-wing VTOL air-
plane during 1960, and accentuated its diversi-
fication program by the acquisition of a new
aircraft sheet metal manufacturing division.

The Vanguard “Omniplane” fan-in-wing
VTOL airplane completed the first phase of 1ts
test program in the Ames 40 x 80 ft. full-scale
wind tunnel. Additional contracts were Tre-
ceived from the Air Research and Development
Command, USAF, for installation of a ‘I‘chom'-
ing T53 shaft turbine engine in the “"Ommni-
plane” and for additional development and test
work. Engineering design of advanced versions
of the fan-in-wing concept was in process.

In August, Vanguard was strengthéned by
the acquisition of the Northeast Metals Indus-
tries Division which has extensive sheet_metal
fabrication facilities primariiy engaged in the
production of products and components f.or
customers in the electronic, aircraft and missile
field.

Further expansion plans were nearing com-
pletion at the end of the year.

WESTERN ELECTRIC COMPANY

DURING 1960 the Western Electri'c Com-
pany continued to play 2 major role 1n aero-
space projects. The armed forces called upon
the company to fulfill major natlonjdl dCfCI.lS.e
responsibilities on the basis of the unique abl_h-
ties developed by Western Electric in doing its
job in the telephone industry, and on ‘thc
strength of its past performance accomplish-
ing highly technical, complex projects encom-
passing a broad scope and involvmg large-scale
operations. Among space projects n the non-
military field, Western Electric continued man-
agement for the tracking and ground mstru-
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company in France; Weser Flugzeugbau, a
major West German aircraft manufacturing
company; and Microtecnica, S.p.A., a leading
manufacturer of electromechanical products in
Italy. It also had licensing agreements with a
number of other companies in Asia and Europe.

United Aircraft maintained a high level of
development and production during 1960. In
1959, the last full year for which figures
are available, United Aircraft reported a
net income of $28,638,353 on sales totaling
$1,080,980,782. Total current assets at Decem-
ber 31, 1959, amounted to $397.,416,596, com-
pared to total current liabilities of §235,513.571.
Contracts, orders, and government letters of
intent amounted to $1,000,000,000. The corpor-
ation’s employment as ot December 31, 1959,
was 57,423.

HAMILTON STANDARD DIVISION

During 1960, Hamilton Standard continued
its diversification program, undertaking new
product lines both within and outside the aero-
space industry.

In the environmental control field, new con-
tracts were awarded to the division to provide
systems for the Boeing B-52H and Douglas
A4D-5. With the addition of these aircraft.
Hamilton Standard environmental systems were
specified for over two dozen types of the most
modern fighters, bombers, and commercial air-
craft. Included were such Mach 2 aircraft as the
Century Series Lockheed F-104, Republic F-105,
and Convair F-106; the Convair B-58 bomber;
and the Chance Vought F8U series fighters, in-
cluding the all-weather -2N version. A vapor
cycle system, introduced into commercial serv-
ice on the Convair 880 during the year, was
giving excellent service. In the small transport
field, first deliveries of the system were made
to Lockheed for use on the JetStar. Despite a
reduction in the B-70 program early in the
year, Hamilton Standard’s environmental con-
trol system was retained and development con-
tinued during 1960.

Engine control activity during the year con-
tinued strong, with principal production cen-
tered on the main controls for both military
and commercial versions of the Pratt & Whitney
J57 and J75 pure jet and turbofan engines.
New engine control contracts awarc.led during
the year included those for the Continental 217
and Pratt & Whitney Aircraft JT12. Among the
other engines using Hamilton Standard con-
trols are the P&RWA ]52 and J58; Canadian
Pratt & Whitney Aircraft PT6; General Electric
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J79, T58 and T64: Lycoming T55; and Con-
tinental J69.

A small scale prototype of the air induction
control for the North American B-70 was com-
pleted and tested successfully during the year.

In the propeller field, the division had more
new propellers under development during 1960
than at any time in the company’s history. The
announcement of one of these new propellers,
called the variable camber, created considerable
industry interest. The variable camber con-
cept mounts propeller blades in tandem, where
they work in pairs to simulate an over-all change
in camber for varying flight conditions. The
test program indicated that this results in
greatly increased thrust and/or range. In pro-
duction during 1960 were the 54H60 model
for the Lockheed C-130B and Electra; the
53C51 for the Grumman AO-1; and several
types of Hydromatics for the deHavilland Cari-
bou, Douglas DC-6 and DC-7, and Lockheed
Constellation.

Jet engine starter activity during 1960 was
highlighted by the award of contracts to pro-
vide pneumatic types for the Lockheed P3V,
Grumman- W2F, and Canadian Lockheed F-104.
Meanwhile production continued on pneumatic
and combustion types for use on aircraft such as
the Convair B-58, Boeing B-52 and KC-97, and
Convair F-106.

Hamilton Standard’s Ground Support Equip-
ment group, established as an integl"ate.d de-
partment last year, acquired a significant
amount of business in 1960 and had a variety of
equipment in production during . the year.
Among the equipment: air conditioning ground
carts to be used in the Titan and Minuteman
missile programs; jet engine control test stands;
mobile control tower and electronic shop carts
for the Air Force; and electrical simulator
carts.

Another of Hamilton Standard’s integrated
departments, Electronics, continued to provide
a variety of electronic controls to military and
commercial customers, including the automatic
stablization equipment for the Sikorsky HSS-2
amphibious helicopter. Major efforts during
1960 were directed toward power conversion
equipment, and units were under construction
for all three services, as well as for commercial
customers. Late in the year, the department was
selected to provide electronic equipment for
both the Boeing and Grumman hydrofoils.

In the field of solar power, Hamilton Stan-
dard in 1960 received a contract to design and
develop a multi-cell generator for the Air Force.
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A major stride into the space vehicle field
was taken by Hamilton Standard during the
year when United Aircraft Corporation’s Mis-
siles & Space Systems group was reconstituted
to form an additional operation of Hamilton
Standard.

The division also moved into the metal fabri-
cation field with the acquisition of North Amer-
ican manufacturing rights to an electron beam
process developed by the Carl Zeiss Foundation
of West Germany. The Hamilton-Zeiss electron
beam machine can cut or weld the hardest
known material, and the beam can be focused
to spot size as small as .0008 of an inch for mic-
rominiaturized work. During 1960, contracts
for the manufacture of several machines were
received, and the armed services initiated two
study contracts involving use of the machine—
one for electron beam welding of space age
metals, and the other for microminiaturization
welding.

Hamilton Standard expanded further into
the overseas market during the year by pur-
chasing a 50 per cent interest in Microtecnica,
S.p.A., of Turin, Italy. The Italian firm, a
leader in the European industrial field, will
build Hamilton Standard jet equipment
products under license.

NORDEN DIVISION

Consolidation of a large part of operations
into two new facilities, continued advancements
in the engineering and development of new
systems and products, and increased production
of widely accepted electronic components
marked the 1960 activities of United Aircraft
Corporation’s Norden division.

On November 15, the division began moving
a major portion of its operations into a new
350,000-square-foot engineering-research and
manufacturing facility located on an 80-acre
tract in Norwalk, Connecticut. This move,
scheduled to be completed in January, 1961, in-
volved - approximately 1,400 of the division’s
employees who have been working in leased
plants and laboratories in Milford and Stam-
ford, Conn., and White Plains, New York.

One month earlier, on October 17, the di-
vision’s Data Systems department, whose en-
gineers have been responsible for many of the
new concepts in digital computer art, occupied
a new 50,000—square-foot engineering-resear(th
and manufacturing facility at Costa Mesa, Cali-
fornia. This department’s 200 employees prev-
iously were housed in leased facilities at Gar-
dena and Santa Ana, California.
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The Ketay department of Norden did not
figure in the plant consolidation. It continued
its research, design, development, and produc-
tion of precision servo components in a modern
82,500-square-foot plant at Commack, l.ong
Island, New York.

The division was engaged in three basic
areas: the design and manufacture of military
systems and components at Norwalk; the de-
velopment and manufacture of rotating com-
ponents at Commack; and the development and
production of commercial and industrial con-
trol systems and processing equipment at Costa
Mesa. Divisional offices are at Norwalk.

Among the 1960 highlights was the award of
a nine-month study contract from the Maritime
Administration. This was the first step by the
Maritime Administration in a long-range pro-
gram to investigate the possibilities of applica-
tion of automation to American merchant ships.
The contract, awarded in May, called for Nor-
den to investigate and suggest solutions to prob-
lems involved in the Iinstrumentation and
mechanization of merchant ships to operate
automatically. Ideally, an automatically oper-
ated merchant ship is visualized as one that
could sail without the services of its crew from
the point where the pilot is dropped as it clears
the harbor outbound to the point where the
pilot boards the ship at its port of destination.
Such a ship must be capable of self-sustained,
unmanned operation for at least 30 days with-
out any maintenance, and for at least 90 days
with only minor maintenance. First steps in the
program, however, involve study of semi-auto-
matic ships. In carrying out this contract, Nor-
fien called on two other United Aircraft divis-
lons, Pratt & Whitney Aircraft for propulsion,
and Hamilton Standard for control.

Included among the Norden achievements
fluring 1960 was the successful flight testing of
1ts small, all-attitude, inertial platform. This
provides a basic module around which a diverse
line of guidance, navigation and attitude con-
trol systems will be built for missile, aircraft,
drone and ship applications. The platform’s
components, including the highly accurate
gyros, pancake synchro, and acceleromecter, were
designed and built by Norden and are addi-
tional new product lines.

In 1960, Norden also delivered to the Navy
for field testing a contact analog display sys-
tem which orients man in the unnatural en-
vironment beneath the sea. This compact sys-
tem provides a pictorial pathway for a sub-
marine, displaying on a single screen all pertin-
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ent parameters: pitch, roll, heading, speed, sur-
face and bottom positions. It also has applica-
tions for a variety of aircraft and space ve-
hicles.

Also in 1960, deliveries were made of cer-
tain units of a terrain clearance system for use
in jet aircraft. It employs advanced radar princi-
ples with television, presenting visually to
pilots the positions of their aircraft while flying
in bad weather.

Deliveries of advanced bomb director sets
continued as scheduled for the Navy's Douglas
A3D Skywarrior, and a television theodolite was
delivered and satisfactorily field tested at Eglin
Air Force Base.

Another 1960 achievement was the delivery
of a photographic overlap computer to Wright
Air Development Division. It provides an
aerial photographer with a view of the terrain
within the camera field of view and automatic-
ally actuates the shutter to give a predeter-
mined amount of overlap on consecutive photo-
graphs.

In the data processing and mark sensing field,
a unique new automatic scoring machine was
delivered to Educational Testing Service, a na-
tionwide organization at Princeton, New Jersey,
that provides tests and testing service for
schools, colleges, and professional associations.
This machine is capable of grading more than
20 different, randomly mixed college board en-

trance examinations at the rate of 6,000 an
hour

In this same field, Norden also delivered to
the Qounty of Los Angeles an electronic vote
tallying system. It uses ultra-violet light and
ma_lrk sensing principles and is designed to
bring about substantial savings in election
Costs by decreasing for precinct workers the
burden of tallying votes, reducing the number
of precincts needed, and providing earlier elec-
tion returns. The system reads and counts votes
on paper ballots at the rate of 600 a minute.

A]so in 1960, the division increased deliveries
of its automatic positioning systems for machine
tools. A new concept in numerical control, these
mogll.lmatic systems feature display of actual
position and allow machine tool manufacturers
to automate to any degree.

_I.n its wide range of components, the di-
vision in 1960 increased production and ship-
ments of encoders, transducers, pressure ratio
Indicators, and gas pressure systems.

New analog-digital converter types, directed
toward higher accuracy and improved perform-
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ance, were successfully engineered and pro-
duced. The Ketay department’s line of rotating
components was enlarged and further com-
ponent miniaturization programs were success-
fully completed. New Size 5 and Size 11 syn-
chros were added and produced as were Size
08 resolvers and ultra-accurate vernier resolvers.
A two-inch floated rate gyro was added to the
product line, and engineering work progressed
on a one-inch gyro. Packaging of servo compon-
ents was initiated and new developments in-
cluded a magnetic encoder and high-tempera-
ture, nuclear resistant units.

VANGUARD AIR AND MARINE CORP.

VANGUARD CONTINUED with the de-
velopment of the first fan-in-wing VTOL air-
plane during 1960, and accentuated its diversi-
fication program by the acquisition of a new
aircraft sheet metal manufacturing division.

The Vanguard “Omniplane” fan-in-wing
VTOL airplane completed the first phase of its
test program in the Ames 40 x 80 ft. full-scale
wind tunnel. Additional contracts were re-
ceived from the Air Research and Development
Command, USAF, for installation of a ‘I‘chom_-
ing T53 shaft turbine engine in the Omni-
plane” and for additional development and test
work. Engineering design of ad\janced VETSI0nS
of the fan-in-wing concept was 1n process.

In August, Vanguard was strengthened by
the acquisition of the Northeast Metals Indus-
tries Division which has extensive sheet_metal
fabrication facilities primarily engaged 1n the
production of products and components f'or
customers in the electronic, aircraft and missile
field.

Further expansion plans were nearing com-
pletion at the end of the year.

WESTERN ELECTRIC COMPANY

DURING 1960 the Western Electric Com-
pany continued to play a major role 1n aero-
space projects. The armed forces called upon
the company to fulfill major natlonfll defer'ls.e
responsibilities on the basis of the unique abx.h-
ties developed by Western Electric in doing 1ts
job in the telephone industry, and on the
strength of its past performance n accomplish-
ing highly technical, comp_lex pl“OJGCtS encoms-
passing a broad scope and nw.olvmg large-scale
operations. Among space projects in the non-
military field, Western Electric continued man-
agement for the tracking and ground instru-
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WESTINGHOUSE ELECTRIC
CORPORATION

PLANS WERE ANNOUNCED by Westing-
house in 1960 for a new “Astroelectronics
Laboratory” to be erected on a site in the
Comejo Valley 40 miles northwest of Los
Angeles. The new laboratory will work closely
with the military services and the defense in-
dustry on the West Coast in the development
of advanced electronic techniques for missile
and space areas. The facility will place special
stress on the design and development of mole-
cular electronics, semiconductors and thermo-
electrics, and sensing tubes. A temporary facil-
ity at the site was occupied in July by an ad-
vance group of scientists, engineers, and tech-
nicians, who plan future operations. Perman-
ent facilities, scheduled for occupancy in early
1961, will contain facilities of the semicon-
ductor department and electronic tube divi-
sion. The semiconductor laboratory will place
emphasis on semiconductor elements perform-
ing multicircuit functions, while the tube divi-
sion facility will stress microwave and sensing
tube devices.

An astronuclear laboratory for the develop-
ment of nuclear energy for outer space was in-
stituted in the Pittsburgh district as a promi-
nent part of a new atomic power division. The
division also included existing activities of the
Company for the development of commercial
applications of atomic energy for electric power
generation.

In another expansion of facilities, plans were
announced for a 30-percent expansion of
the company’s semiconductor department at
Youngwood, Pa. Providing additional labora-
tory and manufacturing area, the new struc-
ture will be adjacent to the present plant and
will be primarily devoted to the development
and processing of semiconductor materials, in-
cluding new forms of silicon and germanium.

At the Youngwood plant, Westinghouse
manufactured a broad line of silicon diodes,
transistors, rectifiers, and rectifier assemblies
for commercial, industrial and military uses.
The plant was also active in the development
of thermoelectric materials and the production
of thermoelectric devices. Other plant products
include silicon Trinistor NPNP switches, Hall
generators, infrared detectors, and Thermistors.

A three year extension of the contract for
Westinghouse’s operation of the Bettis atomic
power laboratory was announced in August.
The contract, which calls for an estimated an-
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nual cost of about $50,000,000, emphasizes con-
tinued advancement of nuclear power for naval
propulsion and electric power generation. The
work will include research and development
on new and improved reactor plants for naval
vessels, longer life fuel cores, advanced nuclear
fuel elements, special materials and compon-
ents and basic reactor technology.

The contract also covers operation of related
research and development facilities at the
AEC’s National Reactor Testing Station in
Idaho. Westinghouse developed and operates
the submarine and surface ship prototype re-
actor plants and the expended core facility
located at the test station.

A multi-million dollar expansion of the
laboratory’s research and development facilities
was completed during the past year. Thesc
facilities include an expanded “hot lab” for
studying irradiated materials, a high tempera-
ture test facility for conducting experiments
on full scale nuclear mock-ups under high
temperature and pressure and a high speed,
high capacity digital computer.

Westinghouse has operated Bettis for the
AEC since the laboratory was established in
1949. Starting with the land-based prototype
reactor plant for the first nuclear powered sub-
marine Nautilus and the USS Nautilus herself,
the laboratory has developed reactors for the
attack submarines of the USS Skate and the
USS Skipjack classes and the land-based proto-
type nuclear plant for large surface vessels.

The sqbr_narine USS George Washington, the
first balllst}c missile submarine to successfully
fire the missile Polaris while submerged, also
is powered by a Bettis-developed reactor plant.
The aircraft carrier Enterprise, to be powered
by eight BettiS-developed reactors, is being
built by the Newport News Shipbuilding and
Drydock Company and the cruiser Long Beacl:,
to be powered with two reactors, is being built
by the Bethlehem Steel Company shipbuilding
division at its Quincy, Mass., yard.

All of the design and development projects
conducted at Bettis are under the direction of
and in technical cooperation with the Naval
Reactors Branch of the AEC.

In another field, the Company was active in
1960 in developing new methods for the gen-
eration of power. Among the Company's ac-
complishments was the successful development,
for the Navy's Bureau of Ships, of the most
powerful thermoelectric generator built so far,
a generator which delivers five kilowatts of elec-
tric power by directly convertirig heat into elec-

AEROSPACE YEAR BOOK



tricity. It is about 50 times more powerful than
any previously described thermoelectric power
plant.

The Company completed a feasibility study
and is now building equipment for a portable
nuclear power plant being developed by the
Nuclear Division of The Martin Company for
the Atomic Energy Commission. The feasibil-
ity study involved the plant’s steam generator
and secondary loop. Equipment now being
built includes a steam generator, a turbine-
generator, switchgear, and a unique condenser
for the prototype model of the plant.

The station being developed by Martin will
have a net output of 1000 kw. In addition, the
reactor and steam generator will provide seven
million Btu per hour for space heating.

As a portable nuclear power plant, the equip-
ment has potehtial application in remote mili-
tary installations and is therefore designed for
operation in a wide variety of climates.

Scientists of the company also unveiled a
major step in achievement of new, direct
methods of electric power generation when
they demonstrated the first magnetohydro-
dynamic (MHD) generator to produce a sub-
stantial quantity of electric power continuously
from combustion of a conventional fuel.

The MHD generator produces electric power
by passing a super-hot, electrically conducting
gas—a plasma—between the poles of a power-
ful magnet. This ionized gas passes through a
ceramic-lined tube at 1800 miles an hour, cuts
across the magnetic field of the magnets and
produces electric power.

(_)perating at about one-fourth its full power
rating, the new generator has produced 2V%
kilowatts of power and has run continuously
for four minutes. Previously reported MHD
generators had operating cycles no longer than
about five seconds.

Three amplifiers were built by the company’s
X-ray and industrial electronics division to
accelerate ions in a research version of an ion
Space engine at the National Aeronautics and
Space Administration’s Lewis Research Center.
Although the ion engine now being developed
will produce relatively low thrust—in the order
of 0.001g—this thrust will be adequate to drive
a space ship at speeds up to 216,000 miles an
hour in a weightless, frictionless atmosphere.

As a result of its work in solid-state tech-
nology, thermoelectric cooling devices built by
the Company’s semiconductor department were
used to control the temperature of crystal filters
in a successful space probe by an Aerobee-Hi
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rocket. The flight, conducted by the Naval Re-
search Laboratory, reached an altitude of 130
miles.

The thermoelectric units controlled the tem-
perature, within 0.5 degrees Centigrade, of the
crystal filter in an infrared detection system
that was also involved in the test. Although
primarily designed for cooling, the thermo-
electric devices also provide heating as re-
quired.

The first transistor capable of operating
above 650 degrees Fahrenheit was also a solid-
state development in 1960. The new transistor
1s made from silicon carbide, a hard crystalline
material which in impure form is familiar be-
cause of its use as an abrasive In grinding
wheels. The device was developed in coopera-
tion with the Electronics Research Directorate
of the Air Force Cambridge Research Labor-
atories.

Produced by a new process developed at the
Company's semiconductor department, tunnel
diodes became available for applications 1in
logic, switching and computer circuitry which
require faster switching times than are pos-
sible with transistors. In this process, tunnel
diodes are made of germanium grown by the
dendritic crystal process that produces'umfo.rm
strips of material in the exact form 1in which
it is to be used. This process permits greater
utilization of high-cost semiconductor Crysta_l-

Another semiconductor device introduced 1in
1960 was the Trinistor controlled rectifier, a
three-terminal silicon device that controls_ large
blocks of power. With characteristics similar to
those of a thyratron the device will block Vf)lt'
age in the forward direction below a critical
breakover voltage. However, by exceeding the
critical breakover voltage or applying a proper
gate signal, the device will rapidly switch to
the conducting state.

The units are best suited for high power
applications at up to 300 volts and currents
up to 50 amperes. They have a switching time
of 600 millimicroseconds with peak reverse
voltages of 60 to 360 volts. These char;.icterlstl(ts
provide improved performance in a w1dc: range
of control and switching applications includ-
ing: converters, variable frequency generators,
motor control, voltage regulation, replacement
of magnetic amplifiers, high power modulation,
inverters, replacement of thyratrons, and many
others. R

Perhaps most significant of the Company’s
accomplishments in semiconductor electronics
in the year was the development and applica-
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by such particles. Previous techniques had not
been powerful enough to permit the feebly
glowing track to be studied effectively.

A new photomissive material discovered at
the Westinghouse electronic tube division in
1960 maintains a high level of sensitivity over
many hours of operation at 250 degrees Fahren-
heit. Developed under a research contract with
the Bureau of Ships, the new material is ex-
pected to be most useful in such devices as
imaging and photomultiplier tubes, in which
photosurfaces convert radiant energy into elec-
trical energy.

A new direct-view storage tube developed
by the Company’s electronic tube division in-
corporates two writing guns and a viewing gun
system producing a bright, nonflickering, uni-
form display over a four-inch-diameter viewing
area. Two electrostatically focussed and de-
flected writing guns permit independent, simul-
taneous writing of two signals. The new tube
is particularly promising for such applications
as airborne fire control radar, weather radar,
transient studies, data transmission including
half-tone storage, telemetering facsimile, and
visual displays requiring steady, narrow-band-
width transmission over telephone lines. De-
signed to operate in military environments, the
WL-7268 tube can be operated unpressurized
at high altitudes. The entire tube is potted
within a magnetic shield in a synthetic silicone-
rubber material.

A new airborne digital data processor de-
veloped in 1960 is thought to be the fastest
military data processor known to have operated
successfully. Designed as a general-purpose
computer for purposes such as fire control,
space guidance, navigation, and electronic
countermeasures (jamming), its first applica-
tion has been service in a track-while-scan radar
detection system. Its function in this system is
to keep track of multiple target information
and to display the tactical situation.

The new DP-167 computer adds or subtracts
at 167,000 operations per second, multiplies at
an average rate of 24,000 operations per second,
and divides at an average rate of 16,000 opera-
tions per second.

A new infrared system sensitive enough to
see moving objects near room temperature
solely by means of their emitted heat was an-
nounced by the Westinghouse research labora-
tories in Pittsburgh, Pa. Known as the photo-
thermionic image converter, the all-electric
device changes the infrared radiation emitted
by an object into a visible picture on a tele-
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vision screen. The speed with which it responds
to infrared is roughly equal to that of the
human eye to visible light. The development,
first in a series of such devices, was sponsored
mainly by the Wright Air Development Center
of the U. S. Air Force.

The first thermoelectric cooling devices to
become commercially available for industrial
and military applications were announced by
Westinghouse in 1960.

The series of “thermoelectric modules™ is
intended for use as electronic component cool-
ers and in other applications where compact-
ness, silent operation with no moving parts,
and a controlled cooling rate is desired.

A one-cubic-foot thermoelectric refrigerator
designed and built by the Westinghouse new
products laboratories was one of the key com-
ponents of a manned capsule that housed an
Air Force scientist on a simulated weeklong
mission into space.

Brig. General Don Flickinger, Surgeon and
Assistant for Bio Astronautics, Air Research
and Development Command, announced the
successful completion of the test of the equip-
ment man must have to live in space. The test
was conducted at ARDC’s Wright Air Develop-
ment Division Aerospace Medical Laboratory.

Designed to operate in the weightless en-
vironment of orbital flight, the Westinghouse
refrigerator is a complete food storage systeim.
One of six life-sustaining devices sealed in an
airtight nine-foot capsule resembling an Atlas
(ICBM) missile nose cone, the equipment per-
mitted Courtney A. Metzger, ARDG laboratory
engineer and project coordinator, to Temain
inside the capsule during the week-long test.

When the Robert E. Lee successfully com-
pleted its sea trials on August 2, as the nations
third Polaris missile-firing nuclear submarine,
it was powered by a nuclear reactor deSIgne'd
at the Atomic Energy Commission’s Bettis
atomic power laboratory, operated by Westing-
house for the AEC. The nuclear reactors for
the Robert E. Lee and her “sister” ships (the
George Washington and Patrick Henry, com-
missioned in December, 1959, and April, 1969)
were designed and developed by 'the _Betr.ls
atomic power laboratory under the direction of
and in technical cooperation with the Naval
Reactors Branch, U. S. Atomic Energy Com-
mission.

Launching and handling equipment for the
Polaris missiles was designed and built at the
Company’s manufacturing division in Sunny-
vale, California.
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At East Springfield, Massachusetts, the Com-
pany began manufacturing launching equip-
ment for the air-to-surface guided missile Bull-
pup under terms of a contract for the Navy in-
volving some 2400 launchers. Launched outside
the effective range of enemy ground fire, the
Bullpup is operational in the Sixth and Seventh
Fleets of the Navy.

In addition to launching and handling
equipment for these vessels, an additional
$5,250,000 order was awarded Westinghouse
under a Navy contract for initial work on
launching systems for four nuclear-powered
submarines to fire the ballistic missile Polaris.

These four craft, belonging to the Navy’s
second generation of Polaris submarines, are
the Ethan Allen, Sam Houston, Thomas A.
Edison and John Marshall.

A new weapon system—named Typhon after
a fierce hundred-headed monster from Greek
mythology—was announced in April by the
Navy and by Westinghouse as the prime de-
velopment contractor for the weapon control
subsystem.

Typhon is designed to provide the fleet with
a greatly improved anti-air warfare capability,
and an offensive capability for engaging enemy
fleet units and conducting long-range shore
bombardment. The system will fire missiles
from launchers mounted on fast moving war-
ships in strategic fleet locations around the
world. It will contain a new, advanced long-
range, search, track, and guidance radar. High
speed computers will provide near instantane-
ous target selection and designation. Display
and monitoring equipment will complete the
weapon control subsystem.

Announced at the same time was the award
of a $38.5 million contract to Westinghouse for
the development, design, and production of a
prototype model of the long-range radar por-
tion of the system. The new radar concept,
originated by scientists at the Applied Physics
Laboratory of the Johns Hopkins University
at Silver Spring, Maryland, incorporates high
data rate and high power features far in excess
of present designs.

Subsequently, a new weapon control depart-
ment was organized by the company to central-
ize responsibility for all aspects of the weapon
control subsystem.

Later in the year a $947,000 subcontract for
specialized microwave tubes to be used in the
U.S. Navy’s new “I'yphon” weapon system was
awarded the company’s electronic tube division.
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The work will be done at the division’s plant
in Elmira, New York, as a part of the over-all
$38.,500,000 contract awarded carlier to West-
inghouse, the prime development contractor.
Following competitive bidding, the subcontract
was awarded to the electronic tube division by
the Westinghouse electronics division in Balti-
more. The electronic tube division will have
responsibility for final design of the micro-
wave amplifier tubes that will serve as power
output elements in this system.

A contract award of $19.2 million for new
high-powered long-range search radar systems
for the continental air defense network iwas
announced in July by Rome Air Material Area
Headquarters of the Air Force. The new SYys-
tems afford frequency diversity capability.

A Navy Bureau of Ships contract for over
$12,000,000 for long-range shipboard radio
communications equipment was also awarded
to the electronics division, as the second pro-
duction contract for this equipment to be

laced with Westinghouse. The first amounted
to $11,000,000. Delivery was scheduled to start
late in 1960, with production to continue into
1962.

The AN/WRT-1 system provides radio tele-
phone and teletype service, operating at fre-
quencies of from 0.3 to 1.5 megacycles. It is
an ampli_tude modulated, frequency shift key-
Ing, continuous wave transmitter.

The AN/WRT-2, specifically designed for
submarine service, operates at frequencies from
2 to 30 megacycles. It is an independent side-
band transm.ltter, also amplitude modulated,
frequency shift keying, and continuous wave,.

Rada_r Systems capable of providing three-
dimensional warning information six hours
after air dC.IiVCrY to their sites were being built
for the Alr Force by Westinghouse Electric
Corporatlon’.s electronics division. The equip-
ment is being manufactured under a $15,-
000,000 contract with Rome Air Material Area.

The first prototype components of the elec-
trical system for the Boeing B52-H missile
bomber were shipped in 1960 from the Com-
pany’s aircraft equipment department. The
units comprise four 120kva a.¢ generators;
voltage regulator; control panel; current trans-
former package; current control package and
associated electrical equipment. Rated at 480
kva, they are part of the largest a-c aircraft elec-
trical system ever built.

They are part of a $5 million contract re-
ceived from Boeing’s Wichita Division for de-
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velopment of the electrical system and comple-
tion of a number of production systems for the
B52-H. The final units under this contract will
be shipped from the company’s aircraft equip-
ment department at Lima, Ohio, in September,
1961.

Twelve of the tracking stations that will
monitor the course of the first United States
astronaut in space are being equipped with air
conditioning systems manufactured by West-
inghouse. The installations, strung out in a
pattern that encircles the globe, are being built
for the National Aeronautics and Space Ad-
ministration’s “‘Project Mercury.”

Many of the stations will be linked by point-
to-point communications. Others will be able to
talk directly with the astronaut over ground-
to-air equipment. Complex telemetering sys-
tems will send hundreds of messages to the net-
work’s headquarters at Goddard Space Flight
Center, Greenbelt, Maryland, recording the
performance of the sealed space capsule and
the personal observations and reactions of the
astronaut as he sails through space.

The aircraft carrier Enterprise, christened at
Newport News on September 24, will have a
nuclear propulsion plant capable of driving
this largest ship ever built at a speed of over
25 knots. The Enterprise’s propulsion system
will use eight reactors to supply the power to
drive four propellers. Each is as high as a two-
story house.

The atomic reactors were developed and de-
signed by Westinghouse Electric Corporation
under the direction of and in technical co-
operation with the Naval Reactors Branch of
the Atomic Energy Commission. The work was
d(?ne at the Bettis atomic power laboratory,
Pittsburgh, Pennsylvania, which Westinghouse
opcrates for the AEC.,

The eight reactors will run the Enterprise
for years without refueling. It is estimated that
nuclear power will multiply by some 20 times
the distance the Enterprise can travel at full
speed without refueling as compared with con-
ventional oil-fired carriers. Dependance on dis-
tant bases and auxiliary ships is thus minimized.

The propulsion units were manufactured by
Westinghouse at its steam division at Lester,
Pennsylvania. Each of the carrier's engine
rooms has giant turbines, reduction gears, con-
densers and associated machinery.

Heavy jet bombers and fighters aboard the
Enterprise will be ferried to the flight decks
by elevators supplied by the Westinghouse ele-
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vator division, Jersey City, New Jersey. Hy-
draulically-powered, the elevator platforms
weigh about 210,000 pounds each and have an
area of almost 4000 square feet. Each of the
four giant deck-edge elevators will be capable
of lifting a 45-ton bomber from hangar to flight
deck in 15 seconds. Thus, the four elevators
combined can ferry four planes every minute
to the flight deck. Pilots aboard the carrier will
also be speeded to their planes by two West-
inghouse passenger elevators.

Westinghouse was also supplying the Enter-
prise with auxiliary generators and switchgear
from its East Pittsburgh division; motors and
control equipment from Buffalo, New York;
standard control equipment from Beaver,
Pennsylvania; transformers from Sharon, Penn-
sylvania; and ventilator fans from the Sturte-
vant division, Hyde Park, Massachusetts.

An electric arc heater able to supply a stream
of gas at temperatures as high as 20,000 degrees
Fahrenheit and at pressures as great as 15,000
psi, was developed in 1960 by Westinghouse.
It can operate for sustained periods of time and
at an extremely low level of gas contamination.

The arc heater has immediate application in
a wind tunnel for missile testing. Also, it holds
promise as a chemical synthesizer and as a
furnace for processing metals with ultrahigh
melting points. A prototype model_ of the‘
machine was operated at a pOWwer ll?P“t ot
1700 kilowatts but a high of 30,000 kilowatts
was planned.

An energy storage system to power 4 hxper-
velocity impulse wind tunnel—called 2 llf)t-
shot” type wind tunnel by the aerospace 1n-
dustry—was ordered from Westinghouse early
in 1960, by the McDonnell Aircraft Corpora-
tion. This facility will allow McDonnell engt-
neers to investigate the thermal an('tl aerody-
namic properties of missiles and alrgraft at
speeds from 9 to 24 times the speed of sound,
and at simulated altitudes above 100,000 feet.

Drive equipment valued at appl‘OXImatelY

$200,000 was being constructed by \V‘t‘zstmg-
house to power new compressors for the . blm_v-
down” wind tunnel at Lockheed’s California
Division Research Center in Castaic, California.

The Westinghouse equipment, ordered for
the Lockheed tunnel by the Clark Brothers
Company, one of the Dresser Industries, will
be supplied as a complete drive system. Com-
ponents of the system will include a 7000-hp
synchronous motor, a 7800-hp gear unit, switch-
gear and control.

167






airframe and missiles structures. Among the
programs currently in production are the B-58,
the A2F and B-70 Systems.

During 1960 this division broadened its ac-
tivities in the field of antenna systems and pro-
duced for MIT, Lincoln Laboratory, two 60
foot parabolic antennas. Erection of the an-
tennas was completed at Groton, Massachusetts
and Camp Parks, California by Aeronca per-
sonnel. The basic structure consists of alu-
minum bonded honeycomb panels making it
possible to maintain tolerances suitable for op-
eration in the ultra-high frequency radio ranges
employed in space tracking and lunar observa-
tion projects.

The development of an electric blanket
method of brazing was accomplished by this
division during 1960 resulting in a substantial
reduction of the brazing cycle, thereby reducing
the cost of stainless steel honeycomb compo-
nents. This system is being used to produce
major B-70 structures.

Several breakthroughs in the development
of extremely high temperature missile and space
systems vehicle structures were accomplished.
“Thermantic Structures,” a proprietary devel-
opment which is a combination of exotic
{netals and ceramics, are capable of operating
In temperature environments up to 4000 de-
grees for extended periods of time. Aeronca
was continuing to develop this system with

both company and Department of Defense
funding.

_Under a research and development contract
x_mth WADD, considerable progress was made
in the development of techniques for the fabri-
cation of beryllium. The company perfected
such techniques to the point where this material
can be incorporated in missile and space systems
vehicles. Concurrently, research continued in
the field of ceramic adhesives. Significant prog-
ress was made in overcoming the brittle char-
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acteristics of ceramics when used as a bonding
agent for honeycomb structures.

Full-scale production was inaugurated in
1960 for the Hawk ground support and main-
tenance shelters. Several significant design de-
velopments were realized in this program re-
sulting in improved manufacturing methods
that have achieved lighter and stronger units.

Aeronca was awarded a contract by White
Sands Missile Range to design, develop and pro-
duce the Advanced Pogo-Hi Target Training
Missile. First deliveries of these systems were
to begin in early 1961.

Production continued on major airframe as-
semblies for the B-52H and KC-135 and 707
aircraft for Boeing Airplane Company.

The Aerocal Division continued the pro-
duction of B-52G and H fuel tanks and pylons.
KC-135 and 707 structural members were.a'lsO
produced during 1960. The Aerocal I_)ivmon
continued research and development 11 pro-
duction methods for the use of molybden}xm,
Rene 40, vasco-jet and other exotic materials.

AIRCRAFT RADIO CORPORATION

AIRCRAFT Radio Corporation made sev-
eral significant achievements during the year
1960. The most noteworthy of these was
the continued growth In commercial .sales.
Another postwar high was acl1ie.ved.\vlt11 a
249 increase over the previous high 1n 1959.
This growth in commercial sales enabled ARC
for the first time in its history to surpass mili-
tary sales. Commercial sales in 1960 were
slightly over 509, of the total sales volume.

This sales growth was achieved through con-
tinued acceptance of ARC’s Type 21A A.DF
and Type 210 digitally-tuned VHF communica-
tions equipment. In additon, commercial sales
of the TYPE 15F VOR /LOC System exceeded
the original estimates.
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ARC broadened its product line to include
complete new local-controlled lines of naviga-
tion-communication systems. Equipment avail-
able from ARC in the past has been mostly re-
stricted to the large multi-engine airplanes
which make up a small percentage of the total
number of commercial aircraft. With three dis-
tinct product lines, ARC is now in a position to
provide high reliability nav/com equipment
for a wide range of aircraft from light single
engine models to large jet engine aircraft.

To identify the three lines of equipment,
ARC introduced the name STARFLITE.
STARFLITE 1 is ARC’s line of high quality
remote control nav/com equipment and com-
ponents which were designed specifically for
multi-engine aircraft. In 1960, ARC added to
this line two new course director systems, the
CD-3% and CD-4 Course Directors. In addition,
the B-18A RMI Converter, miscellaneous an-
tennas and other equipment were made avail-
able during the year.

ARC’s STARFLITE 1II line is an all new
local-controlled nav/com system designed
primarily for light twin and heavy single en-
gine aircraft. The initial equipment in this line
is ARC’s new Model 318A ADF system. Addi-
tional products required to complete this line
will be introduced in 1961.

The ARC STARFLITE III line is designed
for the budget minded aircraft owner and
makes available for the first time to this cate-
gory the precise engineering and reliability of
ARC’s prestige line. The initial equipment in
this line is the ARC 501A ADF system. Addi-
tional equipment to complete this line will be
available in late 1961 and 1962.

ALUMINUM COMPANY OF AMERICA

ALUMINUM COMPANY of America,
during 1960, announced: production of the
world’s longest closed die forging for North
American Aviation’s Sabreliner—a new jet util-
ity plane; supplying high-strength aluminum
sheet as a structural material for a super-booster
designed for project Saturn; plans to expand
and modernize two major sheet mills; start-up
of its ultra-modern $80-million Warrick (Ind.)
smelter; cooperation with a major propellant
producer in successful test-firing of all alumi-
num solid propellant rocket motor case; sup-
plying material in a new high-strength, heat-
defying alloy for Boeing Airplane Company’s
Bomarc B defense missile; production of the
world’s largest aluminum hand forging to serve
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as a mandrel in forming jet nozzles for indus-
try’s first major hypersonic wind tunnel; acquir-
ing a fourth major source of bauxite. the ore
of aluminum; supplying high-strength alumi-
num sheet that forms the landing surface of
portable airstrips assembled by joining all-
aluminum panels; development of an impact
extrusion process to fabricate aluminum pow-
der metallurgy (Alcoa APM) impacts for high
temperature service; increases in guaranteed
tensile and yield strengths for extruded shapes
in aircraft and missile alloy 7178-T6; operation
of a newly designed silicon rectifier that converts
alternating current into direct current more
e.fﬁciently than any large rectifier, thus permit-
ting greater’production of primary aluminum
per unit of electricity; supplying alumina—the
white powder from which aluminum is made—
for ceramic nose cones used on guided missiles;
prOdl.ICtiOI] .()f the largest diameter seamless
aluminum pipe achieved in this country for an
underground fueling system for jet aircraft; sup-
plying almTlinum extrusions and plate for the
plane-carrying elevators installed in the USS
ENTERPRISE, first nuclear-powered aircraft
carrier; development of a new tempering process
that increases both strength and reliability of
two alllmlntlm alloys used in ballistic missiles.

A closed die forging, believed to be the
longest ever pro.duced, was fabricated by Alcoa
for North American Aviation, Inc. Forged from
an Alcoa alloy 7079 billet, the giant part ex-
tend(.fd nearly 23 feet in length and weighed ap-
proximately 320 pounds. To produce it, a 272-
inch recordlength die was sunk at Alcoa’s
Cleveland YVOTkS.dle shop. The part, a wing
spar, was shaped in the huge die by the tremen-
dous pressure of a 50,000-ton press, operated by
Alcoa under the Air Force Heavy Press Pro-
gram. The record-size forging will be used in

the T-39 Sabreliner, a twin.; o
’ -jet utility plane de-
veloped by North Americarjf P )

A colossal rocket engine that will make pos-
sible manned flights to the moon and electronic
exploration of planets deep in space has been
assembled by the National Aeronautics and
Space Administration. Aluminum sheet, sup-
plied by Aluminum Company of America,
forms the walls of the tanks that carry fuel and
liquid oxygen. It also is the hooster outer skin
and constitutes an integral part of the Saturn
structure. The alloy chosen for the rigorous ap-
plication was 5456, developed by Alcoa and
recognized as the strongest of the highly weld-
able aluminum-magnesium series. When test-
fired, the super rocket engine functioned per-
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land works. The units are welded with Alcoa
filler wire 2319, a product of the company’s
Massena (N.Y.) works. The new “bird” has
twice the range, greater speed, and improved
“hair-trigger” reaction time over the earlier
Bomarc A.

Fantastic speeds essential to test materials and
designs for missiles and space craft, will be gen-
erated in industry’s first major hypersonic wind
tunnel. To simulate rocket-powered flight,
Douglas Aircraft Company will blast air
through a trio of jet nozzles into a testing
chamber at speeds ranging from 4,500 miles
per hour (Mach 6) to 7,600 miles per hour
(Mach 10). Manufacture of the first of three
precisely shaped nickel shells used as heat-re-
sistant liners to protect nozzles projecting the
tremendous air blast, was achieved by an un-
usual method requiring a massive aluminum
hand forging. Believed to be the world's larg-
est, the giant 8,230 pound Alcoa-produced forg-
ings served as a core—or mandrel—for a coating
of nickel that ultimately became the largest
nickel liner ever made. The aluminum part
was forged at Alcoa’s Cleveland works, in alloy
2014, on an 8,000 ton hydraulic press. Douglas
finished machined the 12-foot-long mandrel.
Critical dimension was the diameter, which
tapered from 24 inches at one end to 3 inches at
the other. Tolerance was .001-inch, and had to
be met at 1,440 measuring stations along the
mandrel length. A cut was made to sever the
small end of the mandrel. It was rejoined by
running a bolt through the smaller section, and
threading it tightly into an insert placed in the
larger part. An electroforming operation de-
posited nickel on the mandrel surface, and the
mandrel-nickel coating assembly then was ex-
posed to sub-zero temperatures. Since alumi-
num shrinks more than nickel at the same low
temperature, the mandrel sections were with-
drawn, leaving the perfectly formed nickel
liner ready for installation in Douglas’ Mach
6 wind tunnel nozzle. Two similar liners were
made employing reusable aluminum mandrels
machined from even larger hand forgings pro-
duced by Alcoa.

In 1960, Alcoa acquired a fourth major source
of bauxite by exercising an option covering
mining rights on 30,000 acres of bauxite-bear-
ing lands in Jamaica. The site, which Alcoa
will develop over the 1961-63 period, is in
Clarendon Parish, west of Kingston and 15
miles from Jamaica’s south coast. Production
was to begin by June 1, 1963, with ore being
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shipped to Alcoa’s Point Comfort (Tex.) re-
fining plant for the extraction of alumina.

Light, tough aluminum panels were con-
verting rough, open country into smooth safe
landing fields for high speed tactical jets oper-
ated by the Marine Corps. Developed and pro-
duced by Fenestra, Inc., the welded all-alumi-
num panels can be transported by helicopter,
or unloaded across a beach, and assembled
quickly to form a solid landing strip. The air-
strip surface—high strength aluminum sheet
supplied by Alcoa in alloy 5456—resists scorch-
ing jet blasts and punishing carrier-type land-
ings essential to the Marines short airfield con-
cept.

Alcoa unlocked the door to a new world of
precision aluminum parts for high temperature
service.. Aluminum powder metallurgy impact
extrusions were made by a new process. The
parts—called Alcoa APM irripacts—can be made
with close-,t_olerance precision for applications
in the atomic energy, aircraft, and missile fields.
Contrasted with the powder metallurgy tech-
nique applied to other metals, which sinters the
metal. powder into the finished form, the Alcoa
aluminum powder metallurgy impact employs
a slug from which the final form is impacted.
Result is t.o elevate the upper operating temper-
ature limits for high-strength parts fabricated
from these APM slugs. Alcoa carried the new
process well beyond the experimental stage, and
a prototype part was being evaluated for an
atomic energy application.

A%coa 1ncr.eased the minimum guaranteed
ten51‘le and yield strengths for extruded shapes
in aircraft and missile alloy 7178-T6. The ad-
vances for shapes up to one-half-inch thick re-
sulted frqm /_\lcoa’s product surveillance pro-
gram, which insureg attainment of the highest
pos.51ble guaranteed strengths for all alloys.
Chief advantage is to aircraft and missile design-
ers who now can take advantage of higher

strength without increaseq weight in extruded
shapes.

Three years of Pioneering effort between
Alcoa and Westinghouse Electric Corporation
resulted in operation of what is believed to be
the world’s most powerful silicon rectifier unit,
located at Alcoa’s Badin works, The new recti-
fier can convert altemating current into direct
current with greater efficiency than any large
rectifier designed to date. Its use would per-
mit the production of Up to more than four

per cent more primary aluminum per unit of
electricity consumed.
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Guided missile nose cones constituted a dra-
matic new market for ceramics made of alumina
—the white powder from which aluminum is
made. Alcoa, world’s largest producer of chem-
ical grade aluminas, supplies the white oxide
to Gladding McBean & Co.. for fabrication of
nose cones used on the Navy's Sparrow III
guided missile. Alumina's ability to offer ex-
ceptionally high strength, resistance to the shock
of rapid temperature changes. and to the ac-
celerated erosion experienced by nose cones as
they rip through rain clouds at supersonic
speeds were compelling factors in this applica-
tion.

An underground fueling system for jet air-
craft, utilizing the largest diameter seamless
aluminum pipe produced in this country, was
completed at Lemoore Naval Air Station, Cali-
fornia. More than a mile of 16-inch diameter
pipe, supplied by Alcoa, was installed to help
service sleek, swift Navy jets. The king-size
Alcoa pipe receives fuel that has passed through
a large filter-separator unit. The separation
process, using aluminum-lined tanks and alumi-
num pipe, removes contaminants formed in_ the
fuel during storage and transfer in materials
other than aluminum. Jet fuel is pumped di-
rectly from the 16-inch line to high speed serv-
ice locations on runway aprons, through an
800-foot network of smaller diameter Alcoa
aluminum pipelines.

The USS ENTERPRISE, first nuclear-pow-
ered aircraft carrier and largest ship in the
world, used more than 3$-million pounds of
aluminum in her construction. Built to a colos-
sal scale, the 1100-foot ENTERPRISE will be
armed with the hottest, most modern ﬁghting
aircraft ever designed for carrier service. .To
handle these advanced jets, all plane-carry.mg
elevators spotted along the giant warship’s
252-foot-wide flight deck, are fabricated of
aluminum extrusions and plate in Alcoa alloy
5456. Newport News Shipbuilding and Dry
Dock Company personnel designed the e_leva-
tors and originated the fabricating te.chmques
to meet strict weight and strength requirements.
Each is 52 feet wide and 85 feet long, and weighs
105 tons—a 380-ton saving over high tensile
steel.

Alcoa developed a new tempering process
during 1960 that increased both the strength
and reliability of the strongest aluminum mag-
nesium alloys—5456 and 5083. Both are used
in ballistic missiles. Alloy 5456 exhibits a four
per cent increase in minimum tensile strength
over any previously available.
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BENDIX AVIATION CORPORATION

CINCINNATI DIVISION

DURING 1960, the division continued a
rapid growth of its scientific, process control
and nuclear instruments.

Development work was initiated on a minia-
turized model of the Bendix Time-of-Flight
Mass Spectrometer which will be capable of an-
alyzing the solid surface and subsurface of the
moon. This instrument is unique in that it will
show the presence of any isotopes present on the
moon that are not on the earth. It will be re-
motely controlled and will transmit data back
to earth via telemetering equipment.

This project was being done in conjunction
with Bendix Research Laboratories and under
a contract with Jet Propulsion Laboratories.

ECLIPSE-PIONEER DIVISION

For Eclipse-Pioneer Division of The Bendix
Corporation, 1960 was characterized by the in-
troduction of a number of new products for
military and commercial aviation, and a vigor-
ous production program that was chiefly re-
sponsible for swelling the company’s employ-
ment level to the 10,000 mark, largest in the
division’s peacetime history.

Among the new products introduced during
the year was a group of aids designed to re-
lieve many of the problems created by the jet
age and associated particularly with high-dens-
1ty terminal traffic. One of these, a Holding
Pé.ittern Programmer, was developed for use
w_xth automatic flight control (AFCS) and flight
director systems to automatically fly the FAA
defined racetrack holding pattern. It corrected
fO_r cross- and tailwinds, and, in Conjunction
with “altitude hold” and pitch control of the
AFCS, it maintained the pattern in both lateral
and vertical planes including during planned
ascent and descent.

Another of the new aids was an Alternate
Track Vortac Computer which was used to
establish phantom Vortac stations from a true
station. The airborne device made it possible
to create an infinite number of stations as
needed. These in turn were used to make addi-
tional arrival and departure tracks available for
the relief of traffic bottlenecks.

Vernav, a vertical navigation system, was
also introduced during 1960. Designed for
compatibility with existing automatic approach
and landing systems, it computed optimum ap-
proach angle according to individual aircraft
characteristics. It also supplied positional in-
formation to the pilot with respect to a preset
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ties was the increased pace of manufacturing
inertial guidance systems for the Army's two-
stage. solid propellant, surface-to-surface ballis-
tic missile.

To meet the increasing demands of industry
for qualified support equipment design and
manufacturing capability, that section of
Eclipse-Pioneer Division which had had re-
sponsibility for this function was broken away
and given recognition as Bendix Support Equip-
ment—Teterboro. Shortly after the new organi-
zation was established, it won the highly com-
petitive contract for the AN/GJQ-9 Universal
Tester for the air-launched Douglas Sky Bolt
hypersonic missile.

FILTER DIVISION

At Bendix Filter Division, the year 1960 was
marked by a number of outstanding events.
Product development and facilities expansion
moved forward in all areas involved in the
manufacture of filters for handling aircraft pis-
ton engines, jet engine, and missile fuels; filters
for hydraulic fluids and lubrication oils used in
aircraft and missiles: air filters for carburetor
fuel systems, fuel injection systems, and aircraft
cabin air conditioning systems; and filter-water
separators and related equipment. )

During the year, Bendix Filter Division in-
creased the floor space for manufacturing by
over 20 percent. In addition to this area, a new
fuel test laboratory building was completed on
the 27 acre plant site. Outstanding in the m
dustry, the division’s combined fuel test facili-
ties at year-end included 25,000 gallon fuel
storage capacity and over 4700 square feet de-
voted exclusively to testing of filter-water sepa-
rators and related equipment with full scale
flow to 1000 gallons per minute.

Bendix clean room facilities, one of the most
modern in the industry, were being up-dated
on a continuous basis to meet the complex de-
mands of the space industry. The newest addi-
tion was a complete section for liquid oxygen
cleaning operations.

One of the major new products introduced
during 1960 was the Bendix Go-No-Go Gage.
It is the first practical and economical tool de-
veloped to check contamination in fuel under
service conditions. It is called the Go-No-Go
Gage because it permits acceptable fuel to pass
through but acts as a positive cutoft device if
the fuel is contaminated above a predetermined
level with water and/or solids. An important
feature of the Gage is that all fuel being trans-
ferred flows through the Gage and is checked.
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Other noteworthy products manufactured
during the year included: mass-produced resin-
impregnated cellulose filter elements for use
with Skydrol 500 (Boeing 707); 5000 gpm LOX
filter assembly (Martin); 2-micron filter com-
binations for hydraulic ground service and test
equipment; hydrogen peroxide filters for the
X-15 (North American Aviation); and all
metal-to-metal mechanical-assembly filter ele-
ments using no bonding material. Continued
development work is proving the feasibility of
wound-wire (Poroloy) porous metal gas turbine
blades utilizing transpiration cooling.

HAMILTON DIVISION

The name of the Hamilton Division was
formally changed to the Bendix Hamilton Di-
vision June 1, 1960 concurrent with the change
in the Corporation’s name from the Bendix
Aviation Corporation to The Bendix Corpora-
tion.

During 1960 changes in product activity at
Bendix Hamilton included the discontinuance
of bellows manufacture, the transfer of missile
and aircraft heat exchanger activity to Bendix
Products Division, South Bend, Indiana and the
in‘itiation of a new program to manufacture
microwave assemblies, thus utilizing the pre-
cision machining capabilities and the alumi-
num dip braze facilities of Bendix Hamilton.

