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RECORDS

WORLD RECORDS

The National Aeronautic Association, which represents the United States in the Federation Acronauticue Inter-
nationale, sanctions, certifies and registers all record attempts within the U.S. in order that they may be officially:
recognized by other nations. NAA’s Contest and Record Board compiled this list of records completed during

1968 by U.S. participants.

CLASS DATE

AIRCRAFT

PILOT

RECORD DESCRIPTION

RECORD

ABSOLUTE WORLD RECORDS

MANNED SPACECRAFT
World 12/21-27/68

World 10/11-22/68
World 12/21-27/68
World 12/21-27/68

Apolio 8

Apolio 7

Apolio 8

Apollo 8

Frank Borman
James Lovell
William Anders

Walter M. Schirra
Walter Cunningham
Donn Eisele

Frank Borman
James Lovell
William Anders

Frank Borman
James Lovell
William Anders

Altitude (absolute)

Greatest mass lifted

Greatest mass lifted

Duration of lunar mission

231,040 miles

32,557 pounds

279,338 pounds

146 hours, 59
minutes, 49
seconds

WORLD CLASS RECORDS

MANNED SPACECRAFT (LUNAR MISSION)

K 12/21-27/68
K 12/21-27/68
K 12/21-27/68
K 12/21-27/68
K 10/11-22/68
K 10/11-22/68

Apollo 8

Apollo 8

Apollo 8

Apollo 8

Apollo 7

Apolio 7

Frank Borman
James Lovell
William Anders

Frank Borman
James Lovell
William Anders

Frank Borman
James Lovell
William Anders

James Lovell

Walter M, Schirra
Walter Cunningham
Donn Eisele

Walter M. Schirra
Walter Cunningham
Donn Eisele

Altitude

Greatest mass lifted

Duration in lunar orbit

Total time in space

Precision of landing

Greatest mass lifted

231,040 miles

279,338 pounds

20 hours, 14
minutes, 13.2
seconds

572 hours, 9
minutes, 23
seconds
Distance from
target .33 mile

32,557 pounds

BUSINESS JET AIRCRAFT

CJ-1.a (6,614-13,277 pounds)

CJ-1.a 2/20/68

Lear Jet Model 25

Henry G. Beaird

34

Time to climb to 12,000 meters

6 minutes, 19.1
seconds




CLASS DATE

AIRCRAFT

PILOT

RECORD DESCRIPTION

RECORDS

RECCRD

HELICOPTERS
Unrestricted Weight

E-1 12 30 68
E-1 12 30 68
E-1 12 30 68
E-1 12 30 68

Sikorsky CH-54A
Sikorsky CH-54A

Sikorsky CH-54A

Sikorsky CH-54A

CWO W. T. Lamb
CwO James T. Ervin

CWO James T. Ervin

CWO James T. Ervin

Altitude in horizontal flight
Time to climb to 3,000 meters

Time to climb to 6,000 meters

Time to climb to 9,000 meters

31,280 feet

1 minute, 35.8
seconds

3 minutes, 31.5
seconds

7 minutes, 35.4
seconds

TURBOPROP AIRCRAFT
C-1.c (2,204-3,858 pounds)

C-lc 5 31 68

Piper PA 24-400

Jack T. Womack

Altitude

42,560 feet

PISTON-ENGINE AIRCRAFT

C-1.e (6,613-13,227 pounds)

C-l.e 9.6-7 68

C-1.d (3,858-6,614 pounds)
C-1.d 6 24-25 68
C-1.d 6 24-25'68
C-1.d 6 24-25 68
C-1.d 6 24-25. 68
C-1.d 6'8.68

C-1.c (2,204-3,858 pounds)

C-l.c 10/17°68

C-1.a (under 1,102 paunds)

C-l.a 11.2°'68

Piper Aztec

Cessna P-206

Cessna P-206
Cessna P-206
Cessna P-206
Beech Baron

Siai Marchetti

Mooney Mite

Max Conrad

Jerrie Mock

Jerrie Mock
Jerrie Mock
Jerrie Mock
James F. Nields

Hal Fishman

Donald C. Sinclair

Distance in a closed circuit

Distance in a closed circuit

Speed over recognized courses:
Columbus, Ohio‘San Juan, P.R.

San Juan, P.R./Columbus, Ohio
Columbus/San Juan,/Columbus

Gander, Newfoundland. Santa
Maria, Azores

Las Vegas/Los Angeles

Speed over a 3-Kilometer course

5,312.2 miles

4,065.81 miles

108.9 mph

110.33 mph
108.99 mph
218.37 mph

214.07 mph

136.19 mph

FEMININE RECORDS
Piston-Engine Aircraft

Cessna P-206

Cessna P-206
Cessna P-206
Cessna P-206

Jerrie Mock

Jerrie Mock
Jerrie Mock
Jerrie Mock

Distance in a closed circuit

Speed over recognized courses:
Columbus, Ohio/San Juan, P.R.

San Juan, P.R./Columbus, Ohio
Columbus/San Juan/Columbus

4,065.81 miles

108.9 mph
110.33 mph
108.99 mph

Cc-1 6/24-25,68
C-1 6/24-25/68
Cc-1 6/24-25/68
C-1 6/24-25/68
GLIDERS

D-1 (Single-place)

D-1 3/3/68

Schleicher KA 8B

Karl Striedieck

Distance to a goal and return

476.6 miles

U.S. NATIONAL RECORDS

Commercial Airlines
Commercial 5,29/68

Boeing 737

Captain L. W. McNames,

Piedmont Airlines

35

Speed on a special air route
Seattle/Wilmington, N.C

512.31 mph
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Acrospace industry sales in 1968 rcached a record
$30.1 billion, a 10.5 percent increase over the $27.3
billion in sales for 1967, Karl G. Harr, Jr., president
of the Acrospace Industries Association, 1'(‘port0d.

Significant increases were made in several major
areas: commercial transport aircraft, defense pro-
curement and non-acrospace sales.

Commercial aerospace sales, which include jet
transports, exccutive and utility fixed-wing aireraft,
helicopters, aircraft engines and sparc parts, rosc
between 1967 and 1968 from $4.632 billion to
$6.436 billion, a 38.9 percent increase.