The product effort of Bendix Hamilton was
concentrated in the area of aircraft and missile
hydraulic pumps and motors, hydraulic com-
ponents and integrated sub-systems, as well as
industrial hydraulic servo valves and hydraulic
S€rvo motors. Production programs included
turbine engine fuel controls, both original
equipment and overhaul, fuel pumps and sub-
contract manufacturing of precision compon-
ents and sub-systems, including aluminum dip
brazed microwave assemblies.

MONTROSE DIVISION

The Montrose Division continued the ex-
pansion of its principal product lines. which in-
cluded: dynamotors; DC motors (1/4 h.p. and
smaller); Ordnance—type synchros; aircraft auto-
syn pressure and position transmitters and in-
dicators; servoed angle-of-attack indicators: air-
craft pressure switches; tachometer generators
and indicators; and Ordnance lighting and de-
gasser switches.

This division developed and was in produc-
tion on a line of high-quality Size 11 DC gover-
nor controlled motors. These motors are avail-
able with interchangeable planctary gearheads,
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with speed ratios varying from 5-to-1 to 1600-to-
1. The motors meet the following environ-
mental requirements: acceleration to 50 g’s,
shock to 30 g’s, and vibration. from_ 10 to 2000
cps at 16 g's, and can be supplied with tempera-
tures ranging to 200°C. .

The Montrose Division line of integrally-
lighted indicators was expanded to inc}ude both
“aviation red’ and “white” lighting in several
sizes. This line of indicators is being furnished
both to the Government services and directly
to manufacturers. Dual concentric 17 integrally-
lighted autosyn indicators have been added to
the product line during the past year. The_se
instruments have been well received by the air-
craft industry since they serve to corr}bine func-
tion presentations on overcrowded instrument
panels. o

A servoed 27 torquemeter indicator was also
added to the line during the year. This indi-
cator contains a transistorized integral ampli-
fier within the same case size as the previous
servoed indicator which required an external
amplifier. Sixty-cycle and 400-cycle synCh}‘O in-
dicators have been made available for military
ground support equipment and shipboard in-
stallations as well as for commercial applica-
tions. These indicators fill the needs of those
companies which in the past have found it
necessary to buy synchros and manufacture
their own indicators.

The Montrose Division successfully quali-
fied and was supplying an engine-mounted oil
pressure transmitter. This instrument will with-
stand temperatures up to 450°F. and vibration
from 50 to 2000 cps with a maximum accelera-
tion of 20 g’s. This instrument can also be sup-
plied to meet higher temperatures and higher
vibration frequencies if required.

A complete line of Size 15 synchros was in
production at the Montrose Division. Many
Size 15 synchros are being used in sophisticated
weapon systems. Size 11 and Size 18 synchros
are currently being produced capable of with-
standing radiation-resistant environments as
well as temperatures to 450°F. and higher. A
complete line of Ordnance-type synchros from
Size 11 through Size 37 is available at the Mont-
rose Division.

PIONEER CENTRAL DIVISION
The Pioneer Central Division of Bendix
added a new “twist” to its continuing expansion
in the Aerospace Field. The “twist” involved
the organization of an advanced engineering
group whose primary duty is to keep abreast
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of, and coordinate, total engineerinq effort to-
ward military and commercial Aerospace re-
quirements. Included in the advanced engineer-
Ing group are known, leading, contributors to
Fhe fields of Cryogenics, Fluid Dynamics, Chem-
1stry, Phy.sxcs. and Aerospace Instrumentation.
The application of this group to the standard
Pioneer Central product line (liquid and gase-
ous oxygen equipment instrumentation and
fuel measurement equipment) created a fresh
approach to new and old problems. For ex-
%unple, the field of propellant utilization is
just as old as the first propellant or fuel. This
field was belpg thoroughly examined from the
new standpomF of making large and critically
controlled orbital, translunar and deep space
payload'placemerlts. Another old field of en-
deavor is that of-environmental control. Pio-
nleerdCentral was involved in developing semi-
c OlSIC andl closed circuit breathing systems, as
well as a : ~
11 as @ closed Ecology Sysiem,
ctivities in 16 i
e oovities in 1960 resulted in a number of
e Pn‘l)aI?LtS r(?m Pioneer Central: one-hun-
regu - iohi
cnd 1 u'dg ators  weighing less than a
P - quId o oxygen converters which are
lighter and smaller i, ick-di
siom, a rate of ] Lth - quick-disconnect de-
11?1 ijurgerea?l 1(CSC€};t ox eator and a person
d ventilator for i
. 0 X . ‘cur
a partial presstic sor. 1_P10Ject Mercury,
! Sensor which will detect a
change in oxygen partial py . ithi
# R pressure within five
seconds, and either personpel i
aft nel portable or air-
craft integrated pressyy i i "
€ suit ventilators.

I(’IRODUCTS DIVISION

uct 1visi i

(pendix Pro s Division continued to sup-

E]Zn i tiecear_and -fuel control systems to

may ymissile MAJor airframe, aircraft engine

search and dlél\?nlwacmrel’s. Concurrently, re-

tinued in these 1? pment Programs were con-
s¢ Dields, as wely 4 in missiles and

other new product areas

Developme .

; pment  effore continued on a light-
weight fuel contrp] . S

H t 1()0 System for shaft turbine
engines up to
En%inc Copntr 1f’ (.)0 h'p'.’ and on a Universal

5 Obtor turbojet engines from 1,000
ounds thrust u Lo ’
P Pward.  Significant runnine
time was accumulated On engines of severacl

- [}

%nanllfa.ctlners of turbOSllaft units for aircraft,
industrial and ground vehjcl, applications

quul_d rocket engine controls of the hydro-
mechanical type, operated directly with rocket
fluids, were qualified and ayajla)y)e
duction basis. on 8 prer
Fg'e] injection for light ajrcrafg became a
reality. Development was continued and certi-
fication received on injection systems for en-
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gines up to 600 h.p. At year-end, these were in
production for several applications.

Production and product improvement con-
tinued on all types of fuel metering systems
for large gas turbine engines for both com-
mercial and military aircraft.

Bendix Support Equipment, South Bend,
was established to complement the Teterboro,
N.J. activity. Studies were completed in the
field of mechanical and electromechanical
ground support equipment. This included mis-
sile transporters and emplacement equipment,
hydraulic ground power units, hydraulic and
pneumatic test equipment, fluid handling
equipment and systems management. Emphasis
was placed on high reliability ground support
equipment having characteristics of air trans-
portability and low cost.

Designs of movable nozzles for solid rocket
motors were successfully test fired on motors
using the latest high energy propellan?&
planned for use in new high performance mis-
siles. A swivel joint that will withstand the high
temperatures and highly abrasive rocket ex-
haust gases was also successfully tested. These
components use- novel sealing methods requir-
ing minimum power and weight for actuation
and control.

Solid propellant rocket cases, using a unique
method of wrapping a wire tape around a col-
lapsible mandrel, were also designed, developed
and tested. This new method of fabrication en-
abled Bendix to produce wire-wrapped rocket
cases with very high hoop stress and lower cost
than those being produced by other methods.
Additional applications of this same manufac-
turing technique were being considered for
several types of pressure vessels.

Development and testing was continued by
the High Temperature Materials scientists in
the field of cermets for rocket throats, leading
edges, jetvanes and insulating liners for use
with the latest high energy propellants. Rocket
nozzle throats for the latest missiles were suc-
cessfully tested and qualified.

A new chromium base cermet called Chrome
Cerametalix* was developed. This new ma-
terial exhibits good strength in the 2000°F. to
3000°F. range with excellent oxidation resist-
ance. Protective coatings applied with flame-and
plasma-spraying techniques are also available.

In 1960, Bendix wheels and brakes continued
their outstanding service record on the Boeing
707 and Douglas DC-8, improving considerably
over the operationg costs predicted for them.
Bendix equipment was also specified for the
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Convair 880-M and 990 which will go into serv-
ice in 1961.

Research and development was continued on
liquid-cooled aircraft brakes to provide greatly
increased safety and reliability during “hot
stops.”

Further improvements were made in the Ben-
dix line of hydroelectrical and hydromechanical
aircraft steering systems. Also in production
were landing gear shock struts for a variety of
military and commercial aircraft.

Development continued on the adaptation of
hydraulic shock absorbing principles to the
protection of railroad freight. First production
units of a large shock absorber were shipped
for assembly into freight cars. Similar equip-
ment, for use on special missile-carrying cars,
was also under development.

RADIO DIVISION

The Air Force and the Advanced Research
Projects Agency took another step in sponsor-
ship of development the Bendix Radio Division
was doing on a new type of radar by authorizing
construction of a demonstration model of 1ts
ESAR equipment. The structure housing this
scaled-down model of “the radar of the future”
is the size of a five-story building, located on
the premises of the division at Towson, Mary-
land. A full scale version of ESAR will detect
and keep accurate track of hundreds of ballis-
tic targets and satellites far out in space. ESAR
_(Ele(‘tronically Steerable Array Radar) derives
Its name from the manner in which its radar
beams are electronically steered through space
and positioned on a target. Conventional radars
have large mechanically rotated antennas and
can perform only one function at a time. ESAR
has no moving parts and can perform search
and tracking functions simultaneously. By us-
ng a high speed computer, the beams can be
shifted from target to target in at infinitesimal
part of a second, enabling ESAR to track many
objects at the same time. Rockets sent aloft from
NASA’s launching site at Wallops Island, Vir-
ginia, and air traffic in the Baltimore-Washing-
ton area were serving as targets for the experi-
mental demonstration model.

Ultimately, ESAR type radars may be used
to keep tabs on thousands of earth-circling
satellites, for tracking of and communications
with space vehicles launched on deep space
probes to the moon and other planets, and as a
ballistic missile detection and tracking radar
in the space-age defense system of the United
States.
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Important additions to the Bendix Radio list
of space programs were ADVENT and field
engineering services for the Goldstone Deep
Space Instrumentation facility.

The Bendix’ Radio Division was the major
associate of the Bendix Systems Division in the
ADVENTT satellite communications program.
ADVENT is the Army Signal Corps project to
use active satellite. relays for long range com-
munications. Bendix Radio was responsible for
design of the ground terminals (exclusive of
antennas), and for production of the satellite
communications sub-system.

Under contract from NASA. the Jet Propul-
sion Laboratory of California Institute of Tech-
nology is responsible for the scientific pro-
gram carried out at the Goldstone Deep Space
Instrumentation facility in California. The fa-
cility is used to transmit commands to and re-
ceive signals from deep space probes to carry
out space experiments. Bendix Radio’s field
engineering department won an award for oper-
ation, maintenance and supply of this facility
in support of the JPL program. )

In other areas of Field Engineering acti\'lt.y,
Bendix Radio opened an overhaul de}?ot n
Rome, New York in support of Rome Air Ma-
teriel Area equipment repair requn'ements.
In Europe, the division was operating two
major overhaul depots—one at Alzenan,.(‘}er-
many and one at Madrid, Spain. In addition,
it maintained supply depots at X\’ymeswold,
England and Ankara, Turkey. Flectronic and
communications equipments used at air defense
installations throughout Europe and tl_le Near
Fast are sent to these depots by the Air Force
for periodic overhaul. Another depot Wwas be-
ing operated in Iceland in support of air de-
fense installations there.

In cooperation with Pan-American World
Airways, Bendix Radio engineers C()lnhl(‘ted an
extended series of tests with new equipment to
prove the feasibility of effecting reliable air-
ground communications at much greater dis-
tances with very high frequency radio than has
generally been believed practical. Standard
theory holds that reliable air-ground range at
these frequencies is limited to line-of-sight
(about 150 miles) as in television. However, by
exploiting a radio energy atmospheric scatter-
g or ducting phenomenon, it now appears
that good communications between an aircraft
and ground can be obtained over at least 600
miles (on several occasions usable signals were
received between San Francisco and Hawail).

During 1960, the Radio Division demon-
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strated through flight tests that the basic tech-
niques it developed for an aircraft collision
avoidance system are practical. The Federal
Aeronautics Agency was sponsoring develop-
ment of the Bendix system.

A $4.4 million contract award for ground
communications equipment was made by the
Army Signal Corps to the Radio Division. Un-
der this contract, the division was supplying and
installing automatic teletype relay equipment
as part of a unified global communication net-
work that is being engineered for the Depart-
ment of Defense for use by all of the military
services. The Signal Corps also placed with
Bendix a 81 million production order for a
lightweight AN/ARC-45 airborne radio, which
the division previously had manufactured for
the West German Government.

The year 1960 found the new Bendix Dop-
pler Radar Navigation System going into air-
line service. Because Doppler navigation re-
quires no cooperating ground stations, it is
particularly well adapted to over-water flights.
It was appropriate, therefore, that the first com-
mercial airline installations should be aboard
California-to-Hawaii DGC-8 flights by United
Air Lines.

Another interesting use in which the new
Doppler was being tested is an Air Force pro-
gram to determine the feasibility of employing
Doppler in parachute drops of men and ma-
tertal. On board a C-130 Hercules transport
several Doppler systems, the Bendix DRA-12
1ncluded, were under evaluation by the Tac-
tical Air Command.

As the jet age in commercial aviation be-
came a reality, Bendix avionics product plan-
ning for the new airplanes began to pay divi-
dends. with one after another of the major air-
l.1nes selecting Bendix electronics equipment
!'or their new jet aircraft. Aboard the new Boe-
ing, Douglas, Lockheed, and Convair jets Ben-
dix equipment was selected by dozens of air-
lines, including American, United, Pan Ameri-
can, Braniff, Eastern, Panagra, National, TWA,
Northwest, Lufthansa, KLM, Alitalia. Varig,
Ansett-ANA, and Air France.

Engineering research and development was
almost completed on a new airveraft automatic
direction finder, the Bendix DFA-79.

Full transistorization of the new equipment
makes possible dramatic reductions in  size,
weight, and power consumption. The control
panel and most of the receiving system mav be
mounted right in the instrument panel. Thus
the DFA-72 makes available to small airceraft
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the same performance, the same sensitivity and
selectivity, that until now has been available
only in airline equipment. This improvement
is particularly noteworthy wunder adverse
weather conditions.

The antenna for the new direction finder is
also a significant improvement. It is a new mag-
netic type that greatly reduces precipitation
static. Its fixed loop goniometer eliminates en-
tirely all external moving parts.

As research and development funds for cer-
tain military equipments become scarce, mili-
tary agencies were looking more and more to
“off the shelf” commercial products to fill their
needs. In 1960 this movement was exemplified
by the Navy’s order for $1.5 million for VHF
radio transmitters and receivers and by the
RCAF’s order for flight path deviation indica-
tors to round out Bendix VHF navigation sys-
tems ordered earlier. In addition, the West Ger-
man Air Force adopted the Bendix DRA-12
Doppler Navigation System. Over a million dol-
lars in VHF navigation equipment was also sold
to the West German Air Force for installation
on the Hamburg-built Noratlas troop and cargo
carrier. Off-the-shelf orders for VHF radio re-
ceivers were also placed by the Royal Swedish
Air Force for use on Percival Pembroke twin
engine transports.

Sales of Bendix RDR-1 airborne weather ra-
dars in 1960 continued at a high rate. Over
2000 systems have been sold to airlines and
business aircraft owners.

Product research yielded a new bright dis-
play radar indicator for the Bendix weather
radar. The radar trace can be seen equally well
in light or darkness and the viewing hood
formerly required is eliminated.

RED BANK DIVISION

During 1960, the Red Bank Division con-
tinued to expand its facilities and products in
the three different product groups contained
in the divisional structure, namely the Elec-
trical Power Generating Group, the Electron
Tube Group and the Semiconductor Group.

The Electrical Power Generating Group ex-
panded its line of AC brushless generators to
cover a range from 10 KW to 80 KW. Simul-
taneously modern transistorized, control and
fault detecting devices were put into produc-
tion so that all the necessary building blocks
were readily available for complete complex
aircraft and missile electric power systems. This
group further developed and introduced ex-
tremely reliable 30, 100, 200 and 400 ampere
starter generators for the turbine-driven air-
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cratt market. Further accomplishments of this
group included the development and fabrica-
tion of highly dependable 250 and 1500 VA
static inverters. The long sought after depend-
able performance for this type product was
successfully demonstrated to major aircraft and
missile manufacturers throughout the industry.
This group also successfully designed, developed
and fabricated demonstrating models of both
thermionic and thermoelectric power generat-
ing systems. Lastly, this group designed and
fabricated a special motor for the finite position-
ing of the control rods of a nuclear reactor.
The Electron Tube Group continued to ex-
pand its range of Klystrons so that they now
cover a range of from 5 Kmc to 35 Kmec.
Further, a line of traveling wave devices cover-
ing a range of 40 to 150 Kinc was designed and
certain sizes fabricated and demonstrated for
customer requirements. This group under-
took to design a reliable replacement for the
3D21 beam power amplifier for use on the
TACAN GQUiPHlCHt. This new replacement
serves to eliminate a multitude of field serv-
%ce difficulties. Another item of considerable
importance developed and manufactured dur-
ing 1960 was a minjature tube that serves as
a time totalizer. With proper application in any
electric or electronic system, this device is cali-
brated so that by taking a resistance reading of
the elemf‘:nts'within the tube at any given time
a dete.rmmatlon is made as to how 1ohg a given
electric or electronic device was in actual serv-
ice. The Electron Tuhe group also devoted a
great deal of its CHOl’t to the production develop_
ment of a complete family of ferrite devices in-
cluding attenuators, phase shifters and circula-
tors..At the close of the year this group had
finalized the designs on a new product called
Ferameterm WI]icll 1S a ceramic insulated term-
inal for use 1n high temperature devices, such
as transistors, r_elays, capacitors, transformers,
etc. It was anticipated during the 1961 year
that these devices will be ayailable in large

prOduCtIOI’I quantltles to meet indllstry reqllire_
ments.

The Semiconductor Grouy during 1960 took

possession of a new plant located at Holmdel,
New Jersey, which expanded its facilities ap-

proximately 4 times. The new and modern
facility is designed for the high speed produc-
tion of power transistors, silicon diodes and
rectifiers. This group further improved upon
and enlarged the range of the DAP transistors
for which they have gained mdustry recogni-
tion. The new engineering facilities included
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in the above plant will enable Red Bank Semi-
conductor engineers to rapidly finalize the de-
sign of a multitude of semiconductor products,
such as 50 and 100 ampere DAP transistors, 5
ampere silicon transistors, 10 ampere PNPN
switches, post alloyed diffused transistors, ger-
manium mesa transistors, RF alloy transistors,
RF drift transistors, mixer diodes. varactor di-
odes. tunnel diodes, gallium-arsenide diodes,
stud package high power transistors and auto-
motive rectifiers. Perhaps one of the most
significant accomplishments of 1960 was the
development and introduction of our 25 ampere
DAP power transistor which won immediate
industry approval.

RESEARCH LABORATORIES DIVISION

The Research Laboratories Division of The
Bendix Corporation completed several notable
development programs during 1960 in the
space technology and aeronautical fields.

A unique mobile-type TV satellite tracking
system, developed by the Research Labora-
tories, employs a closed circuit television sys-
tem used in conjunction with three_turret-
mounted telescopic lenses. The system 1s capa-
ble of amplifying existing light up to 50,000
times so that faint stars of the 8th and 10th mag-
nitude—far too weak to be seen by the unaided
eye—are clearly discernible on the TV screen.
The tracking system was developed as part of
“Project Space Track” for the National Space
and Surveillance Control Center under a pro-
gram sponsored by the Advanced Research Proj-
ects Agency, Department of Defense.

In the microwave field, a series of new minia-
ture and ultraminiature components Were d‘e‘
veloped for use with printed circuitry and in
various types of aircraft, missile and satell{te
systems. These advanced concepts in f?rrlte
devices led to new applications in electron}c-ally
scanned antenna systems and In precision-
measuring microwave devices. Included among
these new components were Y-circulators., ele-
trically variable attenuators and phase shifters,
coaxial connectors, directional couplers and
R-F switches.

Experimental and analytical studies (_)f micro-
wave plasma were also conducted during 1960
to determine the feasibility and application of
such electro-magnetic ionization and its dis-
charge in low-pressure air.

The phenomenon of creating glowing micro-
wave plasma was achieved by directing pulsed
x-band microwave energy against a parabolic
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reflector to focus it at a point in an evacuated
glass vessel. Since this electrodeless discharge
stands completely isolated from the power gen-
erating source, many possible applications are
suggested, such as providing a source of con-
tinuous or pulsed light, as a localized source
of heat for crystal growing in the solid state
field, applications in thermo-nuclear power
production, for the wireless transmission of
power, and as possible use in future weapon
systems.

The Research ILaboratories developed ad-
vanced memory and logic digital computer
circuitry based on the tunnel diode, a promis-
ing new semiconductor component. Memory-
circuit development includes experimental
random-access memories based on coincident-
selection and on word-selection techniques.
Logic-circuit development includes special-
purpose storage and shift-register circuits,
various auxiliary circuits, and general-purpose
gating circuits which can perform all of the
basic logic functions required for a typical
computer. Experimental work to date indicates
that computers using tunnel-diode circuits will
be capable of operating much faster and over
a wider range of environmental conditions than
computers now in use. These advantages, to-
getller with the possibility of compact packag-
ing and low power consumption, make tunnel-
fliode computers particularly attractive for use
in all types of aircraft, missiles, and space ve-
hicles.

For application in advanced radar missile
guidance systems, a high-performance hydraulic-
ally controlled antenna was developed during
the year. With a look angle of =70°, which is
believed to be greater than any other known
missile antenna, the development represents a
significant advancement over current designs.
Similarly, extremely limited space allocation
for the antenna required development of new
miniature hydraulic components, which also
contributed to the state-of-the-art.

Developed initially for the missile radar an-
tenna described in the above paragraph, a
miniature hydraulic motor was available on
the market for applications where power, weight
and size are extremely critical. Believed to be
the smallest motor of its type in existence, the
unit weighs only four ounces, is less than one
cubic inch in volume and develops 1/3 HP at
1500 psi and 6000 RPM.

In other accomplishments in the miniaturiza-
tion field, the Research Laboratories also de-
veloped the smallest known 1-GPM servo valve
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for hydraulic systems with ratings up to 4000
psi. The unit is approximately 1.5 cu. in. in
volume and weighs only 4 oz. The servo valve
has high response characteristics and was de-
signed with emphasis on reliability. It was be-
ing manufactured by the Bendix Pacific Divi-
sion. When integrated with the miniature hy-
draulic motor, the combination constitutes the
smallest and lightest servo package for its power
capability known today. These components are
ideally suited as drives for missile radar anten-
nas, missile control surfaces, rocket engine
nozzle controls, submarine controls and appli-
cations in other precision control systems.

In the field of high temperature environment,
the Laboratories developed a torque motor for
fluid power servo applications that will operate
satisfactorily with a fluid temperature of 1000°
F. and an ambient temperature of 1200°F. Al-
though initially developed without nuclear ra-
diation effects as a consideration, it proved to
be a high-temperature, radiation-resistant torque
motor. With these capabilities was possible to
mount servo control mechanisms in close prox-
imity to jet, chemical rocket, or nuclear rocket
engines with a very significant simplification of
circuitry and linkages. The high-temperature
torque motor was developed for Republic Avia-
tion Corporation under sponsorship of the Air
Force; it was being manufactured by Bendix
Pacific Division.

A new building—an ‘“Advanced Power Lab-
oratory’—was completed and placed in opera-
tion in October, 1960. This modern high-pres-
sure, high-temperature facility expanded the
Research Laboratories’ capability for test and
evaluation of the many key control subsystems
and components under development for ad-
vanced satellites, rockets and missiles. Typical
of the items tested are small rocket engines as
reaction controllers, small gas gencrators for
auxiliary power sources on space vehicles, com-
plete control systems operating on high-tem-
perature and high-pressure gases, nuclear radia-
tion resistant controls, and components for the
fields of thermionics and thermo-electric power.

SCINTILLA DIVISION

During 1960, Scintilla Division placed on the
market two new ignition systems for single and
twin engine business aircraft. These systems
were identified as the S-200 high tension igni-
tion system and the S-600 low tension ignition
system. Both c¢mploy the retard breaker and
starting vibrator system to provide positive
ignition at all cranking speeds.
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Scintilla Division also developed a complete
series of high temperature capacitors opera-
tional at 200°C. These capacitors are supplied
in hermetically sealed cans of both tubular and
rectangular construction and offer the maxi-
mum in environmental resistance, exceptional
stability, no voltage derating, and radiation re-
sistance.

A new 30,000 square foot plant to house en-
gineering and manufacturing facilities for Ben-
dix cabling and electrical connectors was opened
in October, 1960, at Santa Ana, California.
This plant will specialize in manufacture of
cabling for ground based electronics equip-
ment.

The latest development in multiple conduc-
tor cable connectors, the Bendix QWLD “Hus-
Key” was specially designed to meet the rugged
envi‘romnental conditions of missile launching
equipment, ground radar, or power and con-
trol circuits. Some outstanding advantages are
five keyways to provide positive polarization,
cl(_)sed en’try socket contacts, self-ejecting cou-
pling action, and improved waterproofing.

THE SHEFFIELD CORPORATION
A Subsidiary of The Bendix Corporation
. Tbe ability to measure holes up to 0.250 inch
m'dl.amete_r to the accuracy required by today’s
missiles, aircraft and space vehicles is industry’s
gravest measurement problem.

In _order to provide the measuring tools and
techniques necessary to solve these problems,
rr.1€trology engineers of The Sheffield Corpora-
tion, Dayton, Ohio, a major developer and
manufacturer of precision inspection instru-
ments and Systems, announced two top develop-
ments during 1960, The company is a subsidi-
ary of The Bendix Corporation.

To measure holes with diameters as small
as 01020 1qcll—a size approximately equal to one-
half tl'lf) diameter of a typewritten period—Shef-
ﬁe]d 'mtroduced a new type electronic inspec-
tion mstrument that measures the size of a hole
with a.sqlgle gaging stylus. The gage is capable
of attaining a measurement accucracy to within
5 millionths of an inch.

Fo]lowing the development of the revolu-
tionary Unipoint Hole Inspection Gage, Shef-
field manufactured three Master Settililjg Rings
of these sizes 43840 (Mean), 43842 (Max.)
and .43838 (Min.). The rings were calibrated
and certified to an accuracy of plus or minus
three millionths of an inch by the company’s
Eli Whitney Metrology Laboratory and then
sent to the National Bureau of Standards, Wash-
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operating at high speed. with no lubrication re-
quired for the torque carrying members. The
forged steel diaphragms, machined to a hyper-
bolic curve to give even distribution of stresses,
assure a truly constant ratio transmission be-
tween the input and output of the shaft. Be-
cause the torque carrying members require no
lubrication, these shafts can be operated at con-
siderably wider temperature ranges than other
similar units.

An accessory disconnect designed to meet the
latest requirements of H1AD was developed and
tested during this year. This disconnect is in-
tended primarily for emergency use and can be
designed as an integral part of many accessories
or can be designed as a ‘sandwich” to be
mounted between the drive and the accessory.
The Bendix disconnect embodies curvic tooth
design using force from driving torque to pro-
vide self-energized disengagement, and short
travel of driving member to avoid risk of spline
damage.

The Bendix Flexural Pivot, developed and
tested during 1960, provides a practical and con-
venient crossed spring assembly for mounting of
sub assemblies or components for friction free
movement. These pivots are practical for most
applications where a limited rotary motion is re-
quired. They are insensitive to dirt, and re-
quire no lubrication.

YORK DIVISION

During 1960, the York Division announced
the advanced research and development of
proxim.ity fuzes. These fuzes are compact, high
frequency, radar systems and are utilized on
many missiles in the defense program. In addi-
tion, some of these developments resulted in
releases for production where many advanced
techniques for manufacture were also de-
veloped, particularly in the microwave field.

Also, the York Division, through engineering
programs, continued to improve and produce
the tactical test equipment for the Talos mis-
sile. The equipment for this purpose was desig-
nated as TATTE and provided rapid go-no-go
indications and fault isolation. These tests
were performed aboard Navy missile ships and
the equipment was operational.

During the course of the year the division
entered into an advanced program to develop
a system for use in checking out helicopters
and light aircraft for one of the major defense
agencies. It was anticipated that this develop-
ment will result in reduction of maintenance
time and through this means greatly enhance
the usability of the aircraft.
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Utilizing advanced development techniques
employed in radar fuzes, the Division entered
the field of space technology. Among possible
applications was the determination of spin-
rate and spin-axis of various planets. It was
anticipated that an immediate system would be
installed in an Aerobee-150 rocket to obtain
pulse returns from the earth from an altitude
of 250 kilometers. This will be done to obtain
correlation with data obtained through use of
ground radar systems and to prove the use of

radar for ultimate application to space satel-
lites.

The Division participated in many missile
programs, mcluding Sparrow I, Honest John,
L1ttle']ohn, Lacrosse, Bomarc, Redstone, Sage,
Pershing and Talos.

CHANDLER EVANS CORPORATION

DURING 1960, the most notable new de-
velopments at Chandler Evans came in the
field of hot gas actuation and reaction control

systems for an ever growing missile and space-
craft industry.

While the company’s principal production
acuvity continued to be centered about vari-
ous types of fuel pumps and control systems
for many of the country’s leading producers
of jet aircraft powerplants, its research and
development activities, targeted toward the
space-age market, were productive of experi-

mental contracts that gave promise for future
volume production.

In add.it_ion, Chandler Evans engineering
and preaision: manufacturing capabilities  re-
sulted in its being selected in 1960 to receive
a prototype order for the development and pro-
duction of an atomic reactor control valve and
system. In this project, the company was work-
ing closely with Kaiser Engineers, Inc. and the

Hanford Atomic Products division of General
Electric Company.

Though production volume was off slightly
from its peak in 1959, the company continued
to produce fuel pumps and afterburner fuel
conFrols for'Pratt & Whitney J52, J57 and J75
engines which power many of the courltlry’s
most advanced military jet aircraft. Fuel pumps
for the commercial equivalents of these engines
were also manufactured,

.On-e of Chandler Evang’ principal produc-
tion 1items during the year continued to be the
unitized fuel control and pumping system for
Lycoming T53 gas turbine engines—a power-
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missiles and feed the information into central
computers.

To meet growing requirements for facilities
to simulate conditions of extreme heat, cold,
moisture and altitude as well as vibration-load
situations, the company installed the largest
environmental test chamber of its type in the
Midwest. It now has 11 such test chambers in
operation.

Hallicrafters also instituted a “Blue Streak
Program,” which serves the Armed Forces by
supplying technical personnel to help maintain
complex electronic equipment at bases through-
out the world.

HARVEY ALUMINUM

THE YEAR 1960 saw Harvey Aluminum,
Torrance, California, strengthen 1ts po_sitiqn as
a leading producer of aluminum, tltamm-n,
zirconium, and other metals for aircraft, mis-
sile, space, and nuclear programs.

Harvey continued to produce .large heayy
press structural aluminum extrusions _for air-
craft, missile, and ground handling equipment.
A significant accomplishment was the ex_trud~
ing of large diameter hard alloy alu{nmum
tubing with special external configuration .for
missile bodies. In steel, Harvey was extruding
super alloys on a production basis fo? 111i§5i1e
and space applications. Titanium tubing in a
wide range of sizes as well as c'omplex. shap?s
also were being extruded for jet engine, air
frame, and missile use. New techniques for ex-
truding columbium proved successf‘ul, enabling
the company to produce columbium tubn}g
for high temperature, high str.ength use in
nuclear propulsion systems for alr'craft.

In 1960, the company went Into 'volume
production on long- zirconium tubing for
nuclear reactors. These tubes are extended and
drawn to 5314 feet. Seamless and unwelded,
they are the most efficient for pressure tubes.
Zirconium tubes are being produced }?y Harvey
in a wide range of sizes from &g to 8 inch O.D.
and larger for leading reactor manufacturers.
Other zirconium mill products also are avail-
able from Harvey in Zircaloy—2, 3, or 4; un-
alloyed zirconium; and developmental alloys
with special properties.

At the Wright Air Development Center, the
Materials Laboratory contracted with Harvey
Aluminum to explore the basic parameters for
the fabricability of refractory alloys, i,
molybdenum, tungsten, niobium, and tan-
talum. To solve the high temperature prob-
lems concerned with propulsion and re-entry,
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a shift to materials having a high melting point
and increased high temperature capability is
necessary. Before materials specifications can
be established, environmental conditions must
be defined and design criteria and fabrication
methods established. The metals processing
facility was established to accelerate the Air
Force refractory alloy development program.

A new Research and Development Center
was completed during the year. Located ad-
jacent to the Torrance, California facility, the
new building will be used for research and
development activities concerning space, mis-
siles, ordnance, electronics and materials.

During the year, the company was awarded
a contract by the Army Ordnance Ammunition
Command for the continued operation of
Milan Arsenal, Milan, Tennessee.

Construction was started to increase capacity
25%, at the company's primary aluminum plant
at The Dalles, Oregon. When completed, the
reduction facility will have a capacity of 75,000
tons annually. The company signed a 20 year
contract with the Bonneville Power Adminis-
tration for the supply of electrical power for
an aluminum reduction plant to be built in
the Northwest. The proposed plant will have
a capacity of 75,000 tons per year. As part of
1ts  expansion program, Harvey announced

plans for an aluminum sheet, plate, and strip
rolling mill.

HUCK MANUFACTURING CO.

EMPHASIS on research and development in
the field of fastener design and application was
again evident during 1960 at Huck Manufac-
turing Company.

Broader inroads were made in metals research
for application in high quality fastener produc-
tion. The fasteners themselves were refined and
improved in configuration and physical and
mechanical properties.

Newer designs and specifications, some of
them still on drawing boards and many of them
undergoing laboratory and field tests were aimed
at meeting higher strength and temperature
requirements in aircraft and missile production.
Standard materials, already accepted and widely
used in fasteners, were also being studied in
high temperature applications. The goal was
establishment of more realistic time at tempera-
ture limits for conventional designs and ma-
terials.

Huck engineers and metallurgists were work-
ing with both government and industry research
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and development programs involving high-
strength, high temperature studies.

Among significant developments for aircraft
and missile use were 1) a new line of precision
ground self broaching Huckbolt fasteners, 2) an
expansion of the Huck line of mechanical lock
pindle blind rivets, and 3) a new line of close
tolerance shank “exotic metal” Huckbolt fas-
teners.

An outstanding Huck development was the
precision ground selfbroaching Huckbolt fas-
tener, available in alloy steel and A286. Pins for
these fasteners are first rool formed to shape; the
shank and broaching sections are then center-
less ground to final size. Grinding produces
three basic advantages: 1) a better, sharper
broach, 2) better concentricity between broach
and shank, and 3) elimination of any out of
round condition which might exist. Huck found
good acceptance of the self broaching fastener
among missile producers, especially for use in
LOX areas.

JACK & HEINTZ, INCORPORATED

MAJOR J&H ACHIEVEMENTS during
1960 were: (1) significant progress on the all-
electric VSCF generating system, (2) acquisi-
tion and expansion of a quick-connect coupling
line, (8) production of a new, lightweight
motor for hydraulic pumps used in missiles,
(4) production of a new 100-amp generator
for executive aircraft, (5) production of a new
lightweight engine starter for executive aircraft.

The VSCF, an all-electric variable-speed con-
stant-frequency generating system which elimi-
nates the need for a conventional constant-speed
drive moved along rapidly.

During 1960, J&H made two significant
gains: development of the “full-rated frequency
changer” scheme and demonstration of the
engine-starting capabilities of the system. The
full-rated system employs a brushless generator
that connects directly to the engine accessory
pad. The entire variable-frequency output of
this generator is fed into a static frequency
changer which converts the variable input into
a constant-frequency output. During 1960,
major aviation representatives attended special
demonstrations and “‘short technical courses”
and termed the new a-c generating system as
“inevitable” for transport use. The reasons are
these: design is completely static (compared
to the hydromechanical CSD not employed)
and therefore inherently more reliable; service
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life between overhauls is placed at a minimum
of 2500 hours (a ratio of 214:1 compared to
the present CSD-Generator a/r_rangement); the
operating cost is placed at approximately 204
per 1'10111‘, a drastic reduction compared to con-
ventional systems.

Further, the system’s demonstrated engine-
starting capabilities offer the additional Deco-
nomies attendant to the elimination of air-start
carts currently employed for turning over jet
engines. ”

_]acl'i & Heintz entered the quick-connect
cqlp]mg market in 1960 with the acquisition
of ‘ROtO-LOCk-. The Roto-Lock is a specially
Tle?;(gned .qul.ck-c'ormect coupling employing
boacllm%esiinrfom llifl.l of the more conventior_lal
o g This feat_ure, together with

P sezflmg mechanisms and ‘“‘star pop-
pet_s mak.e It exceptional from these stand-
Sﬁlllm'S: higher pressure capability with the
andn}l)rll;;rtrilc)czgfelcllng (others are of steel, brass

! at 3000 psi proof; low pres-
sure drop with the 1~ coupling rated at less
thar_l 8.1” of water at 6 gpm; lgng service life
agfﬁigtfd t?, the locking pins which eliminate
fai]ure.e ng, the common cause coupling
th,;r;frol_{sogo-LPCk has ext(?nsive application in
ro-space 1nc.1ustry. It is designed to handle

all fluids .fr.om air thru the exotic fuels.

In addition to Roto-Lock J&H developed
Tr}gger Lock. The latter is :; no-air inclusion
quick-connect couplin i ific
A growing mumber fg alrped‘ spec1ﬁc.ally .at
2o mininnm 1 0 _appllcat1ons which dic-

e m loss of liquid on disconnect and
minimum entrapment of z foreign matter on
connect. Th_ls IS particularly true of applica-
tions handling corrosive, explosive or toxic
fluids and also of hydraulic systems feeding con-
trols. 5

Another coupling line introduced by J&H at
the close of.1960 Was a special air-start design.
Be_cause of 1ts locking anq swivel mechanisms
Flns COllpllng_llaS already gained corlSiderable’
m'te-rest In air transport, Lmilitar and non-
military. ’

J&H missile activity centered around its
VSCF system, 1its SECSYN (brushless gener-
ators) and handling systems. Certain eloectro-
mechanical erector-actuator degions effected
during 1960 helped gain wider azceptance of
the fact that electromechanica] approach is
simpler, lighter find more reliable than 'COIll-
parable hydraulic and hydromechanical 8ys-
tems. Altho still classified, the systems were
serving missiles in the ICBM classification.
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A special component of note in the missile
area was a new J&H lightweight motor for
missile hydraulic pump applications. Rated
6 hp intermittent, the d-c machine weighs only
18 pounds. The motor delivers its rated capac-
ity for more than 30 minutes under conditions
of no cooling. This thermal lag capability de-
rives from a special lamination construction
and an “air slinger” configuration. This motor
was in production for the Douglas Nike Her-
cules.

Reflecting its accelerated and expanded serv-
ice to the executive aircraft market, J&H com-
pleted two significant projects during 1960.
The first of these is a lightweight d-c starter
designed for engines of displacements up to
1000 cubic inches. Featuring ease of assembly,
adjustment and replacement, the starter oper-
ates on 13.5 to 24 volts.

An important development in terms of exe-
cutive aircraft need was the 100-amp d-c gener-
ator introduced by J&H during 1960. This
machine delivers a full 100-amps at all engine
speeds ranging down to idle. It is the only
machine with this capability. It has received
the TSO seal of approval by FAA. Its ability
to deliver full 100-amps at all speeds means
that the pilot has full use of instrumentation
thru all flight regimes, day or night. It is ex-
pected that the machine will help executive
aircraft owners to expand instrumentation
aboard current ships, and will certainly assist
in equipping new ships with the latest in elec-
tronic gear. An outstanding example of the
new aircraft incorporating the new J&H Model
30059 are the AeroCommander 560F’s and
680K’s.

In addition to the 100-amp machine, J&H
announced that other electric power systems
and component designs exclusively for execu-
tive aircraft were nearing completion.

J&H sales in 1960 were approximately $22,-
000,000. Employment remained steady at about
1400.

KOLLSMAN INSTRUMENT
CORPORATION

DURING 1960, Kollsman Instrument Cor-
poration strengthened its position in the in-
dustry through a management reorganization
program. David B. Nichinson, who had been re-
sponsible for the company’s development of ad-
vanced navigation and weapon systems, was
named president. Kollsman's research and en-
gineering activities were realigned with the
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formation of a new Research Department, un-
der the direction of Dr. Arthur S. Robinson, to
conduct investigations in pure and applied
fields of science. The revised engineering de-
partment was placed under the guidance of
Raymond A. Rugge as Director of Engineering
and Dr. Nathan Kaplan as Engineering Man-
ager. Concurrently, the sales activities of Kolls-
man were centralized under a new Vice Presi-
dent for Marketing, Edward C. Leeson.

A major portion of the 1960 sales resulted
from the quantity production of the company’s
family of astronavigation instruments and sys-
tems for the military. Included in this product
group was the MD-1 Automatic Astro Compass
System for the Air Force’s Boeing B-52 jet
bombers. This precision system, employing a
six-pour 1 tracking telescope, measures the re-
lative b -aring of a star and automatically com-
bines t! is with computed azimuth. The result
iIs a precise aircraft heading with an accuracy
of six minutes of arc. Advanced versions of this
system were being produced for the Convair
B-58 supersonic bomber to provide true head-
ing and position data for Bomb/Nav system use.
Another version was being used on the B-52
for prelaunch true heading orientation of the
GAM-77 “Hound Dog” missile.

.The latest celestial navigational device de-
signed and developed by Kollsman during 1960
was a satellite-borne star tracker. This star
tracker is capable of locating and tracking auto-
matically any star within a 30 degree cone.
Moreover, it can be commanded to ignore all
stars whose brightness differs from that which
h:@s been selected. The star tracker is designed
with the necessary reliability and environmental
qualifications to make it suitable for space ve-
hicle and satellite applications.

) By year-end, Kollsman had produced and
shipped more than 1,000 astro tracking systems.

Other important production activities at
Kollsman during 1960 evolved around such
items as air data computers for the B-52 and
the B-66, master air data computers for the
B-66, central air data computers for the F-105
and F-106, photoelectric sextants for Navy sub-
marines, ballonet fullness computers for Navy
dirigibles, integrated flight instrument systems
for the Boeing 707, Douglas DC-8 and Convair
880 and 990 jet transports, and radar barometric
altimeters and command Mach-airspeed indica-
tors for the A2F.

Increased impetus was placed during the lat-
ter half of 1960 on the company’s research and
development activities. Spearheaded by the new
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Research Division, the company Instituted a
number of highly important feasibility studies.

One of the studies involved the application
of TV camera tubes to astro tracking. Such
tubes provide a high-speed electronic scan cap-
able of supplying information from several
stars in a given field of view. Kollsman had a
Vidicon Tracker in operation and was investi-
gating problem areas such as the reduction of
sensitivity due to motion of the image on the
photosensitive surface and the determination
of star positions to higher orders of accuracy.

Another investigation was concerned with the
application of solid state photodetectors. Tech-
niques are being developed which will make
possible the smallest, most reliable star tracker.

Other feasibility studies under way ranged
from the broad category of space navigation to
the more specialized fields of solid state photo-
sensors, circuit packaging, hi-accuracy optics
and switching servo amplifiers.

The delivery in 1960 of increased numbers
of large jet transports brought about a broaden-
ing of Kollsman’s commercial airline business.
At the end of the year, Kollsman listed the
majority of U.S. and international air carriers
among its customers. To meet the increasing
requirements from these customers for factory
training of customer technicians, Kollsman re-
vamped and expanded its training school facili-
ties through the addition of increased floor
space and specialized equipment for training

purposes.

LEAR, INCORPORATED

DURING 1960 LEAR, Incorporated cele-
brated its Thirtieth Anniversary in a recently
completed executive office building in the
Lear complex adjacent to the Santa Monica,
California, airport. Entering its fourth decade
of operation, Lear, as of December 1960, re-
ported estimated sales of approximately $91
million..

In keeping with its growth philosophy, Lear
initiated a number of major moves in 1960 to
strengthen its position in the aerospace in-
dustry. A full scale service organization at-
tained divisional stature with a staff and facil-
ities expanded to provide unified service to
Lear customers of all military, commercial and
industrial products. The Service Division, to
augment its existing facilities, acquired a 33,000
square foot customer service center in Harris-
burg, Pennsylvania and signed factory-level
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serv%ce agreements with three flight equipment
service stations.

Increased emphasis on international opera-
tion was stressed with the planned establish-
ment of an International Division. This divi-
sion will be instrumental in effecting sales and
licensing the products of all Lear divisions
and facilities in this country and abroad to
foreign customers, with the exception of
Canada, and to engage in the importing and
sales of foreign products in the United States.

Continued expansion of overseas operation
caused Lear to augment its operations with
additions to the staff of the company's Euro-
pean headquarters in Geneva, Switzerland, and
the establishment of a Far Fastern sales office
in Tokyo, Japan.

In January of 1960, Lear sold the LearCal
division, and those products applicable to
transport and military markets were trans-
ferred to other divisions. This was in line with
the decision to focus Lear’s resources on de-
sign and manufacture of highly sophisticated
military, airline and industrial products and
1ncrease  space and consolidate facilities of
Lear Astronics Division and Solid State Physics
Laboratory.

Lear Instrument Division, operating in a
new 172,000 square fooy facility at Grand
Rapids, Mlc.higan, continued to expand its
work in design, development and production
of precision components and systems for
manned and unmanned flight vehicles. Major
products - included: flight  jndicators; gyro-
;tablll;_?ed Platforms and compasses; automatic
syonnclh;:)lsg :}:(iergrséudrizplacement and_ rate gyros;
solvers. Support equipment; re-
Ingfgzgztm]g) ;‘E?Silgirildf{rship in gyroscopics, the

U ntroduced two remark-
ab.le entries in 1960, The « enie.” is a oas-
driven displacement gyro wi lg : y
ing parts. The “Talisman“gtls o ;(()i:)li rro
is the first sub-miniatyre r;ite ;;(;s imrodéz:g
by Lear. EleCtT_ically driven, the six and one-
half ounce Talisman Incorporates three major
flemgn improvements; greatly improved damp-
mng, ref{luced POWEr requirements and the
elimination of external choke.

In .the areas of data display, the Instrument
Division made such contributions as: the de-
yelopment of a corr}bined absolute altitude and
instantaneous vertical speed indicator which
displays absolute altitude from zero to 200 feet
and instantaneously indicates vertical speeds
from zero to 40,000 feet per minute. This in-
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and development programs involving high-
strength, high temperature studies.

Among significant developments for aircraft
and missile use were 1) a new line of precision
ground self broaching Huckbolt fasteners, 2) an
expansion of the Huck line of mechanical lock
pindle blind rivets, and 3) a new line of close
tolerance shank “exotic metal” Huckbolt fas-
teners.

An outstanding Huck development was the
precision ground selfbroaching Huckbolt fas-
tener, available in alloy steel and A286. Pins for
these fasteners are first rool formed to shape; the
shank and broaching sections are then center-
less ground to final size. Grinding produces
three basic advantages: 1) a better, sharper
broach, 2) better concentricity between broach
and shank, and 3) elimination of any out of
round condition which might exist. Huck found
good acceptance of the self broaching fastener
among missile producers, especially for use in

LLOX areas.

JACK & HEINTZ, INCORPORATED

MAJOR J&H ACHIEVEMENTS during
1960 were: (1) significant progress on the all-
electric VSCF generating system, (2) acquisi-
tion and expansion of a quick-connect coupling
line, (8) production of a new, lightweight
motor for hydraulic pumps used in missiles,
(4) production of a new 100-amp generator
for executive aircraft, (5) production of a new
lightweight engine starter for executive aircraft.

The VSCF, an all-electric variable-speed con-
stant-frequency generating system which elimi-
nates the need for a conventional constant-speed
drive moved along rapidly.

During 1960, J&H made two significant
gains: development of the “full-rated frequency
changer” scheme and demonstration of the
engine-starting capabilities of the system. The
full-rated system employs a brushless generator
that connects directly to the engine accessory
pad. The entire variable-frequency output of
this generator is fed into a static frequency
changer which converts the variable input into
a constant-frequency output. During 1960,
major aviation representatives attended special
demonstrations and “short technical courses”
and termed the new a-c generating system as
“inevitable” for transport use. The reasons arc
these: design is completely static (compared
to the hydromechanical CSD not employed)
and therefore inherently more reliable; service
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lifte between overhauls is placed at a minimum
of 2500 hours (a ratio of 214:1 compared to
the present CSD-Generator arrangement); the
operating cost i1s placed at approximately 20¢
per hour, a drastic reduction compared to con-
ventional systems.

Further, the system’s demonstrated engine-
starting capabilities offer the additional eco-
nomies attendant to the elimination of air-start
carts currently employed for turning over jet
engines.

Jack & Heintz entered the quick-connect
coupling market in 1960 with the acquisition
of Roto-Lock. The Roto-Lock is a specially
designed quick-connect coupling employing
locking pins in lieu of the more conventional
ball bearing. This feature, together with
simplified sealing mechanisms and ‘‘star pop-
pets” make it exceptional from these stand-
points: higher pressure capability with the
aluminum coupling (others are of steel, brass
and plastic) rated at 3000 psi proof; low pres-
sure drop with the 1~ coupling rated at less
than 3.1 of water at 6 gpm; long service life
attributed to the locking pins which eliminate
“brinneling,” the common cause coupling
failure.

The Roto-Lock has extensive application in
the aero-space industry. It is designed to handle
all fluids from air thru the exotic fuels.

In addition to Roto-Lock, J&H developed
Tr}gger Lock. The latter is a no-air inclusion
qu1ck-c9nnect coupling aimed specifically at
a growing number of applications which dic-
tate minimum loss of liquid on disconnect and
minimum entrapment of a foreign matter on
connect. This is Particularly true of applica-
tio.ns handling  corrosive, explosive or toxic
fluids and also of hydrauljc systems feeding con-
trols.

Another coupling line introduced by J&H at
the close of 1960 was 3 special air-start design.
Because of its locking and swivel mechanis;ns,
this coupling has already gained considerable
interest in air transport, military and non-
military.

J&H missile'activity centered around its
VSCF system, its SECSYN (brushless gener-
ators) and handling systems. Certain cloectro-
mechanical erector-actuator desions effected
during 1960 helped gain wider abcccptancc of
the fact that electromechanical approach 1is
simpler, lighter and more reliable than com-
parable hydraulic and hydromechanical sys-
tems. Altho still classified, the systems were
serving missiles in the ICBM classification.
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A special component of note in the missile
area was a new J&H lightweight motor for
missile hydraulic pump applications. Rated
6 hp intermittent, the d-c machine weighs only
18 pounds. The motor delivers its rated capac-
ity for more than 30 minutes under conditions
of no cooling. This thermal lag capability _de-
rives from a special lamination construction
and an “air slinger” configuration. Th.is motor
was in production for the Douglas Nike Her-
cules.

Reflecting its accelerated and expanded serv-
ice to the executive aircraft market, J¥H com-
pleted two significant projects during 1960.
The first of these is a lightweight d-c starter
designed for engines of displacements up to
1000 cubic inches. Featuring ease of assembly,
adjustment and replacement, the starter oper-
ates on 13.5 to 24 volts.

An important development in terms of exe-
cutive aircraft need was the 100-amp d-c gener-
ator introduced by J&H during 1960. T‘hlS
machine delivers a full 100-amps at all engine
speeds ranging down to idle. It 1s the (?111y
machine with this capability. It has recel_v_ed
the TSO seal of approval by FAA. Its ability
to deliver full 100-amps at all speeds means
that the pilot has full use of in§trument.at10n
thru all flicht regimes, day or night. It 1s ex-
pected that the machine will-help executive
aircraft owners to expand Instrumentation
aboard current ships, and will certalnly assist
in equipping new ships with the latest in elec-
tronic gear. An outstanding example ofF the
new aircraft incorporating the new J&H ,Model
80059 are the AeroComumander 560Fs and
680F’s.

In addition to the 100-amp machine, J&H
announced that other electric power systems
and component designs exclusively for execu-
tive aircraft were nearing completion.

J&H sales in 1960 were approximately $22,-
000,000. Employment remained steady at about
1400.

KOLLSMAN INSTRUMENT
CORPORATION

DURING 1960, Kollsman Instrument C(')r-
poration strengthened its position 1n t.he in-
dustry through a management reorganization
program. David B. Nichinson, who had been re-
sponsible for the company’s development of ad-
vanced navigation and weapon systems, ias
named president. Kollsman'’s rFseal'(tll :_md en-
gineering activities were realigned with the
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formation of a new Research Department, un-
der the direction of Dr. Arthur S. Robinson, to
conduct investigations in pure and applied
fields of science. The revised engineering de-
partment was placed under the guidance of
Raymond A. Rugge as Director of Engineering
and Dr. Nathan Kaplan as Engineering Man-
ager. Concurrently, the sales activities of Kolls-
man were centralized under a new Vice Presi-
dent for Marketing, Edward C. Leeson.

A major portion of the 1960 sales resulted
from the quantity production of the company’s
family of astronavigation instruments and Sys-
tems for the military. Included in this product
group was the MD-1 Automatic Astro Compass
System for the Air Force’s Boeing B-52 jet
bombers. This precision system, employing a
six-pour 1 tracking telescope, measures the re-
lative b -aring of a star and automatically com-
bines t! is with computed azimuth, The result
1s a precise aircraft heading with an accuracy
of six minutes of arc. Advanced versions of this
system were being produced. for the Convair
B-58 supersonic bomber to provide true head-
ing and position data for Bomb/Nav system use.
Another version was being used on the B-52

for prelaunch true heading orientation of the
GAM-77 “Hound Dog” missile.