A substantial incrcase in turbine-powered trans-
port sales accounted for a major portion of the sales
growth. In the 2-year period from 1965 to 1967,
sales increased from $1.197 billion in 1965 to $2.458
billion in 1967, a gain of 105.3 pereent; from the
1965 sales to 1968 sales of $3.729 billion, the in-
crease was 211.5 percent.

Production of utility and cxecutive aircraft in-
creased between 1967 and 1968 from 13,577 to
14,000 units, and the total value of shipments rose
from $360,000,000 to $424,000,000.

Civilian helicopter production increased from
455 units to 511 units between 1967 and 1968.
Value of this production rosc from $43,000,000 to
$57,000,000. Civil helicopters were being used pri-
marily for business purposcs, although increasing
numbers were being used for traffic control and
surveillance.
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propulsion systems for the Air Force’s Minuteman
IIT missile, which was successfully flight tested for
the first time in 1968.

Production of the Delta sccond stage continued
and a new family of rocket engines (SVM-1), used
initially to position the Intelsat II communications
satellites in a precise synchronous orbit above the
equator, was developed. Advanced versions were
being produced for use with the Intelsat 111 series
of communications satellites.

Significant progress was recorded on develop-
ment work with NERVA, the nation’s only nuclear-
powered rocket engine. A series of “cold flow” tests
was completed on the full system, leading the way
to a “hot test” firing in 1969.

Rocket engines representative of Acrojet’s quar-
ter century of contributions to rocketry develop-
ment were presented to the Smithsonian Institution
in special ceremonies.

Aerojet continued as the largest producer of

research rockets and supporting subsystems in the
country, introducing and successfully flying the
Aerobee 170, newest member of a distinguished
family. During the year 51 Aerobees and 27 NIRO
rockets were flown from launch sites throughout the
northern hemisphere and a new, advanced Attitude
Control System, the Mark II, was developed. Acro-
jet also became the leading supplier of advanced
Attitude Control Systems to the European Space
Research Organization.
Expansion of Aerojet activities in the fabrication
of jet engine and jet aircraft parts, begun in 1966,
continued with important contracts to develop
components for the Air Force C-5A cargo aircraft,
Ehe F-111 sweptwing fighter aircraft and Boeing’s
747 and supersonic transport aircraft.

Aerojet involvement in nucleonics at facilities in
both San Ramon, California, and Idaho Falls, Idaho,
led to the solution of important waste handling
probl.erns confronting the power reactor industry.
Aerojet converted highly radioactive liquid wastes
to a sz.lfer solid form on a production basis for the
first time anywhere in the world. A production-
scale run indicated that the process is applicable to
a variety of nuclear waste problems.

Additionally, uranium alloy sodium-bonded fuel
elements were fabricated by Aerojet for the EBR-II
program with initial deliveries of elements that
meet AEC specification. Fuel element pre-assem-
blies (inert components) were also being produced
for the EBR-II reactor.

Progress on SNAP-8, the largest space power
generating system in development testing, con-
tinued with follow-on contracts from the National
Aeronautics and Space Administration. The 35,000-
watt system will be capable of providing electric
power for communications, support systems and
experiments for both manned and unmanned space
missions.

Successful full-scale power tests of the first
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experimental model of an  advanced  company-
(l(‘\'(‘l()P(‘(l ()I'g’;lnic I{il]]]\'hl(' ("\'('l(‘ P()\\'l‘l' ('()”\‘("l'.’\'i()ll
system were completed by Acrojet and  record
power output and cfficiency levels were achieved.
The Acrojet ORACLIE  (acronvin for  Oreanic
Rankine Cyele) is a c]osv(l—(-'\'cl(' power unit de-
signcd to convert energy fromn nuclear, isotopic,
chemical or solar sources into clectricity for a broad
spectrum of carth, marine and space applications.

Acrojet’s clectronices capability led to increased
funding by the Air Foree of a major rescarch and
development program involving ummnanned  space
technology, bringing the total value to $93.000.000.

In other electronics activities. Acrojet was cmerg-
ing as a leader in the development of sensor systems,
Under contract to the U.S. Air Foree. a flight-sate
infrared subsyvstem for the Advanced Nanned Stra-
tegic Aircraft was being developed and tfabricated.
In another sensor program. sponsored by the Navy,
a long-wavelength, infrared mosaic terminal glli(l—
ance system sludy to meet future requirements for
an advanced airborne  guided-weapons  svstem
continued.

Acrojet also developed the first 60 Gz, solid-
state, radiometric receiver for ;1ppli(';1tions ranging
from weather forecasting and spuovc-mﬂ control to
intersatellite communications and short-range. inter-
ference-free, point-to-point surface communications.

Significant contracts were won to develop a
microwave reconnaissance svstem for the U.S. Air
TFForce and to conduct radi();notric investigations of
snow packs for the Department of the Interior, with
the goal of developing a radiometry system for use
with aircraft and satellites to better manage water
resources.

High-volume production of the U.S. Navy Mark
46 torpedo, an advanced antisubmarine wecapon,
continued into the third year with the award of a
$12,000,000 contract for advanced versions. Total
manufacturing awards to Acrojet for the Mark 46
exceeded $230,000,000 at year-cend.

Full production of the Navy’s newest mine, the
Mark 56, got under way in 1968 at Acrojct under a
4-year contract awarded in 1967. The Mark 56 is
the most advanced mine system in production.

Construction began in the fall on the first carth
station for satellite communications to be built in
Africa. Engincering design and development were
being carried out under contract to SOMATELSAT,
a company jointly formed by the government of
Morocco and Aerojet-General to construct and op-
erate the station. When completed, the station will
enable Morocco to communicate via satellite with
America, Africa and parts of the Middle East and
Asia,

Acrojet inroads into medical and environmental
systems technology were greatly advanced on a
number of fronts with the following developments:

* A new medical instrument for the diagnosis of
syphilis, the SeroMatic System, entered production



after successfully completing  extensive tests  in
hospitals and laboratories.

» A significant reduction in time for physicians
being trained in anesthesiology was demonstrated
in an (‘.\'pvrimontal. comparative training program
using the world's first computer-controlled manikin,
Sim One. in place of human patients.

+ Successful completion of the conceptual design
of an atomic power source for artificial hearts led
to a contract {from the National Heart Institute to
fabricate and test a breadboard model.

+ A single-pass membrane for the desalination of
seawater by reverse osmosis was developed and
was under test for the Office of Saline Water, De-
partinent of the Interior, and a low-cost, automated
manufacture of tubular reverse osmosis units was
under development.

» For the Kansas City Metropolitan Region Plan-
ning Commission. a computer program for solid
waste management optimimtion was boing devel-
oped to meet future needs.

e In Sacramento, California. sewers were being
studied for the Federal Water Pollution Control
Administration to develop alternative svstems for
handling liquid waste and water from rainstorms.

+ A dual version of Acrojet’s pneumatic transport
svstem for refuse and soiled linen handling. the
first to be installed in the United States. was going
into the new Martin Luther King Memorial Hospi-
tal under construction in the Watts arca of Los
Angeles.

* A crvogenic facilitv, under construction in
Lowell. Massachusetts, for the Lowell Gas Com-
pany, will liquefy natural gas, store it and regasity
it as needed to serve the New England arca during
winter peak periods.

Acrojet facilities were expanded with the activa-
tion of an Orbital Mission Simulator Complex at the
Electronics Division, Azusa, California. The facility
gives Acrojet a combination of advanced capabilities
unique in the nation for testing large optical satellite
svstems under closely simulated environments as
high as 100 miles in space.

The new facility encompasses a total of more
than $3,400.000 in cquipment and occupics about
two-thirds of a 25,000-squarc-foot building com-
pleted in the fall. The $1.000,000 building also
houses the Acrojet Microelectronics Department’s
computerized  production  facilitics for  vacuum-
deposited, hybrid, thin-film microelectronics circuit
manufacture for military/acrospace applications.

AERONCA, INC.

The successtul splashdown of Apollo 7 coincided
with the 40th anniversary of Acronca, Inc. While
the spacecraft, with the outer structure of its com-
mand module made up of brazed stainless stecl
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honevecomb panels fabricated by Aeronca. sym-
bolizes the contribution that Aeronca technology is
making to the space effort. the most significant
factor in the company’s recent growth lies in the
technology itself.

Specifically. the kev to Aeronca’s success in 1968
and in the immediate future is to be found in a

proliferation of the company’s cxisting and pro-
jected technology.
Aeronca’s  transition from producing the first

light aircraft made for personal use to an important
role in the acrospace market is best exemplified in
the resurgence of the commercial aviation market.
where the company’s widely recognized develop-
mental work in brazed stainless steel honevcomb
fabrication techniques has grown into an aircraft
structures capability of the first order.

In addition to its fabrication of structural com-
ponents for the acrospace industrv. through major
plant operations in Middletown, Ohio. and Tor-
rance, California, Aeronca continued in 1968 to
design and manufacture highlv engineered environ-
mental control systems and a related line of pro-
prictary products. marketed and manufactured both
in the United States and abroad. the latter through
licensing agreements in Europe and Asia.

At year-end about two-thirds of Aeronca’s sales
were in acrospace products, with a big increase in
commercial aviation. Volume production was sched-
uled to begin in 1969 on subcontracting work in the
commercial aviation field which will further in-
creasc the commercial portion of Acronca’s busi-
ness.

Materials technology was responsible for most of
the firm’s growth during 196S. The company has
pioncered in fabrication of brazed and bonded
honeycomb construction, which has gained broad
acceptance in the aerospace industry. The use of
honeycomb  was expected to increase greatly be-
cause of its exceptionally high strength and light
weight. Over the last several years Aeronca has
broadened its aircraft structures capability impres-
sively with the development of brazed Inconel and
titanium honeycomb  structures and its ability to
manufacture autoclave bonded aluminum and fiber-
glass honeycomb structural components.

One of the most significant research and develop-
ment contracts in Aeronca’s recent history was
awarded the company by Boeing in April 1968. This
initial contract called for Aeronca to evaluate ap-
plication of new titanium honeycomb  brazing
processes to the structural requircments of the
supersonic transport. Aeronca believed its special
structures capability offered potential application in
several areas which can help reduce weight in the
SST and other new-generation aircraft.

Aeronca was already fabricating structural com-
ponents for all Bocing commercial jetliners being
produced, and 2 new contracts valued at more than
$30,000,000 were awarded the company in 1968 for
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Boeing’s 747 superjetliner program. One contract
covered the production of nearly 900 turbine thrust
reverser plug assemblies and the other contract in-
creased Aeronca’s production of inspar wing ribs
from 53 shipsets to 203 shipsets, with deliveries on
both contracts expected to continue through mid-
1971.

In all, the company had contracts totaling
$55.000,000 for the Boeing 747 program, covering
only the first 200 shipments of the aircraft, which
has a potential of 600 shipments. Acronca was also
seeking participation in the Lockheed and McDon-
nell Douglas air bus programs, largely in the belief
that these programs could utilize Aeronca experience
and Aecronca fabrication processes and techniques
now being employed in the newest Boeing projects.

Although the company’s most notable contribu-
tion to the U.S. space program in 1968 was the outer
structure for the Apollo 7 and 8 Command Modules,
Aeronca also fabricated the blast pancls for opera-
tion in the exhaust of the Saturn IB launch vehicle
which carried Apollo 7 aloft.

In military aviation, Aeronca’s programs in 1968
continued to be fuel tanks for the Northrop F-5
Freedom Fighter and pylons for the F-4 Phantom.
In March the company was awarded a new contract
by Grumman to produce bonded structural assem-
blies for the A-6A Intruder. The initial contract was
for about $500,000 and it was expected to be in-
creased and continued over several years. Despite
the company’s significant contributions to military
aviation, only about 3 percent of total sales were
related to the Vietnam conflict, a figure which has
not increased since 1966.

Besides its proliferating materials technology, the
company was advancing into another field within
the aerospace market—cargo handling. Aeronca
was producing fiberglass air cargo containers for
jet freighters under a contract with American Air-
lines and was developing an automated hydraulic
system for moving these cargo igloos within freight
terminals, from terminal to aircraft and within the
aircraft.