The latest celestial navigational device de-
signed and developed by Kollsman during 1960
was a satellite-borne star tracker. This star
tracker is capable of locating and tracking auto-
matically any star within a 30 degree cone.
Moreover, it can be commanded to ignore all
stars whose brightness differs from that which
has been selected. The star tracker is designed
with the necessary reliability and environmgntal
qualifications to make it suitable for space ve-
hicle and satellite applications.

By year-end, Kollsman had produced and
shipped more than 1,000 astro tracking systems.

Other important production activities at
Kollsman during 1960 evolved around such
items as air data computers for the B-5°2 and
the B-66, master air data computers for the
B-66, central air data computers for the F-105
and F-106, photoelectric sextants for Navy sub-
marines, ballonet fullness computers for Navy
dirigibles, integrated flight instrument systemls
for the Boeing 707, Douglas DC-8 and CGonvair
880 and 990 jet transports, and radar barometric
altimeters and command Mach-airspeed indic
tors for the A2F.

Increased impetus was placed during the lat-
ter half of 1960 on the company’s research and
development activities. Spearheaded by the new

a-
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standard product lines, including centrifugal
fuel booster pumps, lube/scavenger pumps for
jet engines, pressurization and desiccator as-
semblies for radar units, servo valves for mis-
sile hydraulic guidance, and cooling units for
airborne and ground support equipment appli-
cations.

During 1960, Lear-Romec developed a heat-
less, reactivating dehydrator which provides up
to 25 SFCM of air so dry that it contains less
than 1/10 part per million water vapor by
volume.

Under Lear’s global concept, Lear-Romec
entered into sales and licensing agreements
with two foreign manufacturers: lLucas-Rotax,
Limited, of Canada and Plannair, Limited, of
England. The Plannair Agreement granted
Lear exclusive sales and manufacturing option
rights to market the English firm’s cooling units
for communication and electronic equipment.
Under the Canadian agreement, Lucas-Rotax
will manufacture pumps and check valves de-
veloped by Lear.

The Lear Solid State Physics Laboratory was
started in Santa Monica with research under-
way in electroluminscence, metallic oxide films,
infrared detection, plasma technology, semi-
conductors, ultrasonics, photo-conductors, ther-
moelectricity and gyromagnetics. The labora-
tory was specializing in fields of microminia-
turization and molecular electronics.

MB ELECTRONICS, A DIVISION OF
TEXTRON ELECTRONICS, INC.

TECHNICAL ADVANCES in vibration
testing equipment and techniques character-
ized 1960 at MB Electronics. MB’s integrated
vibration test systems were being used by
major missile, aircraft and electronics firms as
well as by an increasing number of non space
age companies. Technical advances in the
science of vibration testing further solidified
it as a major factor in improving system reli-
ability while cutting research and development
time and expense.

In 1960, MB built the industry’s first
fully automatic spectrum equalizer for random
motion vibration test systems. Automatic
spectrum equalizers are geared to equalize
vibration shaker systems within seconds. The
device increased testing accuracy while pro-
viding substantial savings in test time and
money. MB’s automatic unit utihzes a multi-
band compensation approach. The spectrum is
divided into 25 cps increments. Continuous
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automatic equalization is achieved by using
solid state magnetostrictive filters with correct
phase properties plus servo regulators on each
of 80 channels in the 15 to 2,000 cps spectrum.

Increased emphasis was placed on electro-
hydraulic shaker systems in 1960. These
shakers, designed to complement electro-
dynamic units and not to replace them, are
compact systems which deliver extremely high
vibratory forces and long strokes in the low
to intermediate frequency range. They are ex-
pected to enlarge the scope of vibration, shock
and fatigue testing through their special capa-
bilities. In 1960,- MB, using experience gained
on prototype units, introduced a complete line
providing vibratory forces from 1,000 to
100,000 pounds, strokes as long as nine inches
and practical test capacity from 5 pounds to
15 tons over a low to intermediate frequency
range.

In this same general field, MB undertook
the design and development of one of the
world’s largest single-unit underwater trans-
ducers to be hydraulically driven for the Bu-
reau of Ships, U. S. Navy. The unit is for the
Navy’s Underwater Sound Laboratory in New
London, Connecticut. Underwater sound is a
field in which much is expected in the near
future. MB’s activity in this area is part of its
policy of applying the technical skills gained
in pioneering vibration testing to new fields.

Technical product improvements in MB’s
line of electronic power supplies and vibration
meters and pickups were also recorded in 1960.
The N503 vibration meter, geared to accept
signals from both velocity pickups and accel-
erometers a_nd to provide readings of displace-
ment, velocity and acceleration for each signal,
represented a major step forward in vibration
measurement.

In addition tO. improving product perform-
ance and lqunchmg product innovations, MB
continued 1ts program of vibration seminars
designed to disseminate current technical in-
formation on vibration testing. The program,
an industry first, was planned to Jast as long
as the demand. In mid 1960, the progral;l
entered its second year. More than 250 engi-
neers and technicians from most of the major
users of vibration test equipment attended the
two-week course given in New Haven. Special
courses were also held at the Polytechnic In-
stitute of Brooklyn and on the West Coast.

Sales to aircraft and missile manufacturers
abroad increased markedly in 1960. This was
particularly true in France where MB vibra-
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systems needed for future long-range missile
flights and for deep space missions. Precision
gyroscopes are the most sensitive and critical
elements in such systems.

In February, the company disclosed plans for
a strange new machine to duplicate on earth
most of the conditions and phenomena of space.
The elaborate device will be built for the Air
Force’s Wright Air Development Division to
speed the testing and evaluation of space re-
connaissance equipment. Called a dynamic
analyzer, it will be an important adjunct to
space technology.

The dynamic analyzer will simultaneously
create the searing heat, bitter cold, rarified at-
mosphere and rugged vibrations encountered
by space vehicles as they orbit far above the
earth. It thus will take the guesswork out of
designing space reconnaissance equipment and
reduce testing time now necessary in advance
of space explorations. The space machine will
be a cylindrical steel chamber fifteen feet long
and 9 feet in diameter. It will be supported on
angular legs that move violently to give the
chamber the rolling, pitching and yawing mo-
tions found in space.

Early in the year, the Aeronautical Division
announced plans to increase engineering em-
ployment by 20 per cent. The division had an
immediate need for approximately 200 gradu-
ate engineers.

Ground was broken for a $1 million expan-
sion of the division’s facility in Minneapolis.
A three-story, 64,000-square-foot addition will
be built to provide added engineering and re-
search space and to house a $1 million Honey-
well 800 computer for both business and
scientific use.

In April, Honeywell announced receipt of
a significant contract in connection with the
Polaris program. Under subcontract to Hughes
Aircraft Company, Honeywell will produce
precision inertial guidance platform gimbal
assemblies, a key element in the guidance sys-
tem of the Polaris missile.

Another Navy contract was announced a
month later. The company’s Ordnance Divi-
sion was awarded a $3.6 million contract to
develop and build a sophisticated submarine
training facility which will electronically simu-
late a full-scale naval battle. Utilizing a giant
computer and advanced electronic techniques,
the facility will provide a startling degree of
realism in waging of mock sea battles to train
the crews of Polaris-armed and other nuclear
submarines in the complex tactics of modern

196

underseas warfare. The trainer will occupy an
entire wing of a three story building at the
Navy’s Submarine School at New London,
Connecticut.

During the year the Scout space vehicle, on
which Honeywell was contractor to NASA for
guidance and control, was successfully fired
twice. The test firings proved the effectiveness
of the vehicle’s simplified, low-cost guidance
and control systems.

A variation of the Scout guidance and con-
trol system was being built by Honeywell for
the Air Force's 609A space vehicle. A similar
gyro package is also used in the Thor Delta
space vehicle to guide the Delta stage and inject
the payload into orbit. '

Also in the guidance field, the company dis-
closed details of the guidance reference system
which provides a major portion of the electric
brainwork for the first two minutes of flight
of the Air Force’s Titan Intercontinental bal-
listic missile. The Titan system is an advanced
ver§ion of the “strapped down” concept 1in
which gyroscopes are fastened rigidly to the
frame of. the missile and react according to
preset time signals and external guidance
commands.

Other 1important projects which continued
during the year at Honeywell include:

Dev?lopment of the flight control system and
the attitude stabilization and control system for
the Project Mercury man-in-space capsule. The
sophi.sticated system  will control the critical
position of the Mercury capsule as it orbits the
earth at 17,500 miles per hour and re-enters the
atmosphere with the first .S, space traveler.

Development of a unique instrument for
Project Mercury called an Earth Path Indicator.
The shoe-box-sized device contains a revolving
globe-like replica of earth which shows the or-
biting astronaut his position over earth and
where he will land if he ejects his capsule from
orbit.

Development of inertial guidance systems for
Centaur, a space vehicle which will be capable
of placing a payload on the moon, or placing
instrumented space research and communica.
tion satellites in precise orbits ranging from 300
to 22,000 miles. The Honeywell Centaur guid-
ance will be the first all-inertial system de-
veloped for space missions.

Development of super sophisticated inertial
navigation systems for two complex pilotless
surveillance aircraft being built for the Army
Signal Corps.

Development of a super-accurate shipboard
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inertial navigation system for Polaris missile-
firing submarines, based on Honeywell’s new
electrically suspended gyroscope. The only mov-
ing part in the new gyro is a beryllium sphere
machined to accuracies better than five mil-
lionths of an inch.

Development of a new adaptive flight control
system for future manned space vehicles. This
system is keyed to the complex transition from
the use of acrodynamic surfaces in the atmos-
phere to pure reaction control in space and will
be tested on the X-15 aerospace vehicle under
the auspices of the Air Force’s Wright Air De-
velopment Division.

THE NEW YORK AIR BRAKE
COMPANY, WATERTOWN DIVISION

THE WATERTOQOWN Division of The New
York Air Brake Company made important
strides in the development of hydraulic starter
systems for gas turbine engines during 1960.
This was a major contributing factor in the
expansion of the Company’s Stratopower hy-
draulic pump and motor line.

Hydraulic starting systems offer matel.*ial. gd-
vantages in weight, space, cost and reliability
in many applications. This is particularly true
where the aircraft or missile design Incorporates
a single hydraulic system arranged to perform
the engine starting function as well as supply
prime hydraulic power.

The New York Air Brake Stratopower Over-
center hydraulic pump design was partlcular_ly
suited for starter applications, and more specif-
ically, for starter/pump units. Tl'le company
had these units in limited production 1in 1960.

The hydraulic starting systems avallable‘at
year-end were capable of covering the entire
range of jet engines. The combination of pump
and/or motor characteristics which can be pb-
tained will meet almost any engine require-
ment.

PACIFIC AIRMOTIVE CORPORATION

DURING 1960 Pacific Airmotive Cf)rpora-
tion became the first company authorized by
the Federal Aviation Agency to overhau} all
commercial turbojet, turboprop anc.l _plstpn
engines. Following more than $2.5 million in-
vestment in engine, accessory and propeller
overhaul facilities, the company’s monthly over-
haul capablity was 25 JT3-JT4 engines, 25
Rolls-Royce Dart engines, and 100 piston
engines ranging from 145-horsepower Lycom-
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ings and Continentals up through 3,500-horse-
power R4360s.

New turbine engine overhaul contracts were
signed during 1960 with Continental Air Lines,
Western Air Lines, Qantas, Aloha, West Coast
and Northern Consolidated Airlines, accom-
panied by a comparable increase in piston
engine overhaul volume. In addition, The Fly-
ing Tiger Line, Inc., awarded PAC the first
overhaul contract for Rolls-Royce Tyne engines.
This contract, which is expected to exceed $6
million, covers powerplants for the Canadair
CL-44 airfreighters to be operated by this
carrier. The contract runs for four years from
the anticipated receipt of the first Tyne engine
by PAC in mid-1961.

The company’s new turboprop test facility
that was placed in operation in April to test
the Rolls-Royce Dart engine will also handle
the Tyne engine as well as American turboprop
engines of opposite rotation. Additional tooling
and fixtures required to overhaul a minimum
quantity of 15 Tyne engines a month will be
installed prior to receipt of the first engine
from Flying Tigers. Tooling and equipment
are also being acquired for the overhaul of the
Pratt & Whitney JT3-D series fan engines.

First production Allison propjet-powered
Convair conversion was test flown at PAC’s
Sant.a Monica plant in January, 1960, repre-
senting an important milestone in a joint pro-
gram with the Allison Division of General
Motors to upgrade Convair 340s and 440s to
high performance propjet aircraft. FAA certi-
fication of the Allison Convair followed three
months later, after PAC pilots had completed
more than 345 hours of flight testing of the
YC-131C military prototype airplane.

The conversion of the twin-engine Convair
transport to Allison 501-D13 propjet engines
adds 80 miles an hour to the airplane’s cruising
speed and increases block speeds 25 to 30 per-
cent. Rate of climb at sea level is over 4,000
feet per minute. Twelve Allison Convair con-
versions were completed for corporate cus-
tomers during 1960.

Twenty Gruman Gulfstreams were sold by
PAG, one of three U.S. distributors of this tur-
boprop-powered business aircraft. Of this total,
13 airplanes received custom interiors and in-
stallation of electronic gear at the company’s
Burbank or Santa Monica plant.

The company’s aviation products sales vol-
ume, which encompasses the distribution of
aircraft replacement parts and rotable spares to
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0.015 milliradians, made possible through the
use of direct drive d.c. torque motors on each
axis. Complete servo instrumentation is sup-
plied with the pedestals, which were produced
for the Philco Corporation. Reeves was also
manufacturing the associated radar electronics,
and the entire system will undergo final testing.

Reeves was designing and producing a very
large two axis mount for a missile tracking
telescope, under contract with Lincoln Labora-
tory of the Massachusetts Institute of Tech-
nology. The telescope will be used to investi-
gate the physical phenomena associated with
the very high speed re-entry of nose cones into
the earth’s atmosphere. The pedestal will mount
a 48 inch reflector telescope and spectrographic
equipment for recording the energy spectrum
of the heat generated during re-entry. A very
high order of accuracy will be built into the
system, which will have an elevation accuracy
of five seconds, and azimuth accuracy of three
seconds.

Reeves was also producing a bomb scoring
system for evaluating simulated bombing runs
of Navy bombers; fuzing systems and compon-
ents; and subassemblies for a world-wide tropo-
spheric scatter communications system.

In the missile component field, Reeves de-
veloped two highly accurate miniature floated
gyros for inertial system applications. One of
these gyros, identified as the ZERO ONE, has
a trimmed drift rate of 0.01 degrees/per hour,
and a wheel angular momentum of 300,000
c.g.s. units. Reeves alsg had in development an
inertial gyro measuring only 1.2 inches in
diameter, which will have a trimmed drift rate
of 0.1 degrees/hour.

A pancake resolver designed for direct gimbal
mounting was also produced in considerable
quantities during 1960. The resolver has a
functional accuracy of ten seconds.

In the computer field, Reeves marketed a
full line of transistorized computing amplifiers
for analog computer applications. A completely
solid state diode electronic multiplier was also
developed and produced during the year. The
multiplier design is based on the quarter square
Jaw principle, and provides a static accuracy of
0.25 volts peak. Light multiplier channels can
be housed in a single 7 x 19” rack.

Reeves systems and components found appli-
cation in a majority of the current missile pro-
grams, including Atlas, Titan, Polaris, Regulus,
Discoverer, Thor-Able, Bomarc, Terrier, Fal-
con, Hawk, Sparrow III, La Crosse, Sergeant,
and Tartar.
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ROHR AIRCRAFT CORPORATION

ROHR'S OPERATIONS through 1960
showed greater emphasis upon research and
development, new products and new processes.
However, the company’s order files continued
to show a heavy volume of components of all
kinds for both subsonic and high performance
military and commercial aircraft.

As a subcontractor manufacturing a wide
variety of aircraft, missile and rocket compon-
ents, Rohr shipped its products to Boeing, Lock-
heed, Convair, McDonnell, North American,
Atlantic Research Corporation, General Elec-
tric, U.S. Army arsenals and others.

During the year Rohr produced jet engine
pods and power packs for a number of com-
mercial airliners. These included the Boeing
707 series—both turbojets and turbofans—as
well as the Convair 880 and the Lockheed
Electra. For the Boeing airliners, Rohr also
built sound suppressors and thrust reversers,
aft fuselage sections, stabilizers and other com-
ponents. Twin turbojet pods and thrust re-
versers were designed and built by Rohr for
Lockheed’s new JetStar executive-military
transport.

Military production included manufacture of
pods, struts, stabilizers and other components
for the Boeing KC-135 jet tanker, pods and
struts for the Boeing B-52G and the newer B-
52H turbofan version, propjet power packs for
the Lockheed C-130B Hercules and the Navy
P3V, an ASW version of the Electra. Stainless
steel honeycomb sandwich structures were man-
ufactured for the Convair B-58 medium bomber
and for the McDonnell F4H-II Navy fighter-
interceptor, as well as for North American’s
Mach III B-70 bomber.

Rohr also manufactured components for the
North American Hound Dog missile program,
test fins for the Atlantic Research Corpora-
tion’s Iris sounding rocket, test radiator-con-
denser assemblies for the Atomics International
Division of North American to be used in the
Systems for Nuclear Auxiliary Power program,
nuclear reactor tubes for General Electric and
gun components for the Army’s Waterviiet
Arsenal, among others.

Late in the year Rohr entered a new field of
manufacture with formation of an Antenna
Systems Division. By adding a team of engineers
trained and experienced in this growing field
to the company’s existing design and manu-
facturing facilities, Rohr developed capability
for production of a variety ol antenna struc-
tures. Work started under contract on one type
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In September, one year after it was begun, a
new 62,000 square foot engineering and re-
search building was occupied at Solar’s San
Diego bayfront plant. It was being used to house
expanding projects in aerospace and turboma-
chinery programs.

SPERRY RAND CORPORATION

SPERRY RAND Corporation celebrated the
50th anniversary of a principal division, the
Sperry Gyroscope Company, founded in 1910
by the late Elmer A. Sperry through the first
practical application of a gyroscope.

The company partially observed the historic
milestone by starting construction of an initial
67,000 square-foot facility for the Sperry Rand
Research Center. Located on a 150-acre rural
hillside, at Sudbury, Mass., just west of Boston,
the center will be devoted to broad research in
the basic sciences, as well as to the application
of design and development advances.

SPERRY . . . LONG ISLAND

High on a long list of achievements during
the year was the contribution Sperry’s Ships In-
ertial Navigation System (SINS) made to the
success of the Polaris ballistic missile program.
Sixteen of these advanced navigation systems
were delivered to the Navy by Sperry’s Marine
Division, 11 for use aboard nuclear subs and
test ships.

Capable of precisely sensing and measuring
the movement of a vessel, as well as that of the
earth over which it is traveling, the Sperry
equipment performed with great accuracy and
reliability in test after test. In one of these,
some 30 miles off the coast of Cape Canaveral,
the course of ballistic missilery was advanced
when from deep within a submerged U.S.S.
George Washington a Polaris was fired success-
fully from undersea for the first time.

Three major subsystems which comprise the
Sperry system are:

1. SINS

2. NAVDAC, a navigation data simulation

computer, capable of some 1,000 compu-
tations per second.

3. A central control board which “ties” the

preceding systems together.

Sperry’s Surface Armament Division disclosed
that it had been working for almost two years
on development of a high-powered target track-
ing radar transmitter for the Nike-Zeus anti-
missile missile system. The radar will be used
for tracking the incoming hostile vehicle to ob-
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tain data needed for automatically directing the
Nike-Zeus against the target.

Another significant achievement was accept-
ance by Air Force of the huge FPS-35 surveil-
lance radar which Surface Armament developed
and erected at Montauk Point, L.I.,, as part of
the nation’s SAGE system. Now in operation by
the Air Force, the radar feeds position data on
all air-breathing missiles and aircraft into high-
speed computers which automatically calculate
intercept data for air defense systems in the area.
Antenna for the system measures 40 feet in
height and weighs 80,000 pound:s.

Air Armament Division was recipient of an-
other highly-important contract calling for de-
velopment and installation for the Air Force of
a nuclear detonation evaluation system.

Loran-C, an experimental radio navigation
system development, was operated successfully
in year-long tests by the Coast Guard at ranges
up to 2,300 miles with great accuracy. The
Office of Naval Research, in an analysis of re-
sults obtained by using a Looran-C monitor sta-
tion 550 miles from the closest and 900 miles
from the farthest transmitters, showed that a
ship in the area could expect 95 per cent of its
“fixes” to be within 800 feet of its actual geo-
graphic position.

The Air Armament Division also received
extensive new contracts for continued produc-
tion of navigation-bombing systems for the third
wing of Air Force B-58 Hustler bombers. The
Sperry equipment enabled a Strategic Air Com-
mand Hustler aircrew with only six weeks op-
erational experience to take first place in both
high and low level bombing events while par-
ticipating in the SAC Annual Combat Compe-
tition at Bergstrom Air Force Base.

An inertial flight data system designed to
guide the X-15 rocket research aircraft through
manned probes of the “edge of space” performed
excellently in tests of the high-speed vehicle at
altitudes up to 136,500 feet, where portions of
flight involved ‘“‘weightless” conditions.

The Sperry division also developed a line of
miniature Inertial components—floated and
fAluid-sphere gyros, integrating and direct-read-
ing accelerometers and stable platforms—which
are expected to advance performance and re-
liability standards in missile, space and aircraft
systems to New, high levels.

Sperry announced development for Army of
2 new electronic amplifier to be among radar’s
most powerful microwave transmitter tubes.
The new device, a super-powerful klystron, will
increase the capability of the Nike-Zeus anti-
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missile systems and extend future radars into
the new high levels of performance.

The company also announced factory testing
of electron tubes capable of supplying 3,000,000
watts of precise radar power. Klystrons of the
series—operating in frequency bands above four
billion cycles per second—now are being used
by all services in radars to control, guide and
track supersonic missiles.

Sperry scientists developed a new “electron
gun’’ that removes one of the basic obstacles to
extension of radar power. The development,
which can supply electron beams of more than
200 million watts power and 100 amperes cur-
rent, is being used to increase the capability
of large missile guidance radars and anti-missile
systems.

Sperry scientists also successfully employed a
“fourth state of matter,” called ‘‘gyro-electric
plasma,” to form for the first time a practical
electronic circuit. Plasma, which 1is neither
liquid, gas nor solid, consists of electrically
charged parts of atoms which can both create
and inter-react with electric and magnetic
forces.

Also announced were several electronic de-
vices capable of handling information at a rate
30 million words per second. The development
may make possible the transmission of a 30-
word message in a millionth of a second, a
complete message on a single radar pulse.

A means of greatly extending the speed and
altitude limits of lightweight, inexpensive jet
engines by combining them with pyrophoric
fuel afterburning systems was announced by
Sperry’s Aeronautical Equipment Division.
Successful tests of unique afterburner controls
enabled engineers to employ these exotic fuels
—a group of fast-burning liquids which ignite
on contact with air—in the afterburner of a
standard jet engine.

SPERRY ELECTRONIC TUBE DIVISION

Sperry Electronic Tube Division at Gaines-
ville, Fla., developed a new variant of the reflex
oscillator klystron which eliminates the need for
expensive repeller-tracking potentiometer and
linkage normally required for other designs.
Development will permit great reductions in
cost, weight and size while increasing reliability
in airborne and missile applications.

SPERRY PHOENIX COMPANY
Sperry Phoenix Company at Phoenix, Ari-
zona, considerably expanded its engineering
and manufacturing capacity, in 1960.
The company passed a major milestone dur-
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ing the year with its announcement of a Micro-
wave Aerospace Navigation (MAN) system, cap-
able of taking automatic ground control of
manned or unmanned spacecraft returning to
earth and landing them by remote control. The
MAN system, which grew out of pioneering
Sperry activity in the fields of microwave com-
mand guidance of pilotless aircraft, is believed
to be the first capable of acquiring control of
returning spacecraft at great distances and
guiding them precisely throughout the high
speed earth-approach and landing.

Also significant were Sperry Phoenix pro-
grams to remotely control the largest unmanned
bomber ever flown, the multi-jet B-47, and the
fastest jet ever ‘“droned,” the F-104 fighter.
Working jointly with Lockheed Aircraft Corp-
oration in both instances, Sperry developed
specialized equipment to stabilize, guide and
control the high performance jets for a variety
of missions, including realistic tests of the na-
tion’s air and missile defenses.

Unique automatic pilot systems—tailored to
the special needs of a new generation of com-
mercial transports, private and business planes
—received Federal Aviation Agency approval
and were placed in service during the year.
Sperry’s SP-30 system for jet transport began
regular service on global routes of 18 major air
CArTrilers.

The company also began volume production
of the SP-3 system for private and business air-
craft—single engine planes and light-to-medium
twins. The SP-3 equipment, which affords a
unique “building-block” approach to automatic
flight, may be installed in varying combina-
tions to give users any desired degree of air-
borne automation.

Additionally, its new SP-40 system moved
into production for upcoming series of piston
and turbine-powered transports, including the
Lockheed JetStar.

The Sperry concept of universality in auto-
matic pilot equipment—the design of a single
set of components for use in all types of air-
craft—was solidly proven during the year dur-
ing successful flight tests of the AN/ASW-12
(V) system for Army aircraft. The ASW-12 (V)
system, known as the Universal Automatic
Pilot, already has been employed in H-21 and
3-55 helicopters and in L-23 and AO-1 fixed-
wing craft.

Developmentally, Sperry Phoenix engineers
pressed forward a series of programs to make
possible fully automatic landings of transport-
type aircraft, including jets, on a practical basis
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year. In addition to offering speed and accuracy
for air traffic control the system is readily adapt-
able to military IFF needs.

The year also marked field testing of the
Ford’s Flight Control System, Surveillance Air-
craft AN/UPW-1. This is a new remote control
system which can send Army surveillance drones
on intelligence-gathering missions far behind
enemy lines.

REMINGTON RAND UNIVAC

Remington Rand’s Univac Military Division,
in cooperation with Bell Telephone ILabora-
tories and Western Electric Co., built the target
intercept computer for ground guidance of the
Army’s Nike-Zeus anti-missile missile. TIC was
undergoing tests at White Sands, N.M. and in
1961 was scheduled to guide a battery of Nike-
Zeus missiles fired from Kwajalein Island in
the South Pacific against Atlas missiles lJaunched
from Vandenberg Air Force Base in California.

The Division’s initial partnership with Air
Force resulted in the design, development and
production of several Bomarc computers for
command guidance of the Bomarc missile. De-
sign features of the computer include special
scanning equipment, analog-to-digital conver-
sion abilities, and output equipment to feed
directly into a data link transmitter.

The Univac Athena ground guidance com-
puter never failed to function perfectly in more
than 20 firings of the Titan ICBM following a
series of guidance tests using Thor-Able mis-
siles. Its reliability record of 99.99 established
a new standard for digital computers of its type.

The same machine was programmed to place
the Tiros weather satellite and the Echo passive
communications satellite into the most nearly
perfect circular orbits ever achieved by any
satellite, Russian or American. These shots, an
upcoming lunar probe, and subsequent space
efforts were all under the supervision of the
National Aeronautics and Space Administration.

VICKERS, INCORPORATED

At Vickers, Incorporated, additional empha-
sis was placed on the development and produc-
tion of equipment for missiles and spacecraft.
The company demonstrated its unusual capa-
bility by supplying new and improved auxiliary
power systems (APS), servo systems and various
cooling systems for most major U.S. missiles and
rockets.

Various types of power systems, put in pro-
duction or under development, covered a broad
range of power requirements. Hot gas engines
delivered to prime contractors covered such
diverse applications as gun drives and nuclear
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warhead arming equipment. One hot gas servo
system under development will be used for
stabilization and orientation of the upper stages
of light space vehicles. Over 100 hours of test-
ing were completed on a hydrogen-oxygen en-
gine demonstrating the lowest specific fuel con-
sumption of any known chem-dynamic engine.

This engine was targeted for use in more ad-
vanced space vehicle auxiliary power systems.
Vickers was selected to supply the APS for this
country’s newest air-to-ground ballistic missile,
Skybolt, and also was producing power units
that actuate the exhaust deflectors used for di-
rectional control of all three stages of Minute-
man.

A new acceleration switching (time dwell)
servo valve was released that permits tighter
servo loop control than proportional valves, has
unusual contamination tolerance, and is rela-
tively insensitive to temperature change. To
acompany this, Vickers d'eveloped a solid-state
pulse synch generator needing no external
power supply, that adapts the output of a nor-
mal servo amplifier to the acceleration switch-
ing valve. The first a-c servo valve for high
temperature environment and with nuclear
radiation tolerance is being developed under
contract. Late in the year, a miniature version
of Vickers “Spacemaster” servo valve was re-
leased. This is the smallest servo valve known
to b_e available, and weighs 8.5 ounces.

\7}Ckers a‘lso released during the year its con-
t_ammant-to-lerant fuel pump. This was specified
for seven light turbine engines manufactured

by Pratt and Whitney, Continental, Boeing,
Solar and General Electric.

SUNDSTRAND CORPORATION

IN AUGUST, 1960, Sundstrand integrated
the operations of the Turbo division at Pa-
coima, California, into the Denver organization
of the Aviation Division. The branch facilities
at Phoenix, Arizona, were also relocated. Pa-
coima continues as the engineering test lab-
oratory for the aerospace programs at Denver.
With essentially the same or g slightly larger
volume of advanced research programs com-
pared to 1959, this consolidation provided in-
creased efficiencies in operations.

SUNDSTRAND AVIATION-ROCKFORD
In May, 1960, Sundstrand Aviation an-
nounced its new starter drive at an Aircraft
Electric Power Systems conference held in Rock-
ford. A 40 kva mock-up system was demon-
strated in the laboratory, typical of the 800
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operations simulated on its inertia wheel test
stand. This new concept in aircraft engine
starting and electric power generation has been
selected for use on the Boeing 727. It provides
electrical starting of an aircraft jet engine with
the same equipment used for in-flight power
generation. New design concepts employed have
more than doubled the time between overhaul,
improved equipment reliability, and resulted
in lower overhaul costs.

Through extensive record keeping and ac-
curate determination of statistical reliability
on 2,500,000 in-flight hours of airline drive
operation, Sundstrand achieved the highest re-
liability yet attained for commercial constant
speed drives, and thus increased the time be-
tween overhaul for these products too.

On the military side, Sundstrand was selected
as the drive supplier for the Navy's P2V-7 elec-
tric power system retrofit program. This drive
has an integrally mounted reservoir and cooler,
and provides 400 cps over a 4:1 input speed
range. A product development contract was re-
ceived from the Air Force in 1960 for Sund-
strand’s new cartridge-pneumatic starter, first
announced in 1959. Qualification testing has
been completed for the B-52H, which included
400 cartridge and 800 pneumatic starts.

The reinstatement of the B-70 to a weapons
system substantially stepped up the tempo of
Sundstrand’s activity in this program. Work
was accelerated on the secondary power generat-
ing system constant speed drive and gearbox de-
signs.

SUNDSTRAND AVIATION-DENVER

Several major awards from both the Air Force
and the Navy made Sundstrand Aviation-Den-
ver a major supplier of power generating sys-
tems and reaction control systems for missile
and space vehicles. Among the Air Force con-
tracts under development at Denver were a 15
kw solar mechanical engine, a solar regenative
fuel cell, a low temperature cryogenic integrated
thermal control system, a hydrozine APU, and
an electrostatic generator. For the Navy, Den-
ver was developing a torpedo propulsion system
and a ram air turbine driven actuator system.
These systems will find applicz.ltion on such
aerospace projects as Apollo, Saint, a military
test space station, DynaSoar, a recoverable
booster, the Saturn S-4 stage, Polaris, and a soft
lunar landing program.

Nonmilitary development programs included
pumps for oil field production, petrochemical
processing, and boosters.

THE INDUSTRY

THOMPSON RAMO
WOOLDRIDGE INC.

THOMPSON Ramo Wooldridge Inc. con-
tinued to make significant progress as a major
contributor of subsystems and components for
the aircraft, missile and space fields during 1960.

About mid-year, reorientation of contractual
relationships with the Air Force were concluded
by Space Technology Laboratories, TRW’s sub-
sidiary. This established STL’s status as that of
any prime contractor to the Air Force.

Under the agreement, such in-house func-
tions for the Air Force as advanced systems plan-
ning, technical staff assistance or administrative
support were transferred from STL to the non-
profit Aerospace Corporation, which was formed
under Air Force management.

STL continues to provide systems engineer-
ing and technical direction for the Atlas, Titan
and Minuteman programs, and both STL and
the parent company are free to compete for
contracts related to new missile programs and
space projects without being subject to special
procedures which previously had applied.

In addition to the role that STL performed
as a principal contractor in the Air Force pro-
gram which brought into being United States
operational intercontinental ballistic missiles in
five and a half years since the beginning of the
special ballistic missile program, the TRW sub-
sidiary also had an important part in many of
the space projects accomplished by the co-
operative efforts of the military services and
the National Aeronautics and Space Adminis-
tration during the past two years.

A major space exploration milestone was
achieved on March 11, 1960 with the success-
ful launch of a satellite, Pioneer V, into solar
orbit. A true interplanetary satellite, Pioneer V
explored space and maintained communication
with earth over a greater distance than any
previous spacecraft. Now in permanent solar
orbit, Pioneer V reached its perihelion of 74.9
million miles from the sun and 46 million miles
from earth on August 10, 1960. Pioneer V sent
back previously unknown data about the funda-
mental nature of the solar system and space it-
self, information essential to manned space
flight.

In addition to assembling and testing the
second, third and fourth stages of Pioneer V,
STL built important instrumentation and
guidance control subsystems for the second and
third stages of the satellite. It also designed and
built the fourth stage. STL directed and con-
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trolled the testing and launching of this satel-
lite and operates the worldwide tracking net-
work used to command and receive data from
satellites.

After achieving its free competitive status,
STL won a major competition and was selected
as one of four companies to conduct a study
leading to the “soft” landing of a space craft
on the moon for the purpose of sampling lunar
physical environment and transmitting data
back to earth and was awarded a NASA contract
in excess of $15,000,000 for 060 (orbiting Geo-
physical Laboratory).

October witnessed the 100th successful flight
of the Thor ballistic missile, for which STL
provided systems engineering and overall tech-
nical direction of the R&D phase. Thor had
boosted 18 satellites into space.

Meantime the Tapco Group of TRW was
consolidating its position in the aircraft com-
ponents field and moving aggressively forward
in engineered products and new concepts for
missile and space applications.

The jet engine airfoils and components seg-
ment of T RW’s manned aircraft business was
at a higher level than at any time since the
shift of procurement emphasis from aircraft to
missiles. Improved manufacturing efficiencies
enabled Tapco to move into a leading position
in this area.

TRW continued as a supplier of fuel pumps
to almost every major military and commercial
aircraft flying today and had a contract to pro-
vide high-temperature booster pumps for North
American’s B-70 bomber program.

Under a separate contract Tapco’s West Coast
Engineering Laboratory built a simulator, the
only one of its kind in the United States, for
testing the complete B-70 fuel system.

A leader in the field of secondary power sys-
tems for missiles, during 1960 TRW produced
electromechanical and hydraulic components
for advanced versions of the Terrier and Tartar
missiles, moved toward production phase on an
auxiliary power system for the Bomarc missile
and neared completion of the development pro-
gram on the Tapco-designed “Miniaps” minia-
ture turbo-generator.

Notable, too, were the development of a
variety of subsystems under contracts with
NASA, the Atomic Energy Commission, and
Wright Air Development Center, for space ap-
plications.

Chief among these was a contract awarded by
NASA for “Sunflower 1,” a solar auxiliary power
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system for space vehicles, designed to generate
3,000 watts of electrical power for a minimum
of one year, using the sun’s heat to boil and
vaporize mercury which in turn will drive
turbo-electric machinery to produce electrical
power.

Others included Snap 1II, a power conversion
system using a small nuclear reactor as the
energy source, a “‘helionic” converter which will
convert the sun’s rays directly into electricity,
regenerative fuel cells for space and ground ap-
plications, a unique approach to magnetohydro-
dynamic power generators, an oxygen regenera-
tion system for manned space vehicles, and a
radiation-cooled motor capable of operating in
1000 degrees Fahrenheit ambient temperature.

In the area of ground support equipment,
TRW's Tapco Group made a contribution to the
Army’s Martin-built Pershing solid propellant
missile. TRW designed and built the trans-
porter-erector-launcher which gives Pershing
maximum mobility and rapid reaction time. It
operated successfully in all Pershing test launch-
ings.

Pacific Semiconductors, Inc., another TRW
subsidiary, continued production of high qual-
ity silicon semiconductor devices for missile and
other military electronic systems. Specific com-
ponent developments included a giant water-
cooled silicon transistor. Developed under an
Air Force contract in'10, 20, 50 and 100 ampere
versions, the smallest units delivered in excess
of 100 watts output at 10 megacycles. Another
was the Psi Microdiode. With a packing density
of 20,000,000 per cubic foot, it provided design-
ers with a new concept of systems micro-minia-
turization.

WYMAN-GORDON COMPANY

ENGINEERING PROGRAMS in the East
ern Division plants of Wyman-Gordon Co., that
in Worcester, Massachusetts and the Air Force
plant it operates in Grafton, Massachusetts, con-
tinued to develop forging capability with ma-
terials and configurations required for advanced
propulsion systems, missiles and space vehicles.

A capability was being developed for a broad
range of materials; beryllium, titanium alloys,
nickel base alloys, refractory metals, and low
alloy and stainless steels in addition to the light
alloys.

Component requirements were anticipated
in the following areas: Re-entry and Space Ve-
hicles: Shields, shield supports, shells, structural
components, leading edges, and landing gear
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components; Missile Frames and Guidance Sys-
tems: Structural components, pressure bottles
and guidance components; Solid Propellant
Rocket Motors: Domes and closures, cylinders
and nozzle components; Liquid Propellant
Rocket Engines: Turbopump components; Nu-
clear Rocket Motors: Reactor components and
auxiliary components.

Nearly all beryllium components are pro-
duced starting with metal powder which is con-
solidated either by vacuum press sintering into
a block or by press forging into a shape. The
beryllium powder process used by Wyman-Gor-
don Company differs from most conventional
powder-metallurgy processes in that (a) high
compacting pressures are used simultaneously
within the range of the sintering temperatures,
(b) the cycle time is very short, and (c) plastic
deformation or forging occurs during the latter
part of the cycle.

Hollow conical frustums, domes, guidance
components and pancakes have been success-
fully forged. Size of forgings has ranged from
14 1b. to 300 Ibs., from 20 square inches to 1,000
square inches in projected area. Forging capa-
bility exists beyond 4,000 square inches.

Large extrusions, weighing over 150 1bs. have
been made in development with limited success.
More development is required. Parts have been
forged successfully from press-sintered material
contained in steel. Procedures have been devel-
oped for working beryllium, without being
canned, below 1500°F where rapid oxidation
occurs.

At Grafton, the company had a completely
integrated in-house production capability for
producing beryllium forgings from receipt of
powder to delivery of completely tested, rough
machined components.

At a yield strength of 180,000 psi, the all-
beta B120VCA titanium alloy offers designers
a material with a yield strength/density ratio
of 1,000,000 inches. This strength level is equiv-
alent to steel at 290,000 psi.

Two methods were being used to produce
solid rocket motor casing domes and closures in
B120VCA. In one method, a billet is upset into
a pancake which is drawn through a draw ring
to produce the dome. In a second method, the
dome is close-die forged.

The forging designs provide material for
integral igniter and thrust termination bosses
and attachment skirts, eliminating or extending
welds from highly stressed areas.

Continued development work with B120VCA
in domes offers growth potential in yield
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strengths up to 200,000 psi with elongation of
up to five per cent. Work was also being con-
ducted in other areas to demonstrate property
response in irregular shapes and in heavy sec-
tions. Another development was the extrusion of
B120VCA into a 25 inch long x 5.8 inch diam-
eter tube. Results of this effort indicate that
scale-up to much larger diameters is feasible.

The nickel base superalloys are the ranking
alloys between 1200°F and 1800°F for short
time tensile strength and for long time creep-
rupture strength. Astroloy forgings up to 1,000
Ibs. and Waspaloy forgings up to 1,600 Ibs.
were produced to guaranteed properties.

The nickel base alloy forgings were developed
as a group at Wyman-Gordon through a total
effort involving induction vacuum melting,
casting, forging and heat treatment studies.
Continuing work is concerned with the forging
of these alloys in structural shapes for use in
manned aircraft and vehicles, and the design
and forging development of advanced alloys.
Forgings beyond the present 50” diameter prop-
erty guarantee limit are being proposed.

The refractory metal forgings: group includes
tungsten, tantalum, molybdenum and colum-
bium in order of melting points and therefore
potential usefulness for temperature apph-ca-
tions above 1800°F in advanced pr(?pulslon
units and vehicles. Molybdenum forgings for
solid rocket motor nozzles are in production.
Tantalum and tantalum-tungsten alloys have
been forged on a development basis. )

Steel forgings offer high strength at relatively
low cost, and great flexibility in heat treatment.
The major use in missiles has been for S?lld
rocket motor casings where strength/weight
ratio, fracture toughness and fabricability are
the primary criteria for materials selection.
Closures were being forged in vacuum melted
low alloy steels such as H-11, 300M and D?C.
These forgings exceed the present specification
requirements for minimum .29 yield strengths
of 220,000 to 230,000 psi with 89, elongation.
The design philosophy of integral bosses and
attachment skirts originated with the steel cas-
ings.

Large structural steel forgings, such as fram'es
and pylons were being made for advanced air-
craft. The largest was SAE 4335, 98 inches long,
11 inches wide, weighing approximately 1100
pounds. A 17-4 PH semi-austenitic stainless
steel “U” shaped frame 44 inches wide by 32
inches high is also being produced. Another type
of forging experience is with components for
the nuclear power industry. n
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and the Pershing. The Sergeant is a solid-fueled
weapon of comparable range to the Corporal
in Army service, but considerably more mobile.
Pershing, also solid-fueled, was designed to re-
place the Redstone. Pershing offered the Army
a relatively light weapon that can be quickly
emplaced and fired and easily supported logis-
tically, yet one which also has significantly
greater range than Redstone.

Another development program of interest to
the Army was Redeye, a highly mobile short-
range air defense weapon, a man-portable sys-
tem designed to destroy low flying jets or con-
ventional aircraft. Redeye, about four feet long
and only three inches in diameter, i1s a shoulder-
fired missile weighing approximately 20
pounds. It is effective at altitudes and ranges
commensurate with defense of field army posi-
tions and Marine Corps amphibious operations
against bombing and strafing attacks. At year-
end, Redeye was nearing production status.

A highlight of the Navy’s missile develop-
ment program was Polaris, the sub-launched
fleet ballistic missile. The Polaris A-1, which
has a range of 1,200 nautical miles (1,380 sta-
tute miles) completed its development flight test
program during the year and became opera-
tional when it went to sea aboard the nuclear
submarine USS George Washington. Over 50
test flights were made of the A-1 version over a
13 month period, including 12 launchings from
submerged submarines and four other under-
water launches.

With the A-1 Polaris in service, the Navy
concentrated on development of the Polaris
A-2. In October, the Navy awarded a $181,-
000,000 contract to Lockheed Missiles and
Space Division for continuing development of
the Polaris, bringing to $608,000,000 the total
expended for research and development on this
program.

First flight tests of the Polaris A-2 were made
late in the year at Cape Canaveral. The A-2
version of the fleet ballistic missile was designed
for a range of 1,500 nautical miles (1,725 statute
miles). It has a longer first stage rocket and a
lighter and more powerful second stage than the
A-1. First successful launching of the A-2 in
November climaxed a 10 year program to de-
sign a high performance, glass case, solid pro-
pellant rocket motor for the second stage. The
new motor was designed and produced at Alle-
gany Ballistics Laboratory, a Bureau of Naval
Weapons facility operated by Hercules Powder
Company. It was the first use of fiberglass rein-
forced plastics for rocket cases; previously all
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rocket chambers for military applications had
been fabricated from steel or aluminum. Con-
currently with the new structural material, a
new type of solid propellant with a stronger
specific impulse was used for the second stage
of Polaris A-2.

A series of A-2 tests was planned for 1961,
including firings from land launch pads, from
the surface test ship USS Observation Island and
from submerged submarines. Tests were to in-
clude general missile development, guidance
systems, re-entry body development, arming
and fuzing, as well as first and second stage mo-
tor performance and missile control action dur-
ing powered flight.

As work progressed on the A-2 series, the
Navy received authorization to proceed with
development of Polaris A-3, a 2,500 nautical
mile range (2,875 statute miles) version ex-
pected to be in operational service by 1965.

Another important Navy research and de-
velopment program under way during 1960 was
Eagle. In November, the Navy awarded a con-
tract to Bendix System Division for %$26,000,000
for continued development of the new missile.
Eagle is a long range, air-to-air interceptor mis-
sile to be used against enemy aircraft or aero-
dynamic missiles. It is designed to attack tar-
gets a.lt.all operating altitudes under all tactical
conditions and affords a considerably increased
range over existing systems. The basic character-
stic of the Eagle system is emphasis on high
p.erformfmce (?f the missile, while the launchi;g
aircraft is designed for top capability in endur-
ance and firepower. Work was similarly under
way on _the launching plane, called Missileer
and being developed by Douglas Aircraft
Company.

In the aircraft field, a development program
of major proportions reached culmination in
1960 with first deliveries of the McDonnell
F4H Phant(.)m IL. During the year, extensive
aircraft carrier suitability tests of the F4H were
conducted and at year-end the plane was under-
going trials by the Navy's Board of Inspection

and Survey at the Nava] Air Test Center at
Patuxent, Maryland.

The Navy also made firs acceptance of the
Grumman W2F-] Hawkeye, a carrier-based
early-warning and intercept control twin-engine
aircraft. Hawkeye is designed to protect task
forces from airborne atrack by detecting and
evaluating the full nature of the attack in ad-
vance of the minimum lead time necessary for
interception and destruction of high perform-
ance attacking aircraft.
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Incorporated in Hawkeye is an Airborne
Tactical Data System (ATDS), consisting of
auto-detection radar, airborne computers, a
memory and high speed data link system. The
system collects, stores, collates and relays in-
formation and gives Hawkeye automatic direct
command and control of interception. The
plane carries a crew of five and is powered by
two Allison T56-A8 turboprop engines fitted
into a high fixed wing.

In the space field, the Navy was the major
participant in the launching of the Transit
series of satellites, designed to provide a world-
wide, all-weather navigational system in which
signals from the satellites will be used by ships
and planes to provide a highly accurate naviga-
tional fix.

Two such satellites were launched in 1960.
Transit 1B, boosted into orbit by a two-stage
Thor-Able vehicle, was launched on April 13.
Transit I1IA, also boosted by the two-stage Thor-
Able, was launched on June 22. Transit 1IA
was unique in that it actually consisted of two
satellites launched simultaneously, the first
multiple-payload firing. In addition to the
Transit navigational satellite, the payload in-
cluded a second sphere developed by the Naval
Research Laboratory, designed to learn more
about solar activity.

In a corollary research program, Navy scien-
tists succeeded in virtually stopping the rota-
tion of the Transit satellites after they were in
orbit. The satellites were caused to spin upon
launch for stability, but ultra-high stability
radio transmission requirements for Transit
made it necessary to reduce the spin rate for
elimination of undersirable frequency noise.

Spin reduction was brought about primarily
by the use of “de-spin rods.” As the satellite
spun in the Earth’s magnetic field, the rods were
magnetized first one way and then the other.
Changing the direction of the magnetism
caused internal friction on the rods. This re-
quired energy which had to come from the
spin energy of the satellite. As more and more
of the satellites’ spin energy was removed, the
rotation rate decreased.

Transit IB used both mechanical and mag-
netic devices to stop spin. Fourteen days after
its launching (with an initial spin rate of 2.8
revolutions per second), the satellite’s rotational
speed was cut to less than one revolution in
250 seconds. On Transit ITA, only the magnetic
rods were used, and 25 days after launch the
rotation rate was less than one revolution in
1,000 seconds. n

RESEARCH AND DEVELOPMENT

THE NATIONAL
AERONAUTICS AND SPACE
ADMINISTRATION

DURING THE YEAR NASA consolidated
plans for a long range program of space explora-
tion covering the period 1960-70 while making
solid gains in both the aercnautical and astro-
nautical fields of research. In the organization’s
research centers, work advanced on gas dynam-
ics, combustion, higher impulse fuels and ad-
vanced materials and structures. NASA’s 1960
effort delved into a wide variety of problem
areas, ranging from the problems of aircraft
hovering at zero miles per hour to investigation
of re-entry problems of a space vehicle return-
ing to the atmosphere at 25,000 miles per hour.

In 1960, the space flight program was high-
lighted by successes with Echo I, a passive com-
munications satellite visible to the naked eye
which had a strong international prestigial ef-
fect; Tiros I and II, experimental meteorologi-
cal satellites; Pioneer V, a space probe which
went into orbit around the sun; and Explorer
VIII, an ionosphere probing earth satellite.

In aeronautics, notable successes were chalked
up with the rocket-powered X-15 research ve-
hicle. Using an interim XLR-11 engine, the
X-15 set new unofficial records for speed (2,196
miles per hour) and alticude (136,500 feet).
Later in the year, equipped with its new, much
more powerful XLR-99 engine, the X-15 flew
to 80,000 feet and 2,000 miles per hour with
the engine throttled back.

During the year, the space agency made prog-
ress on its launch vehicle program, the key
element of the 10-year space plan, as it started
to replace older launch vehicles and began de-
velopment of new, high-thrust vehicles. Van-
guard and the Army-developed Jupiter C were
dropped and plans were made to cancel the
Juno II and the Thor-Able in 1961. Delta, an
improved Thor-Able, was also scheduled for
retirement after 1961. Their immediate re-
placements were to be the four-stage solid-
fueled Scout, which can launch 150-pound
earth satellites, and Thor-Agena B, with a 1,250
pound earth orbital capacity.

The first complete Scout vehicle was
launched successfully during the year. With
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for the most part, the transfer to the agency of
the Development Operations Division of the
Army Ballistic Missile Agency, Redstone
Arsenal, Huntsville, Ala. On July 1, NASA
officially took over the Division’s personnel,
facilities and 1,200 acres at the Arsenal. It was
named the George C. Marshall Space Flight
Center in honor of soldier-statesman General
George Catlett Marshall.

To facilitate standardization of operations
and facilities, the agency created the Launch
Operations Directorate (LOD) within the
Office of Launch Vehicle Programs. LOD will
launch most NASA vehicles, support the launch
operations of the remainder, and provide
launch support for several Army missiles.

NASA also established the following Ofhces:

. the Office for the United Nations Con-
ference, to direct U.S. participation in the
First International Conference on the Peaceful
Uses of Outer Space.

. the Office of Life Sciences, to operate a
research program dealing with 1) survival and
performance of man in space; 2) the effect of
the space environment on biological organisms,
systems and processes; and 3) the search for
extra-terrestrial life forms.

. the Office of Reliability and Systems
Analysis, to direct a program to evaluate and
improve operational reliability of NASA launch
vehicles and payloads.

the joint Atomic. Energy Commission-
NASA Nuclear Propulsion Office to facilitate
the joint effort in the development of nuclear
rocketry.

On the operational side, one deep space

robe and four earth satellites were successfully
launched during the year. They were Pioneer
V, Tiros I and II, and Explorer VIII. Here
is a brief review of their accomplishments:

Pioneer V, a 94.8-pound probe designed to
gather scientific data from deep space and to
test communications over interplanetary dis-
tances, was launched from AMR on March 11
by a Thor-Able. The probe contained two
radio transmitter-receivers, one of five watts,
the other of 150 watts, as well as instrumenta-
tion to measure: 1) radiation streaming from the
sun; 2) the spatial distribution of energetic
particles and medium-energy electrons and pro-
tons; 3) the number and density ol meteoric
dust particles striking the probe; and 4) the
strength of magnetic fields.

Four paddle-shaped, 14- by 18-inch vanes jut
from the globeshaped payload, each vane
studded with 1,200 solar cells which provide
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power to recharge Pioneer V’s nickel-cadmium
batteries.

To achieve the desired orbit—perihelion ap-
proaching the sun and near the orbit of Venus
—Pioneer V was launched in a direction op-
posite to that of the earth’s revolution around
the sun. With a speed less than the earth’s—
and hence with a reduced centrifugal force to
offset the sun’s gravitational pull—the probe
would start falling inward toward the sun.
(Previous probes had been launched so that
their speed was added to that of the earth, and
they thus moved outward, away from the sun.)

Pioneer V established the greatest range—
22,462,740 miles from earth—over which man
has tracked, received telemetry from, and main-
tained control over, an instrumented vehicle.
The previous record was that set by Pioneer
IV, which was tracked to 407,000 miles.

The probe’s magnetometer confirmed the
existence of an electrical “ring current” circling
the earth at an altitude of 40,000 miles, a
giant girdle of low-energy charged particles.
The newly discovered current, the existence of
which has been argued by geophysicists for more
than 50 years, is not to be confused with the
Great Radiation Region discovered by earlier
U.S. satellites.

The probe also: 1) reported an intense zone
of disturbed magnetic fields at distances of
40,000 to 60,000 miles; 2) revealed that the
boundary of the earth’s magnetic field is twice
as far from earth as had been previously sup-
posed; 3) made a detailed examination of the
interplanetary magnetic field; and 4) reported
the first direct observation of pure cosmic rays
at altitudes completely free of the earth’s at-
mosphere. The observation was made three
million miles in space.

Tiros I (Television and Infra-Red Observa-
tion Satellite), a 270-pound, drum-shaped,
experimental meteorological satellite, was
launched from AMR on April 1 by a Thor-
Able. The satellite went into a near-circular
orbit with a perigee of 428.7 miles and an
apogee of 465.9 miles.

Tiros I made meteorological history, giving
scientists an unprecedented opportunity to study
the earth’s cloud patterns and relate them to
the weather. Among the striking phenomena
shown for the first time were largescale cy-
clones, with spiral bands sometimes covering
an area one thousand miles across.

Photographs transmitted by its two televi-
sion cameras also indicated the presence of jet
streams, regions of moist and dry air, thunder-
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storms, fronts, and other data. Experimental
studies of Tiros data have already resulted in
improved understanding and increased ac-
curacy in weather forecasting, particularly over
large ocean areas.

The satellite’s cameras swept the earth’s sur-
face between 50 degrees north and south lati-
tudes, a band extending roughly from Mont-
real, Canada, to Santa Cruz, Argentina, in the
Western Hemisphere, and between Le Havre,
France, to Southern Africa and from Northern
Manchuria to New Zealand in the FEastern
Hemisphere. One camera was capable of photo-
graphing hundreds of thousands of square miles
in one picture, the area varying with the angle
of the lens to the earth. The other instrument,
a high-resolution camera, could photograph
an area 80 miles on a side within the area
covered by the first camera. The high-resolu-
tion camera, which provided 10 times the de-
tail of the wide-angle camera, reproduced the
structure and texture of clouds within the over-
all cloud mass.

About midnight on June 29, after Tiros 1
had completed 1,302 orbits around the world,
attempts to interrogate the satellite ceased. Its
effective lifetime, during which it transmitted
22,592 pictures, was at an end.

Echo 1, the world’s first successful passive
communications or ‘radio mirror” satellite
was launched on August 12 from AMR with
the new Delta rocket vehicle (it was Delta’s
first successful launch). The 100-foot diameter,
inflatable sphere of aluminized Mylar plastic,
weighed 137.4 pounds and contained an addi-
tional 30 pounds of subliming chemicals to in-
fate it.

The sphere went into a nearly circular orbrt
which was confirmed when word of a sighting
was received from a tracking station at
Woomera, Australia. Echo’s initial apogee was
1,049 miles, perigee 945 miles. During its first
orbit, scientists transmitted President Eisen-
hower’s tape-recorded voice from California to
New Jersey, via the sphere. Numerous other
communications experiments were conducted,
transmissions including teletype signals, fac-
simile photographs, two-way telephone conver-
sations using commercial equipment, trans-
continental and trans-Atlantic signal relays,
and experiments to learn more about the effects
of the ionosphere upon radio signals.

Echo I's launching was part of NASA’s pro-
gram to investigate the feasibility of satellites
for global communications, including world-
wide telephone, radio, and television. Such
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satellites may eventually lead to worldwide
“live” TV broadcasts.

Explorer VI1II, a 90-pound satellite equipped
to carry out the first intensive direct measure-
ment study of the earth’s ionosphere, was
launched on November 3 from AMR by a
Juno II. The spin-stabilized satellite, shaped
like a toy top, went into an initial orbit with
an apogee of 1,423 miles, a perigee of 258 miles.

The ionosphere consists of a series of regions
of charged particles beginning about 50 miles
above the earth’s surface and extending for
hundreds of miles into space. Here, ultra-violet
radiation from the sun acts upon the atoms of
the atmosphere, causing them to become ion-
ized, that is, to lose their electrons. The result
is a gaseous substance which scientists call
plasma.

Because radio signals normally bounce back
and forth between the earth and the ionosphere
—like light relayed along a series of mirrors—
international radio communications are made
possible, despite the curvature of the earth.
However, the composition of the ionosphere
is constantly changing because of solar storms,
auroral displays and other natural phenomena
such as sunlight and shadow. These shifts
sometimes disrupt communications, cause the
radio signals to be absorbed in the ionosphere
—or cause them to streak right through the
ionosphere into space.

Data from Explorer VIII were still being
analyzed at year-end, and it was too early to
draw conclusions. But instrumentation of its
eight experiments was functioning satisfactorily
and scientists were hopeful that the data will
prove very useful in the field of communica-
tions.

The satellite has two secondary objectives:
1) to measure the charge accumulation, that is,
the static electricity, on the satellite’s aluminum
surfaces which can be related to the problem
of electrical drag; and 2) to measure the num-
ber of micrometeorite impacts.

Tiros 11, a 280-pound advanced version of
Tiros I, was launched from AMR by a Delta
on N(?vemb(?r 23, flying into an orbit with a
3.87’"“16 perigee, a 453-mile apogee. The satel-
lite was equipped with a narrow-angle and a
wide-angle television camera, each the size of
a water glass, plus infrared sensors to measure
solar and terrestrial radiation. The radiation
experiment will assist research meteorologists
in studying general circulation of the atmos-
phere and in determining many features of
atmospheric composition and temperature.
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At the end of 1960, data from Tiros 11 were
still being analyzed. At that time, the narrow-
angle camera and the infrared sensors were
working well, but the wide-angle camera was
not providing pictures of as high quality as
those produced by Tiros 1.

The U.S. Weather Bureau was working
closely with NASA scientists on the Tiros II
experiment as it did with Tiros I. Weather
Bureau scientists were analyzing the pictures
and transmitting them to the Bureau’s National
Meteorological Center near Washington, D.C.
From the NMC, the pictures were relayed by
facsimile and teletype circuits to military and
civilian meteorological centers in different
parts of the country. The Weather Bureau was
also processing the radiation data.

During the year, NASA launched dozens of
one- and two-stage sounding rockets—Aerobees,
Nike-Cajuns and Nike-Asps—in its geophysical
and astronomical programs. Many of the
launchings were from Wallops Station, Va.

In aeronautics, NASA research ranged
widely, from Vertical Take-Off and Landing
(VTOL) and Short Take-Off and Landing
(STOL) aircraft to Dyna-Soar, a joint project
with the Department of Defense. Dyna-Soar
is a manned maneuverable air-space vehicle
which will explore hypersonic flight up to
orbital speeds. Highlight of the aeronautics
program was the progress with the X-15.

On August 4, at the Flight Research Center,
Edwards ATDB, Calif.,, X-15 No. 1 set a new
world’s speed record of 2,196 mph—more than
three times the speed of sound (Mach 3.31).
NASA test pilot Joseph A. Walker was at the
controls.

The flight began at 8:58 a.m. PDT, after
the airplane had been released from its mother
ship at an altitude of 45,000 feet. Walker
openced the two rocket engines to full thrust.
In four minutes of powered flight before the
fuel burned out at 66,000 feet, the X-15 at-
“tained the record speed, as Walker said, “for
just the snap of a finger.” The previous world
record of 2,094 mph was set on September 27,
1956, by Air Force Captain Milburn G. Apt,
who was killed when his X-2 aircraft went out
of control and crashed.

On August 12, X-15 No. 1, piloted by Air
Force Major Robert M. White, broke another
four-year record by flying to an altitude of
136,500 feet, surpassing the previous world
record of 126,200 feet achieved in 1956 by the
late Air Force Captain Ivan C. Kincheloe in an
X-2. White reported “a direct contrast in the sky,
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with a band of light below about 50,000 feet,
and higher than that, a very deep blue. There
was no restriction on visibility, however, just
a much deeper blue sky.”

The X-15 climbed at Mach 1.9, at an angle
of 50 degrees. Fuel in the two engines was
exhausted at an altitude of about 120,000 feet
but momentum carried the airplane to the
record height of 136,500 feet. Then the X-15
nosed down and glided to 60,000 feet at about
1,000 feet per second, during which its stability
was tested and found to be good. After a total
flight time of 11 minutes, the aircraft glided
to a landing on Rogers Dry Lake at Edwards.

As 1960 ended, NASA had accomplished
several initial goals of its Long Range Plan,
such as Echo I and Tiros I and II, and had
revealed proposed advanced missions involv-
ing Ranger, Surveyor, Prospector, and Mariner
spacecraft. Ranger will land the first survivable
payloads on the moon; Surveyor and Prospector
will make controlled landings on the moon;
and Mariner will carry out deep penetrations
of interplanetary space, including missions to
Venus and Mars.

During the 1961-69 period, the U.S. planned
to press forward with such lunar experiments.
The most rewarding phase of lunar exploration
will come when men reach the moon, probably
after 1970. In a broad sense the main drive of
the Plan consists of preparations for manned
expeditions to the moon and nearby planets
in the decades to follow. The U.S. is placing
emphasis upon lunar experiments for several
reasons:

First, in the words of a scientist in NASA’s
lunar program: “The moon may have the
answers to some of the most important ques
tions in science. How was the solar system
created? How did it develop and change?
Where did life come from? The particular
importance of the moon is that it is the only
accessible object that can give us these answers.
The reason for this is that the moon has no
wind and water to erode its surface, to wear
away the record of history, to destroy the cos-
mic dust that has fallen there for billions of
years.”

Second, success in the lunar program will
provide this country with the experience for
attempting flights to the nearer planets. In
short, NASA will be able to perfect its com-
munications, guidance, and propulsion systems
over the lunar distance—about a quarter of a
million miles—and thus get “practice” for the
longer voyages to Venus and Mars. n
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THE AIRLINES

N COMMERCIAL air transportation the

year 1960 was one during which the doors
opened wider on the jet age. It was a year the
U.S. scheduled airlines, well into their $3 bil-
lion jet equipment program, were taking de-
livery on 155 pure jets and 39 turbo-prop
planes, or at a rate of about one new jet-
powered plane every 44 hours, thus adding:an
additional billion dollars worth of the finest,
fastest and most thoroughly tested aircraft to
their fleet. These were in addition to a jet fleet
which at the end of 1959 included 85 pure jets
and 313 prop-jets.

While statistics for the first six months of
1960 showed that the scheduled airlines were
digesting their added capacity at what might
pc termed better than average, airline earn-
Ings were not as good as in 1959. For the most
part, this may be attributed to a doleful first
quarter in which numerous factors seemed to
conspire with unusually severe weather to pro-

duce an over-all industry loss. Recovery started
in April and the picture became brighter later
in the year. Traffic-wise, 1960 was expected to
be a record year for the airlines.

Coach service, which started in 1949, by
1959 on the domestic trunk lines had become
more than 43 per cent of the revenue passenger
miles and in June, 1960, for the first time
passed first class traffic with 1.4 billion revenue
passenger miles compared to 1.2 billion first
class passenger miles.

In 1960 there were 55 airlines in the United
States which had been certificated by the Gov-
ernment to render scheduled airline service,
and their dollar turnover—that is, money taken
in and paid out—was estimated at approxi-
mately five billion dollars, a reasonable estimate
when one remembers it takes 100,000 different
goods and services—from wingtip lights to tele-
type circuits to advertising—to kecp the airlines
flying.

REVENUE PASSENGERS FIRST EIGHT MONTHS

First Eight Months

First Eight Months

Domestic Trunk Lines .................
Local Service Lines ...n................
Helicopter Carriers ........... ... ... ...
Intra-Hawaiian Carrviers ...............
International & Overseas ..............
Alaskan Carriers ...........i i

1960 1959
(000) (000) %c Change
30,493 29,316 4.0
3,679 3,395 8.4
333 226 47.3
600 501 198
3,556 3.20+ 11.0
252 249 1.2
38,913 36,891 5.5
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CONSOLIDATED AIRLINE TRAFFIC AND FINANCIAL DATA
FIRST SIX MONTHS

First Six Months First Six Months

1960 1959
(000) (000) % Change
Revenue Passenger Miles ... . ... .. 18,871,126 17,125,977 10.2
Revenue Ton Miles Traffic
Passenger ............ .. .00 1,813,376 1,643,331 10.3
U.S. Mail (Priorvity) .............. 95,544 85,729 114
U.S. Mail (Non-priorvity) .......... 9,696 8,618 12,5
EXPICSS  vuetireiii i 28,206 26,123 8.0
Freight ..o, 302,185 275,444 9.7
Charter Flights ... ... ... .. ... 159,204 150,648 5.7
Excess Baggage & Foreign Mail .... 26,297 25,732 22
Total Revenue Ton Miles ............. 2,434,458 _2_,2_13—,EQE —¥—95
Swinmary of Profit or Loss
Total Operating Revenue  ......... 81,372,393 $1,234,981 11.1
Total Operating Expenses ......... 1,369,584 1,178,428 16.2
Net Operating Income or Loss 2,809 56,553 (95.0)
Interest on Long Term Debt ...... 30,849 21,002 46.9
Other Non-operating Income ...... 18,997 27,547 (31.0)
Income Taxes ...........ccccv.... 3,851 32,500 (88.2)
Net Profit or Loss ... S 1_2,594 g—_?)l_,;gg —__—

Commercial scheduled service was available
to all U.S. cities over 100,000 population; to
more than 75 per cent of those with over 10,-
000 population; and to 50 per cent of those
communities with a population of over 1,000.
These cities were receiving more than 20,000,-
000 ton miles of available airlift every day.

The airline industry in 1960 was becoming
more and more a major factor in the country’s
economic picture. Hundreds of thousands of
workers are employed by the airlines and the
thousands of firms which supply the airlines
or airline customers

In the case of the domestic trunk lines alone
employees got $764 million or 42.5 per cent
of all revenues in 1959.

Most of the fifty-five airlines operated con-
ventional aircraft and serve passengers, shippers
of freight and express, and the Post Office.
Others were certificated for selected types of
traffic or for the operation of specific types of
aircraft, such as the helicopter airlines.

HE U.S. airlines became in 1960 the No. 1
form of intercity, common carrier travel in
the United States, as measured by revenue pas-
senger miles. Ranked well below railroads and
bus lines in 1950, when they carried only 14
per cent of this traffic, at the rate of increase
shown during the first six months of 1960, the
airlines were expected to exceed the combined
total of train and bus passenger miles between
American cities.
In the international field, airlines replaced
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steamships as the No. 1 form of passenger
travel. In 1950 the airlines carried less than half
of the total passenger traffic between the U.S.
and foreign countries. In 1960, more than 75
per cent of this traffic moved via air and the
remainder by sea.

At the end of June, 1960, tourist service on
the North Atlantic ended and the three class
service which had been operated since 1958
became a two class service—first class and econ-
omy. This two class service also applied in
other sections of the world. In addition, the
international carriers added an experimental
17-day off-season excursion across the Atlantic
between October 1 and March 31, with lower
rates.

In the helicopter segment of the industry
the gain in passengers during the first six
months of 1960 was more than 659, with a
total of 243,000 passengers.

In 1959, latest year for which complete fig-
ures are available and the first full year of the
jet age, the U.S. airlines flew almost 56 mil-
lion passengers. That was 6 million more
passengers than were flown in the previous
year and is the industry’s greatest single-year
increase.

The growth and impact of air transporta-
tion was outstripping the country's rate of
growth in general. For example, while the gross
national product increased about 68 per cent
in the “Fifties,” airline passenger traflic in-
creased more than 300 per cent.

Despite this impact, commercial air transpor-
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tation in 1960 is something of a statistical par-
adox. The certificated air carrier system
accounted for but 2 per cent of the total civil
aviation plane fleet and 16 per cent of the total
hours in the air. Yet it transported nearly 60
million passengers and accounted for more
than 90 per cent of the ton miles of traffic
flown; and, in 1960, it was presently flying well
over 60 per cent of the world air traffic outside
the Iron Curtain.

The year 1960 saw the use of credit flying
continuing to increase and it was estimated that
approximately one out of four Americans are
now saying “charge it.” The defaults stemming
from credit flying were relatively few in num-
ber. With some of the airlines, “on the cuft”
travel was increasing at an even faster pace than
passenger traffic itself. In 1959, the latest year
for which full figures were available, net pas-
senger billings for all forms of credit flying
were nearly 21 per cent of their income from
passengers and excess baggage. In the case of
the trunk lines alone, the figures were more
than 24 per cent.

N the year 1960, the airlines continued to

work on improving service in such matters as
handling of reservations, baggage and connec-
tions. Through the Air Traffic Conference of
the Air Transport Association they were having
(1) a $73,000 study of interline procedures
made by the Armour Research Foundation of
the Illinois Institute of Technology; (2) a $10,-
000 study of interline baggage handling made
by the Baggage Handling Subcommittee of the
Ticketing and Baggage Committee of the Con-
ference and; (3) an Interline Connections
Committee giving continual attention to con-
necting times and schedules. In addition, the
airlines are spending millions of dollars on the
development of electronic reservations systems.

Aircraft noise is a problem that has con-
cerned the airline industry for some years and
the advent of the jet that makes a different
sound from other large planes brought the
problem more sharply into focus. Recognizing
the national factors involved, the aviation in-
dustry was doing everything possible in the
public interest, and despite the fact that the
Federal Aviation Agency assumed responsibility
in this field, the Aerospace Industries Associ-
ation, the Air Line Pilots Association and the
Air Transport Association formed a new
organization, the National Aircraft Noise
Abatement Council. The purpose of the Coun-
cil was to make certain aviation was taking
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every possible step, nationally and locally, to
abate noise.

Even before the first pure jet was flown, the
manufacturers, it was estimated, spent S50
million on research development and testing
noise suppressor devices. From the start the
airlines equipped their four-engine pure jet-
liners with sound suppressors that use some
500 extra gallons of fuel, or 5 per cent of the
10,000 gallons a jetliner takes on for a coast-
to-coast flight. It was estimated that the cost
is about $1.7 million a month to operate the
noise suppressors.

In 1960, the airline industry went on record
that the United States should seriously con-
sider starting the development of a supersonic
transport capable of a cruising speed that
would make possible the crossing of the country
or the Atlantic in about two hours.

Stuart G. Tipton, president of the Air Trans-
port Association, representing the scheduled
airlines, testified before Congress at hearings
on the feasibility of a supersonic transport,
that the whole history of transportation indi-
cated that such a plane will be built as the
basic requirements of safety, comfort and cost
are met. Reporting that the United Kingdqm,
Soviet Russia and the French in cooperation
with West Germany were considering such a
plane, he said: “The United States has trad%-
tionally maintained world leadership in avi-
ation and there appears no sound reason why
we should relinquish it.” u

ALLEGHENY AIRLINES

DURING 1960, Allegheny achieved several
important corporate objectives and recorded
new highs in all categories of service and traflic.

Chronologically, some of the high points of
Allegheny’s year, included:

* During February, the company completed
an $11,725,000 financing program, and inked
a contract with Napier Engines Inc. for the
delivery of a fleet of jet-powered Convair
540s.

* FEleven Convair 340/440s were added to
Allegheny’s fleet during March.

* On April 12, the airline inaugurated the
first phase of its new services into New Eng-
land over routes awarded by the Civil Aero-
nautics Board at Boston, Providence, Bridge-
port and New Haven.

* On May 20th, Allegheny proposed high-
frequency, “no-frill” nonstop commuter serv-
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gain full advantage of airfreight speed.

In October, American flew 11,201,000 ton
miles of airfreight, setting for the second suc-
cessive month a new record for domestic air-
freight volume for any month and marking the
first time any domestic scheduled airline ex-
ceeded 11,000,000 ton miles in a single month.

The company’s DC-7F airfreight fleet reached
a total of 13 by the end of 1960. The DC-7F,
converted from the passenger-carrying DC-7
into an all-freight aircraft, cruises at 350 miles
an hour and is capable of lifting 33,500 pounds
of cargo non-stop from coast-to-coast.

On September 1, American launched the
first DC-7F airfreighter service linking the
United States and Mexico. The DC-7Fs fly
from New York to Mexico City five days a week
with stops at Detroit, Dallas and San Antonio.

In 1959, American became the nation’s first
airline to fly more than 100,000,000 ton miles
of scheduled airfreight. The total in 1960 was
115,000,000 ton miles—some 12 percent over
the 103,000,000 carried in 1959. Contributing
to this 1960 record-smashing figure was increas-
ingly heavy use by shippers of jetfreight. The
airline also introduced “Truckair” in 1960, a
nation-wide combination of truck and air serv-
ice linking 575 communities with more than
60 cities on American’s airfreight network.

In 1960 American carried 8,614,000 pas-
sengers a total of some 6,410,000,000 passenger
miles.

American, along with other major carriers,
received a much-needed boost in transconti-
nental jet coach fares in 1960. The boost re-
stored these fares to about 75 per cent of first
class fares. They had fallen to 60 to 65 per
cent of first class and brought a drop in rev-
enue as more passengers, impressed by the
swiftness of jet travel, elected to ride in the
slightly less luxurious coach sections.

Early in the year, American opened its new
$14,000,000 passenger-tailored air terminal at
New York International Airport. A combina-
tion of the aesthetic and the functional, the
new terminal’s exterior is highlighted by a 317-
foot sweep of stained glass facade and distin-
guished by enclosed jetways that enable pas-
sengers to enplane and deplane without ex-
posure to the elements.

The airline reported that “Aircheck,” which
it introduced in 1959, continued to exceed all
expectations in 1960. “Aircheck” enables cor-
porations literally to write their own tickets
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for air travel by their employees in their own
offices on American and 32 other airlines, in-
cluding helicopter lines. Businessmen use “Air-
checks” at the rate of more than 7,000 a month.

Even American’s Stewardess College at Fort
Worth, Tex., got caught up in the record-
breaking. Light hundred girls were scheduled
for enrollment in 16 classes during 1960, com-
pared with 722 in 1959. More girls were needed
because of American’s expanding air fleet with
its stepped-up requirements. Four girls serve
on 707s, while many Electra runs require three
stewardesses.

Charter mileage on American got a substan-
tial boost from the Presidential campaign.
American’s DC-6s, Electras and 707s flew more
than 150,000 campaign plane miles for all four
major candidates, their parties and the accom-
panying press.

For the most part, President-elect John F.
Kennedy flew in his own Convair, but the two
specially-fitted American Airlines airplanes that
accompanied the Convair carried the Kennedy
staff, occasionally the candidate himself, and
the press more than 75,000 airplane miles.
LLyndon Johnson flew 34,000 miles in an Ameri-
can Electra and about the same mileage was
logged with American by Richard M. Nixon.
Henry Cabot Lodge flew almost 7,000 miles
with American.

Most of the airplanes that were in regular
use in the campaign had seats taken out to
make way for desks, duplicating machines, beds
and other special equipment. Use of the 707s
and 720s made it possible for the candidates to
make some spectacular “jet stop” tours, some-

times covering thousands of miles in a 24-hour
period.

BONANZA AIR LINES

HIGHLIGHT OF Bonanza’s 1960 year was
retirement from scheduled service of its last
DC-3, which made the airline the first in the
U.S. to operate an all-turbine fleet. The event
occurred in November, after which Bonanza
served its schedules exclusively with the Fair-
child F-27 Silver Dart.

I?uring 1960, Bonanza was involved in two
major route proceedings. In the Pacific South-
west Local Service Case, the airline sought to
provide Silver Dart service on four new seg-
ments and to have operating restrictions re-
moved on two other segments. The applications
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airliners on its Latin American network south
of Mexico City.

At year-end, CPA employed approximately
2700 employees, including 210 pilots and 180
cabin attendants.

CAPITAL AIRLINES

ANNOUNCEMENT OF a plan to merge
Capital into United Air Lines was the most
significant development at Capital Airlines in
1960. The merger proposal, which was formally
announced by both carriers in July, was under
consideration by the Civil Aeronautics Board
at year-end. Other major actions by Capital in
1960 were an increase in the company’s air-
coach operation and a plan to lease Boeing
720 pure jet airliners for jet service between
Miami and the Great Lakes area in early 1961.

The course towards merger was taken by
Capital after a first quarter period of severe
operating conditions forced the company into
a financial situation which was climaxed by
the announcement that Vickers-Armstrongs
Ltd., British manufacturers of the Viscount,
had started proceedings leading to foreclosure
of the chattel mortgage held on Capital’s fleet.
Efforts to develop a plan for refinancing of the
Vickers debt and for acquisition of pure jet
equipment proved unsuccessful, and Capital
then turned to its only alternative—merger.
Under the direction of the board chairman,
Thomas D. Neelands, Jr., a prominent invest-
ment banker and merger expert, an agreement
was reached with United which both carriers
felt would best protect the interests of Capital
employees and stockholders and the traveling
public in general. Stockholders of both United
and Capital approved the merger on October
14, and the Civil Aeronautics Board Examiner
conducted hearings on October 19. The two
airlines requested that the CAB expedite the
proceedings so that the merger might become
effective by February 1 of next year.

The program for expanded coach service was
announced in March at Capital’s yearly sales
conference held in Williamsburg, Virginia.
The plan called for leasing of additional DC-
6B airliners from Pan American World Air-
ways to be used on the Great Lakes to Florida
run as well as Capital’s major east-west routes.
A total of eleven DC-6Bs were involved in the
leasing agreement, representing a 35 per cent
increase aircoach revenue seat mile capacity
over Capital’s 1959 figure. The DC-6Bs carried
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88 passengers and featured comfortable, lux-
urious interiors accenting a new concept of
de luxe aircoach service, called Cardinal Coach
flights, which the company introduced in the
spring of 1960.

Late October saw the announcement of Cap-
ital’s plan to lease Boeing 720 jet airliners for
service between Miami and the Great Lakes
cities of Cleveland and Pittsburgh. Two daily
round trips between Miami and each of the
two northern centers were to begin in early
January, 1961. The new Capital pure jet flights
will feature four classes of service, one of which
should appeal to everyone desiring a Florida
vacation this winter. The Boeing 720s were to
be leased from United Air Lines.

Other significant developments at Capital in
1960 were:
® Introduction of Festival Fares from 46 cities
on Capital’s system to New York City. The in-
novation in economy travel, calling for reduc-
tions of 25 per cent in first class fares and 18
per cent in coach fares, was tied-in with New
York’s famous Summer Festival event. A joint
air fare and New York tour package promotion,
the Capital Festival Fare plan resulted in the
sale of 2,000 tour packages to Summer Festival
visitors, an increase of 100 per cent over Cap-
ital’s total New York package sales for the en-
tire year of 1959. Capital estimated that its
new program channeled about a quarter of a
million dollars into New York’s traditional soft
summertime economy in the form of monies
spent at hotels, restaurants, theaters and sight-
seeing establishments.
® Inauguration of Air Bus Service between
Pittsburgh and Miami. Air Bus flights were
started in October and were aimed at attracting
travelers who normally use train, bus and pri-
vate auto for their transportation on vacations
to Florida. Main feature of the service is a $40
one way fare which compares favorably with
all forms of surface travel. It is a ‘“no frill”
operation which offers fast, comfortable trans-
portation without some of the extras for which
other travelers pay more, such as en route
meals.
® A new corporate identity and trademark for
Capital designed to better reflect the company’s
goals and service standards. The new trademark
is a “flowing oval” with the company name
imprinted on a panel of Capital blue. The pro-
gram called for the new trademark to appear
on company aircralt, advertisements, letter-
heads and all other material visible to the pub-
lic.
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Electronic aids and efficient counter procedure
cut down check-in time.

The terminal will utilize the Delta passenger
jetway, in use at Atlanta and secheduled for
early installation at Chicago and Miami. With
a gross weight of 12,000 pounds and a height
of 12 feet, the two-level Jetway can be ex-
tended to a maximum of 6 feet, moving from
an attached position at the terminal side to an
airliner door in just a few seconds. Passengers
disembark from the plane into the terminal
without ever setting foot on the ground.

Delta’s DC-8’s were operating an average of
7 hours 17 minutes a day, or 1130 hours a
month; the Convair 880’s had a daily utili-
zation of 5 hours 12 minutes (935 hours a
month). Average stage length of the medium-
range Convair 880 was 844 miles.

Maintenance on Delta’s jet fleet was per-
formed at jet hangars in Dallas and Miami
(completed in 1959) and at the airline’s multi-
million dollar jet overhaul center completed
in 1960 at the Atlanta Airport, its home office.
Approximately 1,700 persons were employed at
the huge Atlanta facility, which has the largest
doors (open area) of any such structure in the
United States and possibly the world. More
than 45 departments at the base were capable
of overhauling every system and every compo-
nent of the big jets—from airframe structure to
the most intricate radar equipment.

Another jet addition to Delta’s maintenance
and flight training program facilities was the
million dollar simulator, manufactured by
Link Aviation, Inc., which realistically dupli-
cates all flying conditions in the Convair 880
cockpit from take-off to touchdown, including
instrument simulation cockpit motion, and
sound simulation. First to install the Convair
880 simulator in service, Delta used it to train
flight crews and also mechanics and 1nspectors
who compose Convair 880 ground crews.

Yielding to the more modern means of trans-
portation, Delta’s DC-3 fleet was retired in 1960
after almost 20 years of dependable service.
Commemorative covers, marking the End of an
Era, were flown on the last DC-3 flight from
Knoxville to Atlanta on October 29, 1950.

Public acceptance of jet travel was excellent,
and Delta’s jet fleets were producing in average
load factor of approximately 65 per cent.

Marked gains were recorded in all categories
of traflic for the first 10 months of 1960. The
company’s operating revenues totalled $108,-
657,000, up 21 per cent over the first 10 months
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of 1959. Net earnings after taxes of $2,457,000
equaled $2.19 per share, compared with.$2,-
047,000 and $1.82 a share the previous year.

Estimating the final days of December, Delta
will carry 3,390,000 passengers a total of 1,-
870,000,000 miles. This represents a 10 percent
increase in passengers and a 15 percent increase
in passenger miles over 1959,

Four cash dividends of 30 cents a share each
were paid on March 1, June I, September I,
and December 1, marking the 12th consecutive
year of such payments.

Delta, which pioneered the trans-southern
route in 1929, had been seeking a direct route
to the West Coast for over 10 years. The Civil
Aeronautics Board’s Bureau of Air Operations
on December 15, 1959, recommended in the
pending Southern Transcontinental Case that
Delta be awarded an Atlanta-West Coast route,
and CAB Examiner Edward T. Stodola, on
June 20, 1960, also recommended the exten-
sion of Delta’s transsouthern route west of
Dallas and Fort Worth via Lubbock, Albuquer-
que, Tucson, Phoenix, and San Diego to Los
Angeles/Long Beach, and via Las Vegas to San
Francisco/Oakland. A decision was expected
at the end of the year.

EASTERN AIR LINES

THE YEAR 1960 marked the full entry of
Fastern Air Lines into the jet age, and a turn-
ing point in its approach to the problems of
development of broader markets for air trans-
portation.

Eastern started the year with an intensive
training ‘program on its new Douglas DC 8-B
jets, equipped with the larger Pract & Whitney
J75 engines which do not require water in-
jection. The‘ﬁrst passenger-carrying schedules
with these aircraft were flown between New
York and Miami on January 24th, and by the
year’s end 11 of an initial order for 16 DC 8-B
jets were in service over principal routes link-
ing New York not only with Miami, but also
with Mexico City, D.F.; San Juan, Puerto Rico;
West Palm Beach and Tampa, Fla.; Atlanta,
Ga.; New Orleans, La.: and Houston, Tex.;
Chicago with Miami; Detroit with Miami: and
Boston with Philadelphia and Miami.

During the latter part of the year Eastern
placed additional orders for jets with the Boe-
ing Airplane Company—15 of the type 720
medium to long-range jets for delivery in 1961
and 1962, and 40 of the type 727 short to
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In 1960 Frontier Airlines completed its re-
organization which affected all departments in
the company. The airline’s officers were Lewis
B. Maytag, president and chairman of the
board, G. Ray Woody, executive vice president,
Ray P. Minniear, vice president of operations
and J. Dan Brock, vice president of traffic and
sales, plus Edward F. Dolansky, treasurer.

Frontier continued to operate 44-passenger
Convair 340’s over five of the company's
heaviest passenger density routes between Den-
ver, Colorado, and Tucson, Arizona; Denver
and Riverton, Wyoming; Denver and Grand
Junction, Colorado; Denver and Kansas City,
Missouri; and Albuquerque, New Mexico, and
Salt Lake City, Utah. The Convairs started
scheduled operations on July 1, 1959,

LAKE CENTRAL AIRLINES

ROUTE DEVELOPMENT was the high-
light of 1960 for Lake Central Airlines. Dur-
ing the year, the Civil Aeronautics Board issued
final decisions in the three major route cases
in which Lake Central was involved. These
included the Cincinnati-Detroit Suspension In-
vestigation, an expedited portion of the Pied-
mont Area Local Service Investigation, and the
Great Lakes Local Service Investigation.

Decisions in the three route cases extended
Lake Central service to 50 cities in the District
of Columbia and the eight states of Indiana,
Illinois, Ohio, Pennsylvania, New York, West
Virginia, Michigan and Maryland.

In the Cincinnati-Detroit case, L.ake Central
was awarded authority to serve a north-south
route between the two terminals and the
intermediate cities of Columbus, Dayton, and
Toledo, Ohio, with unrestricted non-stop
privileges.

The CAB decision in the expedited portion
of the Piedmont case added Evansville, Indiana
to the route structure of the local service car-
rier. Lake Central will offer exclusive service
on a non-stop route between Cincinnati and
Evansville and provide Chicago-Evansville and
Indianapolis-Evansville  service, via Terre
Haute, Indiana.

A total of 16 cities, served through 13 air-
ports, were added to the Lake Central system
in the Board’s final decision in the Great Lakes
Local Service case. These cities are Jackson,
Michigan; Columbus, Indiana; Sandusky,
Marietta, Findlay, Akron and Canton, Ohio:
Parkersburg, Clarksburg, Fairmont, Charleston,
Flkins, Wheeling and Morgantown, West Vir-
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ginia; Baltimore, Md.; and Washington, D.C.

The CAB decisions also provided Lake
Central with authority to serve many new
routes between cities currently served by the
airline. Among them were such routes as Frie-
Pittsburgh;  Detroit-Cleveland; Bloomington-
Cincinnati, via Columbus, Indiana; and east-
west service linking such industrial cities as
Detroit-Cleveland-Youngstown and Pittsburgh.

Lake Central announced a tentative schedule
to inaugurate service over its new routes, be-
ginning January 1, 1961, when Evansville and
six West Virginia cities were to receive first-
time X.ake Central service. Service to other
cities and over other newly awarded routes is
scheduled to begin each consecutive month
through May of 1961.

During October, Lake Central accepted de-
livery of the first of five 44-passenger Convairs
which were ordered during the first part of the
year. The second Convair was delivered in
November and a third in December. After
undergoing modification to Lake Central speci-
fications, the aircraft are to be put into opera-
tion during the early part of 1961. Lake
Central also increased its fleet of DC-3s from
12 to 15 during the last quarter of 1960. Plans
for 1961 include a greater increase in DC-3s
and dclivery of the remaining two Convairs.

With the increase in aircraft and route ex-
pansion, Lake Central has recorded a large
personnel Increase. By the end of the year, the
number of pilots employed by the local carrier
had increased from 76 to over 100. With the
mauguration of service over the entire system,
the number of pilots was to be increased to a
total of 165. Including the pilots, total per-
sonnel mcrease during the year went from 448
to approximately 560,

On November 9, Lake Central filed a regis-
tration statement with the Securities and Ex-
cllaqge Com‘mission for 180,000 shares of con-
VCI‘tIIbIC preferred stock at a par value of $20.
During the first week in November, Lake
Central also completeq arrangements for a
$3,0_00,000 bank loan. Proceeds of the con-
vertlb]e‘ preferred stock offering and the bank
loan will be used to acquire aircraft and to
meet other requirements of the company's ex-
panded route system.

With the increase in aircraft and personnel,
Lak‘e Central doubled it hangar facilities in
Indianapolis and announced plans for con-
structing a third floor on the existing office
building at the Indianapolis headquarters.

In June of 1960, Lake Central received the
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National Safety Council’s Award of Honor for
flying 75,000 aircraft hours without a major
accident. Lake Central has received this award
for eleven consecutive years, having received
the award each year the airline has been in
operation.

Lake Central, in cooperation with American
Airlines, continued its ‘““Main Street to the
Jet Age” advertising program in ESQUIRE
Magazine through April of 1960. During
August, the local carrier adopted a new symbol
of service which will appear in the future on
all advertising and graphic products. The
symbol includes a stylized airplane inside an
ellipse and an outer circle with a straight vert-
1cal line, representing the shortest distance
between two points, touching the left side of
the circle. An asterisk, representing the sun, is
also included in the design.

MOHAWK AIRLINES

MOHAWEK AIRLINES continued its fast-
paced expansion in 1960 by inaugurating
many firsts: new routes, new service, new air-
planes, new uniforms, new air-conditioning,
new radar.

These were Mohawk’s 1960 highlights:

New service to both Idlewild, New York and
Bradley Field, Connecticut; added routes to
Providence and Cleveland, and White Plains
to Boston, Jamestown and Olean.

Purchase of two Convair 240's and an op-
tion on three more. The new airplanes were
being used on Mohawk’s recently instated
schedule of three daily round-trip flights be-
tween Cleveland and central New York State,
Massachusetts and Connecticut. The three air-
planes on option were to be used to inangurate
service over anticipated route awards from the
CAB which the company hoped to service In
1961.

Announced plans to retire its rcn?aining
seven DC-3’s by the end of 1961. One airplane
was sold to Trans-Sierra during 1960.

Introduced for sale and installation a new
type of air conditioning and heating unit for
Convair 240’s and 340's which operates on t!1e
ground as well as during flight. These units
were designed jointly by Carrier and Mohawk
and were being used on all of Mohawk’s 240’s.

Became the first airline to use Collins Radio
Company’s new WP-103 \Veather‘Radar S.ys-
tems. This also marked the first ume Collins
leased its electronic or radio equipment to any
airline.
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Departed from the convention of having
stewardesses dressed in military-type uniforms,
and introduced a summer outfit consisting of
a sheath and a short box jacket, which was well

received by both the stewardesses and pas-
sengers. )

Hosted the Tenth Interline Sales Confer-
ence at the Thousand Islands Club in upstate
New York. More than ninety representatives
of airlines all over the world attended.

This was the first full year of Mohawk's
contract maintenance division which earned
$135,000 from January through September.
The division, which maintains and overhauls
corporate aircraft, expected to earn $234,000
by the end of 1960.

Created a Convention and Tour Bureau
within the company.

Installed new electronic phone systems in
reservations in both Syracuse and Newark,
speeding the reservation process considerably.

Perhaps the most unique of Mohawk’s in-
novations during 1960 was the inauguration
of its Gaslight Service. Two of the airline’s re-
maining DG-3’s were redecorated in the Vic-
torian manner, complete with antimacassars,
red velvet curtains with gold tassels, simulated
brocade wall paper, Currier & Ives prints, and
carriage lanterns. These flights are exclusively
for men and the only woman on board is the
stewardess who is all dressed up in a Gay
Nineties costume. Free beer, cheese and pretzels
are served, and good five-cent cigars arc avail-
able.

During 1960 Mohawk applied for routes
from Elmira to Washington, D.C., White Plains
to Washington, and Ithaca, Utica to Washing-
ton. The airline was waiting for the final deci-
sion on its route extension to Pittsburgh which
had received a favorable nod from both the
Bureau Counsel and the Examiner in the case.

NATIONAL AIRLINES

IN 1960 National Airlines, first with jets in
commercial service in the United States, be-
came the first airline anywhere to fly both 707s
and DC-8Bs. During the year, three DC-8Bs
were put into service. In 1960, for the first
time, National continued its pure jet service
between Miami and New York during the
summer vacation months. Tampa and New
York, and Miami and Philadelphia were also
jet-linked for the first time.

The Southern Transcoutinental Route Case
decision, of major importance to National,
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loomed at vyear-end. In July, 1960, CADB
examiner Edward T. Stodola recommended
that National be certified to fly the Miami-
Houston-Los Angeles route, and the Miami-
Houston-Dallas-San Francisco route. Final deci-
sion of the board was anticipated at the end
of the year.

During the year National had several other
applications pending before the CAB for route
extensions and modifications. Route applica-
tions were pending from Miami to Mexico City
via Tampa; New Orleans to Mexico City;
Miami to Jamaica and Panama; Miami to
Nassau; and Miami to Toronto, Canada, via
Buffalo.

A DC-8 jet simulator owned jointly by Na-
tional Airlines and Pan American Grace Air-
ways, 50-50, was put into operation at Na-
tional’s Miami base in July, training crews
in transition from prop-jets to pure jets. The
Link-manufactured simulator, which cost ap-
proximately $1,000,000, cut the expense of
training crews in DC-8s. It was available for
leased time to airlines other than the two co-
owners, and as the year ended was in use about
18 hours a day. An Electra prop-jet simulator
owned entirely by National was also put into
operation.

The fiscal year ending June 30, 1960, showed
a net loss to National of $2,958,179. One steep
drop in operating revenues resulted from the
political situation in Cuba, which discouraged
tourist traffic almost to the vanishing point.
Revenue from the Cuban operation was re-
duced by nearly $2 million from the previous
fiscal year. The company took delivery of more
than $35 million in new flight and ground
equipment during the year. This was accom-
plished with only $20 million in new borrow-
ing, the balance being generated [rom internal
sources. Increased operating expenses resulted
in part as an incident to introduction of jet
aircraft, and in part from an unusually heavy
overhaul program for piston-engined craft, in-
cluding major engine modifications.

Expanded during the year were National’s
charter and air freight services. In April 1960
the airline inaugurated Super H Constella-
tion Star Air-freigchter service between Miami,
Orlando, Philadelphia and New York. These
aircraft can carry 40,000 pounds per flight and
handle any size shipment moving by com-
mercial air freight. Further expansion of the
freighter service was planned.

Charter flights also became an important
source of revenue. Charter revenue for fiscal
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1960 was $1,040,000, a 57 per cent increase over
1959. About 25 per cent of this revenue was
derived from movements of military personnel,
with the balance coming from civilian flights.

In March, 1960, National brought Florida’s
west coast its first pure jet service, with in-
auguration of daily non-stop Douglas DC-8B
flights between Tampa and New York. Miami
and Philadelphia were also linked by National
with their first pure DC-8B jet service in the
same month.

NEW YORK AIRWAYS

HIGHLIGHTS OF New York Airways’ 1960
year were receipt of its first twin-turbine heli-
copter and opening of the new Wall Street
heliport.

NYA became the first helicopter airline in
the world to introduce twin-turbine equipment
when it took delivery of a Boeing-Vertol 107
helicopter in December. The Boeing-Vertol,
powerced by two General Electric T58 turbine

engines, accommodates 25 passengers. Accord-

ing to an announcement made in January,
1960, NYA was to purchase five of the 107s,
the last to be delivered in the spring of 1961.
On December 7th, NYA and the Port of
New York Authority officially dedicated the
Wall Street heliport, New York City’s second
heliport in Manhattan. The following day,
NYA started operations at the new site with
22 daily flights in and out of the heliport.
New York Airways, which flew its first pas-

senger in July, 1953, flew the 500.000th revenue
passenger in 1960.

NORTH CENTRAL AIRLINES

_ NOR_TH CENTRAL AIRLINES increased
its certificated route mileage by
third during 1960, a year marke
ing growth.

nearly one-
d by outstand-

During the year, North Central route exten-
sions totaled 1,529 miles, and the Civil Aero-
nautics Board awarded the Minneapolis/St.
Paul-based airline 17 new cities, increasing the

system to 90 cities in 10 midwest states and the
Canadian province of Ontario

The company’s largest route award of the
year was announced by the Board August 29.
This, the vast Great Lakes Area in\'csiiqntion,
added 1,267 miles to the system of 5,366 route
miles.

The order added Cleveland, Qhio, and 14
new Michigan cities to the North Central sys-
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OZARK AIR LINES

OZARK AIR LINES started the year 1960
with the introduction of jet-prop service to 14
midwest cities. The three 40-passenger Fair-
child F-27 radar equipped planes were operated
on the airline’s more heavily traveled routes
and, during the year, accounted for approxi-
mately 209, of the airline’s traffic.

Three new cities were added to the Ozark
system during the year: Austin-Albert Lea,
Minnesota; Galesburg, Illinois and Kirksville,
Missouri. Service was suspended at St. Joseph,
Missouri and Pittsburg, Kansas.

The most beneficial route development of
the year was the temporary suspension authori-
zation by the Civil Aeronautics Board of Ameri-
can Airlines at Springfield and Peoria, Illinois
and Trans World Airlines at Peoria. In 1959,
Peoria generated 98,214 passengers with Ozark
handling 839, of the traffic. At Springfield,
73,866 passengers used the air service with 77%,
being handled by Ozark. In the same authori-
zation Ozark was granted a one-stop authority
between St. Louis and Chicago.

Departmental reorganization of the airline
along functional lines was made during the
year. Nine departments were established, each
headed by a vice president under the immedi-
ate supervision of Joseph H. FitzGerald, presi-
dent. The vice presidents and their depart-
ments are: Edward J. Crane, comptroller; Rex
E. Creighton, purchasing and properties;
Francis M. Higgins, information; Sidney F.
McCullough, advertising and sales; Charles C.
Mounts, customer services; R. Grant Rees,
operations and maintenance; Paul J. Rodgers,
public and interline relations; Henry L.
Sweezy, administrative and economic controls
and Clarence L. Tabor, assistant to the presi-
dent.

Other organization changes during the year
included the establishment of an auxiliary crew
base in Chicago and expansion of the Rockford
maintenance base. Approximately 7000 square
feet of additional office space was acquired also
during the vear for an expansion of the gen-
eral offices of the airline at Lambert St. Louis
Municipal Airport.

During the year, facilities for Ozark were
being developed at O’Hare International Air-
port, Chicago, including space in a new term-
inal building and a $750,000 hangar. Ozark
planned to move part of its operations from
Midway to O'Hare early in 1961.

On September 26, 1960, Ozark marked its
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tenth anniversary of scheduled operations. Dur-
ing the ten years, the airline expanded from a
four plane operation with 40 people serving
six cities, to an operation serving 54 cities on

273 miles of routes in 10 states. A fleet of 24
DC-3’s and 3 F-27 jet-prop airplanes was being
used in the operation. During the decade the
airline operated nearly 50,000,000 miles and
flew nearly 3,000,000 passengers with a perfect
safety record.

PACIFIC AIR LINES

THE YEAR 1960 was an expanding one for
Pacific Air Lines.

First came the introduction of eight Martin
404’s into Pacific’s fleet as the airline launched
a program of providing its passengers with
additional pressurized and air conditioned air-
craft over its routes in California, Oregon and
Nevada.

Next was the opening of two new city sales
and service offices, one in downtown Eureka,
California, to make greater facilities available
for Pacific’s patrons in the Humboldt County
area, and the other in the heart of downtown
Sacramento, capital of California.

Following this was the extension of F-27 Jet-
hawk service to Medford, Oregon, and to Cres-
cent City and Santa Rosa, California, coupled
with excursion fares on a five-day roundtrip
basis between Crescent City, Eureka-Arcata,
and Portland, Oregon. Earlier, Pacific Air
Lines had instituted an excursion fare on a
three-day roundtrip basis between Burbank,
California, and Las Vegas, Nevada.

The year also saw Pacific Air Lines inaugu-
rate intensive training programs to provide
initial and recurring training for employees in
all job classifications. Pacific also undertook the
expansion of its engineering and maintenance
operatioqs at San Francisco International Air-
port during the year by establishing separate
engineering, maintenance and production con-
trol departments.

The year 1960 also saw Pacific Air Lines
make one of the broadest moves since it started
airline operations in 1947, when it filed appli-
cations with the Civil Aeronautics Board to
extend its routes into six additional western
states—Idaho, Utah, Colorado, Arizona, New
Mexico and Washington.

During the first eight months of 1960, Pacific
Air Lines flew over 4 million miles, carrying
well over 300,000 passengers. For the 12-month
period ending August, 1960, Pacific flew more
than 514 million miles to carry nearly a half-
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million passengers.

Pacific also hosted the July quarterly confer-
ence of the Association of Local Transport Air-
lines when the presidents of 15 local air carriers
from throughout the United States, Alaska and
Hawaii gathered at the Beverly-Wilshire Hotel
in Beverly Hills.

The introduction of the 404 Martinliners
into Pacific’s fleet enabled the airline to dis-
pose of some of its Martin 202’s. By adding the
404’s to the six F-27A’s, which it placed in serv-
ice in 1959, Pacific was able to extend its pro-
gram of providing service with pressurized, air
conditioned aircraft.

To keep pace with the ever-changing needs
of airline operations, Pacific in 1960 completed
the installation of the newest up-to-the-minute
equipment on its communications network
linking all the cities it serves in the three-state
area.

Basic equipment of the new communications
network was a new teletypewriter operating on
a private line circuit that can transmit 100
words a minute. Pacific’s stations in all three
states are connected with the relay center at
San Francisco International Airport, also the
control station on the system. Fach individual

station has its own call directing code and

through this code a message is automatically

directed to the proper station. Only the station

to which the call is directed is able to receive
the message.

Initial presentations on Pacific’s applications
to extend its routes throughout the additional
western states were prepared with hearings ex-
pected to get under way late in the year.

The year also saw Pacific Air Lines expand
its travel program with more than two-score
tours and package deals from the cities it serves
in the three-state area. The tours range from
sca level to ski level, from Alaska to Diskneyland
and from glamorous Hollywood to the fabulous

strip at Las Vegas. One of the Pacific tours
~includes famous Timberlake Lodge on Oregon’s
beautiful Mt. Hood, the only American resort
offering year-round skiing.

PAN AMERICAN WORLD ATRWAYS

PAN AMERICAN World Airways passenger
traffic continued to soar during 1960 as the
popularity of jet travel kept pace with the in-
creasing number of Jet Clippers entering serv-
ice.

Of 1its 53 jets received or on order, Pan
American had 45 in operation by the end of

CIVIL AVIATION

the year. The jet fleet consisted of 23 Boeing
Intercontinentals, six 707’s and 16 Douglas
DC-8C’s. The remaining eight jets were sched-
uled to be in service by early 1961.

The demand for space on jet aircraft, which
resulted in record loads during the summer
rush to Europe, continued heavy during the
fall months. Stimulating the fall traffic increase
was the new 17-day European excursion fare
which went into effect on October 1.

To accommodate the traffic anticipated on
the basis of advance bookings, Pan American
scheduled the largest transatlantic capacity ever
provided for the fall-winter period. During
October, Pan American offered 25,000 seats on
European jets alone and scheduled 43 Jet
Clipper flights a week. In addition there were
piston-engine flights.

During 1960 Pan American opened trans-
atlantic jet service from Detroit, Washington/
Baltimore, Chicago, and Philadelphia. Jet serv-
ice already had been provided from New York
and Boston and West Coast cities to Europe.

Jet Clipper service was instituted to Lisbon,
Barcelona, Nice and on to Rome. Jets make
the New York-Lisbon portion of the trip in
six hours and 15 minutes compared to the
piston engined aircraft time of 10 hours and
50 minutes.

Pan American also put into effect its first
daily nonstop jet service between New York
and Frankfurt and the first Jet Clipper schedule
to Shannon from Boston and New York. The
Frankfurt flight is made in seven hours and 20
minutes.

In March Pan American increased jet
schedules from the West Coast to Hawail. to
Australia, and to Europe.

The increase in Honolulu service from
Seattle/Portland was from three roundtrips a
week to four; from Los Angeles, from eight a
week to 11, and from San Francisco, [rom eight
a week to 10.

Jet Clipper service from the West Coast to
Sydney, Australia, was expanded from one to
two flights weekly and the polar jet service
from West Coast cities to London was increased
from two to three weekly.

Intercontinental Jet Clippers were added to
the Manila route, flying via Honolulu and
Guam. Flights, out of Los Angeles, reduced the
elapsed time to Manila nearly by almost half to
19 hours and 30 minutes, compared to piston-
engine time of 34 hours and 55 minutes. A
second weekly roundtrip was to be added to
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DC-7F’s, the most modern air freighters n serv-
ice. Flights were out of Chicago and Detroit
twice weekly. European cities served include
London, Amsterdam, Frankfurt, Stuttgart,
Munich, and Vienna.

The new Pacific cargo service links the
United States and the Far East with three 2%11-
cargo flights a week. Flights leave San Franciso
for Tokyo via Honolulu. One of the return
flights stops at Los Angeles.

Of the two truck-air cargo systems estab-
lished, one was with Consolidated Freightways,
the country’s largest motor freight carrier: The
system links Consolidated’s 145 terminals.m tl_le
United States and Canada and its services n
Europe and Asia with Pan American’s Clipper
Cargo flights throughout the world. '_l"he ar-
rangement makes possible direct shipments
with single documentation procedure to and
from interior cities as well as gateway points on
all six continents.

A similar arrangement was set up with Ryder
Truck Lines, one of the nation’s 10 top truck-
ing firms, to expedite freight service between
the U.S. and Latin America.

Keeping pace with the Jet Age revolution
aloft, Pan American’s new terminal at New
York International Airport was opened in the
spring of 1960. The four-acre circular terminal
brings the plane to the passenger, with an over-
hanging roof which enables passengers to board
undercover, eliminating long walks and ex-
posure to the elements. The terminal incor-
porates advanced designs in baggage handling
and check-in procedures and is capable of
handling eight fully loaded 120-passenger Jet
Clippers every hour. A unique feature of the
Pan Am terminal is the world’s largest air cur-
tain which forms the entrance, eliminating con-
ventional doors.