A solid third of Aeronca’s business was derived
from sales of its environmental control systems and
related proprietary products in the U.S. and abroad.
In 1968 the Buensod Division of the Aeronca En-
vironmental Control Group, headquartered in New
York and producing highly engineered industrial
air conditioning and other environmental control
systems, reported a pair of major contracts. The
first was an addition of approximately $1,000,000 to
an original contract for $3,842,592 from Westing-
house Electric Corporation covering environmental
control systems for a large nuclear turbine plant
being built near Charlotte, North Carolina. The
second was a $2,500,000 contract with E, I. duPont
de Nemours & Company, Wilmington, Delaware,
to provide specialized fabricated metal products
for various duPont plants.
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During the year Aeronca facilities were enlarged
through building and plant site acquisition, includ-
ing a new 40.000-scquare-foot addition to the Tor-
rance, California, facility to handle Bocing produc-
tion, the installation of a -100-ton streteh press at
Torrance and the purchase of a munufacturing
facility at Rockhill. South Carolina, to houst ox-
panded activities of the Fuviroumental  Control
Group.

In a financial move undertuken to help assure
advancement in its main fields of interest. Acronca
achicved a substantial reduction in its long-term
debt through the conversion of convertible deben-
tures into common stock. In October Smith Barney
& Company arranged for the private placement with
institutional investors of $3.000.000 of 6 pereent
Senior Subordinated Notes. With this private place-
ment the companv was plzlnning to. further in-
crease its bank borrowings to provide for increased
growth. i

As of September 30, 1968. Acroncas S);month
sales were $36,114,281 compared to $31.385.139 a

year carlier. Nct carnings for the period were

$1,120,984, or $1 per share, a rise of 30 percent over
$862,774, or 83 cents per share, for the same pvnod
a ycar carlier. The company indicated yvzu'-vnd n(;t
carnings would be signiﬁc;mtly higher than 1967.

On October 7 the company was listed and begun
trading on the Midwest Stock Exchange, in addition
to its listings on the Amecrican, Pacific Coast and
Cincinnati stock exchanges.

THE AEROSPACE CORPORATION

‘Increasingly sophisticated operations in space by
the Air Force remain dependent upon reliable and
powerful launch vehicles; during fiscal ycar 196_8
The Aecrospace Corporation in El Scgundo, Cali-
fornia, continued to work in thc arcas of develoE-
ment and engineering neccssary to mee.t todays
more stringent military launch vehicle rcqulrexnents.
At the same time company scientists and cngineers
were performing research and plmming te assure
adequate booster capability for future missions.

During the last 6 years, Aerospace has asswt.ed t_he
Air Force Space and Missile Systems Organization
in working with industry to improve spacc booster
flight reliability. Such activity was initiated on
Atlas with the SLV-3 Standard Launch Vehicle
program for standardization and reliability im-
provement. Beginning with the space hooster based
on the Atlas D, each model has benefited from the
technical support supplied by Aerospace. In 1962
the Atlas flight reliability was only 60 percent on a
20-moving-average basis; since then, this has been
increased to 100 percent by an unbroken series of
39 successful Atlas space launches.

After 123 consecutive successes with the Thor
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by Acro Spacclines, Inc. The other is the TIFS, a At the Allison-operated Cleveland Army Tank-
twin-cngine  inflight simulator for training flight Automotive Plant. prototypes ol the versatile new
crews in the operation of various tvpes of jet air- Main Battle Tank (MBT-70) were in devclopment.
craft. The latter is being developed by Tex Johnston,
Ine. Both are subsidiaries of Unexcelled, Ine. The
501s also power the Lockheed Electra and Convair
580 airliners. and Convair 580s operational with 14
major U.S. corporations, the Federal  Aviation
Administration, the U.S. Air Force and the Roval
Canadian Air Force. ’

MBT-70 s the product of a joint development cffort
by the ULS.and the Federal Republic of Germany.
Incorporated are many innovations that make the
vehicle umique. in(-lnd'in;r an cnvironmental control
capsule for the 3-man erew and a novel suspension
svstemn that permits the vehicle to adjust to any type
of terrain requirements.

T56 Series turboprops, rated at -£.910 horsepower, Production continucd at the Tank Plant on the
were in production for sceveral 4-cngine and twin- NS5 General Sheridan armored  reconmaissance
engine military aircraft, including the Lockheed airborne assault vehicle and the M104 selt-propelled
C-130 Hereules operational with the Air Force. 155-millimeter howitzer, Both vehicles are equipped
Navy, Coast Guard, Marine Corps and Military with Allison transmissions: in addition. the NM551
Airlift Command: the Navy’s Lockheed P-3 Orion incorporates  a unique Allison-developed gun-
antisubmarine warfare plane: and the Grumman louncher breeeh mechanism. In production also
carrier-based E-2A Hawkeye reconnaissance planc. were aun mounts for both vehicles, mortar shell

Extending further the horsepower growtl of T56 cases. transmission components. ‘“"1' @ vehicle rapid
Serics engines, the T56-A-18 turboprop was in de- fire weapons system to adapt a 20-millimeter cannon
velopment with Navy funds. Equipped with air- to  the MITE conmmanders ‘("”P“l“- prosently
cooled blades and vanes in its first 2 stages, the cquipped with a 50-caliber machine gun. '
-A-18, at a rating of 5,325 cquivalent shaft horse- At year’s end. divisional ciployviment at Indian-
power, is approximately 350 pounds lighter and 30 apolis, Cleveland and Warren, Michigan, totaled
inches shorter than the original T56-A-1, rated at nearly 20,000 employees.

3,750 equivalent shaft horsepower. The official 50-

hour preliminary flight rating test was completed
successfully in 1968.