In the fall of 1960 Pan American and Grand
Central Building, Inc. announced a long-term
lease by the airline of 613,000 square feet of
space in what will be the world’s largest office
building over Grand Central Terminal in New
York. Named the Pan Am Building, the 59-
story structure will become the company’s
home office in 1963.

PANAGRA
(PAN AMERICAN-GRACE AIRWAYS)

BY FAR the most significant highlight of
Panagra’s operations during 1960 was the in-
troduction of jet service in May to cut travel
time between the United States and key cities
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in South America almost in half.

In a year which saw Panagra revenue pas-
senger miles and cargo ton miles climb to a new
record high, the pioneer U.S. flag airline
stepped up its services with the addition of
three Douglas DC-8 intercontinental jetliners
to its El Inter Americano luxury passenger
service.

By October, Panagra had increased its jet
frequencies from New York to Lima by way of
Miami and Panama to a daily service, and was
providing immediate DC-7 schedules for Santi-
ago, Chile six times a week, to La Paz three
times a week and to Antofagasta twice a week.

These 110-passenger jets cut as much as nine
hours from previous DC-7 schedules to link
New York and Miami with Panama City, Lima
and Buenos Aires in eleven hours and forty
minutes flying time. Regarded as the newest
and most advanced commercial airplanes oper-
ating in South America, the Panagra DC-8 jets
have accommodations for 40 first class and 70
tourist class passengers, a luxurious Fiesta
Lounge and stand-up snack bar, soda dispensers,
bed-sized berths, and a wide selection of the
finest international foods and beverages from
the airline’s Gourmet Galley. They are powered
by four Pratt & Whitney JT4A-9 (J75) engines
with 16,800 pounds thrust each and their latest
design incorporates the most modern improve-
ments in jet transports.

To stimulate more travel to South America
from key cities in the United States, aid travel
agents in devising lower priced package tours
to South America’s west coast and place the
principal attractions on the southern continent
within the reach of the two week vacationist,
Panagra introduced new excursion fares which
cut the price of a trip around South America
by as much as 35 per cent.

This brought the price of a round trip
tourist excursion fare from New York to Buenos
Aires to $600, from New York to Santiago to
$539.30 and from New York to Lima to $401.50.

The year also saw an increase in group
travel to South America with special tours for
medical, fraternal, business, farmer, and other
groups being oftered by travel agents.

To keep pace with the demand for shipping
heavy industrial machinery, oil drilling equip-
ment, air van packaged household goods, and
compact cars, Panagra in July introduced the
first DC-7F all cargo service between the United
States and South America. A Douglas DC-7F
airfreighter with a capacity of 29,000 pounds
replaced the DC-6A put in service earlier in
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the year, on a once-a-week schedule from the
Miami gateway to Panama, Guayaquil, Lima,
La Paz, and Cochabamba.

In the way of passenger service innovations
Panagra’s Gourmet Galley introduced a unique
airborne food service to provide international
menus ranging from Hungarian Paprika Chirke
to Irish Stew on a 24-hour advance notice.

Continuing its intense promotion of travel
to South America, the airline with the co-
operation of Pan American Airways produced
a new 16 mm sound and color motion picture
titled “Continent of the Sun.” The film was
being circulated to groups, clubs, and interested
organizations throughout the world and it was
being shown on television in the United States.

Special booklets were also published by the
airline to better inform travelers on customs
and immigration procedures as well as local
customs, services, and facilities in South Ameri-
can cities on the airline’s route. Titled “Take
My Tips on Arriving,” the booklets covered
Lima, Santiago, and Buenos Aires and were
distributed to passengers prior to landing in
each city.

In 1960, Panagra awarded seventeen travel
fellowships to South American students to
study in U.S. colleges and universities thus
helping to foster closer relations and create
better understanding between the Americas.
These brought to 843 the number of travel
fellowships awarded by the airline since the
program was launched 28 years ago with the
co-operation of the State Department and the
Institute of International Education.

For its perfect safety record over the past 16-
years during which time Panagra has flown a
total of 2,188,771,000 passenger miles without
a single accident or fatality in passenger serv-
ice over its routes 1in Panama, Colombia, Ecua-
dor, Peru, Bolivia, Chile, and Argentina, the
airline received special aviation awards from
the National Safety Council and the Inter
American Safety Council.

In May, when a disastrous earthquake and
tidal wave destroyed a section of Chile’s coastal
cities, Panagra went to the assistance of the
stricken nation. An aircraft and crew was
placed at the disposal of the Chilean govern-
ment to fly in medical supplies and clothing and
evacuate the wounded. The airline also joined
the airlift carrying tons of serums, drugs and
other reliet items free of charge on its regular
flights and provided the U.S. Air Force with its
navigational and communication facilities for
its “Operation Samaritan.”
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SOUTHERN AIRWAYS

SOUTHERN AIRWAYS year was marked
by expansion of its Tennessee routes. On
August 20, the airline started service between
Nashville and Memphis via Jackson and on
November 1 service was inaugurated on an-
other segment between Memphis and Tri-
Cities via Jackson, Nashville and Knoxville.
On November 15, Southern started service be-
tween Tri-Cities, Tennessee, and Huntsville,
Alabama, via Knoxville, Chattanooga and Shel-
byville, Tullahoma, Tennessee.

The company was planning additional new
service late in the year, with, for the first time,
direct air service between Memphis and Meri-
dian, Mississippi.

In October, Southern carried 27,279 pas-
sengers for the third best month in its operat-
ing history. This was also an increase of 149
over the same month in 1959.

During the year, Southern topped the 300.-
000,000 passenger mile mark since its start of
se‘rvice in 1949. 1t flew 1,755,000 passengers
with a perfect safety record in eleven and one
half years of operation. At year end, the airline

employed 950 and was flying over 26,000 route
miles daily.

TRANS-CANADA AIR LINES

TRANS-CANADA Air Lines introduced jet
travel to Canadians on April 1, 1960, with the
inauguration of Douglas DC-8 jet service be-
tween Montreal, Toronto and Vancouver on a
daily round-trip basis.

And on June 1, 1960, the Canadian flag car-
rier began daily return jet flights across the
North Atlantic between Montreal and London,
Eng.

. On Oct. 1, Winnipeg was added to TCA’s
jet Toutes, giving that city jet service to both
eastern and western Canada for the first time.

A}t year-end, with seven of 10 ordered DC-8's
d.ehvered and an additional three expected, the
airline was operating two daily trans-continental
jet flights between Vancouver, Toronto, and
Montreal, with one making an en route stop
at Winnipeg, plus a daily round-trip flight be-
tween Canada and the United Kingdom.

In its first six months of jet operation, TCA
carried more than 75,000 passengers, logging
some 3,500 revenue hours and travelling 1,-
750,000 miles, a distance equal to 70 trips
around the world at the equator. In addition,
the DC-8’s put in more than 400 hours on train-
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line of inter-locking hemispheres symbolizing
TWA'’s world-wide services.

In line with its “new look,” the airline has
developed a “Travel in High Style” program
to introduce new luxuries and conveniences in
its first-class passenger service. One phase o_f t_lus
program includes periodic refresher traimng
courses for cabin attendants. )

To keep pace with its expanding jet services
and growing volume of passengers, TWA was
also building new or enlarging existing pas-
senger service facilities at major cities. At New
York International Airport exterior work on
the new $15,000,000 terminal, desigl}ed .by
Eero Saarinen, was completed and interior
work begun. Occupancy was expected late 1n
1961. In the meantime, TWA enlarged an.d m-
proved its interim terminal facilities at this air-
port, at a cost of $300,000.

Building of a new food unit was begun at
Kansas City. At Los Angeles TWA was com-
pleting its own passenger loading facility which
will provide a covered concourse and ten gate
positions. .

At Chicago’s O’Hare airport the TWA ticket
counter was being enlarged and two new g?ltCS
and other facilities added. At San Francisco
TWA contracted for its own jet piers at the
International terminal there. Expansion of
TIWA  passenger service facilities Was also
underway at London, Paris and Madrid.

UNITED AIR LINES

THE MOST SIGNIFICANT events in the
1960 progress of United Air Lines were (1). th(.i
proposal to merge Capital Airlines into _Umr_edi,_

2) recovery of the company’s competitive gO_S :
tion in the industry; (3) extension f)f DC- Jet
service and introduction of the Boeing 720 Jet;
(4) activation of the third stage in United’s
jet equipment purchase program. i

United’s jet equipn]ent progj'a]]] C:’]tele.”ion
third stage in February when 2 $GJ”““ o
order for 20 twin-engine jet Caraveﬂes1 ‘the
placed with Sud Aviation. This mf}lkef( et
fixst move by any U.S, airline to provide 07 I°
service in the short haul travel market. Dfe 1ve1¥
of Caravelles was to begin in the spring o
1961 and the aircraft were to enter service in
summer. . .

United also ordered 40 Boeing 72Zs 1111
December at a cost of approximately $!7o.m1.-
lion. These short-to-medium range jetliners
will be powered by three Pratt & \VhltTley
JT8D turbofan engines mounted at the rear
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of the fuselage. Cruising speed will be 550-600
mph and the aircraft will be able to operate
from 5,000 foot runways, carrying full payload.
Passenger capacity, depending on cabin con-
figuration, will be 70 to 114.

Delivery of the 727s will begin late in 1963.
The contract is firm for the first 20 aircraft and
it automatically becomes firm for the second
20 either when the proposed merger of Capital
Airlines into United is consummated, or upon
the achievement of certain projected financial
ratios.

Boeing 720s were introduced in July, filling
United’s requirement for a mid-range jetliner.
Eleven more Boeing 720s were ordered in the
fall, increasing the company’s total commitment
for this type of aircraft to 29. Thirteen of the
planes were delivered in 1960 and United in-
augurated 720 service at 17 cities.

Delivery of DGC-8’s, which United had in-
troduced for long haul service in September,
1959, continued on schedule. Thirty-two were
received by the end of 1960, with the remain-
ing eight to be delivered in 1961. Twenty-two
of the company’s total fleet of 40 DC-8s were to
be powered by advanced ]-57 engines, 15 by
J-75s and three by turbofans.

Jet competition in the period before United
inaugurated jet service had resulted in some in-
roads on traffic but the company fully regained
1ts competitive position in the summer of 1960.
June traffic, for example, was 6 percent above
1959 and August revenue passenger miles repre-
sented a 17 percent increase over the same
month in the previous year.

At summer peak United operated 341 flights
daily, flying 364,386 scheduled miles every 24
hours. Traffic records were set in each of the
summer months. In September an all-time
single day company record was established—
22,827,000 revenue passenger miles.

Meanwhile, on July 28, W. A. Patterson,
president of United, and T. D. Neelands, ]Jr.,
chairman of Capital Airlines, jointly announced
that an agreement had been reached to merge
Capital into United. Directors of both com-
panies approved the agreement on August 11,
followed by the approval of United and Capital
stockholders on October 14. Hearings before
the Civil Aeronautics Board began October 19.

Training of jet crews at United’s flight train-
ing center in Denver was enhanced by adding
a Boeing 720 electronic flight simulator, the
first acquired by an airline. This increased
United’s “fleet” of jet and piston engine flight
simulators to eight—the largest concentration of
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thousand copies of the Council’s Legal Advisor’s
report, “Legal Aspects of Planning for Urban
Heliports” were distributed to city planners
and state and local governments.

The cooperation of national groups of major
structure was developed by the Council, as evi-
denced by The American Legion's adoption of
the following Resolution to “Encourage Utiliza-
tion of Helicopters™: —

WHEREAS, The helicopter has proved it-

self a useful and versatile vehicle for both

military and peaceful uses; and

WHEREAS, There is need for increased em-

phasis on the many services the helicopter

offers to enhance our way of life;

NOW, THEREFORE, BE IT RESOLVED,

By The American Legion in National Con-

vention assembled in Miami Beach, Florida,

October 17-20, 1960, does reaffirm the prin-

ciples and objectives of Resolution No. 639

adopted by the 40th National Convention to

the end that we promote and encourage the
development and use of helicopters and the
passage of necessary ordinances and regula-
tions as will permit their efficient operation.

The.scheduled 1961 opening of Dulles Inter-
national Airport at Chantilly, Virginia (30
miles from Washington, D.C.) pointed the need
for a municipal heliport in the Nation’s Capi-
tal.. The Council was seeking congressional
acuon authorizing the District of Columbia
Commissioners to conduct a survey for a recom-
mendation of suitable heliport sites throughout
th‘e area. The Metropolitan Washington Board
of Trade adopted a resolution supporting this
proposal.

At year's end, the Civil Aeronautics Board
announced an investigation of the eight pend-
ing applications for helicopter service in the
Washington, D.C. area. The hearings, to be
held early in 1961, should further illustrate the
lack and need for adequate downtown helicop-
ter facilities to permit practical city-center to
alrport transportation.

One of the surveys conducted by the Council
during the year was concentrated in the field of
executive and corporate use of helicopters. It
was learned that helicopters were taking over
the crucial joby of moving executives, key per-
sonnel and industrial equipment (o the right
spot in the minimum amount of time, becom-
ing airborne ‘“executive suites.” Industries
operating their own rotorcraft (or leasing from
a commercial operator) included mining, tex-
tiles, electrical, radio, gas, oil, construction,

food, banking, broadcasting and lumber—as
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well as the aerospace industry.

Another survey initiated by the Council was
the first list of Foreign, Military, Government
and Commercial Helicopter Operators. Based
on the information received, there were 262
operators in 63 foreign countries operating
1.662 helicopters. In addition, 184 helicopters
were on order.

Of these 1,662 helicopters in use, 1,370 were
American built. Of the 184 helicopters on
order, 103 will be USA exports.

Government agencies in the United States
and Canada continued to use the helicopter for
traffic surveys, tracking criminals, searching for
lost children, rescues and as stand-bys in the
event of local disasters. Thirty-three of these
agencies are operating helicopters.

The Council’s over-all educational efforts
were given a major assist when the Federal
Aviation Agency developed and carried out a
program described by that organization as
“Project Hummingbird.” A detailed briefing of
this campaign was given the Council prior to
its introduction to public groups. During the
year a graphic presentation showing the need
for long-range planning for the provision of
facilities for helicopters and possibly other steep-
gradient aircraft was given by FAA personnel
before thousands of industry members, civil
leaders and public officials in all areas of the
country.

The first report issued under FAA’s “Project
Hummingbird” presented the economic future
of the helicopter. The report covered the poten-
tial uses of the helicopter and other V/STOL
aircraft in short-haul commercial air transpor-
tation during the next ten years. In addition to
providing overall traffic forecasts for New York,
Chicago, and Los Angeles, the three metropoli-
tan areas which had scheduled helicopter serv-
ice, the report evaluated the requirements for
helicopter service in other metropolitan areas
and the outlook for intercity and commuter
service in the 1960-1970 period.

Objectionable aircraft noise, which, with the
rapid expansion of jet usage, has become an
international problem, was brought effectively
to the attention of helicopter manufacturers at
a Council meeting featuring the presentation of
a special paper on the subject. The head of the
National Aircraft Noise Abatement Council
emphasized the point that removal of jet air-
ports to sites far from the cities they serve
brings the helicopter to the forefront as the
most effective transportation to reduce to a
minimum the time spent in travel from airport
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men who voluntarily cooperate in defense
efforts.

The Aircraft Nuclear Program was awarded
the full Atomic Energy Commission request of
$73 million for reactor development, with the
promise that the program will undergo close
examination next year by the House Appro-
priations Committee. Department of Defense
was granted $75 million for its part of develop-
ment.

Also passed was a one-year extension of the
529, corporation tax.

Air transport legislation also suffered from an
over-talkative but relatively inactive session,
although several investigations moved toward
what could prove to be major actions in 1961.

The House Commerce Committee promised
a comprehensive review of jet transition data,
maintenance and scheduling problems, and
other matters, early in the session but produced
little. The investigation may resume in 1961.
A House Space Committee urged a national
program for the development of a supersonic
transport, and the Senate Space Committee
recommended that the B-70 be re-established as
a full weapon system, concluding that this would
also provide a prototype for a future supersonic
transport. A special House Airlift Subcommittee
got behind a movement to develop economical
cargo planes, re-equip MATS and provide ade-
quate troop-carrying airlift. Aircraft noise and
aviation insurance practices were problems that
also received congressional attention.

As far as actual air transport legislation
passed, the record was disappointing. Supple-
mental airline certificates, voided by an Appeals
Court decision in the Spring, were extended 20
months. The passenger tax continued at a ten
percent rate. CAB was granted authority to ap-
prove free or reduced rate transportation for
nearly anyone who had ever had a connection
with an airline. Also CAB was granted the
power to dispense with hearings on certain
minor matters. Military procurement of air-
freight for shipping household goods was
limited by bill to cases where cheaper, surface
transportation was not available.

In the matter of appropriations, CAB and
FAA both made substantial gains over the previ-
ous year. Totals were: CAB—$7.4 million for
salaries and expenses; $65 million for subsidy
payments; FAA—a total of $690,494,000. Con-
gress also appropriated about $7 million for re-
search and development on a combined aviation
weather service by the Weather Bureau, FAA
and the Air Force. In addition, funds were pro-
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vided to add weather staffers at jet terminals,
and an extra $1.7 million was voted for aviation
forecasting equipment.

Some of the transport matters taken up dur-
ing the session, but killed, were: a plan for guar-
anteed loans for cargo planes; a ban against
drinking aboard domestic airline flights; non-
priority mail legislation requiring airmail
stamps on all letters flown; several measures
establishing rules governing off-the-cuff ex-
changes between members of regulatory agen-
cies and individuals with cases pending before
these bodies; bill to increase tax on aviation
fuels to 414 cents per gallon and establish new
414 cents per gallon tax on jet fuels; anti-sub-
sidy bills; bill requiring the installation of voice
recorders aboard airlines to aid accident investi-
gators; legislation to permit private planes
transit b.ack and forth across U.S. borders with-
out having to reimburse custom inspectors for
weeke.nd. and holiday pay; a Senate-passed bill
establishing a U.S. Travel Office in the Com-
merce Department and a $5 million travel pro-
motion fund to go along with it; and proposals
to give CAB a veto over cértain FAA rulemak-
ing and enforcement actions.

A summary of aerospace activities at the vari-
our agencies follows. u

FEDERAL AVIATION AGENCY

AT THE CLOSE of its second year, the Fed-
eral Aviation Agency reported notable advances
in air traffic management, aids to navigation,
aviation medicine, research and development,
and th‘e highly complex area of air safety.

Durmg 1960, the critical airspace problem
was partlal}y solved. Some 9,560 sq. mi. of for-
me.rl.y restricted airspace was made available for
civilian use, making a total of 18,000 sq. mi.
returnf?d to public domain since the FAA began
operating. The airway structure was reorgan-
ized; the world’s first computer network for the
control of air traffic went in¢q operation; major
navigational facilities were installed and com-
missioned at the rate of more than one a day;
4,000 qualified physicians were designated as
FAA Medical Examiners; encouraging progress
was made toward a semi-automatic system of air
traffic control; the first jet-powered helicopter
was certificated, and some changes made in the
Civil Air Regulations in the interest of greater

safety.
THE ORGANIZATION

The Administrator of the Federal Aviation
Agency and the Deputy Administrator are
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BUREAU OF FLIGHT STANDARDS

The year 1960 proved an active one for the
certification of new types of aircraft. A total of
36 were issued, including 12 new transport
planes, five helicopters, 18 personal aircraft and
one glider. Among the new transports were new
models of the DC-8, Boeing 707 and a French
jet, the Sud Aviation Caravelle.

Of great significance was the certification of
the first turbine-powered, single engine heli-
copter, the Sikorsky S-62. This aircraft, the first
transport category certificated in the United
States, was scheduled to enter regular air car-
rier service in 1961.

Another helicopter milestone was established
when a four-phase Cessna was certificated to
operate under instrument flight rules in weather
minimums equivalent to single-engine, fixed-
wing aircraft.

SAFETY

In the interest of greater safety the Civil Air
Regulations were changed in 1960 to provide
for: annual proficiency checks for air carrier
copilots; installation of airborne weather ra}dar
on transports; installation of approved flight
recorders on turbine powered aircraft above
12,500 pounds, and FAA approval of air carrier
training programs for crew members and dis-
patchers.

A new amendment required applicants for
private and commercial certificates to demon-
strate some knowledge and skill in the use of
instruments before receiving these certificates.
In the same area, procedures were being de-
veloped to help inexperienced pilots inadvert-
ently caught on top of an overcast or in other
areas of greatly reduced visibility. These are
“talk-down hands off” letdown procedures
which, when transmitted by Flight Service Sta-
tion and control tower personnel, will provide
the inexperienced pilot with a means of safe
descent in an emergency situation.

To better cope with accidents, near-accidents,
and violations of Civil Air Regulations, a Safety
Evaluation Division was established within the
Bureau of Flight Standards. The purpose of this
new Division is to provide a more effective cen-
tralized control and analysis of accident, inci-
dent and violation investigations. Emphasis was
placed on improved instructions, better report-
ing procedures and the accumulation of acci-
dent data for study.

BUREAU OF FACILITIES AND MATERIEL
The most extensive network of navigational
aids and air-ground facilities in the world exists
within the borders of the United States, main-
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tained by the Bureau of Facilities and Materiel
for the use of airline, military, and general avi-
ation aircraft. At the end of 1960, these aids
totalled approximately 9,500, and consisted of
60 types ranging from small location markers to
large complex radar systems linked by radio to
air traffic control centers hundreds of miles
away. All operate 24 hours a day, a large por-
tion of them unattended.

During 1960, 445 major {acilities were com-
missioned. Increases in 1960 over 1959 are

shown in the following table:
December  December

30, 1959 31, 1960

Approach Light System (ALS) ...... 102 140
Sequence Flasher Lights (SFL) ...... 11 110
Airport Surveillance Radar (ASR) .. 48 55
Instrument Landing System (ILS) .. 174 192
Prccxslqn Approach Radar (PAR) .. 11 23
VOR (including TVOR) ........... 661 706
TACAN ... 76 264
Flight Service Stations (FSS) ....... 333 339
International Flight Service Stations

(IFSS) ... ... . 1 1
Flight ~Advisory Service (Class 1)

(FAS) ... 16 29
Pgrmhcral Communications (RCAG) 255 279
Air Route Traffic Control Center

(ARTCC) ... .. ... .. 35 35
Airport  Traffic  Control Tower

(ATCT) ... s L. 137 152
Combined Station Tower (CS/T) .. 84 75
Long Range Radar (LRR) ......... 33 47
Radar  Approach Control (RAP-

RCION)‘A' e 28 28

adar Air raffic C Y
A (RATCCy* ..., ., 0 n.t.r.o.l. .CCHICI 4 6

irport Surface Detectj ipment

(ASDE) ........... o Eqmpmcm 0 3

TOTAL ........ .. 2
Military 2049 2194
AIRPORTS

During 1960, 375 airport aid projects were
approved involving Grant Agreements totalling
381,400,000 in Federal funds. A netw policy, ef-
fective July 1, 1961, provides that airport own-
€rs pay for‘ relocating FAA air navigation facili-
ties occasioned by airport improvement or

changes. Airport owners have long paid similar
charges for commercial utilitjes.

The FAA also continued its advisory assist-
ance program to help local airport owners and
operators develop, protect, maintain and oper-
ate their airports. Such assistance consisted of
issuing guides and rendering advice on airport
zoning, publishing engineering criteria and
standards, promoting airport ground safety and
land use, and developing planning guides and
techniques.

In the international field, technical coordina-
tion was rendered 17 foreign countries in air-
port development projects; U.S. National
Standards were completed for marking hazards
on airports; DME (distance measuring equip-
ment) was loaned to Spain, Turkey and Switzer-
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land; excess electronic equipment to Nepal,
Iran and Belgium; and a C-185 Beechcraft to
Chile. Also an Instrument Landing System
(ILS) was loaned to Peru to serve U.S. and
international carriers during an airport reloca-
tion project.

AIRMARKING
The Bureau's air marking program resulted
in construction of over 2,170 signs showing the
town name and the distance and direction to
the nearest airport. This was accomplished at
no cost to the Government for labor or mate-
rials.

BUREAU OF AIR TRAFFIC MANAGEMENT

When commercial aviation entered the age
of jet flight many problems were created for
the air traffic control system which the increased
use of radar and automatic computers have
helped solve. At the end of 1960 the picture
was much brighter than it had been one year
earlier and FAA’s goal of a modern system of
air traffic control designed to accommodate all
users, civil and military, was in sight.

Within the continental United States the
Federal Aviation Agency maintains approxi-
mately 130,000 miles of high frequency and 47
000 miles of low frequency airways connecting
600 communities in an air traffic network. The
airways, each 10 miles wide, and divided into
thousand foot levels, from 700 up to 924,000 feet,
are key elements of the air traffic control system.
Above 24,000 feet the airspace is known as the
Continental Control area where flight under
FAA control is optional in clear weather but
compulsory during restricted visibility. Stra-
tegically located along these airways are thou-
sands of aids to aerial navigation, among them
261 airport control towers, (including com-
bined FSS/Towers, and military), 35 air route
traffic control centers and 340 flight service sta-
tions, manned by technically skilled air traffic
control specialists,

The increase in the number of civil jet air-
craft (240 turbojets; 352 turboprops at year’'s
end) and conventional aircraft as well, increased
the need for new and special air traffic control
techniques. During 1960, in order to handle
such traffic more efficiently, the Dbasic airway
route structure was reorganized into a “‘thrée-
layer” system of low, intermediate, and high
altitude airways. The area between 14,500 and
24,000 mean sea level will be reserved for medi-
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um and long range flights (DC-7 and turboprop
types), with the “short hops” operating at the
lower levels (general aviation aircraft and DC-3
and 4 types) and jet aircraft (DC-8s, 707s, 880s,
etc., and military) above 24,000 feet.

Flight advisory service, initiated on the jet
routes in 1959, was expanded by 86 percent in
1960 as the total mileage covered increased
from 25,455 to 47,597. Surveillance for these
operations was provided by long range radar
from both FAA and Air Defense Command
facilities.

POSITIVE CONTROL EXTENDED

On October 15, 1960, positive control and
separation of all aircraft flying between 24,000
and 35,000 feet was put into effect in the Chi-
cago-Indianapolis area. As in the positive con-
trol transcontinental airways established be-
tween 17,000-22,000 feet in 1958, all traffic in
the designated areas must be conducted with
an ATC clearance and under positive control
of a ground station, regardless of weather con-
ditions. Further expansion of area positive con-
trol, both vertically and laterally, will be based
on the experience gained in this initial pro-
gram.

Also, on October 15, flight following service
for general aviation aircraft was initiated from
Flight Service Stations, giving pilots flying
under Visual Flight Rules in aircraft equipped
with two-way radio service comparable to that
furnished the air carriers. When a VFR flight
plan is filed at any Flight Service Station, the
pilot is given a thorough weather briefing and
a succession of Stations on his route, each with-
in one hour’s flying time of the other, are
alerted to his presence in the air. In turn, the
pilot must report to these stations not later
than 15 minutes past certain designated arrival
times. If he does not, the station will call him
and if necessary a prompt searching operation
will begin.

OCEANIC CONTROL

The consistent growth of international oper-
ations resulted 1 a revision of the Atlantic
routes and reporting points in order to smooth
the flow of traflic in the oceanic control centers
in the New York, San Juan and Miami areas.
Similar improvements for the Gult routes oper-
ating to and from New Orleans, and the Pacific
routes operating‘ m and out of the centers at
Oakland, Seattle, Anchorage, Honolulu, Wake
and Guam were planned for 1961.

These oceanic centers provide around-the-
clock air traffic service to hundreds of aiveraft
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the country beginning in 1961. To maintain
their appointments examiners will be required
to attend one such session every three years.
Other developments during 1960 included the
participation of FAA’s medical staff in aircraft
accident investigations and the designation of
24 leading forensic pathologists (doctors who
specialize in analyzing death from violence) as
consultants in accident investigations.

Of utmost significance to the future of civil
aviation was the establishment by the FAA of
the world’s first Civil Aeromedical Research
Institute at Oklahoma City. Until completion
of construction the work of the Institute will
be carried on in rented buildings at Norman,
Oklahoma, and at the Medical School, George-
town University, Washington, D.C.

Under way were studies into the aging proc-
esses in humans; into the problems of fatigue
and tensions as they affect air traffic controllers,
and into the effects of high-speed, high-altitude
flying on crews and passengers, as well as such
diverse subjects as the center of gravity of in-
fants and the tolerance of the body to vertical
impact.

A training course was planned for designated
Medical Examiners in the investigation of light
aircraft accidents, to determine how frequently
medical conditions are either the cause or a
contributing factor. Specific data on the type
of injuries suffered in light aircraft would be
an invaluable aid to the FAA in its overall
campaign of safety. It would also help manu-
facturers to incorporate design changes, if nec-
essary, to assure the occupants greater protec-
tion in the event of a crash.

BUREAU OF NATIONAL CAPITAL AIRPORTS

The Federal Aviation Agency operated the
Washington National Airport—at year-end the
only Federally-owned metropolitan civil air-
port. 'The FAA was also constructing Dulles
International Airport, (the world’s first civjl
airport designed especially for jet aircraft) on a
tract of almost 10,000 acres, near the crossroads
of Chantilly, Virginia, 27 miles west of the
White House.

Washington National Airport completed. an-
other financially successful year of operations
during fiscal year 1960. The airport showed rev-
enue of $4,270,049 while continuing a substan-
tial improvement program and maintaining an
excellent safety record.

The airport ranked second in the nation in
total air carrier operations, being exceeded only
by Chicago’s Midway Airport. In order to keep
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pace with this activity, extensive improvements
were undertaken during the year. Among these
were additional aircraft parking ramps, air con-
ditioning for the North Termina! and increased
electrical capacity for hangar facilities.

This modernization program, underway to
meet the needs of the air travelers, will encom-
pass further major steps such as enclosure of all
passenger concourses to protect traYellers from
inclement weather, or hazards of aircraft blast
and vehicular movements in the adjoining
apron area. Other major safety im}_)rovements
in the landing area include extension of the
existing aprons and provision for add{tlorl.al
taxiways to alleviate hazards and delays in air-
craft movements between aprons and runways.

When this modernization program is com-
pleted, Washington National will have the
capacity to handle 6 million passengers a year.
The Washington, D.C,, trafhc volume in excess
of Washington National’s maximum capacity
and major jet airliner operations will be
handled by the new Dulles International Air-
port.

Dulles International continued to progress
rapidly during 1960 with all of the major items
required for initial operation under contract.

Site preparation was completed and three run-
ways and parallel taxiways paved. Construction
of the terminal building, aircraft parking apron,
fueling system and the access highway were well
underway at the end of the year. Progress was
made on the development of the prototype
mobile lounge, a dramatic new concept for
moving passengers from terminal building to
waiting planes.

OFFICE OF INTERNATIONAL COORDINATION

The FAA extended and consolidated its
world-wide influence in international aviation
affairs in 1960. The American short-distance
air navigation system, the VOR/DME— (very
high frequency omni-directional radio range,
plus distance measuring equipment) was
adopted by the International Civil Aviation
Organization (ICAO) as the world standard,
after two years of effort by the FAA which took
the lead in developing, defending, and vali-
dating the system’s technical superiority.

Another example was the expanded world
coverage of assistance provided by FAA/ICA
Civil Aviation Assistance Groups, at year-end
totaled 32 as against 28 in 1959,

The CAAGs, as the Groups are known, are
made up of specialists in aeronautical fields.
They supervise airport construction, installa-
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tion of air traffic control facilities, communica-
tions equipment, and other navigational aids, as
well as advise the various governments of safety,
legislative, and other aeronautical matters.

In addition to their other duties, the CAAGs
trained more than 1,200 foreign nationals to
operate and maintain the aeronautical facilities
within their own countries during the year.

Under the same joint FAA/ICA program,
aviation training was given in the United States
to 394 students from 45 different countries at
the FAA Aeronautical Center in Oklahoma
City. This was followed, in the majority of
cases, by on-the-job training at FAA facilities,
airline offices, manufacturing plants, engineer-
ing firms, and factory service schools.

THE AERONAUTICAL CENTER

The Aeronautical Center in Oklahoma is
known as “The University of Civil Aviation,”
because it is the central point for indoctrination
and advanced training of the FAA’s own tech-
nical, flight and management personnel, and
because so many foreign nationals come here to
study.

Beyond its educational programs the Aero-
nautical Center plays a key role in the Federal
Aviation Agency’s other activities. It is the loca-
tion of one of the largest warehouses in the
world, and hub of a supply line that is global
in extent. The Center also serves as a modern
base for the overhaul and maintenance of
Agency aircraft and the repair and fabrication
of air traffic control equipment.

Ground was to be broken early in 1961 for
the new Civil Aero-Medical Research Institute.

CIVIL-MILITARY COOPERATION

Considerable progress was made on “Project
Friendship” under which the military functions
pertaining to air navigation and air traffic con-
trol will be transferred to the Federal Aviation
Agency.

A plan for the assimilation by the FAA o-f all
flight-following, advisory, and communications
functions and responsibitities of the Military
Flight Service was developed in coordination
with the Department of Defense.

Under the air traffic controller training pro-
gram a pilot group of military trainees was to
be enrolled at the air traffic control school at
the Aeronautical Center early in 1961. Upon
completion of this training final details will be
developed for full FAA operation of both civil
and military air traffic controller training.

In other areas, the FAA worked closely with
the military agencies to assure maximum joint
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use of existing and planned facilities, and to
insure that military operations are integrated
into the overall air traffic management system
with safety and efficiency.

The FAA participated with the Department
of Defense in the conduct of 13 large scale mili-
tary exercises. One of the largest, Operation
Sky Shield, required the grounding of all other
aircraft throughout the North American conti-
nent for a six hour period in the month of
September.

GENERAL AVIATION
One of the main concerns of the Federal
Aviation Agency, in its two years of existence,
has been the safety of that varied group of flying
activities covered by the broad term ‘‘general
aviation.”

Although the air carriers hold an important
position as a transport medium, they rank be-
low general aviation in hours and miles flown
and number of aircraft utilized. Air carriers
operated just over 2,000 aircraft in 1960. Gen-
eral aviation totaled some 70,000 at year’s end,
logging more than three times the flying hours
of the domestic scheduled airlines.

General aviation includes flying instructors
and student pilots, corporate and business pilots,
cropdusters, weekend fliers, charter and taxi
operators and helicopter pilots who operate in
a range completely different from any other.
‘The groups have little in common except joint-
use of the airspace. It was for the safety of these
pilots that the flight following service and the
VFR flight plan was instituted.

The FAA has constantly stressed the impor-
tance of the VFR flight plan to general aviation
pilots, including those who have minimum radio
equipment, or none at all. A flight plan in such
mstances guarantees that the destination station
will be on watch for the aircraft’s arrival and
will start a searching operation within an hour
of its being overdue.

Much of FAA’s Research and Development
work will further general aviation safety. The
visual glide slope is one €xample; improvement
of radio voice intelligibility is another; runway
lights, runway and taxiway marking, light-
weight and low cost distance measuring equip-
ment, and a low-cost all channel VHF airborne
transceivers are all undertaken to benefit gen-
eral aviation.

At the end of 1960, the Bureau of Research
and Development was working on a small, light
weight comparatively inexpensive radar beacon
transponder for business and private aircraft.
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granted by the CAB on a “use-it-or-lose-it”
basis, giving smaller communities an oppor-
tunity to develop their use of air service, but
requiring the production of a minimum amount
of trafic in order to retain the service au-
thorized. At the end of the first 18 months of
service, if such traffic standards have not been
met, the Board will, except for unusual circum-
stances, initiate proceedings to terminate air-
line service at below-standards points.

The CAB stated its belief that every effort
should be made to maintain economic opera-
tions of the local service routes, so the subsidy
burden will not increase.

To that end, the Board, late in the year, in-
stituted a proceeding directed to the establish-
ment of a uniform class subsidy mail rate for
local service carriers, effective January 1, 1961.
The Board and its staff were studying the ques-
tion of replacing the system of determining
local service subsidy on an individual carrier-
by-carrier basis, with a uniform rate formula.
Such a class rate would have many advantages
over the present system. It would enable the
Board to simplify procedures, to the advantage
of the airlines and the Board. Moreover, by re-
quiring each carrier to operate under a rate
determined on the basis of the results of all
members of the class, stronger incentives would
be created for greater operating efficiency, cost
controls, optimum fare levels and economic
scheduling. The proposed rate formula now
under study by the Board, prepared by the staft
after consultations with the airlines involved,
would determine subsidy on the basis of the
density of operations of the airlines, according
to a uniform sliding scale rate that would de-
crease as the volume of service increases. This
proceeding was expected to be completed early
in 1961.

In mid-1960 the Board effected major changes
in its policies regarding the authoriza%ion _of
civil air carriers to perform airlift services 1n-
volving both passengers and cargo to and from
‘overseas and foreign points for the Department
of Defense. These policy changes culminated
studies conducted during an extended period.
The Board for a number of years had author-
ized by regulation and by order broad segments
of the civil air carrier industry to participate 1n
such charter services for the military. Such
authorization enabled most U.S. air carriers to
offer bids with respect to the various transporta-
tion requirements of the military establishment.

On the basis of its studies, the Board con-
cluded that the circumstances which had pre-
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viously warranted the “blanket” authorization
of groups of air carriers to perform these serv-
ices no longer obtained. The Board announced
therefore its intention to discontinue after
September 30, 1960, issuance of orders which
would afford the “blanket” authorization and
instituted a proceeding looking toward the re-
scission of an outstanding regulation which had
essentially the same effect. Simultaneously the
Board announced that it would entertain ap-
plications for the necessary authority to perform
these airlift services on a carrier-by-carrier basis.
The Board further noted three criteria to which
it would give great weight in passing upon in-
dividual carrier’s applications for such author-
ity. These criteria are:

(a) The rates are deemed by the Board to be
fair and reasonable.

(b) The carrier has executed a CRAF Stand-
by Contract.

(c) The Secretary of the Air Force or his
de51gnce has determined that the contract is in
the interest of national defense.

With respect to the rates of compensation for
these airlift services, the Board set forth rates
per passenger-mile as the minimum it would
view as fair and reasohable absent a showing to
the contrary in individual situations. Subse-
quently the Board announced a minimum rate
for cargo transportation services.

The CAB instituted an investigation late in
1960 looking to the possibility of certification of
one or more airlines to perform transatlantic
charter service. Further, in a proposed revision
of the present transatlantic charter regulation
the Board contemplated liberalizing the reo*ula:
tion to the extent that prior approval of chzrter
trips would not be required in the futiire. The
B.oz_lrd said that the standards for charter eligi-
bility were sufficiently precise and understand-
able as to preclude inadvertent violations on
any wholesale scale, and for this reason it be-
lieved that retention of the prior approval on
individua-I charter flights was unnecessary. The
Board sald_ that since 1957 charter trafhic has
been growing at a rate believed to approach
50 percent each year. In 1957 it was estimated
that charter flights accounted for about 614 per-
cent of the total transatlantic market il?l the
April-September period; ip 1960 the figure ex-
ceeded 11 percent. No final action had been
taken at the end of the year.

In initiating an investigation, initial steps
were taken by the Board to determine whether
air freight minimum rates should be modified
or revoked, to remove any possible obstacle to
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the beetles seem to prefer jets was not de-
termined.

Aircraft were used to apply liquid insecti-
cides on gypsy moth infestations covering 31,341
acres of woodland in Michigan, New York, and
New Jersey. Sprays of both DDT and Sevin
were applied to control this serious pest of shade
and forest trees.

ARS also conducted field tests with several
insecticides and insect pathogens on woods in-
fested with the gypsy moth in Vermont and
Maine. Approximately 2,000 acres were treated
by aircraft with single and double applications
of experimental materials during different stages
of insect development. The tests were aimed at
finding a poison suitable for use in areas where
applications of DDT would be hazardous.

An aerial survey of gypsy moth defoliation
was conducted on New England forests to de-
termine where future treatments will be re-
quired.

Because of effective Federal-State-rancher con-
trol programs during 1959, and weather condi-
tions unfavorable to development of large grass-
hopper populations, no extensive program was
conducted against hoppers during 1960. How-
ever, 85 large-scale aerial field tests of several
new insecticides, in both dust and liquid forms,
were carried out on about 12,000 acres of range-
land in California. The tests measured the effect
of the new chemicals at different rates of appli-
cation.

Because of success in 1959, the effort to eradi-
cate the pink bollworm in Arizona was eased
somewhat in 1960. Nine insecticide applications
of liquid spray and dust formulations were ap-
plied by 36 aircraft at six-day intervals on 300,-
000 acres of cotton, compared with the use of
70 aircraft on 600,000 acres of cotton in 1959.

Aircraft distributed granulated insecticides
on large populations of white fringed beetles
threatening important crops in Alabama, Ark-
ansas, and Georgia. Part of the 43,000 acres
treated was also infested with the fire ant.

Successful aerial surveys to detect new soy-
bean cyst nematode infestations at the edge of
established infestations and to determine the
boundaries of known infested areas were con-
ducted in Arkansas, North Carolina, South
Carolina, and Tennessee,

Success in the Campaign against the screw-
worm, a costly cattle pest in the southeastern
U.S., was marked by the closing of facilities at
Sebring, Florida, for production of male flies
made sterile by exposure to radioactive cobalt-
60 and used in eradication. The flies were dis-
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persed by aircraft throughout the infested area,
where they mated with native females to pro-
duce infertile eggs, thus eventually destroying
the native population.

This same technique for control of the ori-
ental fruit fly was under test late in 1960. About
3,000,000 sterile male flies were produced and
broadcast by airplane each week over Rota, a
small, isolated Pacific island which is naturally
infested with this costly agricultural pest.

Hoja blanca, a serious rice disease new to the
U.S., can b? controlled by aerial applications of
a water mixture of malathion and DDT, the
Deparument scientists reported. The poisons do
not act on the disease itself, but kill the vector
(carrier), a leaf hopper.

In experiments preliminary to manned space
flights, no genetic damage to insects was ob-
served from cosmic radiation that penetrated
Navy balloon gondolas carrying insects nearly
15 miles above the earth. Fruit hies, house flies,
an(.i fleas carried by the balloons remained at
alticudes of 78,000 to 82,000 feet for 16 hours
;.md were under cosmic ray attack 60 times more
intense than at sea level. Power of the rays
which caus'ed no detectable damage to the in:
sects genetically, was equivalent to a dose of
10,000 roentgens for less than a millionth of a
second. Results of these experiments do not
prove, however, that cosmic rays at such alti-
tudes are harmless to all life.

Of the more than 139,415 airplanes inspected
Fmder USDA quarantine regulations on arrival
in the U.S., about one out of every three was
fqund to harbor agricultural jnsect pests anci
diseases. In cooperation with the U.S. Customs
more than 10,776,000 pieces of baggage were
inspected, uncovering 94,000 prohibited lots of
plant material. Animal quarantine inspectors
found and‘destroyed 32,861 packages (120,410
poupds) of prohibited and restricted airb(;rne
foreign meats and meat products which might

have carried insects apd diseases into this
country.

ATOMIC ENERGY COMMISSION

DURING 1960, the Atomic Energy Commis-
sion continued research and development on
the use of nuclear energy for rocket and ramijet
propulsion, for manned aircraft, and for aux-
iliary power for space missiles systems.

Project Rover is the study of nuclear rocket
propulsion which was being conducted by the
Los Alamos Scientific Laboratory, operated for
the Commission by the University of California.
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tively, in 1958. All aircraft carried 35,723 pas-
sengers and 1,297,247 pounds of cargo. Com-
mercial and privately owned aircraft accounted
for 82 percent of hours flown. In hours flown,
reconnaissance of going fires increased 40 per-
cent and air tanker use 117 percent over 1958.
Air tankers dropped 3,360,000 gallons of fire
retardant on 507 fires compared with 1,506,000
on 322 fires in 1958. The record for 1960 was
even greater. During the summer of 1960 air-
craft was used extensively on the big fires in
the western states of Oregon, Washington, Cali-
fornia, Idaho, Montana, Nevada, Utah, Arizona
and Wyoming. At the peak of fire-fighting ac-
tivities during the last two weeks of July more
than 300 aircraft were used.

The Forest Service organized a stepped-up
program of fire control for the National Forest_s
in 1960 which involved 14 air bases.and addi-
tional air tanker base equipment, aircraft, ra-
dios and other needed facilities. '

In forest pest control, aircraft were used 1n
detecting outbreaks of destructive insects and
some diseases and in combating foliage destroy-
ing insects. Many millions of acres of forest
lands were surveyed in 1959 by aerial observ.ers
who looked for and reported on abnormal in-
sect activity. Certain tree diseases Were a'lso de-
tected by aerial observers, such as oak wilt and
dwarf mistletoe. Under cooperative arrange-
ments by the Forest Service with state and
private agencies, aerial app]ication of DDT was
made to suppress spruce budworm on 134,121
acres. This was one of the smallest budworm
control operations in recent years. DDT was
also aerially applied on 47,261 acres to check
outbreaks of Tussock moth, jack pine bt‘ldworm,
elm spanworm, Saratoga spittlebug, pine saw-
fly, and pine weevil.

Aircraft, as in recent years, Was used as an
aid in range management during 1960. Over
82,000 acres of national-forest western rangeland
were sprayed with herbicides to control unde-
sirable plants. .

The use of aerial photography for mapping
and other forest resource planning and 1‘1111113-
tion continued to grow. In fiscal year 1960, the
Forest Service initiated coverage ol 56,086
square miles to aid in timber management and
mapping. )

During the year helicopters were used in the
furtherance of wildlife habitat management
work on the national forests. Ran.ger and wild-
life biologists in Alaska used helicopters to as-
sist them in counting Alaskan Brown bears.
The men were shuttled in pairs to the heads

GOVYERNMENT AND AVIATION

of river drainages within the brown bear’s
range by helicopter. They then hiked down the
drainages, tallying the bears seen along the way,
and were picked up by the helicopter at the
river’s mouth and moved to the top of the next
drainage.

Forest Service wildlife management biologists
and foresters were also using helicopters on an
experimental basis to photograph and map key
big game winter ranges in western Montana.
The low altitude aerial photographs thus ob-
tained were then checked and calibrated on the
ground for use in determining range conditions
and trends.

NATIONAL AIR MUSEUM
SMITHSONTAN INSTITUTION

AFTER BEING CLOSED to the public for
eight months, the remodeled Aircraft Building
of the National Air Museum, with new and
different exhibits was opened on April 15. This
was merely a token exhibit since only a small
fraction of the items in the national aeronauti-
cal collection could be displayed in the small
area. However, public reaction was favorable to
the many new exhibits such as original God-
dard Rockets, recovered space-age equipment,
aircraft displayed in flight positions and wall
panels showing the chronology of aviation his-
tory In proper sequence, using graphics dio-
ramas, and specimens.

Pre-planning for the new building continued
in anticipation of appropriations for the auth-
orized plans and specifications.

In addition, the year was marked by the
further improvement of the Preservation and
Restoration Division located at Silver Hill,
Maryland. At year-end the Museum had four-
teen steel buildings filled with stored aircraft,
engines, and other aviation materials. The
largest one was used as a “‘factory” for the res-
toration of famous aircraft in the national col-
lection. After considerable research to deter-
mine authentic original condition, each plane
was completely disassembled,. preserved, and
restored in preparation for exhibition. All
available sources of information on each air-
plane, including original drawings, technical
orders, and so on are exhaustively studied so
that when the restoration is completed, the
plane then represents an historically and tech-
nically accurate exhibit.

Examples of outstanding accessions received
by the National Air Museum during the year
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ation. FAWS Centers received radar reports by
teletypewriter to assist in their continuous
weather watch.

Sophisticated automatic weather observation
stations were installed at several places. Devel-
opment work continued on these automated
weather observers, which provide a continuous
record of wind, pressure, temperature and other
elements at airports.

In the field of weather briefing, the Weather
Bureau’s service of making avialable its ob-
servations, forecasts and warnings to pilots plan-
ning flights was augmented by an agreement
with the FAA to utilize the services of their
Flight Service Specialists to answer air-ground
requests for weather information and to handle
preflight weather briefings at their facilities.
The Weather Bureau provided the necessary
observations, forecasts, advisories and warnings
for this purpose, and train, examine and certi-
fied the FSS personnel. Inquiries involving fore-
cast capability were referred to FAWS Centers.

Weather briefing was made more readily
available by further installations of Weather
Bureau Automatic Telephone Answering Sys-
tems which provide pilots with taped briefings
on area weather conditions at 28 locations.

Improved equipment for upper air soundings
resulted in increased height and accuracy of
upper wind reports—a special benefit for tl.1e
now-common high-level turbine-powered air-
craft flights, for which a special High Altitude
Forecast Service was maintained. .

Weather communications improvement 1in
1960 included the expansion of the Weather
Bureau'’s national weather facsimile network to
a number of additional Weather Bureau offices,
and increase in transmission speed from 60 to
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120 scans per minute.

In an area of marked interest to aviation,
the success of the weather satellite, Tiros I
drew wide attention. During the three months,
from its launching on April 1, 1960, to the
termination of picture transmission on June 30,
Tiros provided almost 24,000 photographs,
from 400 miles up, of broadscale weather situ-
ations. An operational program will provide
forecast offices on a current basis with facsimile
depiction of the photographic weather surveil-
lance provided by the next weather satellite.

A Project Mercury Weather Support Group
was established by the Weather Bureau to con-
centrate on the forecasting and research needed
for the Man-in-Space program. Weather and
sea conditions in the probable recovery area,
and around the world beneath the planned
orbit, would be closely watched. Units would
be located at the National Meteorological Cen-
ter, Cape Canaveral and the National Hurri-
cane Center at Miami.

Action was initiated during 1960 to study the
weather support problems that will arise by
1970 in connection with supersonic civil air
transport aircraft. The relation of the sonic
boom to atmospheric conditions, the winds and
turbulence at the projected 80,000 foot cruis-
ing level, and the need to avoid hail and other
hazards during high-speed climb and descent
will be studied.

Study was also commenced on a more im-
mediate problem—the forecasting of clear air
.turbulance at jet transport levels, with the ob-
ject of developing successful methods of identi-
fying and forecasting synoptic weather situa-
tions that coincide with instances of severe and
extreme clear air turbulance. n
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AIRCRAFT IN PRODUCTION

CHANCE VOUGHT F8U-2N

CHANCE YOUGHT CORP., Dallas, Texas

REMARKS

Chance Vought Aircraft’s F8U-2N Crusader, an all-weather in-
terceptor capable of speeds twice that of sound and the latest
in the series of record-breaking F8U aircraft, joined the Fleet
late in 1960.

First flown in February, 1960, the “2N” is a more powerful air-
craft than its F8U-1 and F8U-2 fighter predecessors and has an
increased ability to detect and destroy targets at night or in
bad weather.

The F8U-2N is powered by a Pratt & Whitney J-57-P20 engine
with a thrust rating in excess of 15,000 pounds. It 1s armed with
four Sidewinder guided missiles, 20 mm. cannon, and is equipped
with an improved radar and fire control system. It also has pro-
visions for additional armament and for advanced missiles now
under development.

A Chance Vought-developed autopilot relieves the pilot of many
routine flight tasks, and allows him to concentrate on his mission.
Fuel capacity has been increased over that of the long-range
F8U-2, which can remain aloft more than three hours without
refueling. Other improvements include revised interior and
exterior lighting systems and new instrumentation. Like the
F8U-2; the “2N” has ventral fins mounted under the tail sec-
tion to provide increased stability at the high speeds the air-
craft is capable of reaching and a two-position wing.

Since the experimental version of the airplane—the XF8U-1—
made its first flight March 25, 1955, Crusaders have set the first
national speed record in excess of 1,000 miles an hour and be-
come the first aircraft to span the nation faster than the speed
of sound. They also won the Collier Trophy for outstanding
aviation achievement and the first Certificate of Merit ever

awarded by the former Navy Bureau of Aeronautics, now the
Bureau of Naval Weapons.

SPECIFICATIONS

Span 35 ft. 8 in.; Length 54 ft. 2.75 in.; Height 15 ft. 9.1 in.; Engine One
pratt & Whitney J-57-P20.

PERFORMANCE
Maximum Speed Mach 2.
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NORTH AMERICAN T-39 SABRELINER
NORTH AMERICAN AVIATION, INC., Los Angeles 45, California

REMARKS
The Air Force T-39 twin-jet utility aircraft is a high perform-

ance trainer currently being built by the Los Angeles Division
of North American Aviation, Inc. With a cruising speed of
500 miles per hour at altitudes above 40,000 feet the twin-jet
Sabreliner is a multi-purpose aircraft with pilot, navigational,
radar training and passenger-cargo carrying capabilities. A
prototype Sabreliner (UTX) was built at North American’s ex-
pense in 1957-58 and was first flown in September, 1958. Basic
interior configuration of T-39 provides for four passengers plus

pilot and co-pilot.

SPECIFICATIONS
Span 44 ft. 5 in.; Length 4% ft. 9 in.; Height 16 ft.; Empty Weight 9307

Ib.; Engines two Pratt and Whitney J60s, 3000 1b. thrust normal rated;
Fuel Capacity 1056 gal. (extended range); Wing Area 342.1 sq. ft;
Aileron Area 1642 sq. ft; Flap Area 36.6 sq. ft; Vertical Tail Area
456 sq. ft.; Horizontal Tail Area 77 sq. ft.

PERFORMANCE

Maximum Speed 640 mph at 16,000 ft. (optimum alt); Cruise Speed
500 mph at 43,000 ft.; Landing Speed 100 mph; Service Ceiling 45,000 ft.
Range with Maximum Fuel Load at Maximum Gross Takeoff Weight

1725 mi.
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AIRCRAFT IN PRODUCTION

TEMPO 11
L. B. SMITH AIRCRAFT CORP., Miami 48, Florida

REMARKS

The first production prototype of L. B. Smith Aircraft’s pres-
surized executive transport, designated Tempo II, completed
F.A.A. flight test demonstrations and was certificated on Septem-
ber 21, 1960. Further testing, in accordance with CAR-4b
standards, was accomplished during the latter part of 1960 with
the result that Tempo II is the only Executive version of the
Douglas B-26 in production today to be available for delivery
with an F.A.A. approved, 4b type Aircraft Flight Manual.
Because of its inherent good design, safety record, excellent
handling characteristics, the famous Douglas B-26 was selected
as the basic airframe upon which the Tempo 1I development
program was begun . . . Retaining only the wings, control sur-
faces and nacelles of the original plane . . . a completely new,
fail-safe, pressurized fuselage is manufactured using CAR-4b
procedures as a manufacturing guide, that is nine feet, five and
one-half inches longer than that of the standard B-26 fuselage,
with a constant interior height of six feet, two inches from the
cockpit to the rearmost passenger seat . . . thus providing more
space for both pilot and passengers than any executive version
of the B-26 now in production.

In addition to the longer, higher cabin . . . the original cabin-
cutting, carry thru wing spars have been eliminated and re-
placed by two sets of fuselage spar-ring frames of one and one-
quarter inches thick, rolled aluminum alloy plate. This ex-
clusive design permits stand-erect, walk-thru passage from the
pilot compartment to the passenger area. The installation causes
the wings and engines to be moved outboard, for an increased
wing span of twenty inches, contributing to lower cabin noise
levels and results in overall, net performance gains due to the
increased wing area for added lift and decreased wing loading.
The cabin area, forward of the aft ring spar and aft of the
pilot compartment, is utilized for a full height lavatory, a com-
plete galley and the radio rack. The standard ten passenger
cabin is thereby cleared for installation of executive seating
and furniture. Tempo II's entire interior, decorated to suit
individual needs and tastes is included as standard equipment.
The pressurization system, encompassed by strictly “oft-the-
shelf” components with the exception of plumbing and ducting,
provides a differential of 4.17 psi or a cabin pressure less than
8,000 ft. at a 20,000 foot operating altitude.

Early in December, 1960, the second Tempo II was ready for
delivery to General Mills, Inc. of Minneapolis.

SPECIFICATIONS

Span 73 ft. 514 in.; Length 60 ft. 3.5 ing; Height 20 ft. 0 in; Empty Weight
24,500 1b.; Wing Loading 61.6 lb. per sq. fi; Power Loading 7.3 1b. per
bhp; Engines Two Water Injected Pratt & Whitney R-2800 Cs; 1800 hp
normal rated, or 2400 hp at 2800 rpm takeoft; Fuel Capacity 1400 gal;
Propeller Hamilton Standard 43E60/6895-20 (reversible); Wing Area 570
sq. ft.; Aileron Area 13.62 sq. ft.; Flap Area 65.9 sq. ft.; Fin Avea 48.2 sq. ft.;
Rudder Area 23.4 sq. ft.; Stabilizer Area 83.4 sq. ft.; Elevator Area 327 sq. ft.

PERFORMANCE
Maximum Speed 405 (TAS); Cruise Speed 350 (TAS) mph at 67 percent hp
at 2,400 rpm at 20,000 fr.; Landing Speed 111 mph; Rate of Climb 1,650
fpm at Sea Level; Service Ceiling 29,600 ft.; Range with Maximum Fuel
Load 2,400 mi.
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for short duration. These engines are also cmployed
to propel high-velocity deceleration sleds.

® MODEL: AJ10-24 BOOSTER ROCKET ENGINE

Data
Type: Liquid bi-propellant rocket, gas or chemically
pressurized.

Specs
Diameter: 15 in. Length: 130 in.

Equipment
Assembly consists of a cylindrical section which con-
tains the oxidizer, fuel and pressurizing tanks. The
pressure regulator and rocket motor are attached to
the tank section.

Remarks
This powerplant is used to propel the Acrobee high-
altitude sounding rocket in investigations of the upper
atmosphere.

e MODEL: 15NS-250 AIRCRAFT ROCKET ENGINE

Data
Type: Solid-propellant rocket.

Specs
Diameter: 6 in. Length: 266 in. overall. Empty
Weight: 21 1b. Loaded Weight: 42 1b.

Performance
Rating: 250 1b. thrust for duration of 15 secs. Nomi-
nal at 60°F.

Equipment
The engine consists of a steel cylinder closed on the
forward end. The igniter is on the fore end, while the
exhaust nozzle and two pressure release diaphragms
are on the aft end. Thrust is transmitted to the at-
tachment fittings by two mounting lugs welded on the
cylinder.

Remarks
The 15NS-250 “Junior JATO" aircraft rocket engine
was developed specifically for use as standby rocket
power on light aircraft. This engine received FAA
Engine Type Certificate 250 on April 25, 1958. It is
one of the only two rocket engines to be so certificated
by the FAA.

o MODEL: 2.2KS-11,000 ROCKET ENGINE

Data
Type: Solid-propellant rocket.

Specs
Diameter: 11.38 in. Length: 520 in. overall. Empty
Weight: 118 1b. Loaded Weight: 256 1b.

Performance
Rating: 11,000 1b. thrust for a duration of 2.2-secs.

Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure release dia-
phragm are on the fore end, while the exhaust nozzle
is on the aft end. Thrust is transmitted to the at-
tachment fittings by, two mounting bands installed
around the cylinder.

Remarks
2 9KS-11,000 units are employed to propel high-velocity

test sleds and may be employed as zero launch missile
boosters.

® MODEL: 2.2KS$-33,000 ROCKET ENGINE

Data
Type: Solid-propellant rocket.
Specs
Diameter: 1342 in. l.ength: 10950 in. overall.
Empty Weight: 426 1b. Loaded Weight: 838 1b.
Performance
Rating: 33,000 1b. thrust for a duration of 2.2 secs.
Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure release dia-
phragm are on the fore end and the adjustable nozzle
is on the aft end. The nozzle may be canted 1° above
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the chamber center line to 22° below and 4° to either
side of the principal plane of adjustment. Thrust is
transmitted to the attachment fittings by two mount-
ing bands installed around the cylinder.

Remarks
29KS-33,000 units may be employed as zero launch
missile boosters or to propel high-velocity test sleds.

® MODEL: 40NS-4500 ROCKET ENGINE

Data
Type: Solid-propellant rocket.
Specs
Diameter: 16.03 in. Length: 1525 in. overall. Empty
Weight: 1382 1b. Loaded Weight: 2380 1b.
Performance
Rating: 4500 1b. thrust for a duration of 40 secs.
Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure release dia-
phragm arc on the fore end while the exhaust nozzle
is on the aft end. Thrust is transmitted to the air-
craft attachment fittings by mounting bands installed
around the cylinder.
Remarks
40 NS-4500 units may be employed for assist takeoff of
large aircraft.

e MODEL: AJ10-33 BOOSTER ROCKET ENGINE

Remarks

This triple thrust chamber, liquid-propellant, rocket
sled powerplant is the most powerful such unit ever
developed. It was designed and built for use at the
Hurricane Supersonic Rescarch’ Site at Hurricane
Mesa, Utah, to test airplane cockpit ejection systems
for supersonic aircraft. This engine develops the
equivalent of onc-half million horsepower during the
run, driving the sled at a maximum velocity of 1600
ft. sec. with an acceleration of 8-10 g’s. The use of
multiple thrust chambers makes possible the high
velocities noted above as well as better control of the
thrust level and consequent wide applications in the
rocket-sled field.

e MODEL: AJI0-37 BOOSTER ROCKET ENGINE

Remarks

This engine is used as the powerplant for the second
stage of the Vanguard, satellitc-launching vehicle.
Performance data are classified on this bi-propellant
liquid rocket engine. The second stage engine drives
the satellite and its third stage from the 40-mile first
stage burnout altitude to the second stage burnout alti-
tude of 130 miles. The vehicle then coasts to its orbital
altitude where a small amount of residual propellant
is burned to tip the vehicle over to a horizontal
position. The third stage engine then fires to complete
the satellite launching mission.

ATRCOOLED MOTORS, INC.
SYRACUSE, NEW YORK

® MODEL: FRANKLIN 6A4-165-B3

Data
Type: 6 cylinder, air-cooled, horizontally opposed.
FAA Type Certificate: 238,

Specs
Length: 27134, in. Fuel Grade: 80 octanc. Bore: 4.5
in. Stroke: 35 in. Displacement: 335 cu. in. Com-
pression Ratio: 7:1. Dry Weight: 324 lb. with hub
and accessories. Weight per hp: 1.97 1b.

Performance:
Takeoff Power: 165 hp at 2800 rpm. Cruise: 124 hp
at 2200 rpm. Fuel Consumption: 5 Ib. per hp hr.
Oil Consumption; .002 Ib. per hp hr.
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n and for furnishing compressed air for turbine driven
! vapor or air cycle refrigeration machines, cabin heat-

ing, ground checkout, ice and snow removal and
\ other low pressure pneumatic functions. Unit can
‘ be aircraft mounted or installed in either a trailer or
I self-propelled vehicle.

ALLISON DIVISION
GENERAL MOTORS CORPORATION
INDIANAPOLIS, INDIANA

o MODEL: T56-A-7

Data
Type: Axialflow propjet.

Specs
Length: 145 in. Width: 28 in. Fuel Grade: JP-4. Dry
Weight: 1850 1b. Compressor Stages: 14. Turbine
Stages: 4.

Performance
Fuel Consumption: 0.541. Oil Consumption: 2.8.

Equipment
Starter: Govt. furn. equip.

Remarks
Designed for installation in Lockheed C-130B Her-
cules; ESHP 4050 at 13,820 rpm, sea level conditions.

® MODEL: T56-A-8

Data
Type: Axial-flow propjet.

Specs
Length: 145 in. Width: 28 in. Fuel Grade: JP-5. Dry
Weight: 1850 1b. Compressor Stages: 14. Turbine
Stages: 4.

Performance
Maximum Thrust: 740. Normal Rated Thrust: 718.
Fuel Consumption: 0.544. Oil Consumption: 2.8.

Equipment
Starter: Govt. furn. equip.

Remarks
ESHP 4050 at 13,820 rpm, sea level conditions.

e MODEL: T56-A-9

Data
Type: Axial-flow propjet.
Specs
Length: 145 in. Width: 28 in. Fuel Grade: JP-4. Dry
Weight: 1679 1b. Compressor Stages: 14. Turbine
Stages: 4.
Performance
Maximum Thrust: 726. Normal Rated Thrust: 702,
Fuel Consumption: 0.55. Oil Consumption: 3.6.
Equipment
Starter: Govt. furn. equip.
Remarks
Current production installation is Lockheed C-130A
Hercules; ESHP 3750 at 13,820 rpm, sea level condi-
tions.

® MODEL: T56-A-10W

Data
Type: Axial-flow propjet.

Specs
Length: 145 in. Width: 28 in. Fuel Grade: JP-4/JP-5.
Dry Weight: 1850 1b. Compressor Stages: 14. Turbine
Stages: 4.

Performance
Maximum Thrust: 750. Normal Rated Thrust: 718,
Fuel Consumption: 0.541. Oil Consumption: 2.8.

Equipment
Starter: Govt, furn. equip.
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Remarks
Designed for P3V-1 Lockheed Electra; ESHP 4500 with
water-alcohol injection.

e MODEL: B2

Data
Type: Free turbine propjet.

Specs
Length: 38.5. Width: 15.8. Fuel Grade: JP-4 (Alter-
nate 115/145). Dry Weight: 147 1b. Compressor Stages:
7 axial; 1 centrifugal. Turbine Stages: Single-stage gas
producer; Two-stage power turbine.

Performance
Fuel Consumption: 0.70.

Remarks
Rated at 250 SHP.

® MODEL: C2

Data
Type: Free turbine turbo-shaft.

Specs
Length: 34.6. Width: 15.8. Fucel Grade: JP-4 (Alter-
nate 115/145). Dry Weight: 110 1b. Compressor Stages:
7 axial; 1 centrifugal. Turbine Stages: Single-stage
gas producer; Two-stage power turbine.

Performance
Fuel Consumption: 0.70.

Remarks
Rated at 250 SHP.

e MODEL: 501-D13 PROPJET ENGINE

Data ‘
Type: Axial-flow propjet.

Specs ] '
Length: 145 in. Width: 27 in. Weight: 1750 1b. Com-
pressor Stages: 14. Turbine Stages: 4.

Equipment
Starter: Airframe-furnished.

Remarks
Current production installation in Lockheed Electra
commercial transport; ESHP 3750 at 13,820 rpm, sea
level conditions.

e MODEL: T56-A-1A

Data
Type: Axialflow propjet.

Specs
Length: 145 in. Width: 27 in. Total Weight: 1645 1b.
Compressor Stages: 14. Turbine Stages: 4.

Equipment
Starter: Govt. furn. equip.

Remarks
Current production installation is in Lockheed C-130A
Hercules; ESHP 3750 at 13,820 rpm, sea level con-
ditions.

BOEING AIRPLANE COMPANY
INDUSTRIAL PRODUCTS DIVISION

® MODEL: 502-108
Data
Type: Simple Cycle Two-Shaft Free Power Turboprop.
Specs
Length: 415 in,; Width: 24 in.; Fuel Grade: all fuels
cxcept leaded gasoline; Dry Weight: 325 1b. (290 Mag-
nesium). Compressor Stages: 1 Single-Stage Centrifugal;
Turbine Stages: Single-Stage Gas Producer; Single-
Stage Power Turbine.
Performance
360 hp at 3400 rpm; Fuel Consumption: 0.90.
Equipment
Starter: 24 volt 30 ampere Starter-Generator.
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® MODEL: A65-8F

Data
Tvpe: 4 cvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 205.

Specs
Length: 27.00 in. Width: 31.50 in. Fuel Grade: 80/87
octane. Bore: 3.875 in. Stroke: 3.625 in. Displacement:
171 cu. in. Compression Ratio: 6.3:1. Dry Weight:
171 1b.

Performance
Rating: 65 hp at 2300 rpm at sea level.

Equipment
Carburctor: Marvel. Ignition: Scintilla,

® MODEL: C85-12F

Data
T'ype: 4 cyvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 233.

Specs
Length: 28.50 in. Width: 31.50 in. Fuel Grade: 80/87
octane. Bore: 4.062 in. Stroke: 3.625 in. Displacement:
188 cu. in. Compression Ratio: 6.3:1. Dry Wecight:
181 1b.

Performance
Rating: 85 hp at 2575 rpm at sca level.

LEquipment
Carburctor: Stromberg, Ignition: Scintilla. Starter:
Declco-Remy. Generator: Delco-Remy, 12 volt, 20 amp.

e MODEL: C90-12F

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 252,

Specs
Length: 28.50 in. Width: 31.50 in. Fuel Grade: 80/87
octane. Bore: 4,062 in. Stroke: 3.875 in. Displaccement:
200 cu. in. Compression Ratio: 7:1. Dry Weight: 188 1b.

Performance
Rating: 90 hp at 2475 rpm at sea level.

Equipment
Carburetor: Marvel. Ignition: Scintilla. Starter; Delco-
Remy. Generator: Delco-Remy, 12 volt, 20 amp.

® MODEL: E-185-9

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 246.

Specs
Length: 48.40 in. Width: 33.39 in. Fuel Grade: 80/87
octanc. Bore: 5 in. Stroke: 4 in. Displacement: 470
cu. in. Compression Ratio: 7:1. Dry Weight: 352 1b.

Performance
Rating: 205 hp at 2600 rpm at sea level.

Equipment
Carburetor: Bendix. Ignition: Scintilla. Starter: Pro-
visions for direct cranking starter. Generator: Delco-
Remy, 12 volt, 35 amp. This engine also available
with full AN accessory section,

e MODEL: E-2254
Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 267.
Specs
Length: 48.4 in. Width: 33.39 in. Fuel Grade: 80/87
octane. Bore: 5 in. Stroke: 4 in. Displacement: 470
cu. in. Compression Ratio: 7:1. Dry Weight: 355 1b.
Performance
Rating: 225 hp at 2650 rpm at sca level
Equipment
Carburctor: Bendix. Ignition: Scintilla. Starter: Eclipse.
Generator: Delco-Remy, 12 volt, 35 amp. This engine
also available with full AN accessory section.
® MODEL: O-470-2
Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 281,

ENGINES IN PRODUCTION

Specs
Length: 37.73 in. Width: 33.62 in. Displacement: 470
cu. in. Bore: 5.00 in. Stroke: 4.00 in. Compression

Ratio: 7.0:1 Fuel Grade: 100/130 octane. Dry Weight:
484 1b.
Performance
Rating: 265 bhp at 2600 rpm at sea level.
Equipment
Carburetor: Bendix. Magneto: Scintilla.  Starter:
Eclipse. Generator: Eclipse, 30 volt, 50 amp.
Remarks

The engine has a belt driven supercharger.

e MODEL: 0-470-15
Data
Type: 6 cvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 269.
Specs
Length: 45.20 in. Width: 33.41 in. Displacement: 470
in. Bore: 5.00 in. Stroke: 4.00 in. Compression Ratio:
7.0:1. Fuel Grade: 80/87 octane. Dry Weight: 405 Ib.
Performance
Rating: 213 bhp at 2600 rpm at sea level.
Equipment
Carburetor: Stromberg. Magneto: Scintilla, Starter:
Bendix. Generator: Bendix, 24 volt, 30 amp.

® MODEL: 10-470-C

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 273.

Specs
Length: 37.56 in. Width: 33.58 in. Displacement: 470
cu. in. Bore: 5.00 in. Stroke: 4.00 in. Compression
Ratio: 8.0:1. Fuel Grade: 91/96 octane. Dry Weight:
432 1b.

Performance
Rating: 250 bhp at 2600 rpm at sea level.

Lquipment
Carburetor: CMC Injector. Magneto: Scintilla, Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 50 amp.

® MODEL: 10-470-D
Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 3E2.
Specs
Length: 4353 in. Width: 33.58 in. Displacement: 470
cu. in. Bore: 5.00 in. Stroke: 4.00 in. Compression
Ratio: 8.6:1. Fuel Grade: 100/130 octane. Dry Weight:
426 Ib. Total Weight: 466 lb. with accessories.
Performance

Rating: 260 bhp at 2625 rpm at sea level.

Equipment
Fuel Injector: Continental Motors. Magnetos: Scintilla.
Starter: Delco-Remy. Generator: Delco-Remy, 25 amp,
24 volt.

® MODEL: 10-470-)

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 3EL.

Specs
Length: 3793 in. Width: 33.58 in. Displacement: 470
cu. in, Bore: 5.00 in. Stroke: 4.00 in. Compression
Ratio: 7.0:1. Fuel Grade: 80/87 octane. Dry Weight:
402 1b.

Performance
Rating: 225 bhp at 2600 rpm at sea level.

Equipment
YFuel Injector: Continental Motors. Magneto: Scintilla.
Starter: Delco-Remy. Generator: Delco-Remy, 35 amp,
12 volt.

e MODEL: FSO-526-A (HELICOPTER)

Data
Type: 6 cylinder, fan-cooled, horizontally opposed,
FAA Type Certificate: 202,
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Specs
Length: 47.69 in. Width: 33.64 in. Displacement: 526
cu. in. Bore: 5.125 in. Stroke: 4.25 in. Compression
Ratio: 7.0:1. Fuel Grade: 91/96 octane. Dry Weight:
568 Ib.

Performance
Rating: 270 bhp at 3200 rpm at sea level to 7,900 ft.
critical altitude.

Equipment
Carburetor: Bendix. Magneto: Scintilla.

Remarks
This engine has a gear driven supercharger.

® MODEL: GO-300-A

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 298.

Specs
Length: 39.12 in. Width: 31.50 in. Displacement: 300
cu. in. Bore: 4.0625 in. Stroke: 4.25 in. Compression
Ratio: 7.3:1. Propeller Shaft Ratio: 7.5:1. Fuel Grade:
80/87 octane. Dry Weight: 312 lb.

Performance
Rating: 175 bhp at 3200 rpm at sea level.

Equipment
Carburetor: Marvel. Magneto: Scintilla. Starter: Delco-
Remy. Generator: Delco-Remy, 12 volt, 25 amp.

Remarks
The engine has a geared propeller shaft.

® MODEL: 0O-200-A

Data
Type: 4 cylinder, air-cooled, horizontally opposed wet
sump, FAA Type Certificate: 252.

Specs
Length: 2853 in. Width: 31.56 in. Displacement: 200
cu. in. Bore: 4.062 in. Stroke: 3.875 in. Compression
Ratio: 7.0:1. Fuel Grade: 80/87 octane. Dry Weight:
190 1b. Total Weight: 220.00 Ib., with accessories.

Perfornrance
Rating: 100 bhp at 2750 rpm at sea level.

Equipment
Carburetor: Marvel. Magneto: Scintilla. Starter: Delco-
Remy. Generator: Delco-Remy, 12 volt, 20 amp.

e MODEL: G10470-A
Data
Type: Six cylinder, air-cooled, horizontally opposed,
FAA Type Certificate (Pending).
Specs
Length: 44.89 in. Width: 33.56 in. Displacement: 471
in. Bore: 5.00 in. Stroke: 4.00 in. Compression Ratio:
8.6:1. Propeller Shaft Ratio: 688.1. Fuel Grade: 100/130
octane. Dry Weight: 507 1b.,, complete with acces-
sories.
Performance
Rating: 310 bhp at 3400 rpm at sea level.
Equipment
Fuel Injector: Continental Motors. Magnetos: Scin-
tilla. Starter: Delco-Remy. Generator: Delco-Remy 24
volt, 73 amp.
Remarks
Engine has a geared propeller shaft and generator
drive.

® MODEL: TS10-470-B

Data
Type: Six cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 3E3.

Specs
Length: 42.82 in. Width: 8356 in. Displacement: 471
in. Bore: 5.00 in. Stroke: 4.00 in. Compression Ratio:
7.5:1. Fuel Grade: 100/130 octane. Dry Weight: 503
1b., complete with accessories.

Performance
Rating: 260 bhp at 2600 rpm at sea level to 16,000 ft.
critical altitude.
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Equipment
Fuel Injector: Continental Motors. Turbo-Super-
charger: AiResearch. Magneto: Scintilla. Starter: Delco-
Remy. Generator: Delco-Remy, 12 volt, 50 amp.
Remarks
Length includes Turbo-Supercharger system.

GENERAL ELECTRIC COMPANY

FLIGHT PROPULSION DIVISION
CINCINNATI 15, OHIO

e MODEL: )93

Data
Type: Turbojet.

Equipment
Compressor: Variable Stator; Afterburner and Nozzle
Section: Converging-Diverging Exhaust Nozzle; Con-
trols: Controlled Environment Pod employed for ac-
cessories, mounted beneath compressor scction; ac-
cessory pod is completely removable as a single unit
for ease of maintenance; Single Shaft; Light Weight
Construction, incorporating honey-comb structures.

Remarks
Installed in North American Aviation B-70 Valkyrie
Long-Range Bomber. Applicable to future Mach 3
commercial transports.

e MODEL: CJ-805-23

Data
Type: Turbofan.

Specs
Diameter: 31.6 in. for basic engine, 530 with Aft-
Fan Unit; Length: 1386 in. with Thrust Reverser;
Fuel Grade: Commercial JP; Total Weight: 4270 1b.
with Thrust Reverser; Compressor Stages: 17; Turbine
Stages: three plus one Fan Stage.

Performance
Maximum Thrust: 16,100 1b.; Normal Rated Thrust;
13,600 1b.; Fuel Consumption: .528; Oil Consumption:
2 lb. per hr.

Remarks
Installed in Convair 990 Coronado.

e MODEL: 240 Turboshaft Engine
Data
Type: Marine or Industrial Gas Turbine.
Specs
Diameter: 65 in; Ledgth: 290 in; Height: 95 in.;
Compression Ratio: 12:1; Fuel Grade: JP or Diesel #2;
Total Weight: Approximately 6,000 1b; Compressor

Stages: 17; Turbine Stages: three plus one-stage power
turbine.

Performance
Maximum Thrust: 20,500 shp; Normal Rated Thrust:
14,000 shp; Fuel Consumption: 478 at Maximum 1lb./

hr./shp; Oil Consumption: 3 lb. per hr. at Maximum.
Remarks

Installed in MARAD Hydrofoil,

e MODEL: CJ-805-3B
Data
Type: Turbojet.
Specs
Diameter: 31.6 in.; Length: 18894 ip. (with Reverser/
Suppressor); Fuel Grade: Commercial JP; Total

Weight: 3200 Ib.; Compressor Stages: 17; Turbine
Stages: three.

Performance
Maximum Thrust: 11,650; Normal Rated Thrust:
9190 1b.; Fuel Consumption: .728; Oil Consumption:
1 lb. per hr.

Remarks
Installed in Convair 880M.
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® MODEL: CJ-805-23C

Data
Tvpe: Turbofan.

Specs
Diameter: 31.6 in. Basic Engine, 53.0 with Aft-Fan
Unit; Length: 166.8 in.; Fuel Grade: Commercial JP;
Total Weight: 4,465 1b.; Compressor Stages: 17; Tur-
bine Stages: three plus one Fan Stage.

Performance
Maximum Thrust: 16,100 1b.; Normal Rated Thrust:
13,600 Ib.; Fuel Consumption: .528; Oil Consumption:
2 1b. per hr.

Remarks
Installed in Sud Caravelle VII.

® MODEL: J79

Data
Type: Military Turbojet.

Specs
Diameter: 38.3 in.; Length: 204 in.; Compression
Ratio: 12:1; Fuel Grade: JP 4 and 5; Total Weight:
3,200 1b. approximate, less afterburner; Compressor
Stages: 17; Turbine Stages: Three.

Performance
Maximum Thrust: 16,150 1b.; Normal Rated Thrust:
9,700 SLS; Fucl Copsumplion: 2.0 at Maximum Thrust;
Qil Consumption: 1 1b. per hr.; Single Rotor Variable
Stator Design.

Remarks
Current production installation includes: Lockheed
F-104 Starfighter, Convair B-58 Hustler, North Amer-
ican A3] Vigilante, McDonnell F4H Phantom II.

SMALL AIRCRAFT ENGINE DEPARTMENT
LYNN, MASSACHUSETTS
e MODEL: T58-6

Data
Type: Turboshaft.

Specs
Diameter: 16 in; Length: 55 in; Fuel Grade: JP-4/
JP-5 (contaminated fuel). Dry Weight: 271 1b. Com-
pressor Stages: 10. Turbine Stages: 2. Free Power
Turbine: 1.

Performance
Maximum shp: 1050. Normal Rated shp: 900. Fuel
Consumption: .64 military.

Applications
Sikorsky HS5-2; Kaman HU2K; Vertol YHC-1A; Kaman
K-16 (VTOL); Fairchild M224 (VTOL).

Remarks
Current production installation: military: Sikorsky
HSS-2; Vertol YHC-1A; Kaman HU2K; Sikorsky HSS-1
(experimental); Vertol H-21D (experimental); Kaman
K-16 (experimental VI'OL); Fairchild M-224-1 (experi-
mental VTOL). Civilian version, designated CT-58-
100, certified by FAA for use in commercial helicop-
ters. Announced commercial applications: Sikorsky
S-61; Sikorsky S-62; Vertol 107 Model II. T58-8, 1250
shp growth engine, successfully completed 50-hr.
PFRT August 1959. 150-hr. qualification test scheduled
for July 1960.

e MODEL: T58-8

Data
Type: Turboshaft.

Specs
Diameter; 16 in. Length: 55 in. Fuel Grade: JP-4/
JP-5 (contaminated fuel). Dry Weight: 285 1b. Com-
pressor Stages: 10. Turbine Stages: 2 plus 1 free power
turbine.

Performance
Maximum HP: 1250 Military. Normal Rated HP:
1050 1b. Fuel Consumption: 0.61 Military.

Applications
Sikorsky HSS-2; Kaman HU2XK; Vertol YHC-la; Ka-
man K-16 (VTOL); Fairchild M224 (VTOL).

ENGINES IN PRODUCTION

e MODEL: CT58-100
Data
Type: Turboshaft.
Specs
Diameter: 16 in. Length: 55 in. Fuel Grade: JP4/JP-5
(Contaminated Fuel). Dry Weight: 280 1b. Compressor
Stages: 10. Turbine Stages: 2 plus 1 free power tur-
bine.
Performance
Maximum HP: 1050 Takeoff Power. Normal Rated
HP: 900 lb. Fuel Consumption: 0.64.
Applications
Sikorsky S-61—ordered by L. A. Airways and Chicago
Airways; Sikorsky--S-62 in operation by Petroleum
Helicopters and L. A. Airways; Vertol 107, Model
II—ordered by New York Airways:
e MODEL: CT58-110
Data
Type: Turboshaft.
Specs
Diameter: 16 in. Length: 35 in. Fuel Grade: JP4/
JP-5 (Contaminated Fuel). Dry Weight: 290 1b. Com-
pressor Stages: 10. Turbine Stages: 2 plus 1 free power
turbine.
Performance
Maximum HP: 1250 Takeoff Power. Normal Rated
HP: 1050 1b. Fuel Consumption: 0.61 1b./hp/hr.
Applications
Sikorsky S-61—ordered by Los Angeles Airways and
Chicago Airways; Sikorsky S-62—in operation by Pe-
troleum Helicopters and Los Angeles Airways; Vertol
107, Model II--ordered by New York Airways.
o MODEL: CF700
Data
Type: Turbofan.
Specs
Diameter: 33 in. Length: 69 in. Fuel Grade: P-4,
Total Weight: 585 1b., 665 lb. with reverser. Com-
pressor Stages: 8. Turbine Stages: 2.
Performance
Maximum Thrust: 4000 lb. takeoff. Normal Rated
Thrust: 1020 1b., normal, Continuous 36,000 ft., Mach
0.8. Fuel Consumption: 0.69 takeoff. Fuel consump-
tion: 0.97 lb./lb./hr. normal, Continuous 36,000 ft.,
Mach 038.
Remarks
Engine development program, proceeding on company
funds, calls for producing flight-worthy engines by
mid-1961 and FAA certified engines in early 1962.
e MODEL: CF700-2B
Data
Type: Aft-Turbofan.
Specs
Diameter: 34 in. Length: 64 in. Fuel Grade: JP-4/
JP-5. Dry Weight: 615 1b. Compressor Stages: 8. Tur-
bine Stages: 2.
Performance
Maximum Thrust: 4200 1b. Fuel Consumption: 0.69
1b./hr./1b.
Applications
The CF700 has been selected by McDonnell to power
its M220 corporate jet aircraft. With the promise of
new standards in range and economy, the aft-tur-
bofan engine will be the logical choice for many of
the executive and military craft now in design stages.
o MODEL: CJ610
Data
Type: Turbojet.
Specs
Diameter: 17.6 in. Length: 39.7 in. Fuel Grade: JP-4/
JP-5. Dry Weight: 355 1lb. Compressor Stages: 8. Tur-
bine Stages: 2.
Performance
Maximum Thrust: 2700 1b. Fuel Consumption: 0.97
1b./hr./lb.
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Applications
The CJ610/CF700 constitute the ideal powerplant
combination for the budding executive aircraft
market. This package provides the customer with a
broad spectrum of power. If the CJ610 is selected
as initial powerplant, the CF700 represents the natural
follow-on for future growth versions of the aircraft.

e MODEL: T64-2

Data
Type: Turboshaft

Specs
Height: 30 in. Length: 91 in. Fuel Grade: JP-4/]P-5.
Dry Weight: 854 1b. Compressor Stages: 14. Turbine
Stages: 2.

Performance
Maximum SHP: 2650 (military). Normal Rated HP:
2235. Fuel Consumption: 0.506.

Applications
The T64’s ability to operate continuously at altitudes
from 100 degrees above ta 45 degrees below horizontal,
its low fuel consumption and attractive power-to-
weight ratio suit the engine for application in high
performance helicopters, VI'OL and STOL aircraflt,
and fixed wing utility aircraft, military and com-
mercial. ’

e MODEL: T644

Data
Type: Turboshaft.

Specs
Height: 36 in. Length: 113 in. Fuel Grade: JP-4/
JP-5. Dry Weight: 1079 1b. Compressor Stages: 14.
Turbine Stages: 2 plus 2 free power turbines.

Performance
Maximum HP: 2700 Ib. military shaft. Normal Rated
HP: 2330 1b. Fuel Consumption: 0.495 military.

e MODEL: T64-8

Data
Type: Turboshaft.

Specs
Height: 46 in. Length: 113 in. Fuel Grade: JP-4/
JP-5. Dry Weight: 1,084 Ib. Compressor Stages: 14.
Turbine Stages: 2 plus 2 free power turbines.

Performance
Maximum HP: 2700 military shaft. Normal Rated HP:
2330 Ib. Fuel Consumption: 0.495 military.

e MODEL: T64-6

Data
Type: Turboshaft.
Specs ,

Height: 30 in. Length: 83 in. Fuel Grade: JP-4/JP-5.
Dry Weight: 713 ib. Compressor Stages: 14. Turbine
Stages: 2 plus 2 free power turbines.

Performance
Maximum HP: 2650 military shaft; Normal Rated HP:

92935 1b. Fuel Consumption: 0506 lb/hp/hr (con-
taminated fuel).

e MODEL: 720-722
Data
Type: Turboshaft.

Specs . -
Diameter: 16 in. Length: 55 in. Fuel Grade: 720-

JP-4/JP-5 diesel (contaminaled fuel) 722-Natural gas.
Dry Weight: 320 Ib. Compressor Stages: 10. Turbine
Stages: 2 plus 1 free power turbine.

Performance
Maximum HP: 1000 1b. Fuel Consumption: 12,400
btu/hp/hr.

Applications
Pacific Telephone and Telegraph Co.-Power for 750
KW stand-by generator unit; Halliburton-Pump drive
for oil well fracturing unit; Trunkline-Compressor
drive for natural gas pipeline pumping station;
Grumman-Maneuvering or “docking” engine for Mari-
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time Administration (MARAD) 80 ton hydrofoil boat;
Dynamic Development-Main propulsion for Burcau of
Ships 24-foot experimental hydrofoil boat; Jered-Main
propulsion for Marine Corps experimental amphib-
ious landing vehicle.

e MODEL: J85-5

Data
Type: Turbojet—piloted configuration.

Specs
Diameter: 20.3 in. Length: 104 in. Fuel Grade: JP-4
Total Weight: 525 Ib. Compressor Stages: 8. Turbine
Stages: 2.

Performance
Maximum Recheat Thrust, SLS, Standard Day: 3850 Ib.
Military Thrust, SLS, Standard Day: 2500 Ib. Power
to Weight Ratio: 7-3:1. Specific Weight: .136.

Equipment
Afterburner. Starter: Air Impingement.

Remarks
Scheduled production installation: Northrop N-156F;
Northrop T-38; Radioplane Q4-B. J83-5 has success-
fully run its official 50 hr. PFRT.

e MODEL: J85-7

Data
Type: Turbojet-missile configuration.

Specs
Diameter: 17.7 in. Length: 42 in. Fuel Grade: JP-4.
Total Weight: 325 1b. Compressor Stages: 8. Turbine
Stages: 2.

Performance
Military Thrust: 2450 1b., SLS, Standard Day. Power
to Weight Ratio: 7.5:1 Specific Weight: .132.

Equipment
Starter: Air Impingement.

Remarks
Scheduled production installation: McDonnell GAM-
72. J85-7 has successfully run its official QT.

LYCOMING DIVISION
AVCO CORPORATION
STRATFORD, CONNECTICUT

® MODEL: T53-L-1A (LTCIB-1)

Data
Type: Shaft turbine engine. FAA Type Certificate:
1-E6.

Specs
Diameter: 230 in. Length: 4761 in. Width: 23.0 in.
Pressure Ratio: 6:1. Fuel Grade: Mil-F-5624 Grade
JP-4. Dry Weight: 480 1b. Compressor Stages: 50 axial
plus 1 cent. Turbine Stages: 1 compressor, 1 free
power.

Performance
Maximum SHP: 860 military. Normal Rated SHP:
770. Fuel Consumption: 0.735 ESFC at military power.

Remarks
Development was sponsored by Army and Air Force on
this single stage free-type power turbine, combination
axial-centrifugal compressor driven by a single stage
turbine, and external annular vaporizing combustor
engine. Current production installation: Bell H40/
HU-I; Kaman H43B. Also installed in prototype vehi-
cles: Ryan Model 92; Doak Model 16; Vertol Model 76;
Bu Ships ‘“Halobates” Boat, Army “Flying Duck.”
Vertol Model 107; Vanguard Omniplane, Curtiss-
Wright X-100.

® MODEL: T53-L-3

Data
Type: Turboprop.

Specs

Diameter: 23.0 in. Length: 5840 in. Width: 230 in.
Pressure Ratio: 6:1. Fuel Grade: JpP4. Dry Weight:
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530 1b. Compressor Stages: 5 axial plus 1 cent. Tur-
bine Stages: 1 compressor plus 1 free power.
Performance
Maximum SHP: 960. Normal Rated SHP: 825. Fuel
Consumption: .655 ESFC at takecofl. Oil Consumption:
I+ gal. per hr.
Remarks
Developed under sponsorship of Army and Air Force
on this single stage free-type power turbine, axial-
centrifugal compressor dirven by single stage turbine,
and external annular vaporizing combustor engine.
Now in production for use in Grumman AO-1
Mohawk high-performance observation plane for Army.

e MODEL: T53-L-5

Data
Type: Shaft turbine engine.

Specs
Diamecter: 23.0 in. Length: 47.6 in. Width: 23.0 in.
Pressure Ratio: 6:1. Fuel Grade: JP+. Dry Weight:
485 Ib. Compressor Stages: 5 axial plus 1 centrifugal.
Turbine Stages: 1 compressor plus 1 free power.

Performance
Maximum SHP: 960 takecoff. Normal Rated SHP:
825, Fuel Consumption: 0.664 ESFC at takeoff.

Remarks
Development funded by Army. This engine is a shaft
turbine version of the T53-L-3 turboprop embodying
Lycoming’s “Universal Engine” concept. Only differ-
ence between these two engines is in reduction gear
and fucl control. For use in growth versions of ve-
hicles presently using T33-L-1. Scheduled for Bell
HU-1B.

e MODEL: T55-L-3

Data
Type: Shaft turbine engine.

Specs
Diameter: 2425 in. Length: 44.03 in. Width: 24.75
in. Pressure Ratio: 6:1. Fuel Grade JP-4. Dry Weight:
600 1b. Compressor Stages: 7 axial plus 1 cent. Turbine
Stages: 1 compressor plus 2 free power.

Performance
Maximum SHP: 1900 military. Normal Rated SHP:
1700 Fuel Consumption: .641 ESFC at military power.
Oil Consumption: .25 gal. per hr.

Remarks
Engine has two stage free-type power turbine combina-
tion axial-centril:ugal compressor driven by a single

stage turbine, and external vaporizing annular com-
bustor.

e MODEL: T55-L-1

Data
Type: Turboprop.

Specs
Diameceter: 24.25 in. Length: 58.85 in. Width: 24.25
in. Pressure Ratio: 6:1. Fuel Grade: JP-4. Dry
Weight: 695 1b. Compressor Stages: 7 axial plus 1
cent. Turbine Stages: 1 compressor plus 2 free power,

Performance )
Maximum SHP: 1600. Normal Rated SHP: 1325,
Fuel Consumption: .648 ESFC at takeoff. Oil Con-
sumption: .25 gal. per hr,

Remarks
Engine has 2-stage freé-type power turbine combina-
tion axial-centrifugal compressor driven by a single
stage turbine, and external vaporizing annular com-
bustor.

e MODEL: T55-L-5

Data
Type: Shaft turbine engine.

Specs
Diameter: 24.25 in. Length: 45.21 in. Width: 2476 in.
Pressure Ratio: 6:1. Fuel Grade: JP4. Dry Weight:
570 1b. Compressor Stages: 7 axial plus 1 centrifugal.
Turbine Stages: 1 compressor plus 2 frece power.

ENGINES IN PRODUCTION

Performance
Maximum SHP: 2200 military. Normal Rated SHP:
1850. Fuel Consumption: 0.629 ESFC at military power.
Oil Consumption: .25 gal. per hr.

Remarks
High speced version of T55-L-3. Output shaft speed
cqual to power turbine speed. Scheduled for produc-
tion for use in Vertol YHC-1B “Chinook” cargo heli-
copter for Army. Embodies Lycoming’s “Universal
Engine” concept.

® MODEL: T53-L-7

Data
Type: Turboprop.

Specs
Length: 58.40 in.; Width: 23.00 in.; Fuel Grade:
JP-4; Dry Weight: 522 1b.; Compressor Stages: 5 Axial
plus I cent.; Turbine Stages; 1 compressor plus 1 free
power.

Performance
Maximum SHP: 1100 at 1700 rpm. Normal rated
SHP: 1100 at 1700 rpm; Fuel Consumption: ESFC
at military .649.

Remarks
The T53-L-7 is the higher rated version of the T53-1.8
to be used in advance models of the Grumman AO-1
Mohawk.

e MODEL: T53-L-9

Data
Type: Turboshaft.

Specs
Length: 47.61 in.; Width: 23.00 in.; Fuel Grade:
JP-4; Dry Weight: 485 lb; Compressor Stages: 5 Axial
plus 1 Cent; Turbine Stages: 1 Compressor plus 1
free power.

Performance
Maximum SHP: 1100 at 6610 rpm. Normal Rated
SHP: 900 at 6610 rpm. Fuel Consumption: SFC at
690 military power.

Remarks
The T53-L-9 is a universal helicopter engine for use
in the advance model of the Bell HU-1D Iroquois,
utiliity and cargo transport hedicopters and VTOL/
STOL aircraft.

LYCOMING DIVISION
AVCO CORPORATION
WILLIAMSPORT, PENNSYLVANIA

® MODEL: 0-235-CIB

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
115 hp. FAA Type Certificate: 228.

Specs
Length: 29.81 in. Fuel Grade: 80 octane. Bore: 4.375
in. Stroke: 3%.875 in. Displacement: 233.3 cu. in.
Compression Ratio: 6.75:1. Dry Weight: 236 1b. with
hub and accessories. Weight per hp: 2.05 lb.

Performance
Takeoff Power: 115 hp 2800 rpm. Cruise: 80 hp at
2350 rpm. Fuel Consumption: .52 lb. per hp hr. Oil
Consumption: .012 1b. per hp hr.

Equipment
Carburetor: Marvel-Schebler MA-3A. Ignition: Dual
Scintilla S4LN-21. Starter: Delco-Remy. Generator: Del-
co-Remy.

e MODEL: 0-290-D2C

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 140 hp. FAA Type Certificate: 229,

407



Specs
Length: 29.81 in. Width: 32.24 in. Height: 22.68 in.
Bore: 4.875. Stroke: 3.875. Compression Ratio: 7.00:1.
Displacement: 289.0 cu. in. Weight: 265 1b. Fuel
Grade: 80/87.

Performance
Takeoff Power: 140 hp at 2800. Rated Power: 135 hp
at 2600 rpm. Fuel Consumption: 6.5 gal. per hr. at
2250 rpm, cconomy cruise.

Equipment
Carburetor: Marvel-Schebler MA-3FPA.  Magnetos:
Scintilla S4LN-20 and S4LN-21. Generator: Delco-
Remy, 12 volt. Starter: Delco-Remy.

® MODEL: 0-320-A2C

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 150 hp. FAA Type Certificate: 274.

Specs
Length: 29.81 in. Height: 2299 in. Width: 32.24 in.
Bore: 5.125. Stroke: 3%.875. Displacement: 319 cu in.
Compression Ratio: 7.00:1. Weight: 273 1b. Fuel Grade:
80/87.

Performance
Takeoff and Rated Power: 150 hp at 2700 rpm. Fuel
Consumption: 82 gal. per hr. at 2350 rpm, cconomy
cruise.

Equipment
Carburetor: Marvel-Schebler MA-4SPA.  Magnetos:
Scintilla S4LN-20 and S$4LN-21. Generator: Delco-
Remy, 12 and 24 volt. Starter: Delco-Remy.

e MODEL: 0-320-B2C

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 160 hp. FAA Type Certificate: 274.

Specs
Length: 29.81 in. Width: 32.24 in. Height: 2299 in.
Bore: 5.125. Stroke: 3.875. Displacement: 319 cu. in.
Compression Ratio: 8.50:1. Weight: 277 1b. Fuel Grade:
91/96.

Performance
Takeoff and Rated Power: 160 hp at 2700 rpm. Fuel
Consumption: 8.2 gal. per hr. at 2350 rpm, economy
cruise.

Equipment
Carburetor: Marvel-Schebler MA-4SPA. Magnetos:
Scintilla S4LN-20 and S4LN-21. Generator: Delco-
Remy, 12 or 24 volt. Starter: Delco-Remy, 12 or 24
volt.

e MODEL: 0O-320-B3C
Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 160 hp, FAA Type Certificate 274.
Specs
Length: 29.81 in.; Width: 32.24 in.; Displacement: 320
cu. in.; Bore: 5.125 in.; Stroke: 3.875 in.; Compression
Ratio: 8.50:1; Fuel Grade: 91/96; Dry Weight: 277 1b.
Performance
Takeoff and Normal Rated Thrust: 160 hp at 2700
rpm at Sea Level. Cruising: 120 hp at 2450 at 7000 ft.
Fuel Consumption: 10.0 gal. per hr. at 75 percent rated
power, 8.8 gal. per hr. at 65 percent rated power. Oil
Consumption: .012 Ib. bhp per hr. at rated power.
Equipment
Carburetor: Marvel-Schebler MA4-SPA. Magnetos: Scin-
tilla S4LN-200 and S4LN-204. Starter: Delco-Remy.
Generator: Delco-Remy.

® MODEL: 0-340-A1B
Data
Type: 4 cylinder, air-cooled, horizontally opposed, di-
rect drive, 170 hp. FAA Type Certificate: 277.
Specs
Length: 2981 in. Width: 3255 in. Height; 2455 in.
Bore: 5.125. Stroke: 4.125. Compression Ratio: 8.50:1.
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Displacement: 340.4 cu. in. Weight: (with starter and
generator) 29.79 1b, Fuel Grade: 91/96.

Performance
Takeoff and Rated Power: 170 hp at 2700 rpm. Fuecl
Consumption: 8.5 gal. per hr. at 2350 rpm and 65 per-
cent rated power.

Equipment
Carburetor: Marvel-Schebler MA4-3. Magnetoes: Scin-
tilla. S4LN-20 and S4LN-21. Generator: Delco-Remy,
12 volt. Starter: Delco-Remy.

® MODEL: O-360-A1D

Data
Type: 4 cylinder, air-cooled, horizontally opposed, 180
hp. FAA Type Certificate: 286.

Specs
Length: 29.81 in. Width: 33.37 in. Height: 2159 in.
Displacement: 361 cu. in. Bore: 5.125 in. Stroke:
4.375. Compression Ratio: 8.50:1. Fuel Grade: 91796,
Dry Weight: 284 1h.

Equipment
Carburetor: Marvel-Schebler MA4-3 Muagnetos: Scin-
tilla S4L.N-20, S4LN-21. Starter: Delco-Remy. Gener-
ator: Delco-Remy.

® MODEL: 0-360-A1C

Data
Type: 4 cylinder, air-cooled, horizontally opposed, 189
hp, FAA Type Certificate 286.

Specs
Length: 30.67 in; Width: 33.37 in.; Displacement: 360
cu. in.; Bore: 5.125 in.; Stroke: 4.375 in.; Compression
Ratio: 8.50:1; Fuel Grade: 91/96; Dry Weight: 288 Ib.

Performance
Takeoff and Normal Rated Power: 180 hp at 2700
rpm at Sea Level. Cruising: 135 hp at 2450 rpm at
Sca Level. Fuel Consumption: 10.5 gal. per hr. at 75
percent rated power, 90 gal. per hr. at 65 percent
rated power. Oil Consumption: 012 1b. bhp per hr.
at rated power.

Equipment
Carburetor: Bendix PSH-5BD. Magnetos:  Scintilla
S4LN-200 and S4L.N-204. Starter: Delco-Remy. Gen-
crator: Delco-Remy,

® MODEL: 0O-360-C2D
Data

Type: 4 cylinder, air-cooled, horizontally opposed,

;I;gect drive helicopter, 180 hp. FAA Type Certificate:

Specs
H_Clghti 19.68 in. Length: 30.67 in. Width. 33.37 in.
Displacement: 860 cu. in. Bore: 5.195 in. Stroke:

4375 in. Compression Ratio: 8.50:1. Fuel Grade:
91/96. Dry Weight: 288 1h.
Performance

Takeoft and Rated Power: 180 hp at 2700 rpm.

® MODEL: O-540-FIB5
Data
Type: 6 cylinder, horizontall 60 1 ;
Type Certificate 295, v opposed 260 hp. FAA
Specs
Height: 2456 in. Length: 3842 in. Width: 33.37 in.
Displacement: 540 in. (3) Bore: 5.125 in. Stroke: 4.375

in. Compression Ratio: 850:] ade:
Dry Weight: 398 1. 50:1. Fuel Grade: 91/96.

Performance

Maximum Power: 260 hp at 2800 rpm to 800 ft. alt.

Normal Rated Power: 235 hp at 2800 rpm to 4000 ft.

alt. Fuel Consumption: 13.5 gal, per hr. at 65%, rated.
Equipment

Carburetor: Marvel-Schebler MA4-5. Magneto: Scin-

tilla S6L.N-200, S6LN-204. Starter: Delco-Remy. Gen-

erator: Delco-Remy.
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Remarks
Current production installation: Certificated for heli-
copter operation.

e MODEL: VO-360-A1B

Data
Type: 4 cyvlinder, horizontally opposed, vertical, air-
cooled helicopter, 180 hp. FAA Type Certificate: 1-El.

Specs
Height: 23.05 in. Length: 30.00 in. Width: 33.37 in.
Displacement: 360 cu. in. Bore: 5.125 in. Stroke: 4.375
in. Compression Ratio: 850:1. Fuel Grade: 91/96.
Dry Weight 298 1b.

Performance
Takcoff and Rated Power: 180 hp at 2900. Fuel Con-
sumption: 13.5 gal. per hr. at 80 percent rated
power.

Equipment
Carburetor: Marvel-Schebler MA4-5. Magneto: Two
Scintilla S4L.N-21s.

Remarks .
Current production installation: Brantly B-2 heli-
copter (Army HO-3).

® MODEL: VO-435-AIE

Data
Type: 6 cyvlinder, air-cooled, horizontally opposed, for
vertical helicopter installation 260 hp. FAA Type Cer-
tificate: 279.

Specs )

l Height: 25.19 in. Width: 33.58 in. Dcptll_: 24..13 in.
Fuel Grade: 80/87. Bore: 4.875. Stroke: 3.875. l)lsp_lacc-
ment: 434 cu. in. Compression Ratio: 7.30:1. Weight:
391 1b.

Performance . )
Takcoff: 260 hp at 3400 rpm. Rated Power: 250 hp
at 3200 rpm. Fuel Consumption: 20.0 gal. per hr. at
80 percent rated power.

Equipment
Carburctor: Marvel-Schebler MA4-5 AA. Magnetos:
Scintilla S6L.N-200 and S6RN-204. Hand cranking pro-
visions optional. New design crankcase and oil pump.

e MODEL: VO-540-B1B,-B1C

Data .
Type: 6 cylinder, horizontally opposed, vertical, air-
cooled helicopter 305 hp. FAA Type Certificate: 304.

Specs ) ) .
Height: 24.57 in. Length: 34.73 in. Width: 34.70 in.
Displacement: 540 cu. in. Bore: 5.125 in. Stroke:
4.375 in. Compression Ratio: 7.30:1. Fuel Grade: 80/87.
Dry Weight: 429 1b.

Performance
Takeoff Power: 305 hp at 3200 rpm. Rated Power:

305 hp at 3200 rpm. Fuel Consumption: 17.0 gal. per
hr. at 60 percent rated powcr.

Equipment ) . .
Carburetor: Marvel-Schebler MA-GAA. Magneto: Scin-
tilla S6RN-200, S6LN-204.

® MODEL: GO-435-C2B2-6

DamTypc: 6 cylinder, horizontally opﬁposcd, Fc:n'ed, air-
cooled, 240 hp. FAA Type Certificate: 228.

Specs
Height: 28.02 in. Length:
Displacement: 430.0 in. Bore: 4.8 !
Compression Ratio: 7.30:1. Fuel Grade:
Weight: 430 1b.

Eqm(l‘.):nl:lc)llllt‘etor: Marvel-Schebler MA4-5. Magnetos: Scin-
tilla S6LN-20, and SG6LN-2L.

38.64 in. Width: 3312 in.
75 in. Stroke: 3.875 in.
80/87. Dry

® MODEL: GO-480-B1E6,-B1D
Data . | ‘
Type: 6 cylinder, horizontally opposcd, air-cooled, gear
drive, 270 hp. FAA Type Certificate: 275.

ENGINES IN PRODUCTION

Specs
Length: 38.64 in. Width: 33.12 in. Height: 28.02 in.
Bore: 5.125 in. Stroke: $.875 in. Displacement: 479.7.
Compression Ratio: 7.30:1. Weight: 432 1b. Fuel
Grade: 80/87.