Al_]ison. announced 2 new 400-horsep0wcr gas AVCO CORPORATION
turbine aircraft engines: the Model 250-C20, a 155-

i AVCO AEROSTRUCTURES DIVISION
pound turboshaft for light helicopters; and the 180- / 3

pound Model 250-B17 turboprop for small single- In April 1968 Avco/Acrostructures, Nashville,
and twin-cengine aircraft. Both arc expected to be Tennessee, received from Lockheed Aireraft Cor-
available in April 1970. poration the largest single airframe  subcontract

The 2 engines are outgrowths of the current pro- ever awarded in the history of cithﬂ(‘r company: a
duction 317-horsepower, 139-pound T63 turboshaft record $575,000,000 order to build 350 sets of wings
engine, which powers the Army’s OH-6A light for the 1.-1011 luxury jetliner. _ _
observation helicopter, and the commercial Model The 660-mile-per-hour airplanc is a project (_)f
250-C18, which powers the Bell JetRanger, Hiller Lockheed-California  Company, headquartered  in
FH-1100 and Hughes 500 helicopters, now being Burbank. The wing sets Avco will produce for the
sold worldwide in increasing numbers. A 317-horse- wide-cabin  intermediate-range jet span 155 feet
power turboprop version, the Model 250-B15, en- cach, cover an arca of almost 3,500 square feet a.nd
tered ?roduction late in the year for light, fixed-wing weigh some 45,000 pounds. New manufacturing
aircratt.

technicues were under development and an invest-

TWP othpr engines were in development. One, a ment of approximatcly $20,000,000 in new Plalnt a.nd
turhojet dircct-ift engine for vertical take-off and tooling was in progress targeting toward production
landing aircraft, is bej

. ng developed as a joint project start-up by midsummer of 1969. Dclivery of the first
by the United States and the United Kingdom, with wing assembly was scheduled for carly the follow-
Rolls-Royce as tbe U.K. representative. Allison also ing year, with airline service anticipateq by 1971,
conducted a series of successful demonstrations of Avco chose the outsize Guppy ¢argo ;111'c'raft op-
an advanced turboshaft engine at power levels over crated by Aecro Spacelines to airlift a minm.n.lm of
7.;000 horsepower with low specific fuel consump- 50 shipsets directly from its Nashville fam_llty .to
tion. Lockheed’s assembly plant in Palmdale, California.

Allison propellant tanks were aboard the Apollo A significant milestone was reached on June 30,
8 when the 3 astronauts carried out their dramatic 1968, with the first and highly successful flight of
moon orbit in December 1968. Four of the tanks, the C-5 Galaxy military cargo and troop jet trans-
each 11 feet long and 4 feet in diameter, carried the port built by TLockheed-Georgia Company, for
propellants nccessary to guide the spacecraft to the which Avco was under a long-term contract to
moon, put it in lunar orbit, boost it free from lunar fabricate the center, inner and outer wing sections.
orbit, and guide it back to earth. The equivalent of 3,1 wing sets were delivered dur-
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inw 196S. \ commercial cargo version desienated the
1.-300 vas under development by Lockheed; it is
felt that this will grcatly increase the potential of
the plane and significantly extend production re-
quircments.

The division continued production of wing sets
for the Grimmman Gulfstream T business jet as well
as tailboom assemblies for both the military and
commercial versions of the Bell Tuey h(-]icnp'tcr. It
continucd constructing ballistic cases for the Lance
missile as well as cold plates for space vehicles. Tts
lona association as producer ot metal office furniture
tor Globe-Wernicke Company. o subsidiaryv of the
Shellar-Globe Corporation. was further enhanced
during the vear by additional contractual commit-
nients. ' )

A production milestone was reached durine 1968
when the Acrostructures Division shipped to Lock-
heed-Geargia the 1.000th C-130 empennage. The
division has heen in continuous production of this
hardware since June 1953—onc of the longest sub-
assemblv contracts in aviation  history: and had
on-going commitments extending C-130 empennage
manufacture throngh February 1970, -

The division's role as one of 7 principal subcon-
tractors of The Boeing Companyv’s supersonic jet
transport program led to a research and develop-
ment contract from that company for a prototvpe
of an advanced structural beam using boron-rein-
forced titanium. The test item was delivered at
vear-end for evaluation by Boeing in connection
with advanced SST manufacturing techniques.

Emploviment at the division located in Nashville
remained constant at about -£000 at vear-end. This
totul. however, was to begin a steady inerease in
mid-1969 as the T.-1011 wing goes into production.

AVCO FELECTRONICS DIVISION

The Electronices Division continued its ]vud(‘rship
in high-lrequency communications technology for
both ¢ground and airborne communications. During
1968 production increased on both the ;\N/’;’\LH-2§
Countermensures Receiving System and the AN/
ARC-123 radio system. both for the F-111A. In-
creases were marked also in ultr:l—high—froqucncy
antenna (10\'0]()pm(‘nt and production, and produc-
tion was begun on  the AN/TLQ-17  Elcctronic
Countermeasures LEquipment. Infrared rescarch and
development work for all military services was also
expanded during the year. '

Avco continued production and deliveries of its
command and receiving equipment for a variety of
military and space programs, including the Digital
Uplink Asscmbly which will updzlt(: the Al;ollo
Lunar Module guidance computer for moon landing
and also provide backup communication for the
whole 1M system.,

The division’s work in radar technology resulted
in an Air I'orce contract for design, pro(inction and
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installation of a missile-warning and detection svs-
tem and its display subsvstem.

The divisions Huntsville (Alabama) Operation
successfully marked its first vear in the information
svstems industry. the largest single contract being
from Lockheed-Georgia Company to design and
develop the largest combined computer-controlled
structural loading and data acquisition svstem cver
produced. It was to be used for testing the Air
Force C-53 Galaxv. Also in its data acquisition
group. the Huntsville Operation introduced a new
series of logic cards (STD-10); the SAM-6 ampli-
fier and the LC-210 Load Commander, both used
on the C-5 test svstem: and low-cost digital-to-
analog converters and improved analog-to-digital
converters.

The Tulsa (Oklahoma) Operation enhanced its
position in the shock machine market from 15 to
nearly 35 percent of the market with its line of 5
pneumatically driven shock testers and 5 free-fall
impact testers.

Aveo/Tulsa has one of the nation’s 3
spectrometer laboratories certified by the Atomic
Encrev Commission. The laboratory offers com-
pl(‘t(‘\fsotopic analysis of gases and solids by elec-
tronic bombardment. The Tulsa facilitv also designs
and builds mass spectrometers to special order.