Performance
Takeoft Power: 270 hp at 3400 rpm (2180 prop rpm).
Rated Power: 260 at 3000 rpm. Fuel Consumption:
14.1 gal. per hr. at 2600 rpm, economy cruise,

Equipment
Carburetor: Bendix-Stromberg PS-5BD. Magnetos:
Scintilla S6LN-20, S6LN-21.

® MODEL: GO-480-G1G6

Data
Type: 6 cylinder, horizontally opposed, geared, air-
cooled, 295 hp. FAA Type Certificate: 275.

Specs
Height: 28.02 in. Length: 39.84 in. Width: 33.12 in.
Displacement: 480 cu. in. Bore: 5.125 in. Stroke:
3875 in. Compression Ratio: 8.70:1. Fuel Grade:
100/130. Dry Weight: 439 1b.

Performance
Takcoff Power: 295 hp at 3400 rpm. Rated Power:
280 hp at 3000 rpm.

® MODEL: GO-480-G1F6

Data

Type: 6 cylinder, reduction gear drive, horizontally
opposed, air cooled, 295 hp. FAA Type Certificate:
275.

Specs
Length: 3984 in. Width: 33.12 in. Height: 28.02 in.
Bore: 5.125 in. Stroke: 3.875 in. Compression Ratio:
8.70:1. Displacement: 479.7 cu. in. Weight: 437 Ib.
Fuel Grade: 100/130.

Performance
Takeoftf Power: 295 hp at 3400 rpm. Rated Power: 280
hp at 3000 rpm. Fuel Consumption: 13.0 gal. per hr.
at rated speed and 60 percent rated power.

Equipment
Carburetor: Bendix-Stromberg PS-5BD. Magnetos: Scin-
tilla S6L.N-20 and S6RN-21.

® MODEL: GO480-G2F6
Data

Type: 6 cylinder, gear drive, horizontally opposed, air-
cooled, 295 hp. FAA Type Certificate; 275,
Specs )
Height: 28.02 in. Length: 41.79 in. Width: $3.12 in.
Bore: 5.125 in. Stroke: 3.875 in. Compression Ratio:
8.70:1. Displacement: 4797 cu. in. Weight: 443 1b. Fuel
Grade: 100/130.
Performance
Takeoft Power: 295 hp at 3400 rpm. Rated Power: 285
hp at 3100 rpm. Fuel Consumption: 13.5 gal. per hr.
at rated speed and 60 percent rated power.
Equipment
Carburetor:  Bendix-Stromberg PS5BD., Maguetos:
Scintilla S6LN-20, S6LN-21.

® MODEL: GSO-480-B1A6
Data
Type: 6 cylinder, horizontally opposed, geared, super-
charged, 340 hp. FAA Type Certificate: 984.
Specs
Length: 4931 in. Height: 33.08 in. Width: 33.12 in.
Bore: 5.125 in. Stroke 3.875 in. Displacement: 497.7.

Compression Ratio: 7.30:1. Weight: 498 1b. Fuel Grade:
100/130.

Performance
Takeoft Power: 340 hp at 3400 rpm (2180 prop. rpm).
Rated Power: 320 hp at 3200 rpm. Fuel Consumption:
16.0 gal. per hr. at 60 percent rated power at 2600 rpm.
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Equipment
Carburetor: Bendix PS-7BD. Magnetos: Scintilla S6LN-
20 and S6RN-21.

® MODEL: GSO-480-B1B6 (0O-480-1)

Data
Type: 6 cylinder, horizontally opposed, geared, super-
charged, 340 hp. FAA Type Certificate: 284.

Specs
Length: 46.22 in. Height: 33.26 in. Width: 33.12 in,
Bore: 5.125. Stroke: 3.875. Displacement: 479.7 cu. in.
Compression Ratio: 7.30:1. Weight: 500 1b. Fuel
Grade: 100/130.

Performance
Takeoff Power: 340 hp at 3400 rpm (2180 prop. rpm).
Rated Power: 320 hp at 3200 rpm. Fuel Consumption:
16.0 gal. per hr. at 60 percent rated hp and 2600 rpm.

Equipment
Carburetor: Bendix PSH-7BD. Magnetos: Scintilla
S6LN-20, S6RN-21.

® MODEL: GSO-480-B1C6

Data
Type: 6 cylinder, horizontally opposed, geared, super-
charged, 340 hp. FAA Type Certificate 284.

Specs
Height: 22.56 in. Length: 52.18 in. Width: 33.12 in.
Displacement: 480 in. Bore: 5.125 in. Stroke: 3.875
in. Compression Ratio: 7.30:1. Fuel Grade: 100/130.
Dry Weight: 497 1b.

Performance
Takeoff Power: 340 at 3400 rpm. Normal Rated Power
320 at 3200 rpm. Fuel Consumption: 16 gal. per hr.
609, rated power 2600 rpm. Takeoff and rated power
to 8000 fr. altitude.

Equipment
Carburetor: Bendix PSH-7BD. Magneto: Scintilla
S6L.IN-20, S6RN-21.

Remarks
Current production installation: Trecker P136-L-2
Super Gull.

o MODEL: GSO-480-B2D6

Pata
Type: 6 cylinder, horizontally opposed, geared, super-
charged, 340 hp. FAA Type Certificate 284.

Specs
Height: 22.56 in. Length: 47.06 in. Width: 33.12 in.
Displacement: 480 in. (3). Bore: 5.125 in. Stroke:
3875 in. Compression Ratio: 7.30:1. Fuel Grade:
100/130. Dry Weight: 498.

Performance
Takeoft Power: 340 at 3400 rpm. Normal Rated Power:
320 at 3200 rpm. Fuel Consumption: 16 gal. per hr.
2600 rpm.

Equipment
Carburetor: Bendix PSD-7BD. Magneto: Scintilla
S61.N-20, S6RN-21.

Remarks
Current production installation: McKinnon Enter-
prises 4-engine model G-21A Goose Conversion.

e MODEL: O-540-A1D5

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
direct drive, 250 hp. FAA Type Certificate: 295,

Specs
Length: 38.42 in. Height: 24.56 in. Width: 33.37 in.
Bore: 5.125. Stroke: 4.375. Diplacement: 541.5 cu. in.
Compression Ratio: 8.50:1. Weight: 397. Fuel Grade:
91/96.

Performance
Takeoff Power: 250 hp at 2575 rpm. Rated Power:
250 hp at 2575 rpm. Fuel Consumption: 12 gal. per
hr. at economy cruise.
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Equipment
Carburetor: Marvel-Schebler MA4-5. Magnetos: Two
Scintilla, S6LN-21. Generator: Delco-Remy 12 or 24
volt. Starter: Delco-Remy.

¢ MODEL: SO-580-A1B (0O-580-3)

Data
Type: 8 cylinder, air-cooled, opposed, supercharged,
for horizontal or vertical helicopter installation, 400
hp. FAA Type Certificate: 285.

Specs
Length: 46.67 in. Width: 3312 in. Height: 24.58 in.
Bore: 4.875 in. Stroke: 3.875 in. Compression Ratio:
7.3:1. Displacement: 578 cu. in. Weight: 578 1b. Fuel
Grade: 100/130.

Performance
Takeoff Power: 400 hp at 3300 rpm. Rated Power:
350 hp at 3000 rpm. Fuel Consumption: 16.5 gal. per
hr. at rated speed and 80 percent rated power.

Equipment
Carburetor: Bendix PS-9BDE. Magnetos: Scintilla 2)
S4LN-20 and (2) S4RN-21.

® MODEL: IGSO-480-A1B6

Data
Type: 6 cylinder, horizontally opposed, geared and
supercharged, fuel injection, air-cooled, 340 hp. FAA
Type Certificate: 284,

Specs
H.eight: 23.29 in. Length: 47.56 in. Width: 3312 in.
stpla'ccmcnt: 480 cu. in. Bore: 5.125 in. Stroke:
3.875 in. Compression Ratio: 7.30:1. Fuel Gride: 100/
130. Dry Weight: 496 1b.

Performance
Takeoft Power: 340 hp at 3400 rpm. Rated Power: 320
hp at 3200 rpm. Fuel Consumption: 15.8 gal. per hr,
at 60 percent rated power.

Equipment
Fuel Injector: Simmonds Type 570. Magneto: Scintill
S6LN-20, 21, -64, -61. ghetor seintitia

Remarks
Current production installations: Beechcraft Twin-
Bonanza, Beechcraft Queen Air, Aero Design  Alti-
Cruiser.

e MODEL: IMO-360-B1B
Data
.T)'/pe:. 4 cylinder, horizontally opposed, air-cooled, fuel
injection, drone, 225 hp at 3400 rpm.
Specs
H.elght: 1749 in. Length: 33.95 in. Width: 84.25 in.
;);;:lalcement: 360 in. (3). Bore: 5.195 in. Stroke:
375 in. Compression Ratio: 8.70:1. F ade: .
130, Dry Weinhe: o3 o - Fuel Grade: 100/
Performance
Takeoff and Rated Power: 225 hp. at 3400 rpm. Full
throttle fuel consumption: 9292 gal. per hr
Equipment . '
Fuel Injector: Simmonds T : i
il SALN o ype 580. Magnetos: Scin-
Remarks
Current production installation:

p Acrojet- :
veillance Drone. jet-General Sur

® MODEL: 10-360-B1A

Data
Type: 4 cylinder, air-cooled, horizontally opposed
direct drive, fuel injection, 180 hp ’

Specs )
Lenglh: 32.81 in. Width: 33.37 in, Displacement: 360
cu. in. Bore: 5.125 in. Stroke: 4375 in. Compression
Ratio: 8.50:1. Fuel Grade: 91,/96. Dry Weight: 292 1b

Performance ’
Takeoff and Normal Rated Power: 180 hp at 2700
rpm at Sea Level. Cruising: 135 hp at 2450 rpm. Fuel
Consumption: 11.0 gal. per hr. at 75 percent rated
power, 8.5 gal. per hr. at 65 percent rated power. Qil
Consumption: .012 lb. bhp per hr. at rated power.

AEROSPACE YEAR BOOK



Equipment
FFuel Injector: Simmonds Type 530. Magnetos: Scintilla
S6LN-200 and SGLN-204. Starter: Delco-Remy. Gener-
ator: Delco-Remy.

e MODEL: O-135-4

Data
T'vpe: 6 covlinder. horizontally opposed, air-cooled, 255
hp, FAA Type Certificate 228.

Specs
Length: 38.33 in. Width: 33.12 in. Displacement: 435
ct. in, Bore: 4875 in. Stroke 3.875 in. Compression
Ratio: 7.30:1. Fuel Grade: 80/87. Dry Weight: 405 1b.

Performance
Takeofl: 255 hp at 3400 rpm at Sca Level. Normal
Rated Power: 245 hp at 3200 rpm at Sea Level
Cruising: 200 hp at 3200 rpm at 7000 ft. Fuel Con-
sumption: 18.6 gal. per hr. at 80 percent rated power.
Oil Consumption: .012 1b. bhp per hr. at rated power.

Equipment
Carburctor: Marvel-Schebler MA-4-3. Magnetos: Scin-
tilla S6L.N-50 and S6LN-51.

® MODEL: 10-540-A1A

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
dircct drive, fuel injection, 290 hp.

Spees
Length: 3977 in. Width: 34.25 in. Displacement: 540
cu. in. Bore: 5.125 in. Stroke: 4.375 in. Compression
Ratio: 8.70:1. Fuel Grade: 100/130. Dry Weight: 441 1b.

Performance
Takeoff and Normal Rated Power: 290 hp at 2575
rpm at Sca Level. Cruising: 220 hp at 2330 rpm at
6000 fr. Fuel Consumption: 16.5 gal. per hr. at 75
percent rated power, 135 gal. per hr. at 65 percent
rated power. Oil Consumption: 012 1b. bhp per hr.
at rated power,

LEquipment
Fuel Injector: Simmonds Type 530. Magnetos: Scin-
tilla: S6LN-200 and S6LN-204. Starter: Dclco-Remy.
Generator: Delco-Remy.

® MODEL: VO-540-C1A

Data
Type: 6 cylinder, horizontally opposed, vertical, air-
cooled helicopter, 305 hp. FAA type certificate 304.

Specs
Length: 3473 in; Width: 3470 in.; Displacement:
5140 cu. in; Bore; 4.875 in.; Stroke 3.875 in.; Com-
pression  Ratio: 8.70:1; Fuel Grade: 100/130; Dry
Weight: 439 Ibs.

Performance
Takcofl and Normal Rated Power: 305 hp at 3200
rpm at Sca Level. Cruising: 240 hp at 3200 rpm at
9500 ft. Fucl Consumption: 24.0 gal. per hr. at 80
percent rated power, 21.0 gal. per hr, at 70 percent
rated power, Oil Consumption: 014 lb. bhp per hr.
at rated power.,

Equipment
Carburctor: Twin Marvel-Schebler MA-6AA. Magnetos:
Scintilla SGRN-200 and S6RN-204.

® MODEL: 1GO-540-A1A

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
geared drive, fuel injection, 350 hp.

Specs
Length: 43.88 in.; Width: 34.25 in; Displacement:
540 cu. in.; Bore: 5.125 in.; Stroke: 4375 in.; Com-
pression  Ratio: 8.70:1; Fuel Grade: 100/130; Dry
Weight: 508 1b.

Performance
Takceoil: 330 hp at 3400 rpm at Sca Level. Normal
Rated Power: 325 hp at 3000 rpm at Sea Level.
Cruising: 240 hp at 2700 ypm at 6000 ft. Fuel Con-

ENGINES IN PRODUCTION

sumption: 21.0 gal. per hr. at 75 percent of rated

power, 15.0 gal. per hr. at 65 percent of rated power.

Oil Consumption: 014 Ib. bhp per hr. at rated power.
Equipment

Fuel Injection: Simmonds Type 380 or Bendix RS10-

EDI. Magnetos: Scintilla S6RN-600 and S6RN-604.

e MODEL: IGSO-540-A1A

Data
Type: 6 cylinder, air-cooled, horizantally opposed,
geared drive, fuel injection, supercharged.

Specs
Length: 4850 in.; Width: 3425 in.; Displacement:
540 cu. in.; Bore: 5.125 in.; Stroke: 4.375 in.; Com-
pression Ratio: 7.30:1; Fuel Grade 100/130: Dry
Weight: 538 Ib.

Performance
Takeoffr 380 hp at 3400 rpm at 12,000 ft. Normal
Rate Power: 360 hp at 3200 rpm at 11,500 ft. Cruis-
ing: 270 hp at 2,750 rpm at 13,000 ft. Fuel Consump-
tion: 26.0 gal. per hr. at 75 percent of rated power,
21.0 gal. per hr. at 65 percent of rated power. Qil
Consumption: .015 lb. bhp per hr. at rated power.

Equipment
Fuel Injector: Simmonds Type 580. Magnetos: Scintilla
S6RN-600 and S6RN-604. Starter: Delco-Remy. Gen-
erator: Delco-Remy.

¢ MODEL: 1GO-540-B1A

Data
Type: 6 cylinders, horizontally opposed, air-cooled,
geared drive, fuel injection, tuned induction, 4 cycle.

Specs
Length: 4388 in.; Width: 3425 in.; Displacement:
5413 in; Bore: 5.125 in.; Stroke: 4.375 in; Com-
pression Ratio: 8.70:1; Fuel Grade: 100/130; Dry
Weight: 504 Ib.

Performance
Takeolf: 380 hp at 3400 rpm at 12,000 ft. Normal
Rated Power: 325 hp at 3000 rpm at Sea Level
Cruising: 240 hp at 2700 rpm at 6000 ft. Fuel Con-
sumption: (CR) 42 lb. per hp per hr.

Equipment
Carburctor: Simmonds Type 530 port fuel injection.
Magnetos: Bendix-Scintilla S6RN-200 and S6RN-204.
Starter: Bendix-Utica 756-10C.

® MODEL: IGSO-540-BI1A

Data
Type: 6 cylinders, horizontally opposed, air-cooled,
geared drive, fuel injection, supercharged, 4 cycle,
FAA Type Certificate 1E7.

Specs
Length: 4850 in.; Width: 3452 in; Displacement:
541.8 in.; Bore: 5.125 in.; Stroke: 4.375 in.; Compression
Ratio: 7.30:1; Fuel Grade: 100/130; Dry Weight: 532 b,

Performance
Takecoff: 380 hp at 3400 rpm at 12,000 ft. Normal
Rated Power: 360 hp at 3200 rpm at 11,500 fu.
Cruising: 270 hp at 2750 vpm at 13,000 fr. Fuel
Consumption: (CR) 48 1b. per hp per hr. Oil Con-
sumption: (CR) 014 Ib. per hp per hr.

Equipment
Carburetor: Simmonds SU 580 injection pump. Mag-
netos: Bendix-Scintilla S6RN-600 and S6RN-604. Starter:
Bendix-Utica 756-10C.

¢ MODEL I0-540-B1A5

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
direct drive, fuel injection, 290 hp, FAA Type Cer-
tificate 1E4.

Specs
Length: 38.62 in; Width: 3425 in.; Displacement:
541.1 cu. in; Bore: 5.125 in.; Stroke: 4.375 in,; Com-
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cruise at 75 to 90 percent normal rated thrust. Oil
Consumption: 0.234 gal. per hr. average.

Remarks
Current production installation: Boeing B-52; Boeing
KC-135 and military.

® MODEL: JT3C-6

Data
Type: Twin-spool, axial-flow turbojet. FAA Type
Certificate 290.

Specs
Diameter: 38.88 in. Fuel Grade: JP-4/JP-5. Dry
Weight: 4234 1b. Compressor Stages: 16. Turbine
Stages: 3.

Performance
Maximum Thrust: 13,500 wet, 11,200 dry. Normal
Rated Thrust: 9500. Fuel Consumption: 0.765 TSFC
at maximum cruise rating. Oil Consumption: 0.4 gal.
per hr. maximum. Maximum continuous thrust 10,000;
maximum cruise thrust 8100.

Remarks
Current production installation: Boeing 707; Douglas
NC-8 and commercial.

& MODEL: JT3C-7

Data
Type: Twin-spool, axial-flow turbojet. FAA Type
Certificate: 290.

Specs
Diameter: 38.88 in. Fuel Grade: JP-4/JP-5. Dry
Weight: 3495 1b. Compressor Stages: 16. Turbine
Stages: 3.

Performance
Maximum Thrust 12,000. Normal Rated Thrust:
10,000. Fuel Consumption: 0.765 TSFC at maximum
cruise rating. Oil consumption: 0.4 gal. per hr. maxi-
mum. Maximum continuous thrust 10,000; maximum
cruise thrust 8500.

Remarks
Current production installation: Boeing 720 and
commercial.

® MODEL: JT3C-12

Data
Type: Twin-spool, axial-fow turbojet.

Specs
Diameter: 38.88 in. Fuel Grade: JP4, JP5. Dry
Weight: 3550 1b. Compressor Stages: 16. Turbine
Stages: 3.

Performance
Maximum Thrust: 13,000. Normal Rated Thrust:
11,500. Maximum Continuous Thrust: 11,500. Maxi-
mum Cruise Thrust: 10,200.

Remarks
Current production installation: Boeing 720.

e MODEL: JT3C-26 (J57-P-20)
Data
Type: Twin-spool, axial-flow turbojet.
Specs
Diameter: 389 in. Fuel Grade: JP4. Dry Weight:
4750 1b. Compressor Stages: 16. Turbine Stages: 3.’
Performance
Maximum Thrust: 18,000 with afterburner. Normal
Rated Thrust: 9150. Military Rated Thrust: 10,700.
Remarks
Current production installation: Chance Vought F8U-
2N.

® MODEL: JT3D-1

Data
Type: Twin-spool, axial-flow turbofan. FAA Type Cer-
tificate 1E8.

Specs
Diameter: 53.0 in. Fuel Grade: JP-4/JP-5. Dry Weight:
4065 1b. Compressor Stages: 13. Turbine Stages 4. Fan
Stages: 2.

ENGINES IN PRODUCTION

Performance
Maximum Thrust: 17,000 to 90° F. Normal Rated
Thrust: 14,500. Fuel Consumption: 050 TSFC at
maximum cruise rating. Oil Consumption: 0.2 gal. per
hr. maximum. Maximum continuous thrust 14,500;
maximum cruise thrust 12,500.

Remarks
Current production installation: Boeing 707-120B,
720B, Douglas DC-8.

® MODEL: JT3D-2 (TF33-P-3)

Data
Type: Twin-spool, axial-flow turbofan.

Specs
Diameter: 53.0 in. Fuel Grade: JP4. Dry Weight:
3900 Ib. Compressor Stages: 13. Turbine Stages: 4.
Fan Stages: 2.

Performance
Maximum Thrust: 17,000. Normal Rated Thrust:
14,500. Military Rated Thrust: 16,500.

Remarks
Current production installation: military.

® MODEL: JT3D-3

Data
Type: Twin-spool, axial-flow turbofan.

Specs
Diameter: 53.0 in. Fuel Grade: JP4, JP5. Dry Weight:
4170 1b. Compressor Stages: 13. Turbine Stages: 4.
Fan Stages: 2.

Performance
Maximum Thrust: 18,000 to 90° F. Normal Rated
Thrust: 16,400. Maximum Continuous Thrust: 16,400.
Maximum Cruise Thrust: 14,800.

Remarks
Current production installation: commercial.

® MODEL: JT3D4 (TF33-P-)

Data
Type: Twin-spool, axial-low turbofan.
Specs
Diameter: 53.0 in. Fuel Grade: JP4. Dry Weight: 4170
Ib. Compressor Stages: 13. Turbine Stages: 4. Fan
Stages: 2.
Performance
Maximum Thrust: 18,000 to 90° F. Normal Rated
Thrust: 16,400. Military Rated Thrust: 17,000.
Remarks
Current production installation: military.

® MODEL: JT4A-9 (steel) JT4A-10 (titanium)

Data
Type: Twin-spool, axial-flow turbojet. FAA Type Cer-
tificate 291.

Specs
Diameter: 43.0 in. Fuel Grade: JP4, JP5. Dry Weight:
5050 1b. (9); 4845 1b. (-10). Compressor Stages: 15.
Turbine Stages: 3. 1

Performance
Maximum Thrust: 16,800. Normal Rated Thrust:
13,000. Maximum Continuous Thrust: 13,500. Maxi-
mum Cruise Thrust: 11,850.

Remarks
Current production installation: Douglas DC-8, Boeing
707-320.

® MODEL: JT4A-11 (steel) JT4A-I2 (titaniwm)

Data
Type: Twin-spool, axial-low turbojet. FAA Type Cer-
tificate 291.

Specs
Diameter: 43.0 in. Dry Weight 5100 1b. (-11), 4895 1b.
(-12). Compressor Stages: 15. Turbine Stages: 3.

Performance
Maximum Thrust: 17,500. Normal Rated Thrust:
14,900. Maximum Continuous Thrust: 14,900. Maxi-
mum Cruise Thrust: 13,800.
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Performance
Rating: Each engine—up to 188,000 1b. thrust. Cluster
of c¢ight—1,500,000 1b. thrust.

Equipment
The Saturn H-1 rocket engine consists of a cluster of
cight regeneratively cooled single-chamber engines,
cach operating independently. Each engine has its
own gas generator and turbopump, and the four outer
engines are mounted on gimbal bearings to maintain
directional stability.

Remarks
The Saturn H-1 cluster will be used as the first-stage
booster for the ABMA/NASA Saturn project.

® MODEL: MB-3 THOR
Data
‘I'yvpe: Liquid propellant rocket engine utilizing LOX
and RP-1 fuel.

Performance
Rating: NA-9-150,000 Ib. thrust. NA-11-165,000 1b.
thrust,

Equipment

The Thor MB-3 rocket engine consists of a regenera-
tively cooled single-thrust chamber, turbopump, gas
generator, and control system.
Remarks

The MB-3 NA9 engine is used as the powerplant for
the Thor IRBM. It furnishes the booster propulsion
for the Discoverer satellites, the Air Force space probes,
and the Air Force Thor-Able test vehicles. The NA-11
engine is used as the powerplant for the Air Force
space Programs,

e MODEL: S-3D JUPITER

Data
Type: Liquid propellant rocket engine utilizing LOX
and RP-1 fuel.

Performance
Rating: 150,000 1b. thrust.

Equipment
The 83D engine has a regeneratively cooled single-
thrust chamber, turbopump, gas generator, and con-
trol system.

Remarks
The S-3D engine is used as the powerplant for the

Jupiter IRBM and as first-stage propulsion for the
Juno space probes.

e MODEL: A-7 REDSTONE

Data
Type: Liquid propellant rocket engine utilizing LOX
and alcohol fuel.

Performance
Rating: 78,000 lb. thrust.

Equipment
The A-7 engine consists of a double-wall single-thrust
chamber, turbopump, and control system.

Remarks
The A-7 is used as the powerplant for the U. S§. Army
Redstone  intermediate  range  ballistic missile. 1t
furnishes the first-stage propulsion for the Explorer
satellites, the Army Jupiter “C” test vehicle, and the
NASA Project Mercury program.

Solid Propulsion Operations
McGregor, Texas

® MODEL: 4-NS§-130,000 BOOSTER ROCKET MOTOR/M-34
Data
Type: Solid Propellant Rocket Motor.
Specs
Diamcter: 27.3 in. Length: 201.0 in, Empty Weight:
2,445 1b.; Loaded Weight: 5,377 1b.

ENGINES IN PRODUCTION

Performance
130,000 1b. thrust for four seconds.

Equipment
The motor consists of a steel cvlinder closed on the
forward end. The igniter is located on the forward
end and a canted nozzle, adjustable for thrust align-
ment, on the aft end. Thrust is transmitted through
two midsection rings and thrust block to the vehicle
being boosted. The rings also support the motor when
attached to the vehicle.

Remarks
The M-34 rocket motor is used as a booster for zero
launching of F-100-D aircraft. The M-34 also is used
for zero launching of the KD2U drone, with some
attachment fitting modification. The motor can be
modified for zero launch of other century scries air-
craft and military drones.

® MODEL: 10-NS-100,000 MEGABOOM BOOSTER

Data
Type: Solid propellant rocket.

Performance
Rating: 100,000 1b. thrust for 10 seconds.

Equipment
The engine consists of a steel cvlinder closed on the
forward end. The igniter is located in the forward
end and a fixed straight nozzle is on the aft end.
Thrust 1s transmitted to the test vehicle by a forward
head closure ring. The unit is held to the test vehicle
by clamp rings around the cvlinder.

Remarks
The 10-NS-100,000 Megaboom unit is employed to pro-
pel high velocity test sleds. A number of variations
of this rocket engine with a wide range of thrust-time
programs are available for track missions.

® MODEL: 16-NS-1000 ATIRCRAFT ROCKET

Data

Type: Solid propellant rocket.
Performance

Rating: 1000 1b. thrust for 16 seconds.
Equipment

The engine consists of a steel cylinder closed on the
forward end. The igniter is located on the forward
end, and the exhaust nozzle and pressure release
diaphragm on the aft end. Thrust is transmitted to
the aircraft attachment fittings through three mount-
ing lugs welded on the cylinder.
Remarks

The 16-NS-1000 rocket engine was developed as a
smokeless JATO (jet assisted takeoff unit) for the Air
Force. It has application for various types of aircraft.

WRIGHT AERONAUTICAL DIVISION
CURTISS WRIGHT CORPORATION

Wood-Ridge, New Jersey

¢ MODEL: R1300-2A & 2B

Data
Type: 7 cylinder, air-cooled, radial.
Specs

Length: 48.12 in. Width: 5045 in. Weight: 1067 1b.
Displacement: 1300 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.2:1. Fucl Grade: 91/96.
Performance
Takeoff hp: 800 at 2600 rpm Normal SI1.. Normal
Rated hp: 700 at 2400 rpm up to 5000 ft. Military
Rating: 800 at 2600 rpm at 3500 ft. Fuel Consumption:
72 1h, per bhp per hr. Oil Consumption: 025 lb. per
bhp per hr. at normal rated power.
Equipment
Carburetor: Stromberg PDIF1. Magneto: Bosch SF-
7LU-3.
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Remarks
This engine designed for blimp and helicopter instal-
lations: also the R1300-3.

® MODEL: R1300-3C & 3D

Data
Type: 7 cylinder, air-cooled, radial.

Specs
Length: 49.68 in. Width: 50.45 in. Weight: 1080 1b.
Displacement: 1300 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.2:1. Fuel Grade: 91/96.

Performance
Takeoff hp: 800 at 2600 rpm Normal S.L. Normal
Rated hp: 700 at 2400 rpm. Military Rating: 800 at
2600 rpm at 3500 ft. Fuel Consumption: .700 lb. per
bhp per hr., at normal rated power. Oil Consumption:
.025 1b. per bhp per hr. at normal rated power.

Equipment
Carburetor: Bendix PD9Gl. Magneto: American
Bosch S7LU-3.

Remarks
Current production installation is Sikorsky H-19 heli-
copter. Designed for operation at 39° angle nose-up.
Direct drive. Commercial version 990C7BAl installed
in Sikorsky S-55.

® MODEL; R13004

Data
Type: 7 cylinder, air-cooled, radial.

Specs
Length: 48.12 in. Width: 50.45 in. Displacement: 1300
cu. in. Bore: 6.125 in. Stroke: 6.312. Compression
Ratio: 6.20:1. Fuel Grade: 91/96. Total Weight: 1092
1b.

Performance
Takeoff hp: 800 at 2600 rpm Normal S.L. Military
Rating: 800 at 2600 rpm at 3500 ft. Normal Rating:
700 at 2400 rpm up to 5000 ft. Specific Fuel Consump-
tion: .720 1b. per bhp per hr. at normal rated power.
Oil Consumption: 025 1b. per bhp per hr. at normal
rated power.

Equipment
Carburetor: Bendix PDI9F1. Magnetos: Bosch S7LU-3.

Remarks
Installation—Goodyear Blimp ZS2G-1. Has high capac-
ity accessory drives.

® MODEL: R1820-86 & 86A

Data
Type: 9 cylinder, air-cooled, radial.

Specs
Length: 4850 in. Width: 5495 in. Displacement:
1820 cu. in. Bore: 6.125 in. Stroke: 6.875. Compression
Ratio: 6.80:1. Fuel Grade: 100/130. Total Weight:
1385 1b.

Performance
Takeoff hp: 1425 at 2700 rpm Normal S.L. Milifary
Rating: 1425 at 2700 rpm at 2000 ft. Normal Rating:
1275 at 2500 rpm up to 3100 ft. Specific Fuel Con-
sumption: .693 lb. per bhp per hr. at normal rated
power. Oil Consumption: .025 1b. per bhp per hr. at
normal rated power.

Equipment
Carburetor: Bendix PD-12K18. Magnetos: Bosch
S9LU-2.

Remarks
Installation: North American T-28C,B. Commercial
version 987C9HDI1 installed in Learstar Mark 1.

® MODEL: R1820-82, 82A & 82WA

Data
Type: 9 cylinder, air-cooled, radial.

Specs
Length: 50.07 in. Width: 55.74 in. Displacement: 1820
cu. in. Bore: 6.125 in. Stroke: 6.875. Compression
Ratio: 6.80:1. Fuel Grade: 115/145. Total Weight:
1469 1b.
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Performance
Takeoff hp: 1525 at 2800 rpm Normal $. L. Military
Rating: 1425 at 2700 rpm at 2400 ft. Normal Rating:
1275 at 2500 rpm up to 3500 ft. Specific Fuel Consump-
tion: .677 Ib. per bhp per hr. at normal rated power.
Oil Consumption: .025 1b. per bhp per hr. at normal
rated power.

Equipment
Carburetor: Bendix PD-12K18. Magnetos: Bendix Scin-
tilla DILN-2.

Remarks
Installation: Grumman S$2F. Similar to Commercial
982CIHEI which is installed in Hurel-Dubois HD-321
and HD-323. 82A has torquemeter and total weight
of 1479 Ib. 82WA has wet rating of 1625 hp at
2800 rpm and total weight of 1424,

& MODEL: R1820-84A & 84B

Data
Type: 9 cylinder, air-cooled, radial.

Specs
Lcngth: 52.00 in. Widtht: 55.74 in. Displacement: 1820
cu. in. Bore: 6.125 in. Stroke: 6.875. Compression
Ratio: 6.80:1. Fuel Grade: 115/145. Total Weight:
1405 Ib.

Performance
Takeoff hp: 1525 at 2800 rpm. Military Rating: 1425
at 2700 rpm at 2400 ft. Normal Rating: 1275 at 2500
rpm up to 3500 ft. Specific Fuel Consumption: .677
Ib. per bhp per hr. at normal rated power. Qil Con-

sumption: .025 lb. per bhp per hr. at normal rated
power.

Equipment
Carburetor: Bendix PD-12R1. M tos: i in-
o] agnetos: Bendix Scin
Remarks
Installation: Sikorsky Helicopter H-34. Commerci
. -34. ercial
version 989C9HE1,. 2 installed in Sikorsky S-58 Heli-
cogter. For operation at nominal engine attitudes of
39°, nose up. R1820-90, 90A and commercial equiva-
lents 998C.QHE1-2 are similar except have provisions
for operation at engine attitudes up to 79°, nose up.
® MODEL: R1820-88
Data
Type: 9 cylinder, air-cooled, radial.
Specs
Length: 58.92 in. Width: 55.74 in. Displacement; 1820
cu. in. Bore: 6.125 in. Stroke: 6.875. Compression

Ratio: 6.80:1. Fuel Grade: 1] ight:
o 5/145. Total Weight:

Performance
Takeoff hp: 1525 at 2800 rpm. Military Rating: 1425
at 2700 rpm at 2400 ft, Normal Rating: 1275 at 2500
Ipm up to 3500 ft. Specific Fuel Consumption: .677
Ib. per bhp per hr. at normal rated power. Oil Con-

sumption: .025 Ib. per bh
Dower. P per hr. at normal rated

Equipment
Carburetor: Bendix PD-19K]
tilla DILN-2.

Remarks
Installation: Goodyear ZPG-3
has strengthened two-piece no
shaft spline size.

e MODEL: R1820-103

Data
Type: 9 cylinder, air-cooled, radial,

Specs
Length: 48.50 in. Width: 54.95 in. Displacement: 1820
cRu,.in.Glggrle: 2.1215 én. Stroke: 6.875. Compression

atio: 6.80:1. Fue rade: 1 ight:

e 00/130. Total Weight:

Performance
Takeoft hp: 1425 at 2700 rpm Normal S.L. Military
Rating: 1425 at 2700 rpm at 1000 ft. Normal Rating:
1275 at 2500 rpm up to 3000 ft. Specific Fuel Con-

8. Magnetos: Bendix Scin-

W Blimp. This engine
se section with 60A prop
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sumption: .695 1b. per bhp per hr. at normal rated
power. Oil Consumption: .025 lb. per bhp per hr. at
normal rated power.

Equipment
Carburector: Bendix PD-12K19. Magnetos: Bosch
SO9L.U-3.

Remarks
Installation: Vertol Helicopter H-21. Commercial ver-
sion 977C9HDI installed in Vertol Helicopter V-44.

® MODEL: R3350-26WB & 26WD

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Length: 80.81 in. Width: 55.62 in. Weight: 2953 1b.
Displacement: 3350 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.7:1. Fuel Grade: 115/
145.

Performance
Takeoff hp: 2700 at 2900 rpm Normal S.L. Military
Rating: 2700 at 2900 rpm at 3700 ft. Normal Rated
hp: 2300 at 2600 rpm up to 6200 ft. Fuel Consump-
tion: 720 1b. per bhp per hr. Oil Consumption: .025
1b. per bhp per hr. at normal rated power.

Equipment

Carburetor: PR58UI. Magneto: Bendix-Scintilla DLN-9.

Remarks

Installation: Douglas AD7.

e MODEL: R3350-32W-32WA (TURBO COMPOUND)

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Lergth: 91.80 in. Width: 56.59 in. Displacement: 3350
cu. in. Bore: 6.125 in. Stroke: 6.312. Compression
Ratio: 6.70:1. Fuel Grade: 115/145. Total Weight:
3560 1b.

Performance
Takeoff hp: 3700 at 2900 rpm. Normal S$.L. Military
Rating: 3420 at 2900 rpm at 2400 ft. Normal Rating:
2850 at 2600 rpm at 4100 ft. Specific Fuel Consump-
tion: 646 lb. per bhp per hr. at normal rated power.

Oil Consumption: .022 1b. per bhp per hr. at normal
rated power.

Equipment
Carburetor: CECO 58CPBI1. Magnetos: Bendix Scin-
tilla DLN-9.

Remarks
Installali9x): Lockheed P2V-5-7, Martin P5M-2. Mili-
tary.verswn of the earlier models Turbo Compound
are installed in R7V-1, C119, C and RC-121, WVI, 2
and 3.

e MODEL: 981TCI8EAl (TURBO COMPOUND)

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Length: 89.53 in. Width: 56.59 in. Displacement:
3350 cu. in. Bore: 6.125 in. Stroke: 6.312. Compres-
sion Ratio: 6.70:1. Fuel Grade: 115/145. Total
Weight: 3651 1b.

Performance
Takeoff hp: 3700 at 2900 rpm. Maximum Continu-
ous (Low Blo) (Normal Rated hp): 2850 at 2600
rpm at 4700 ft. Cruise Rated hp: 1910 at 2500 rpm
13,500 ft. Fuel Consumption: .645 1b. per bhp per
hr. Oil Consumption: .022 1b. per bhp per hr. at
Maximum Continuous.

Equipment
Carburector: Bendix PR5852. Magnetos: Bendix-Scin-
tilta DLN-9.

Remarks
Installation CP-107 Bristol Britannia for RCAFT.

e MODEL: 988TCI8EA1-2 and 3 (TURBO COMPOUND)
Data
Type: 18 cylinder, air-cooled, radial.

ENGINES IN PRODUCTION

Specs
Length: 89.53 in. Width: 56.59 in. Weight: 3645 Ib.
(EAL and 3); 3745 1b. (EAZ). Displacement: 3350 cu.
in. Bore: 6.125 in. Stroke: 6.312 in. Compression
Ratio: 6.7:1. Fuel Grade: 115/145.

Performance
Takeoff hp: 3400 at 2900 rpm. Maximum Continuous
(Low Blo) (Normal Rated hp): 2850 at 2600 rpm
at 4700 ft. Cruise Rated hp: 1910 at 2400 rpm at
13,500 ft. (Low Blo). Fuel Consumption: .645 lb.
per bhp per hr. at Maximum Continuous. Oil .Con-
sumption: .022 1lb. per bhp per hr. at Maximum
Continuous.

Equipment
Carburetor: Bendix PR58S2. Magnetos: Bendix-Scin-
tilla DLN-9.

Remarks
Reduction gear ratio of EA-1 and 3 is 0.4375:1; EA-2
reduction gear ratio is 0.355:1. Installation: EA-1
in Douglas DC-7C, EA-2 Lockheed 1649, EA-3 Lock-
heed 1049G and H.

® MODEL: J65-W-16A

Data
Type: Axial-flow turbojet.

Specs
Length: 121.9 in. Width: 375 in. Total Weight:
2757 max. lb. Compressor Stages: 13 of 29.375. Tur-
bine Stages: 2 of 30.5 in.

Performance
Maximum Thrust: 7700 at 8300 rpm. Normal Rated
Thrust: 6780 at 8070 rpm. 75 percent Normal Thrust:
5080 at 7510 rpm. Fuel Consumption at Normal
Rated: 895 lb. per hr. per lb. thrust.

Remarks
North American FJ-3 and 4; Douglas A4D.

e MODEL: J65-W-18

Data
Type: Axial-flow turbojet.

Specs
Diameter: $7.5 in. Length: 181.4 in. Total Weight:
3485 1b. Compressor Stages: 13 of 29.375 dia.
Turbine Stages: 2 of 30.5 in dia.

Performance
Maximum Thrust: 10,500 at 8300 tpm. Military
Thrust: 7450 rpm. Normal Rated Thrust: 6470 at
8030 rpm. 75 percent Normal Thrust: 4850 at 7475
rpm. Fuel Consumption at Normal Rated: .920 Ilb.
per hr. per Ib. thrust.

Remarks
Current production installation: Grumman FIIF-1.
This engine is equipped with afterburner.

e MODEL: 988TCISEA4, 5 & 6 (TURBO COMPOUND)

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Length: 89.53 in. Width: 56.59 in. Displacement:
3350 cu. in. Bore: 6.125 in. Stroke: 6.312. Compres-
sion Ratio: 6.7:1. Fuel Grade: 115/145. Total
Weight: 3775 1b. (EA-5); 3675 lb. (EA-4, -6).

Performance
Takeoff hp: 3400 at 2900 rpm Maximum Continuous
(Low Blo) (Normal Rated power). 2900 at 2650
rpm at 4800 ft. Cruise Rated hp: 1975 at 2500 rpm
at 14,100 ft. (Low Blo). Fuel Consumption: .650
Ib. per bhp per hr. at Maximum Continuous. Oil
Consumption: 022 Ib. per bhp per hr. at Maximum
Continuous.

Equipment
Carburetor: Bendix PR58S2. Magnetos: Bendix-Scin-
tilla DLN-9.

Remarks
Reduction gear ratio of EA-5 is 0.355:1; EA-4 and 6
reduction gear ratio is 0.4375:1. Installation: EA-4 in
Douglas DC-7C, EA-6 in Lockheed 149G and H.
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FEBRUARY

e February 2

A Titan ICBM is fired successfully for the first time
in nine months at Cape Canaveral, achieving its main test
objective—separation and ignition of its second stage for
the first time.

e February 4
Last research and development Jupiter is fired success-
fully at Cape Canaveral, bringing overall test record to

22 successes, five partial successes, two failures, in 29 at-
tempts.

o February 5

Deliveries of utility and executive aircraft during 1959 i

increased 20 percent over 1958, the Aerospace Industries
Association reports. Units totaled 7689 with manufacturers’
net billing price of $129,876,000.

e February 8

Beech Aircraft Corporation flies six-place Model 65
Queen Air to about 35,400 feet for mew national and in-
ternational record for light airplanes in the Class C-1.d
category.

o February 10

Douglas Aircraft Company and Sud Aviation of France
announce agreement on U.S. marketing of Sud’s twin-jet
Caravelle, with Douglas also having option to go into
production of Caravelle in the United States.

e February 12

Delta Air Lines' first Convair 880 sets transcontinental
San Diego-Miami record on its delivery flight of 3 hours,
31 minutes, 54 seconds.

e February 18

Air Force orders Douglas Aircraft Company to begin
development of the Sky Bolt ALBM GAM-87A. Boeing,
Northrop, General Electric and Aerojet-General have sub-

contracts.

e February 23

General FElectric's CJ-80523 engine powers RB-66 in
successful flight, marking the first time *“an engine manu-
facturer has test-flown a turbofan engine as the primary
powerplant of an aircraft.”

UNITED STATES CHRONOLOGY

® February 24
Titan ICBM is launched from Cape Canaveral and
fired 5000 miles in its longest flight to date.

o February 25
Army successfully fires Martin Pershing missile over
programmed range of 35 miles in first shot.

o February 29 )

First North American X-15 is accepted by the Air
Force and turned over to National Aeronautics and Space
Administration Research Center, Edwards Air Force Base,
California, for research flight test program.

MARCH

e March 9

Air Force releases partial specifications for an optimum
military cargo aircraft it hopes can be developed jointly
with commercial cargo carriers for use by both MATS
and commercial airlines.

e March 11

Pioneer V Sun Satellite is launched by NASA; the 90-
pound payload is placed into solar orbit by three-stage
Thor-Able.

e March 14
Four-engine Lockheed JetStar powered by Pratt &
Whitney JT12s makes first flight at Marietta, Georgia.
Chicago’s Midway Airport was the nation’s busiest in
1959 with 431,600 landings and takeoffs, Federal Aviation
Agency reports.

e March 15

Navy’s Corvus, supersonic air-to-surface missile, success-
fully completes its first guided flight at Pacific Missile
Range.

e March 16

A 69-foot “flying TV station” Redstone missile is fired
by Army; it carries a camera in a small capsule ejected
during flight to photograph the impact of the warhead
and resulting damage.

e March 22

Slightly over ten percent of revenue passenger-miles
flown in scheduled domestic operations by trunklines in
1959 were performed in pure jet aircratt, CAB report
reveals.
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Titan is fired from Cape Canaveral, being the seventh
success in 11 tries; heat data capsule ejected from nose
cone is recovered several days later.

® March 23

~ With Maj. Frank Forsyth as passenger, a Convair F-106
flies itself nonstop from Palmdale, California to Jacksonville,
Florida.

o March 29
Polaris successfully ground-launched from Observation
Island off Cape Canaveral.

o March 31

. McDonnell's GAM-72 Quail decoy missile completes
its first free flight with General Electric J85-7 production
jet engine.

APRIL

e April 1

] Tiros I, a 270-pound meteorological satellite, equipped
with two long-range television cameras, is lanched by BASA
from Cape Canaveral. ’

e April 8

Aero Design and Engineering Corp. unveils fou
models of the Aero Commander, d o 5 T
560F and 680F. esignated 500A, 500B,
e April 12

Vickers-Armstrongs begins procedures to f I .
chattel mortgage Capital Airlines’ fleet of Viscou(:lrte; ose 18
e April 13

IM-99B Bomarc B is test fired 'S
time at Eglin Air Force Base, o successtully for fixst

Navy navigation satellite i i
Jaunched. ins BatoD , Transit I, is successfully
e April 19

Grumman Aircraft & Engi i i ies i

) gineering Corporation flies its

Navy AZ2F attack aircraft for the ﬁrs% timep in a 58-minute
flight.
o April 21

Whitney Gillilland is appoj i

\ Dbpointed chairman of CAB, suc-
ceeding James R. Durfee wh ’
Court 5t Claims Judge. o has been named a U.S.
o April 22

United States Court of Appeals uph
} Stal 0 olds an FAA ord
grounding airline pilots overpgo yearfs) of agefl e

MAY
e May 10
Convair TB-58, trainer version of i
R B-58 supersonic
bomber, makes first flight from Fort Worth. P l
e May 14
Vertol YHC-1A ligh i i
- ght tactical transport helicopter
gleakes first public appearance during Arn?ed Forces %ay
monstrations at Andrews Air Force Base, Maryland.
® May 17
Trans World Airlines and N irli i
. 1 ortheast Airlines set in
motion the first major trunkline merger in recent years.
® May 19
North American X-15 is f i i
- own to its highest altitud
100,000 feet, by Capt. Robert White, USAF.lg o pnee
o May 20

An Atlas ICBM is suiccessfully fi
\n Atlas < ired over 9 i
greatest distance ever covered byya ballistig moi(:(gil?lles’ the
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& May 21

Hiller 12E sets new aviation altitude .records in res-
cue of two mountain climbers from Mount McKinley with
six landings and takcoffs being made at 18,000 fool level,
several thousand feet higher than has been attempted
previously.

® May 24 :

Air Force fires two-and-a-half ton Midas into orbit;
the satellite is designed to detect missiles within seconds
after they are fired.

JUNE

o June 14

Navy's first hydrofoil contract is awarded to Boeing
Airplane Company’s Aecrospace division, calling for con-
struction of a 110-foot patrol craft displacing 115 tons.

o June 17

CAB says it will allow trunklines to raise their
passenger fares by 214 percent plus $1.00 per one way
ticket.

o June 21

Navy unveils ASROC, an anti-submarine missile sys-
tem that can fire an acoustic homing torpedo or a depth
charge at an cnemy submarine from a launching ship

thousands of yards away.

e June 23

Navy’s Transit II-A, an experimental satellite to devel-
op accurate system of navigation, and a solar radiation
measuring device are launched by Navy-Johns Hopkins

from Cape Canaveral.
Boeing's turbofan powered jet transport, an American

Airlines 707-120B, makes first flight from Renton to Boe-
ing Field, Scattle.

JULY

o July 6

The single-turbine Sikorsky S$-62, an amphibious heli-
copter built with a boat hull, is certified by the FAA for
commercial operations for use in its passenger and mail

routes.

o July 19
F. Clinton Towl is named new president of Grumman

Aircraft Engineering Corporation, succeeding the late Leon
A. Swirbul.

o July 20
Two tactical Polaris missiles are successfully fired from
under water off Cape Canaveral from submarine, USS

George Washington.

o July 22

Douglas Aircraft Company wins competition for devel-
opment of Navy’s Missileer subsonic aircraft which will
carry Navy's Eagle missile; the aircraft will be powered

by Pratt & Whitney TF30-Z turbofan engine,

o July 25
Lockheed C-130 makes record paradrop of 40,500

pounds at altitude of 5000 feet.

o July 26 )
Army Pershing missile is fired for first time from

mobile launcher.
o July 28

Capital Airlines and United Air Lines announce plans
to merge.
o July

Max Conrad flies a Piper Comanche sixty hours and
6,921.38 nonstop miles from Minneapolis to Chicago to

Des Moines, more than double the past world record for a
nonstop distance record in a closed circuit.
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AUGUST

o August 4

Rocket-powered X-15, piloted by Joe Walker, sets
speed record of 2150 miles per hour over the California
desert; record speed was made at 66,000 feet and the craft
was powered with two XLR-11 engines.

o _August 10

Operational configuration Titan missile is fired 5000
miles down the Atlantic Missile Range from Cape Canav-
eral, marking the first completely successful launching of
the Mark I version.

e August 11
Air Force successfully recovers 300-pound space capsule
cjected from a Discoverer satellite.

e August 12
X-15 sets second world record within a week when Air
Force Major Roebert White flies the craft to 131,000 feet;
top speed reached is 1700 miles per hour.
National Aeronautics and Space Administration launches
100-foot visible plastic balloon satellite, Echo I, into orbit
to reflect radio communications signals.

o Ausgust 19
Air Force makes aerial retrieve of Discoverer XIV cap-
sule 8000 fect above the Pacific.

o August 27
Air Force Captain Joseph W. Kittinger makes record

parachute jump from a balloon approximately 102,800 feet
over the New Mexico desert.

SEPTEMBER

e September 5

McDonnell F4H Phantom IT claims new world class

record of 1216.78 miles per hour over a 500 kilometer
closed course.

e September 7
Army and The Martin Company conduct successful

first test firing of the two-stage Pershing ballistic missile.”

Sikorsky ~Aircraft delivers ~first turbine-powered heli-
copter, the $-62, to Los Angeles Airways for use in sched-
uled airline service.

o September 21

Air Force Blue Scout Junior is fired an estimated
17,000 miles into space; first-stage solid rocket engine,
Aerojet Senior, produces more than 100,000 pounds of
thrust over a 40-second period.

o September 25

Navy claims new world speed record when McDonnell
F4H-1 Phantom II fighter, powered by two General Electric
J-79 engines and piloted by Commander John F. Davis
flies at 1390.21 miles per hour over a 100-kilometer closed
circuit course.

e September 30

General Nathan Twining retires as chairman of the
Joint Chiefs of Staff; he is succceded by General Lyman L.
Lemnitzer.

OCTOBER

e October 4

Air Force places 500-1b. Courier earth satellite radio
station into orbit to receive and record high-speed radio-
teletype and voice messages from onc station and relay them
to another when triggered by a coded signal.

UNITED STATES CHRONOLOGY

NASA fires Scout rocket 3500 miles into space and 5800
miles downrange in a test of radioactivity in the Van Allen
belt.

e October 7

First production model General Electric J79-8 is delivered
to Navy and will power McDonnell F4H Phantom II and
North American A3]J Vigilante aircraft.

e OQOctober 12

Air Force drops record load of 41,740 lbs. from a Lock-
heed C-130 turbo-prop cargo transport.

Civil Aeronautics Board approves Eastern Air Lines pro-
posal for air bus service between Pittsburgh and Miami
for a four-month trial period.

e October 13

Three mice are recovered alive from the nose cone
of an Atlas missile which has been boosted 700 miles into
space and tracked by the Azusa Mark II missile tracking
system.

e October 24

Boeing-Vertol 107 twin-turbine transport helicopter
makes first successful flight.

® October

Thor becomes the first intermediate-range ballistic
missile to reach the 100-launch milestone,

NOVEMBER

e November 14

Air Force successfully snares capsule of Discoverer XVII
satellite that had circled the earth 31 times covering nearly
one million miles.

o November 15

X-15 makes successful first flight with upgraded 57,000
1b. thrust Thiokol XLR-99 engine.

Polaris is deployed on schedule with USS George .Wash-
ington casting off from Charleston (S$.C.) depot carrying 16
missiles armed with nuclear warheads.

® November 16
Beech Aircraft Co. unveils new light't‘_vin,' Mode! 55
Baron, powered by Continental 260-hp fuel injection engines.

e November 23
Tiros II weather satellite is successfully launched into
orbit.

e November 24

Convair rolls out first 990 jet transport (previously
designated the 600) which is powered by GE C]805-23
engines and cruises at 640 mph.

DECEMBER

® December 6

Boeing Airplane Co. announces plans to produce the
three-jet 727 short-to-medium transport and reveals that
it has signed contracts with United and Eastern for 40
each.

o December 13

Navy claims new world altitude record for jet aircraft
carrying a 1000 kilogram payload in North American A3]
flight to 91,450.8 fect.

o December 19

Empty Project Mercury capsule is launched 235 miles
downrange from Cape Canaveral by a modified Redstone
booster for first successful flight.

Discoverer XIX satellite, designed to measure radiation
to aid in detecting nuclear armed missiles, is lofted into
polar orbit.