During the year Tulsa also received a contract to
build an MOL dosimetry svstem to make direct
measurements of ionizing radiation absorbed by
astronauts in orbit. A new version of its ion attitude
sensor,  which  determines spncocraft attitude
through naturally occurring ions in the atmosphere,
was revealed, The new unit, called an onnu’—sensm:.
will permit attitude determination from ion parti-
cles to higher altitudes than the previous unit and
also permits such sensing through environments,
such as the Van Allen Radiation Belt, heretofore
considered hostile to ion attitude sensors.

The Commercial Operation continued its produc-
tion of home intercom systems, fire alarms and
burglar alarms for sale to leading suppli(jrs in t'he
home building industry. Electronic educational aids
were also pr()rduccd by the Commercial Operation.

Activity at the division’s Field Engineering Op-
cration continued in aviation support, depot mainte-
nance and technical services.

Foreign sales of equipment developed and pro-
duced for the U.S. military services played’ an in-
creasing  part in the Elecctronics Division's 1968

business activity.

mass

AVCO EVERETT RESEARCH LABORATORY

Avco Everett Rescarch Laboratory continued in
1968 its cffort to develop large magnetohydro-
dynamic power plants for the clectric utility indus-
try including a “peaking” system to prevent black-
outs. In addition, considerable cffort was mounted
to investigate the practicality of developing light-
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weight MHD power units for Air Force aircraft
needs. The Air Force was interested in megawatt-
sized MHD systems to producce power for spccial
electronics and illumination needs aboard tactical
and strategic aircraft. Aveo Everett was studying
airborne MHD generators that burn high-energy
fuels and air. Such generators would be compact
enough for airborne use and could be operated for
several hours before needing refueling,

The possibilities of using pulsed gas lasers for a
variety of applications were being actively pursued.
Onec of the most promising applications scemed to
be a pulsed gas laser system for measuring the
amount of pollutants being emitted by smokestacks,
automobiles, cte.; it also offered application in high-
speed photography and photoch(‘miczll research,
Another laser system that could mecasurce landing
visibility for aircraft was being investigated. A third
system uses a pu]scd gas laser to map the under-
water profile of beach and coastal arcas: this system
was being developed jointly by AERL and Syracuse
University Research Corporation. The laboratory
was also conducting extensive gas Jaser rescarch for
the Department of Defense.

The Intra-Aortic Balloon Pump was designed to
give immediate aid to heart victims by reducing
the heart’s work load. The Balloon Pump p(*rformcd
excellently in animal tests. The laboratory was
working with Massachusetts General Hospital and
several other Boston-area medical tcams in this pro-
gram. Also, a family of special medical materials
that resists blood-clotting effects was developed.
These materials were undergoing tests to dcetermine
their full potential for prosthetic devices. The rela-
tion of blood flow to the clotting mechanism con-
tinued to be investigated for thc National Heart
Institute.

The laboratory received additional Department
of Defense support to expand rescarch programs
almefl at developing a greater understanding of the
phy§1cs of reentry. The programs to monitor reentry
vehicles as they descend back into the atmosphere
over the Pacific also continued. The information
gollected with airborne support control equipment
is returned to the laboratory for analysis and inter-
Pretation. Information gained from both programs
is used i'n connection with developing advanced
1r_1tercont1nenta] ballistic missiles and an entire mis-
sile defense system.

During 1968 plasma physics research continued
to expand. Additional support was received from
NASA to develop a plasma radiation shielding
system to protect future astronauts against inter-
planetary radiation storms. Additional funds were
reccived from the government to continue work on
the Heavy Ion Plasma Accelerator (HIPAC). The
HIPAC may enable physicists to perform nuclear
experiments beyond the reach of existing particle
accelerators, which are capable only of accelerating
light elements. The device will enable scientists to
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explore the mystery of nuclei and could enable
themn to learn more about the forination ot the uni-
verse, study radioactive decay propertics of nuclet
and p()s‘si})l_\' discover new clements.

AVCO TYCOMING DIVISION

In addition to cestablishing record increases in
the pr()(ln(:ti()n of  gas turbine  cengines for both
fixed-wing and vertical-lift aireratt, Aveo Lvcoming
Division. during 1965, arked  several product-
p('rl‘()rnlzn1(‘('/"first-d('li\'('1')"' milestones over a wide
market area, involving many new poswer upplicu-
tions.

Fngine production. centered on the division’s
most advanced TH3 series power p];mt——thv 153-
I.-13—again reached an all-time high. Employment
at the Stratford, Connecticut,  plant climbed to
uppro.\'ilnut(_'ly 10.000 and .thv division’s
new plant in Charleston, S(mth Carolina. also accel-
erated its growth. The sive of the _(fh:n'](-st()n plant
was increased to S00.000 square feet and employ-
ment at that facility topp('d 2500, with 3500 ex-
p(-clcd by mid-1969. . '

Expansion at the main Avco Lycommg Rlzmt in
Connecticut brought its facilities to uppr()xunutcly
1.750,000 square feet of floor space. ‘

The course of the year also saw Avco Lyvcoming
deliver its 10,000th T53 engine and its first T55-
].-11 engine—most advanced in the 155 series, and
(lat-rated at 3,750 shaft horsepowcer. ,

The T53-1.-13 engine, rated at 1,-10.0 shnit.horsc-
power, was pluccd in volume prodnctl()n during the
second half of 1967, replacing the lower-rated
T53-L-11 in scveral military and commercial Bell
hclicopteri

However, it was not antil carly 1968 that the
cffeet of large numbers of the Army’s new AH-1G
Bell HuceyCobra gunship, pmvorcd by the -1-13,
could be fully measurcd. » '

Other aircraft powered by the 1 53-1.-13 include
the Bell UH-1H, latest version of the famed Hucey
series of helicopters, and the new 15-place commer-
cial Bell 205A, made available carly in 1968.

In conncction with commercial operations, Avco
Lycoming’s forcign licensing commitments - con-
tinued to grow in 1968 for the asscmbl}_/ zmd. servic-
ing of gas turbine engines, being I'(‘,(_illll'.(?(l in large
numbers by private companies and foreign govern-
ments which have purchascd Avco Lycoming-
powered helicopters. _

Announced in January were ceremonics  con-
ducted within a month of cach other at oﬂpposite
ends of the globe heralding deliveries of foreign-
assembled T53-L-11 gas turbine engines both in
Italy and in Japan. This was in addition to ecarlier
foreign-assembled deliveries in Germany. All 3
operations entered qualiﬁcation tests in 1968 for
foreign assembly of the more powerful T53-1.-13
engines. Late in the year Klockner-Humboldt-
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Dentz. German licensee for the T33. achieved its
100th engine delivery milestone.

Meanwhile, Aveo Lycoming received FAA cer-
tification itself in 1968 for commercial production.
in the United States. of the T3313A. This brought
to 7 the number of different types of Aveo Lyvcoming
aas turbine engines certified by the FAA since 1964.

Initial deliveries for production engines were
recorded during 196S for 2 other advanced Avco
Lyvcoming engines: the T53-L-15 turboprop engine
and the T33-1.-11 helicopter engine. The T55-L-
15, counterpart of the -1.-13 helicopter model, was
powering the most advanced version of the Army’s
high-speed  observation aircraft, the fixed-wing
Grumman OV-11 NMohawk,

First deliveries of the T35-L-11 engine. rated at
3.750 shaft horsepower. took place in September
and these power plants were being used in Boeing's
twin-engine. tandem-rotor CH-47C Chinooks. latest
version of the Armyv's CH-47 series of prime trans-
port helicopters. The  additional power of the
higher-rated Lycoming engines provides a 25 per-
cent inerease in the Chinook’s pavload. over an
carlicr  CI-47B  model powered by T55-L-7C
engines.

Aveo Lycoming’s shaft turbine aircraft engines
alone surpassed the 12.000.000-flight-hour mark in
196S. in little over 10 vears since the company’s
first turbines reached substantial production levels.

Also delivered in 1968 were TF-12 and TF-25
marine and industrial engines for a wide range of
new applications, all with high volume potential.

As the result of a Navy testing program started
in 1967, a new Aveo Lycoming gas turbine marine
propulsion system was selected in 1968 as the
power plant for 2 new riverine-type assault boats
built by the Sewart Seacraft Company.

The TF-12 marine gas turbine, heart of the new
propulsion system, has a continuous power rating of
800 shaft horsepower and an intermittent rating of
920 shaft horsepower. The system also incorporates
a “Z7 strut unit built to Lycoming specifications.

The 2 new 50-foot, shallow draft “Riverine” boats,
developed  for Navy use, have been given the
designations CCB, for Command Control Boat, and
ATC, for Armored Troop Carrier.

In the industrial field, production was started in
1968 on TT-25 engines ordered in late 1967 by
Delta Projeets Limited, Winnipeg, Canada, to be
’.USCd as a gas burning power source for gas pump-
ing units.

Also recorded in 1968 was the first sale of a
TI-25-143 engine to the Oil Industries Company,
Odessa, Texas, to be used as the dual pump power
source for truck-mounted Oil Fracturing Rigs, op-
erated by the Cardinal Oil Company of Odessa.
These rigs feed pressure into “sluggish” oil wells to
open cracks in subterranean formations through
which oil will then flow more freely, increasing the
well’s barrels-per-minute performance.
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Under a contract for one prototype engine, the
TF-25-143 will be evaluated by Cardinal and the
Oil Industries Company as the single 2.200 shaft
horsepower replacement for 2 much larger diesel
engines providing 1.000 horsepower each.

Also developing in 1968 were potential oil indus-
trv uses in the areas of drilling (including portable
drill rigs). water flooding, and generator sets for
remote areas.

Another new application realized in 1968 was the
use of twin TF-25-2030 gas turbine engines as the
main power source for propulsion of an experi-
mental, 324-passenger hovercraft (air cushion)
vehicle designed for regular ferry services across
the English Channel.

Under contract to the Vosper Thornycroft Group
of the David Brown Corporation, Portsmouth,
England, 2 engines were to be delivered for this
Vosper VT1 prototype craft by early 1869. Assembly
and test of these engines was to be conducted at
the Avco Lycoming plant in Charleston, South
Carolina.

Lycoming facilities at both Stratford and Charles-
ton were approved in 1968 by Lloyd’s Register of
Shipping and interim certification was issued, mak-
ing Avco Lycoming the first U.S. company to be
authorized for the production of gas turbine engines
as the main propulsion power plant for hovercraft-
type vehicles.

Further developments also were recorded during
1968 in the Avco Lycoming test and develop-
ment program for the Army’s AGT-1500 gas turbine
engine for heavy Jand vehicles. Early in the year
the new engine was installed in an Army tank
(mated with an advanced Army transmission) and
it successfully underwent test trials on a specially
constructed track at the Lycoming plant in Con-
necticut.

The AGT-1500 engine with its fuel saving re-
generator is installed in the same space in an M-48
tank previously occupied by its normal diesel
power plant, yet it provides approximately twice
the horsepower. Testing was to continue as part of
an Army program aimed at providing an improved
power source for tanks and other heavy surface
vehicles for the 1970 time frame.

Other Avco Lycoming activities also increased
during 1968, notably the production of constant-
speed drives. The LD6-10A model, which had
already accumulated more than 1,000,000 hours of
flight experience by year’s end, was to be delivered
at an even more accelerated rate during 1969 and
used on the Navy’s McDonnell Douglas A-4E, A-4F
and TA-4F jet fighter-bomber aircraft. Other ver-
sions were being used by the Marine Corps and by
the Australian, Israeli and British navies.

In addition, a new 40KVA unit, the LD-9 con-
stant-speed drive, was under evaluation by the U.S.
Navy.

In the missile area, Lycoming continued produc-
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tion under the Mark T penetration aids program for
the Minuteman II and IIT intercontinental ballistic
missiles. Plant facilities for this program were ex-
panded.

The division also continued its highlv sophisti-
cated subcontract manufacturing efforts. TFor eox-
ample, Lycoming was cmploying its extensive
3-dimensional milling equipment to produce the
main cabin fittings and rotor hubs for the Sikorsky
CII-53 hclicopter. This particular component. of
aluminum, would be virtually impossible to prodncv
through conventional machining methods.