445


















1910, January 10-20—First flying meet held at Los
Angeles; Louis Paulhan, of France, the star
performer,

1910, May 29--Record flight from Albany to New
quk by Glenn Curtiss, 142.50 mi. in 2 hr., 50
min.

1910, March 25—Wright patent condemnation
urged by William M. Page, attorney for C. F.
Bishop, president, Aero Club of America.

1910, June 13—Charles K. Hamilton flies New
York-Philadelphia and return for N. Y. Times
and Philadelphia Public Ledger and $10,000
prize—149.5 miles in flying time 3 hr. 27 min.;
elapsed time, 6 hr. 57 min.

1910, June 13-18—First show of Wright exhibition
team, Indianapolis, Ind., where Walter Brook-
ins is star and make new records. Exhibitions
by single pilots or groups continue about the
country until the Wright exhibition business
is discontinued in Nov. 1911.

1910, June 30—Dummy bomb demonstration made

by Glenn H. Curtiss to Army and Navy
officers.

1910, August 4—Plane-ground radio demonstrated
by E. N. Pickerill.

1910, August 8—Tricycle landing gear installed by

Lt. B. D. Foulois on Army Wright at San
Antonio.

1910, August 27—Air-land plane radio used by
J. A. D. McCurdy, Sheepshead Bay, N. Y.

1910, September 2—First American woman pilot
solos: Blanche Stuart Scott. First exhibition at
Fort Wayne, Oct. 22.

1910, October_S-lO—Former President Theodore
Roosevelt is flown at St. Louis exhibition by
Arch Hoxsey.

1910, October 15-17—Wellman airship, America,
abandons trans-Atlantic trip after some 800
miles.

1910, October 22-31—Second Bennett international
airplane race won by C. G. White (Bleriot) at
61 mph during Belmont Park meet where nu-
merous records are made.

1910, November 14—First battleship takeoff by
Eugene Ely from U.S.S. Birniingham in Hamp-
ton Roads, Va.

1910—Night flights by Walter R. Brookins (Mont-
gomery, Ala., Apr. 18) and Charles Hamilton

(Gamp Dickenson, Nashville, Tenn. June
21-96).

1911, January 7—Didier Masson flies Los Angeles-
San Bernardino to deliver Times newspapers.
Mail and papers delivered Feb. 17 by Fred J.
Wiseman.

1911, January 7-25—Dive bombing, aerial photog-
raphy, airplane radio demonstrated by Army
officers in San Francisco meet.

UNITED STATES CHRONOLOGY

1911, January 27-28—Lieut. T. G. Ellyson, U.S.N,,
is first U. S. naval aviator when he takes his
Curtiss off at San Diego during Curtiss ex-
hibitions.

1911, January 30—]. A. D. McCurdy attempts Key
West-Havana flight but lands in water ten
miles short and is rescued by Navy destroyer.
In 1913 Domingo Rosillo makes the entire
distance.

1911, February 17—Curtiss flies tractor seaplane
from North Island to cruiser Pennsylvania.
Plane hoisted on board and return flight later
made.

1911, March 3—Lt. B. D. Foulois and P. O. Par-
malee fly record cross-country Laredo-Eagle
Pass, Tex., 106 mi. in 2 hr. 10 min. in Wright
plane loaned Army by R. J. Collier. Messages
dropped en route, radio received and sent.

1911, March 13—Capt. W. Irving Chambers, U.S.N.,
is assigned the Bureau of Navigation to devote
exclusive efforts to naval aeronautics.

1911, March 31—About this date Missouri National
Guard Signal Corps establishes air section and
members taught flight and ballooning.

1911, May 8—First Navy airplane ordered, Curtiss
Triad, amphibian. By July the three 1911
planes of the Navy are delivered—Curtiss A-1,
A-2; Wright B-1.

1911, May 13—Lieuts. H. H. (Hap) Arnold and
Thomas DeWitt (Tommy) Milling complete
flying training at Wright School: 7th and 8th
Army pilots.

1911, June 7—Lieut. John P. Kelley, Med. Res.
Corps, assigned Army School at College Park—
first U. S. air medical officer.

1911, June 8—Connecticut state air regulation is
first state air law.

1911, June 21—Short-lived Aeronautical Manufac-
turers Ass’n incorporated; Ernest L. Jones,
president.

1911, June 30-July 11—-Boston-Washington flown
by Harry N. Atwood. Charles K. Hamilton
flies with him most of way—longest continuous
air journey to this date.

1911, July 1—-Third Bennett plane race won for
U. S. by Charles T. Weyman (Nieuport-Gnome
100) at 78 mph.

1911, July 31—During the month, Frank E. Boland
begins flying his tailless, allegedly non-
infringing airplane.

1911, August 5—Lincoln Beachy wins over Eugene
Ely and Hugh Robinson in New York-Phila-
delphia race for Gimbel $5000 purse. Elapsed
time: 1 hr. 50 min. 18 sec.; one stop for fuel.

1911, August 14-25—Harry N. Atwood flies St.
Louis-New York, 1155 miles by route; longest
cross-country flight to this date.
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1912, October 9—First competition for Mackay Tro-
phy won by Lt. H. H. Arnold.

1912, November 5-13—First U. S. airplane artillery
adjustment, Ft. Riley, Kans., Lt. H. H. Arnold
and observer Lt. Follett Bradley.

1912, November 6-December 15—Antony Jannus
(Benoist seaplane Roberts 2-cycle 100 hp) flies
Omaha-New Orleans, with mail and mer-
chandise, carrying passengers at stops en route
—1835 mi., flying time: 31 hr. 43 min.

1913, January 13-March 31—Air parcel post flight,
Boston-New York, by Harry M. Jones (Wright
B).

1913, February 11—James Hay bill in Congress in-
augurates the project of a separate air service.

1913, February 13—Langley Field Aerodynamical
Laboratory project inaugurated.

1913, April 27—First cross-Isthmus flight by Robert
G. Fowler and cameraman R. A. Duhem,
Pflnzlma—(lristobal. Publication of story and
pictures results in arrest.

1913, May 10—Didier Masson and bomber Dean
attack Mexican federal gunboats in Guayamas
Bay. A number of other Americans fly for
Villa in this and subsequent years.

1913, May 28—Lt. T. D. Milling and Lt. W. C.
Sherman make 2-man duration and distance
record of 4 hr. 22 min. and 220 miles (Burgess
tractor-Renault 70), Texas City-San Antonio.

1913, May 30~13.xbout this date is instituted M.L.T.’s
acrodynamics course under Asst. Naval Con-
structor Jerome C. Hunsaker.

1913, June 20—First Naval aviator killed when En-

sign. W. D. Billingsley is thrown from sea-
plane.

1913, July 19—Sky writing initiated by Milton ]J.
Bryant over Seattle.

1913, October 12—Eighth Bennett international
balloon race won for U. S. for fourth time at
Paris by R. H. Upson and R. A. D. Preston,
landing in England.

1913, November 27—First exhibition loop by Lin-
coln Beachy in Curtiss biplane, Coronado, Cal.

1913, December 4—Tactical Air Unit, First Aero

Squadron, set up as provisional organization,
San Diego, Cal.

1913, December 12—Wright pilot Oscar Brindley
reports at San Diego as Army’s first civilian in-
structor. Scores of others subsequently em-
ployed through 1918,

1913, December 31—Orville Wright demonstrates
automatic pilot; awarded Collier Trophy.

1914, January 1-First scheduled airline begins
opcrations with Benoist flying boat between St.
Petersburg and Tampa, Fla.; Tony Jannus,
pilot.

UNITED STATES CHRONOLOGY

1914, January 31-During the month first U. S.
Navy air station established at Pensacola, fol-
lowing temporary camps at San Diego and
Annapolis, 1911-1912.

1914, February 17--Seaplanes and flying boats
classed as “vessels” by the Department of Com-
merce and the license No. 1 is issued to Antony
Jannus.

1914, February 24—Army Board condemns all
pusher type airplanes.

1914, April 15—Electric self starter fitted to Anzani
200-hp engine of Collier flying boat.

1914, June 23—Curtiss’ Wanamaker trans-Atlantic
flying boat tested. With outbreak of World
War I the project is abandoned.

1914, July 2—Lawrence Sperry wins French War
Dept. prize for “stable airplane” flown by early
automatic pilot over Seine River in Paris.

1914, July 18—Aviation Section of Signal Corps cre-
ated by Congress, authorizing 60 officers and
students and 260 enlisted men.

1914, December 1-16—Two-way plane-ground radio
demonstrated by Lt. H. A. Dargue and Lt.
J. O. Mauborgne, Manila, P. L.

1915, March 3—National Advisory Committee for
Aeronautics established by Congress.

1915, May 14—Contract let for first Navy a_irship
D-1 to Connecticut Aircraft Co. In July is con-
tracted a floating airship shed.

1915, June 22—Wisconsin State Forester, E. M.
Griffith, flown by Jack Vilas, in first air forest
patrol.

1915, September 17—Joseph Dolgos of Philadelphia
demonstrates air incendiary bombs.

1916, February 9—Cpl. A. D. Smith (Martin S-Hall
Scott 125) makes world seaplane duration rec-
ord of 8 hr. 42 min.

1916, February 12—Invitation for bids on airmail
issued by Post Office in Massachusetts and

. Alaska.

1916, March 15—First Aero Squadron, under com-
mand of Capt. B. D. Foulois, begins operations
at Columbus, N. M. with Gen. Pershing’s

Punitive Expedition.

1916, April 5—The Governors Island Training
Corps organized by Philip A. Caroll.

1916, April 14—A power-driven turret is proposed
without result by Col. F. P. Cobham.

1916, June 3—National Defense Act increases
strength of Aviation S. C. from 60 to 148 offi-
cers over 5-year period. President may fix in-
crease of enlisted men from old figure of 260.

1916, June 18—U. S. aviator H. Clyde Balsley shot
down. (Member of Lafayette Escadrille, flying
for France.)
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1918, December 4—First Army transcontinental
flight made by Major Albert D. Smith’s group
of JN4 planes, San Diego-Jacksonville-New
York-San Diego. Major Smith’s plane alone
completes the full round trip.

1919, January 2—Maj. Gen. Charles T. Menoher
becomes Director of Air Service.

1919, January 21-30—Army second transcontinental
flight; Major T. C. Macauley (DH-4 Liberty),
Ft. Worth-San Diego-Miami-Ft. Worth. Re-
peated in April.

1919, January 24—At Issoudun, France, Ist Lt.
Temple M. Joyce (Morane) makes 300 con-
secutive loops.

1919, March 3—U. S.-Canada airmail flown by
Edward Hubbard in Boeing seaplane, Type C.

1919, April 26—Lt. Comdr. H. B. Grow, U.S.N. in
F5L flying boat makes non-stop endurance
record: 20 hr. 10 min.

1919, April 28—Leslie L. Irving makes first free
type manually operated airplane parachute
jump over McCook Field. (See 9/16/18.)

1919, May 8-31—Trans-Atlantic crossing by Lt.
Albert C. Read and crew from Rockaway
Beach, N. Y., to Plymouth, England, in NC-4,
53 hr. 58 min.

1919, May 14— Navy airship C-5 makes American
non-stop record of 25 hr. 50 min., Montauk
Pt., L. I. to St. Johns, N.F.

1919, May 18—In first trans-Atlantic takeoff, H. C.
Hawker and McKenzie Grieve alight in ocean
1200 miles and 141% hours out with engine
trouble. Rescued.

1919, May 19—First award of DFC made to M/Sgt.
Ralph W. Bottriell for first jump by Army
personnel with free-type ’chute.

1919, June 1-First organized and sustained forest
fire patrol inaugurated at Rockwell.

1919, June 14—First non-stop Atlantic crossing by
Capt. John Alcock and Lt. A, W. Brown
(Vickers-2 Rolls 875) St. Johns to Clifden,
Ireland: 1890 mi. in 16 hr. 12 min.

1919, June 28—Treaty of peace with Germany
signed at Versailles.

1919, July 1—Aerial fish patrols inaugurated at San
Diego by Comdr. E. W. Spencer, Jr., U.S.N.

1919, July 26—First airship ocean crossing, British
R-34, E. Fortune, Scotland, to Mitchel Field,
N. Y., 8270 mi. in 108 hr. 12 min.; Lt. Comdr.
L. Lansdowne, U.S.N. on board. Return made
July 9-12, Col. William M. Hensley, represent-
ing Air Service.

1919, August 14—Airmail from Aeromarine flying
boat to White Star liner, Adriatic.

1919, August 27-29_New York-Toronto race of
military and civilian pilots.
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1919, August 28-September 19—Lawson “air liner,
26-passenger, twin Liberty biplane, makes
demonstration trip Milwaukee-Washington via
Chicago, New York and other cities. It returns
Sept. 25-Nov. 6.

1919, September 1—Dive bombing demonstrated
about this date at Aberdeen Proving Ground.

1919, September 16—Flood relief provided by four
JN4D’s from Corpus Christi to stranded in-
habitants.

1919, September 18—Roland Rohlfs (Curtiss tri-
plane-K12 Curtiss 400) makes world altitude
record of 31,420 ft.

1919, October 8-31—Army transcontinental reli-
a_bility and endurance test New York-San Fran-
cisco and return. Forty-four compete west-
bound; 15 eastbound. Ten planes make round
trip.

1919, October 30—Reversible pitch propeller tested
at McCook Field, Dayton, Ohio.

1919, November 12-June, 1920—Six Navy F-5L’s
cruise New York to West Indies and return,
covering 12,731 nautical miles.

1920—Moon eclipse observed by Lts. J. H. Tilton
and W. H. Cushing of Rockaway Naval air
station from height of some three miles.

1920, February 27— World altitude record of 33,113

feet set by Maj. R. W. Schroeder (Le Pere-
Liberty).

1920, March 29-April 22—Marine Corps group

flight Washington-San Domingo and return
4842 miles. &

1920, June 7—Lt. John H. Wilson makes unofficial
world parachute jump record of 19,800 ft.

1920, June 4—Army Reorganization Bill approved,
creating Air Service in Army.

1920, July 7—Fp-5L Navy seaplane flown by radio

compass from Hampton Roads, Va., to U.S.S.
Ohio, at sea.

1920, July 15-October 20—New York-Alaska flight;
Capt. St. Clair Street, Ist Lt. Clifford Nutt,
Znd Lts. Ross C. Kirkpatrick, Eric H. Nelson
and C. E. Crumrine, Sgts. James Long and
Joseph E. English, Capt. Howard Douglas,

advance officer; Mitche] Field, N. Y., to Nome
and return.

1920, September 8—Transcontinental mail route,

comblnathn plane-train, New York-Chicago-
San Francisco, completed

1920, Ngyember 1-U. S. international passenger
service started by Aeromarine West Indies Air-

ways between Key West, Fla., and Havana,
Cuba.

1920, November 25—1st 1.t. C. Moseley (V
) Lt. C. C. y (Ver-
ville-Packard 600) wins first Pulitzer rac(e at

156.54 mph; 24 contestants finish, 13 others
start but do not finish.
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1922, October 5-6—World endurance record, 35 hr.
18 min. 30 sec., Rockwell Field, by Lts. J. A.
Macready and O. G. Kelly (Fokker T2 Liberty
375.)

1922, October 14—-1.t. R. L. Maughan wins Pulitzer
race at 206 mph (Army Curtiss-D12-Curtiss
375.)

1922, October 18—World speed record of 222.97
mph set by Brig. Gen. William Mitchell in
Curtiss racer.

1922, October 22—Harold R. Harris becomes first
pilot to use parachute after plane failure in
flight. Event occurred over Dayton, O.; plane
was an experimental Loening Monitor Plane
Fighter.

1922, October 23—American Propeller Co. demon-
strates reversible propeller at Bolling Field.

1922, December 18—Army’s De Bothezat helicopter
makes first successful flight, 1 min. 42 sec.,
Dayton, Ohio.

1923, March 29—Lt. R. L. Maughan makes world
speed record 236.58 mph (Curtiss R6-Curtiss
465), Dayton, Ohio.

1923, April 16-17—World duration—distance records
by Lts. J. A. Macready and O. G. Kelly (Fokker
T2 Liberty 375), 36 hr. 4 min. 34 sec. 2516.55
miles. )

1923, May 2-3—Cross-country non-stop flight by Lts.
J. A. Macready and Oakley G. Kelly in Fokker
T-2, from New York to San Diego, 2,520 miles
in 26 hr. 50 min. 3 sec.

1923, August 27-28—Lts. L. H. Smith and J. P.
Richter (DH-4E Liberty 400) made world dura-
tion-distance refueled records: 3293.26 miles,
37 hr. 15 min. 14.8 sec.; Rockwell Field.

1923, September 5—Smoke screen demonstrated by
Thomas Buck Hine during naval bombing
maneuvers, Cape Hatteras, N. C.

1923, September 5—Langley Field bombers sink
naval vessels New Jersey and Virginia.

1923, October 6—Lt. A. S. Williams, U.S.N. wins

Pulitzer race (Curtiss R2C1-D12 Curtiss 460)
at 243.68 mph.

1923, October 25-27—Barling bomber makes series
weight-carrying records with greatest weight
3000 kg.; duration, altitude records, 1 hr. 19
min. 11.8 sec., 5,344 ft. Pilot, Harold R. Harris.

1923, November 4-Lt. A. ]J. Williams, U.S.N.
(Curtiss R2C1-D12A Curtiss 500) makes world
speed record 266.59 mph.

1923, December 18—For $100,000 the Christmas
Aeroplane Co. assigns its aileron patent to
U. S. Government.

1924, January 16—Navy airship Shenandoah tears
loose from mast in storm and rides it out dur-
ing the night.
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1924, February 21—Alaskan airmail flown by Carl
B. Eielson from Fairbanks to McGrath.

1924, February 22—Lt. J. A. Macready (Lepere-
supercharged Liberty 400) reaches 41,000 ft.
indicated altitude.

1924, April 6-September 28—Round-the-world flight
by Lts. Smith, Nelson, Arnold, and Harding,
Seattle to Seattle, 26,445 miles, 175 days (368
hours flying time.)

1924, June 2—Lt. James T. Neely and storm-riding
meteorologist Dr. C. L. Meisinger, Weather
Bureau, killed by lightning in balloon near
Monticello, Il

1924, July 1—Through transcontinental airmail
service begun by U.S. Post Office.

1924, October 4—Lt. H. H. Mills wins Pulitzer
trophy (Verville Sperry-Curtiss HG D12A) at
216.55 mph.

1924, October 7-25—Navy airship Shenandoah
makes record cross-country cruise over 7080
miles in 2385 hr. 01 min. Air hours total of
422 hr. 23 min. includes time moored.

1924, October 12-15—U. S. Navy’s German airship
ZR3 (Los Angeles) makes fourth aircraft
Atlantic crossing, Friedrichshafen-Lakehurst, in
delivery under reparations.

1924, October 29—Fog dispersal by electrified silica
and sand demonstrated at Bolling Field.

1925, January 29—Eclipse pictures and astronomic
data secured at high altitudes by Air Service
pilots.

1925, February 2—Kelly Bill signed by President
Coolidge authorizing private contract air trans-
port of mail.

1925, March 1-—-San Diego Airline service started
by Ryan Airlines, Inc.—first daily scheduled
service on all-season basis.

1925, April 7—Navy carrier Saratoga launched.

1925, May 21-July 6—Amundsen-Ellsworth polar
flight.

1925, July 15—Dr. A. Hamilton Rice Expedition,
first to employ planes in exploratjon, returns
from Amazon; Lt. Walter Hinton, pilot, in
Curtiss Seagull.

1925, August 1—Survey flight of Pacific Air Trans-
port flown by T. Claude Ryan and Vern Gorst
in first Ryan M-1 mail plane.

1925, August 4-22—MacMillan polar expeditions
with Navy assistance.

1925, August 5—Seven American pilots leave Par.is
to fly for the French in the Riff campaign 1in
Africa. Others follow to a total of 17 pilots,
5 observers.

1925, August 31-September 8—In Navy’s attempted
San Francisco-Honolulu flight, Commander
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John Rodgers and crew (PN9-2 Packard 500
flying boat) alight short of mark, making non-
stop cross-country seaplane record of 1,841
miles.

1925, September 3—Navy dirigible, Shenandoah,
collapsed in storm over Ava, O., killing 14 of
43 on board.

1925, September 12—Morrow Board appointed by
President Coolidge. (Laid down U. S. air
policy.)

1925, October 12—Lt. Cyrus Bettis wins 6th Pulitzer

race (Curtiss R3CI-V1400 Curtiss 619) at
248.97 mph.

1925, October 26—Lt. J. H. Doolittle wins 8th inter-
national Schneider Seaplane Trophy race in
first contest in America (Curtiss R3C2-V1400
Curtiss 619) at 232.57 mph.

1925, December 17—Gen. William Maitchell found
guilty of violating 96th Article of War; had
risked insubordination by demanding unre-
stricted use of air power. Sentenced five years
suspension of rank, pay and command. Re-
signed.

1926, January 18—A $2,500,000 air promotion fund
established by Daniel Guggenheim.

1926, January 29—Lt. J. A. Macready (XCO5A-
Liberty 400) makes American altitude record:
38,704 ft.

1926, February 11—Strip bombing tests made at
Kelly Field.

1926, April 16—First cotton dusting plane pur-
chased by Department of Agriculture.

1926, Apr.il 30—Capt. G. H. Wilkins and Lt. Carl
B. Eielson complete third round trip Fair-
banks-Pt. Barrow-Fairbanks.

1926, May 8-9—Flight over North Pole by Richard
Byrd, navigator, and Floyd Bennett, pilot, in
Fokker monoplane.

1926, May 20—Air Commerce Act (Bingham-Parker
Bill) signed by President Coolidge; Aeronautics
Branch, Department of Commerce, established.

1926, May 30—Bennett international balloon race,
Brussels, brought to America by the win of
W. T. Van Orman and W. W. Morton in
Goodyear III balloon. Capt. H. C. Gray, Air
Service, second.

1926, July 2—Army Air Service renamed Army Air
Corps.

1926, July 2—First reforesting by airplane, Hawaii.

1926, July 14—Armstrong seadrome model demon-
strated at Wilmington, Del. to Air Service.

1926, August 18—Metal-clad airship contract let at
not over $300,000.

1926, August 25—]JN training plane dropped by
parachute, San Diego Naval Air Station.
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1926, September 15—Pacific Air Transport begins
operation of contract air mail service with
Ryan M-1 monoplanes between Los Angeles
and Seattle.

1926, December 7—Airway beacon erected by Aero-
nautics Branch, Department of Commerce, on
Chicago-Dallas route.

1927, March 9—American balloon altitude record
of 28,508 ft. mnade by Capt. H. C. Gray.

1927, April 12—New American duration record of
Clarence D. Chamberlin and B. B. Acosta
(Bellanca-15 Wright 200) 51 hr. 11 min. 25 sec.

1927, May 4—Record balloon altitude attempt by
Capt. H. C. Gray, 42,470 ft.

1927, May 15-19—Greatest concentration since
World War I (109 planes) in maneuvers under
Brig. Gen. J. E. Fechet.

1927, May 20-21—-Non-stop trans-Atlantic solo flight
by Charles A. Lindbergh, New York-Paris,
3,610 miles, 33 hr. 30 min. (I13th aircraft to
make completed crossing.)

1927, May 25—Outside loop demonstrated by Lt.
James H. Doolittle.

1927, June 4—First nonstop flight to Germany,
Clarence D. Chamberlin and passenger (Bell-
anca-15 Wright 200), 3,911 miles, 43 hr. 49
min. 33 sec.

1927, July 25—World airplane altitude record by
Lt. C. C. Champion, U.S.N. (WrightP & W
425 supercharged) 38,484 ft.

1927, August 16-17—A. C. Goebel and Lt. W. V.
Davis. U.S.N. (Travelair-15 Wright 200) win
Dole Oakland-Honolulu race. One team
finishes. Two teams lost.

1927, September 1—Air express operations begun
by American Railway Express and major air-
lines.

1927, September 10—Bennett international balloon
race, Dearborn, Mich., won by E. J. Hillard
and A. G. Schlosser with 745 miles; 15 con-
testants.

1927, October 12—Wright Field dedicated.

1928, February 3-December 28—Lt. H. A. Sutton
conducts a series of spin tests; awarded Mackay
Trophy.

1928, March 1-9—Transcontinental amphibian
flight by Army Lt. Burnie R. Dallas and
civilian Beckwith Havens in Loening.

1928, March 28-30—Edw. A. Stinson and George
Holderman (Stinson-Wright 200) make endur-
ance record of 53 hr. 36 min. 30 sec.

1928, April 12-13—First non-stop westbound North
Atlantic airplane crossing made by Baron G.
von Huenefeld, Capt. Hermann Kochl and
Maj. James Fitzmaurice (Junker-Junker 280/
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1929, July 13-30—World endurance record of 420
hr. 17 min. by Forrest O’Brien and Dale Jack-
son (Curtiss Robin-Curtiss 70.)

1929, July 18-20—N. Y.-Alaska flight by Capt. Russ
G. Hoyt. Return flight ends at Edmonton, after
covering 6,000 miles out of 8,469 itinerary.

1929, August 5-6—Group transcontinental flight of
9 Keystone bombers under Major Hugh ]J.
Knerr.

1929, September 24—Demonstration by Lt. James
H. Doolittle results in Guggenheim report
blind flying solution.

1929, October 21—Air Ambulance Service organized
by Colonial Flying Service and Scully Walton
Ambulance Co., New York.

1929—Bennett international balloon race won by
W. T. Van Orman and aide, 341 miles, 9 con-
testants.

1930, March 15—Glider, piloted by Capt. Frank
Hawks, released from seaplane, Port Washing-
ton, N.Y.

1930, April 6—Transcontinental glider in tow,
piloted by Capt. Frank Hawks; San Diego to
New York; 2,860 miles in 36 hr., 47 min.

1930, May 20—Dirigible-launched Vought observa-
tion plane, flown by Lt. Comdr. Charles A.
Nicholson from U.S.S. Los Angeles to U.S.S.
Saratoga, Lakehurst, N. J.

1930, June 4—New world altitude record of $8,560

g.éet by Navy Lt. Apollo Soucek, Anacostia,

1930, June ll-July_ 4—World endurance record of
553 hr. 41 min. 30 sec. established by John
and Kenneth Hunter (Stinson-Wright 200).

1930, July ,‘%I-August 17—Refueling endurance rec-
ord raised to 647 hr.,, 28 min. by Forrest
O’Brien and Dale Jackson in a Curtiss Robin,
St. Louis, Mo.

1930, July 22—German air mail plane catapulted
250 miles out en route to New York; 198 such
ship-shore flights 1929-1938.

1930, September 1—Bennett international balloon
race again won for U. S. by W. T. Van Orman
and aide, 542 miles.

1931, February 14-19—Lts. W. W. Lite, Clement
McMullen fly New York-Buenos Aires, 6,870
miles, 5 days, 5 hours elapsed time; 52:15:00
flying.

19381, March 30—Airplane-airship mail transfer at
Scott Field.

1931, April 10—Airship sub-cloud observation car
demonstration by Lt. W. J. Paul.

1931, May 25-28—World endurance record, non-
refueled, set by Walter E. Lees and F. A.
Brossi, Bellanca, Packard Diesel 225 hp.; 85
hr., 32 min., 38 sec., Jacksonville, Fla.
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1931, May 14-28—Transcontinental autogiro flight
by John M. Miller, from Philadelphia to San
Diego.

1931, June 4—Rocket glider flown by William G.
Swan; remained aloft for 30 min. with 10
rockets, Atlantic City, N.J.

1931, June 23-July 1—World flight by Wiley
Post and Harold Gatty (Lockheed-PW 550),
New York-Harbor Grace-Berlin-Moscow-Ir-
kutsk - Khabarovsk - Solomon Beach-Fairbanks-
Edmontin-Cleveland-New York, 8 days 16
hours, 16,500 miles.

1931, July 25-26—Glider duration record of 16 hr.
38 min. by 2nd Lt. John C. Crain, Honolulu.

1931, July 28-August 6—Herndon and Pangborn
(Bellanca-PW 420) left New York July 28 on
world trip and had reached Japan Aug. 6,
abandoning attempt to better Post-Gatty
record.

1931, October 3-5—Trans-Pacific non-stop airplane
flight by Clyde Pangborn and Hugh Herrdon,
Samushiro Beach, Japan, to Wenatchee, Wash.

1931, October 69—Navy bomber tests on U.S.S.
Pittsburgh in Chesapeake Bay.

1931, November 3—Dirigible, 4kron, carried record
number of 207 persons in flight over New York
and Philadelphia.

1931, December 17-18—Glider duration record of
21 hr. 34 min. by Lt. Wm. A. Cocke, Honolulu.

1932, May 9—First solo blind flight, by Capt. Albert
F. Hegenberger, Wright Field, Dayton, O.

1932, May 20-21—Amelia Earhart solos across At-
lantic, St. Johns, New Brunswick to London-
derry, Ireland, in Wasp-powered Lockheed
Vega.

1932, August 25—First woman to complete non-
stop transcontinental flight, Amelia Earhart,
Los Angeles to Newark.

1932, December 1—Teletypewriter weather map
service inaugurated by Department of Com-
merce.

1933, January 19—Rocket guided by sound waves
from enemy aircraft proposed.

1933, January 23—Steam airplane project launched
by Great Lakes Aircraft and General Electric
Co. Later Besley brothers fly their steam air-
plane.

1933, April 4—Navy dirigible, Akron, crashes into
sea, killing 73; Comdr. Herbert V. Wiley, com-
manding.

1933, May 3-26—Airborne troop logistics part of
West Coast maneuvers, with 283 aircraft.

1933, July 15-22--Solo round-the-world flight by
Wiley Post in Lockheed Vega monoplane,
Winnie Mae, in 7 days, 18 hr., 49 min.
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1950, January 3—Jacqueline Cochran sets new
official F.A.I. 500 kilometer closed course
record flying a North American F-51 (Packard-
built Merlin V1650) at 444 mph.

1950, January 22—Paul Mantz sets new transconti-
nental record flying a North American F-51
Mustang (Allison) from Burbank, Calif., to
La Guardia Field, N.Y. in 4 hr. 52 min. 58
SecC.

1950, February 9—Navy Lockheed P2V Neptune
(Wright 3350) patrol bomber completes 5,156
mile flight in 25 hr. 57 min.

1950, March 31—Ana Louisa Branger, flying a
Piper Cub Special powered by a Continental
C-90-8F engine, sets official new lightplane in-
ternational altitude record of 24,504 feet.

1950, September 5—North American Aviation an-
nounces successful completion of tests at Ed-
wards AFB in which heavy bombs were
dropped for first time at speeds over 500 mph
with a B-45 Tornado (GE-J47).

1950, September 22—Col. David C. Schilling and
Lt. Col. William D. Ritchie fly London-New
York nonstop with three in-flight refuelings
in two Republic F-84E (Allison J-35A-17) jet
fighters. (Schilling completed flight; Ritchie
bailed out over Newfoundland and was later
rescued by helicopter.)

1950, November 10—A Lockheed F-80 shoots down
a Russian-built MiG-15 in first jet aerial com-
bat, Korea.

1951, January 17—Convair RB-36D reconnaissance
bomber makes 51 hr. 20 min. non-stop flight
without refueling.

1951, February 2—First successful air-to-air refuel-
ing of a U.S. jet bomber is carried out by a
North American RB-45C Tornado and a Boe-
ing KB-29P tanker at Edwards AFB, Calif.

1951, April 24—Piper Super Cub, piloted by Mrs.
Ana Louisa Branger, sets an international al-
titude record of 26,820 feet in the minus 1,103-
pound category.

1951, May 15—Max Conrad sets non-stop light-
plane record in Piper Pacer (125 hp Lycom-
ing), crossing the country in 23 hr. 4 min. 31
sec.

1951, Aug. 8—Navy’s Martin Viking VII sets new
altitude record for single stage missiles, flying
135 miles up from White Sands Proving
Ground, N.M., reaching a top speed of 4,100
mph.

1951, August 18—North American F-86A Sabrejet,
piloted by Col. Keith K. Compton, flies from
Edwards AFB, Calif, to Detroit, Mich., in 3
hr. 27 min. 56 sec. at an average speed of
553.761 mph.

1952, January 2—A Sikorsky H-19 helicopter com-
pletes 1,800-mile flight from Great Falls,
Mont., to Ladd AFB, Fairbanks, Alaska, in
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five days—probably the longest flight ever
made by rotary wing craft.

1952, March 18—Two Republic F-84 Thunderjets
land in Neubiberg, Germany, after a 2,800-
mile flight without refueling—believed to be
the longest sustained jet fighter flight in his-
tory. The jets crossed seven countries, averaged
585 mph, and were in the air 4 hr, 48 min.

1952, April 30—For the first time in aviation his-
tory, air passenger-miles (10,679,281,000) in
1951 exceeded the total passenger-miles trav-
eled in Pullman cars (10,224,714,000).

1952, May 10—Transcontinental lightplane record
is set by Max Conrad in a Piper Pacer, travel-
ing from Los Angeles to New York (2,461 mi.)
non-stop in 24 hr. 54 min.

1952, August 1—-Two Sikorsky H-19 helicopters
complete first trans-Atlantic helicopter crossing
and break non-stop distance record for rotary
wing aircraft.

1952, September 17—Official world’s long-distance,
non-stop helicopter record established by El-
ton Smith in Bell Model 47D-1 flying from
Fort Worth, Texas, to Wheatheld, N.Y.
(Niagara Falls, N.Y., airport), a distance of
1,217.14 miles in 12 hours 57 minutes.

1952, November 19—New record set by North
American F-86D (GE J-47 GE-17) Sabrejet,
piloted by Capt. J. Stade Nash, flying at 699.92
mph. (Previous world speed record—670.981
mph.)

1953, January 26—Chance Vought Aircraft com-
pletes final ¥4U Corsair, bringing to an end
the longest production record of any airplane
ever built.

1953, May 18—Jacqueline Cochran Odlum flies at
record speed of 652.337 mph over a 100 km.
course, in a Canadair F-86 swept-wing Sabre.

1953, October 3—LCdr. James B. Verdin estab-
lishes new world speed record of 753.4 mph in
Douglas XF4D-1 Skyray, Navy carrier fighter.

1953, October 20— TWA Lockheed Super Constel-
lation completes first scheduled nonstop trans-
continental passenger trip from Los Angeles
to New York in 8 hr. 17 min.

1953, October 29—North American YF-100 Super
Sabre establishes new world’s speed record of
754.98 mph, piloted by Lt. Col. F. K. Everest.

1953, December 12—Maj. Charles F. Yeager, USAF
pilot, establishes new world speed record of
more than 1650 mph in the Bell X-1A.

1954, Janu_ary 5—Air National Guard Col. Willard
W. Millikan sets New York-Washington speed
mark of 24 minutes in North American F-86F.

1954, March 1—-Peak is reached in number of U.S.
airports: 6,760.
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1954, March 29—American Airlines DC-7 sets of-
ficial Los Angeles-New York commercial speed
record: 6 hrs. 10 mins.

1954, May 24—Martin Viking 11, single stage
rocket, sets altitude record soaring 158 miles
high (834,240 feet) at 4300 mph at White
Sands Proving Ground, New Mexico.

1954, May 25—Goodyear ZPG-2 non-rigid airship
sets new record for flight without refueling,
landing at Key West, Fla., after 200 hrs. 4
mins. in the air.

1954, August 21—New altitude record of 90,000
feet set in rocket-powered Bell X-1A by Major
Arthur Murray, USAF, at Edwards Air Force
Base, Calif.

1954, August 27—Adm. DeWitt C. Ramsey, presi-
dent of Aircraft Industries Association, re-
ports that U.S. aircraft manufacturers are
now building 900 to 1,000 military planes
per month.

1955, February 16—Longest non-stop flight by a
jet fighter-bomber—2,390 miles—made by Re-
public F-84-F from George AFB in California
to Langley AFB, Virginia. Speed averaged 605
mph.

1955, March 9—Republic's F-84F Thunderstreak
scts a new official transcontinental speed re-
cord, flying 2445 miles non-stop from Los
Angeles to New York in 3 hrs. 44 mins.

1955, May 24—A North American F-86 sets two
transcontinental records: (1) as first aircraft
to cross the U.S. round trip in daylight and
(2) by flying east-west leg in 5 hrs., 27 mins.,
37 secs., breaking previous record.

1955, August 1—White House announces that U.S.
plans to la.unch a small unmanned satellite
about the size of a basketball sometime after
July, 1957. Satellite will circle earth at alti-
tudes between 200 and 300 miles.

1955, August 17—Republic’s Thunderstreak sets a
new world’s non-stop jet fighter distance rec-
ord ol 5,118 mi. from London, England to
Texas.

1955, August 20—North American F-100C sets the

first supersonic world speed record of 822.185 -

mph, 70 miles faster than the previous record
set in 1953,

1955, October 15—-Douglas A4D Skyhawk sets a
new closed course world speed record of
695.163 mph.

1956, April 2—Air Force reportedly fires an air-
breathing guided missile (Northrop SM-62
Snark) a distance between 1,500 and 5,000
miles {rom Patrick Air Force Base, Fla.

1956, July 23—Rocket-powered Bell X-2 sets new
speed record of 1,900 miles an hour, flown by
Lt. Col. Frank K. Everest, USAF.
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1956, August 10—McDonnell XV-1 convertiplane
sets unofficial speed record for helicopters of
200 mph.

1956, August 11—Vertol H-21C helicopter sets
new world record for distance in a closed cir-
cuit without payload by flying 1,199.07 mi.
non-stop in 11 hrs. 58 min.

1956, August 24—An Army Vertol H-21 helicopter
completes first nonstop transcontinental flight
over a 2,610-mile route from San Diego, Calif.,
to Washington, D.C., with aerial refuelings
from Flight Refueling, Inc. system.

1956, September 5—Chance Vought F8U-1 captures
Thompson Trophy for Navy by flying 1015.428
mph to establish new national speed record.

1956, September 7—Capt. Iven C. Kincheloe, USAF,
sets new altitude record of 126,200 feet in
Bell X-2.

1956, September 21—Capt. Milburn Apt sets speed
record of 2180 miles per hour in Bell X-2.
Plane was in subsequent crash on this flight.

1956, October 11-NACA discloses that four-stage
research rockets, fired in connection with
development of the ICBM and the North
American X-15, have hit speeds of 6864 mph
or Mach 10.4.

1956, October 16—Bell 47], fiown by Joseph Mash-
man, makes first helicopter flight across Andes
between Santiago, Chile and Mendoza, Argen-
tina.

1956, November 13—North American F-107.reaches
Mach 2 speed in flights at Edwards Air Force
Base, Calif.

1956, November 27—Eight B-52's break the jet
bomber’s record by staying aloft an estimated
321% hours, covering 17,000 miles.

1957, January 18—Three of five B-52 jet bombers
land in Calif., culminating the first nonstop
jet flight around the world. The 24,325-mile
flight is accomplished in 45 hr. 20 min,
slashing by one-half the previous record.

1957, January 28-—Lockheed YC-121F Constella-
tion sets new west-to-east record of 4 hr. 41
min.

1957, February 19—First hovering flight of Bell
X-14 jet-powered VTOL at Niagara Falls,
N.Y., airport.

1957, March 12--Boeing 707 Stratoliner, America’s
first jet airliner, spans continent in record-
breaking flight of 3 hr. 48 min,

1957, March 15—Goodycar Aircraft Co. Navy
ZPG-2 blimp sets new world records for con-
tinuous flight, 26-+.2 hr., 9,448 miles.
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1957, March 24—Navy Douglas A3D twin jet at-
tack bomber cracks two speed records, flying
round-trip, Los Angeles-New York in 9 hr.
:%5 min. 48 sec. for one mark, and east-west
in 5 hr. 14 min. 58 sec.

1957, June 6—Chance Vought F8U-1 Crusaders
make first nonstop ocean-to-ocean flight. Pacif-
ic to the Atlantic, refueled by Flight Refuel-
ing, Inc. system.

1957, July 12—President Eisenhower, in a Bell
47], becomes first U.S. president to fly in heli-
copter while in office.

1957, July 16—Chance Vought F8U-1 Crusader,
piloted by Maj. John Glenn, Jr., USMC, sets
new coast-to-coast record, flying from Calif. to
N. Y. in 3 hr. 23 min.

1957, August 12—F3D makes first fully-automatic
landing aboard an aircraft carrier, U.S.S.
Antietam, using Bell Aircraft all-weather auto-
matic landing system.

1957, August 20—A manned balloon sets new alti-
tude record of 101,516 ft. during Air Force
project to determine human reactions in space
flight; Maj. David Simons, sealed in a pressur-
ized capsule, stays aloft for 32 hrs.

1957, October 10—Following Russia’s launching of
first earth satellite (Sputnik) on Oct. 4, Presi-
dent Eisenhower announces that the U.S, will
attempt to launch a four-pound “test” satelljte
in December.

1957, October 22—Air Force reports sending rocket
at least 1,000 miles and perhaps 4,000 miles
above the earth at Eniwetok Atoll in Opera-
tion Far Side.

1957, November 13—Boeing KC-135, piloted by
Gen. Curtis LeMay, sets new distance nonstop
record, flying 6,350 miles from Westover AFB,
Mass., to Buenos Aires; the KC-135’s return
trip sets new speed record, Buenos Aires-Wash-
ington, D.C., over 5,200 miles in 11 hr. 5 min.

1957, November 27—Air Force McDonnell Voodoo
jets shatter three transcontinental speed rec-
ords: Los Angeles to New York and back: ¢
hr. 42 min. 6 sec.; east-west, 3 hr. 34 min. 8
sec.; west-east, 3 hr. 5 min. 39.2 sec.

1957, December 12—McDonnell F-101A, piloted by
Maj. Adrian Drew, captures world speed rec-
ord for Air Force by flying 1207.6 mph.

1958, January 31—Army launches first U.S. sat-
ellite (Jupiter C Explorer) into space from
Cape Canaveral, Fla., at 10:48 p.m.

1958, March 5—Explorer 1I, measuring 80 inches
and weighing 324 pounds, is successfully
placed into orbit by Army.

1958, March 13—Republic Aviation Corporation’s

Alouette begins jet helicopter operation in
U.s.

1958, March 17—Navy’s Vanguard rocket is success-
fully launched at Cape Canaveral, Fla.
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1958, April 8—United States Air Force Boeing
KC-135 stratotanker, powered by four Pratt
and Whitney J57 turbojet engines, flies non-
stop without refueling 10,229.8 miles from
Tokyo to Lajes Air Force Base in the Azores,
in 18 hours and 48 minutes.

1958, May 7—Major Howard C. Johnson, USAF,
sets new world altitude record of 91,243 feet
in a Lockheed F-104A Starfighter, powered by
a General Electric J79 with alterburner.

1958, May 16—Air Force Lockheed F-104A, flown
by Captain Walter W. Irwin, sets new official
world’s speed record of 1,404.09 miles per
hour over a closed course at Edwards Air
Force Base, Calif.

1958, July 16—Vertol Model 76 makes what is be-
lieved to be world’s first successful tilt-wing
conversion flight at Philadelphia International
Airport.

1958, July 29—President Eisenhower signs bill
creating new National Aeronautics and Space
Administration.

1958, August 15—Congress passes Federal Aviation
Act, creating new Federal Aviation Agency.

1958, October 26—Pan American World Airways,
using Boeing 707s, begins regular daily jet
transport service between New York and
Paris.

1958, December 18—Air Force's 82-foot Convair
Atlas intercontinental ballistic missile is
launched into orbit at Cape Canaveral, Fla.

1959, January 13—McDonnell Aircraft Corporation
wins National Aeronautics and Space Admin-
istration’s first space capsule competition;
work is expected to take about two years and
cost about $15 million.

1959, January 25—In launching first jet service
across the United States, American Airline’s
707 flagship sets two official records: east-
bound, Los Angeles to New York, 4 hours, 3
minutes, 53.8 seconds; westbound, 4 hours,
46 minutes, 57.6 seconds.

1959, April 9—National Aeronautics and Space Ad-
ministration announces names of seven astro-
nauts who will be this country’s first pioneers
in space.

1959, June 8—Mail is carried by missile for first
time as 3,000 letters are delivered in a Regulus
I from the submarine Barbero to the Mayport
Fla. naval auxiliary air station,

1959, September 14—Russia’s Lunik II, 860-pound
missile containing instruments and the Soviet
coat of arms, hits the moon.

1959, September 17—North American’s rocket-
powered X-15 makes first powercd flight at
1400 miles per hour at Edwards AFB, Calif,
with pilot Scott Crossfield at the controls.
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OFFICIAL RECORDS

The Nat_ional Aeronautic Association (NAA), being one of the 53
member nations of the Federation (Aeronautique) Internationale (FAI),

must sanction, certify and register all record attempts within the United
States in order that they be “Officially” recognized world wide.

Any and all competitors must conform to the rules and regulations
as set forth by the FAL in its “Sporting Code.” This remarkably complete
Code is kept up to date by comprehensive studies of the International
Sporting Committee who then present their recommendations for changes
and/or additions to the Annual General Conference for approval.

The General Conference held in Barcelona, Spain, from the 3rd to the

9th of October 1960, approved the addition to the Sporting Code of the
two following new types of world records:

1. ALTTTUDE IN HORIZONTAL SUSTAINED FLIGHT WITH-
OUT PAYLOAD.

The altitude of the recor_d will be the true constant altitude measured
above sea level as defined In each country by the National Cartographic
Authority. By constant altitude is meant the altitude maintained over a

distance of 15 to 25 kilometers or during a period of 90 seconds.

2. RECORDS WITH NON AIR BREATHING MANNED

ROCKETS.

All flights must have altitude gained of at least 100 kilometers in order
to qualify as space flights and the vehicle component reaching the maxi-
mum performance must return to the surface at the earth with the pilot

alive.

OFFICIAL RECORDS ESTABLISHED (OR CLAIMED)
IN U.S.A. DURING 1960

N.A.A. Sanctioned Attempts
CLASS C-1.d (Light Aircraft)

ALTITUDE WITHOUT PAYLOAD (ALSO SEE FOLLOW-
ING RECORD) ......coivvevinernnnaaerncns 34,862 feet
James D. Webber, Pilot, Beech Queen Air, #65,
2 Lycoming AlA6 Engines, Wichita, Kansas,
Feb. 8, 1960.

ALTITUDE WITHOUT PAYLOAD ............... 36,932 feet*
Miss Jerrie Cobb, Pilot, Aero Commander 6804,
2 1GSO-540B1A Engines, Santa Monica Munic-
ipal Airport, Calif., Sept. 20, 1960.
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ROTORPLANES—CLASS E

SPEED FOR 500 KILOMETERS IN A CLOSED CIRCUIT
WITHOUT PAYLOAD ...................... 148.449 mph

Col. Jack L. Marinelli, USA, Pilot, CWQO C. V.
Turvey, USA, Co-Pilot, Bell HU-1 *“Iroquois”
Helicopter, T53-L-1A Engine. Hurst Harrison,
Texas course, July 23, 1960.

TIME TO CLIMB TO 3,000 METERS ........ 3 min., 29.1 sec.*
6,000 METERS ........8 min.,, 7.l sec.*
Maj. G. J. Boyle I1I, USA, Bell HU-1 “Iroquois”
Helicopter, T-53-L-1A Engine, Globe Facility
Airport, Saginaw, Texas, July 19, 1960.
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CLASS E-1.d (Light Rotorplanes)

MAXIMUM SPEED OVYED A STRAIGHTAWAY
COURSE ... 158.037 mph*
(3 Kilometers restricted altitude)
CWO C. V. Turvey, USA, Pilot, Bell HU-1
“Iroquois” Helicopter, T53-1.-1A Engine, Avon-
dale, Texas, 3 Kilometer course, July 22, 1960.

SPEED FOR 100 KILOMETERS IN A CLOSED
CIRCUIT ... o . 142.217 mph
CWO C. v, Turvey, USA, Pilot Bell HU-I
“Iroquois” Helicopter, T53-L-1A Engine, Hurst-
Concord, Texas course, July 26, 1960.

SPEED FOR 500 KILOMETERS IN A CLOSED
CIRCUIT ... .. 148.449 mph
Col. Jack L. Marinelli, USA, Pilot, CWO C. V.
Turvey, USA, Co-Pilot, Bell HU-1 “Iroquois”
Helicopter, T53-L-1A Engine, Hurst Harrison,
Texas course, July 23, 1960.

GLIDERS—CLASS D (Single Place)

DISTANCE TO A PREDETERMINED POINT WITH RE-
TURN TO POINT OF DEPARTURE .. ... .. 399.86 miles

Richard E. Schreder, Pilot, “Airmate” Model

HP-8 Glider, Ector County Airport, Odessa,

Texas to Arledge Airport, Stamford, Texas and
return, Aug. 4, 1960.

ABSOLUTE WORLD RECORDS (Regardless of Type Aircraft)

MAXIMUM SPEED OVER A CLOSED CIRCUIT 1,390.24 mph*
Cmdr. John F. Davis, USN, McDonnell F4H-1,
2 General Electric J-79-2 Engines, Edwards

AFB, Calif, 100 Kilometer Course, Sept. 25,
1960.

DISTANCE IN A CLOSED CIRCUIT 10,060 miles*

Pilot—Lt. Col. T. R. Grisson, USAF, Co-Pilot
—Capt. J. P. Bosley, USAF, Boeing B52G, 8
Pratt and Whitney J-57 Engines, Course—Ed-
wards-Tcan-\Vashinglon, D.C. - Newfoundland-
Alaska-Montana-Edwards AFB. (19 hrs. 44 min.)
Dec. 13, 1960.

WORLD *CLASS"" RECORDS—CLASS C—GROUP |
(Turbojet Powered Aircraft)

DISTANCE IN A CLOSED CIRCUIT WITHOUT RE-
FUELLING ... .. ... . . ... .. .. .. ... ... ...... 10,060 miles*

Pilot—Lt. Col. T. R. Grisson, USAF, Co-Pilot
—Capt. J. P. Bosley, USAF, Boeing B52G, 8
Pratt and Whitney J-57 Engines, Course—Ed-
wards-Texas-Washington, D.C. - Newfoundland-
Alaska-Montana-Edwards AFB. (19 hrs. 44 min.)
Dec. 13, 1960.

SPEED FOR 100 KILOMETERS IN A CLOSED CIRCUIT
WITHOUT PAYLOAD ...... ... .......... 1,390.24 mph*
Cmdr. John F. Davis, USN, McDonnell F4H-1,

2 General Electric J-79-2 Engines, Edwards AFB,
Calif. 100 Kilometer Course, Sept. 25, 1960,
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SPEED FOR 500 KILOMETERS IN A CLOSED CIRCUIT

WITHOUT PAYLOAD ..................... 1,216.766 mph*

Lt. Col. T. H. Miller, USMC, McDonnell F4H-1,
2 General Electric J-79-2 Engines, Edwards AFB,
Calif., Desert Butte Course, Sept. 5, 1960.

ALTITUDE WITH PAYLOAD OF 1,000 KILO-

GRAMS . 91,450.8 faet*

Cindr. Leroy A. Heath, USN, North American
A3J-1, 2 General Electric J-79 Engines, Edwards
AFB, Calif,, Dec. 13, 1960. .

CLASS C-1.c (Light Aircraft)

DISTANCE IN A CLOSED CIRCUIT WITHOUT
PAYLOAD ... ... . . .. 6,921.28 miles
Max A. Conrad, Pilot, Piper Comanche Pa24-
180, 1 Lycoming O-360 Engine, Minneapolis-
Chicago-DesMoines-Minneapolis Course, July 4,

1960.

BALLOONS—CLASS A
(First Category—250 Cu. Meters or less)

ALTITUDE ... .. i 3,740 feet
Donald Piccard, “D. Piccard S. 10 Holiday”
Balloon, from Lake Calhoun, Minneapolis to
near Stanchfield, Minn,, July 25, 1960.

NATIONAL INTER-CITY RECORDS FOR COMMERCIAL
AIRCRAFT

NEW ORLEANS TO BALTIMORE, MARYLAND

Capt. Truman Qutland, Pilot; Charles R. Bran-
son, lst Officer; Delta Airlines, Convair 880,
4 General Electric CJ]-805-3 Engines, from
Moisant International Airport, New Orleans to
Friendship Airport, Baltimore, Oct. 30, 1960.
Elapsed time: 1 hour, 40 minutes, 31 seconds.
Distance: 999.25 miles.

Average speed ................ . ... 596.47 mph

SAN DIEGO, CALIF. TO ATLANTA, GEORGIA
Captain James H. Longino, Pilot; Captain Jerry
Crockett, Co-Pilot; Delta Airlines, Convair 880,
4 General Electric CJ-805-3 Engines from Lind-
bergh Field, San Diego to Atlanta Airport, May
11, 1960. Elapsed time: 3 hours, 23 minutes,
59 seconds. Distance: 1,889.40 miles.

Average speed ....................555.75 mph

SAN DIEGO, CALIF. TO MIAMI, FLORIDA

Captain Thomas P. Bail, Pilot; 1st Officer, James
H. Longino; Delta Airlines, Convair 880, 4 Gen-
eral Electric CJ-805-3 Engines from Lindbergh
Field, San Diego to Miami International Air-
port, Miami, Florida, February 10, 1960. Elapsed
time: 3 hours, 31 minutes, 54 seconds. Distance;
2,266.55 miles.

Average speed ............. ..., 641.77 mph

*Records documented and reported but not yet “officially”
homologated by the Federation Aeronautique Internationale,
Paris, France.
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