Under contract with the Sun Shipbuilding Com-
pany, Avco Lycoming was also engaged in the
Dcep Submergence Rescue Vehicle Program, pro-
ducing stecl hemispheres which, when welded to-
gether, form the vehicle’s main operational cabin,
These 90-inch units are among the largest of their
type and because the vehicle must be capable of
submerging to a depth of 6,000 feet, the machining
must be accomplished with a tolerance of plus or
minus .002 inch.

Sales of aircraft reciprocating engines for fixed
wing and helicopter aircraft continued at an in-
creased pace during 1968 at Avco Lycoming’s
Williamsport opceration. Indications werce that Avco
Lycon'ling unit sales for 196S would surpass those
of 1966, which was the Williamsport  Division’s
best year. Export shipments increased considerably
during the year and actual fiscal year period ship-
ments will show a significant percentage inerease.

Turbocharging was added to several engine
models to meet the increased demand for altitude
operation and pressurization of general aireraft. A
fully acrobatic, 200-horsepower, 4-cylinder, fucl-
injected engine was also introduced during the year
because of considerable export interest. This acro-
batic engine was the only fully acrobatic FAA-
approved engine in the United States. Work con-
tinued on the refinement of existing models and on
several other new models of higher horsepower up
to 520 horsepower for corporate and commuter type
airplanes.

In addition, a new family of reciprocating engines
was under development. These new engines will
incorporate such features as overhead camshafts,
higher speeds and improved weight/horsepower
ratios.

AVCO MISSILE SYSTEMS DIVISION

Avco Missile Systems Division was developing a
new penctration aids system, the Mark I, under a
$65,000,000, 20-month contract for the U.S., Air
Force Minuteman intercontinental ballistic missile
program. Subsequent production was to be at the
Avco Lycoming Division, Stratford, and related
componentry for the system was being provided by
the Aveo Electronics and Ordnance divisions.

During 1968 the division significantly advanced
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the state of the art of missile-horne clectronic and
clectromechanical  equipment by developing and
testing highlv miniaturized and precise components
for instrumentation and control. "This Cauipment
was used in more than 30 flichit tests which vielded
a large body of experimental data never before
possible,

Other rescarch and development activity cen-
tered on analvtical and experimental work on new
technologies associated with the issile-antimissile
cengagement problem.

Aveo Missile Svstems Division established a mar-
keting and business manacement organization to
broaden its existing business hase and to develop
new business opportunitios that will alien them-
selves with the division's experience in defense
svstemns.,

AVCO ORDNANCE DIVISION

The Ordnance Division arming and fuzing busi-
ness line incereased in 1965 becanse of ;1(1(1il~i()n;11
production activity on retarded  bomb  fuzes.,
Minuteman arming and fuzing svstems and 1'9(-k(‘t
fuzes. Development  progriums on.m()rt;n" fuzes,
proximity fuzes and retarded bomb tuze series con-
tributed to the business line increase.

In the munitions business line, key engineering
programs were approv(‘d establishing a threshold
for increased production activity in the lnlm:v. .

The Ordnance Division’s posture in the field of
small rO(rkvt—pr()pcll(‘d extended-range  munitions
(AVROC) led to 2 contracts with the U.S. Army to
develop 2 40-millimeter  rounds of ammunition.
First, and of highest priority. is an AVROC round
to fit the M75 and M129 automatic grenade launch-
ers used so cffectively by helicopter gl.mships in
Vietnam. These weapons and the division's AVRO(_}
ammunition were p]anncd for usc on new heli-
copters such as the Cheyenne and for usc on aground
vchicles such as armored p(‘rsonn(*l carriers. The
sccond program was to develop an AVROC round
to fit the hand-held M79 gr(*nad(* lzlllllCh(‘}". This
weapon proved so effective in Vietnam that “every-
onc wants one.” _

Avco Ordnance Division was pursuing cxpansion
of the AVROC concept into other calibers. The
division felt it had just scratched the surface of
knowledge with AVROC ammunition. Much was
learned but much more is to be discovered which
will show even greater advantages for the AVROC
concept.

Research and development continued to be a
major cffort. Avco independent research and  de-
velopment  included design  cffort addressing  the
miniaturization of components and circuitry for
future microwave ICBM fuzes, to comply with the
severely restricted space which can be made avail-
able on advanced reentry vehicles. Miniature com-
ponents  and  devices, capable of surviving a

s anr



severe radintion  environment. received extensive
apprais, 1l

Another Ordnance Division mdcpondcnt research
and devdlopment undert aking was the investigation
ol fluidics svstems and components for ordnanco
devices, Fluidice circuits were designed and built to
pe rform the functions tyvpical of rcqmroment\ for a
bomb tuze using both conventional fluidie elements
as well as turbulence amplifiers. Fluid technology
was being explored as asolution to the requirement
for a rcliable fuze for mortar and artillery use. The
nquir(nu nt that a fuze must sense a second en-
vironment after it experiences setback in the gun
pk wed cmphasis on fluidies. which will allow “the
fuze to sense movement through air as the second
cnvironiment.

The division’s Marketing Departiment was reor-
mml/( « into I se parate groups. Re qp(‘ctl\e groups
were ostablished to support the military: Depart-
ments of the Army. Navy (including the Marine
Corps) and Air IForce. The fourth group was cstab-
lished to support Aveo’s AVROC programs.

The division's programmed replacement with pre-
cision tooling. improved equipment and advanced
methods and techniques bore the fruit of higher
production rates. lower costs and  better  quality
parts. Included in this program was a unique
Bullard Continumatic vertical boring machine, a
LeBlond Tape-Controlled Turret Lathe. a classified
automatic assembly and brazing svstem and an
automated p: assivation svstem for chemically clean-
ing tuze parts. To meet ever greater user demands,
pmdu(tn)n rates xwmﬁ(‘dntl\ mereased in several
programs in the or d(l of 150 to 230 percent. Costs
on several programs were reduced in the order of
approximately 20) pereent,

The division cxpected to spend more  than
$1.000.000 in 1969 to further improve facilitics to
accomplish greater precision and accuracy. reduce
lead times, and continue to he Compctltl\ ¢ in the
manufacture of the most reliable, high quality and
Jow cost products in the industry.

AVCO SPACE SYSTEMS DIVISION

The Avco Space Systems Division continued to
find. during 1968, a broad range of applications for
its strong technology base developed in support of
ICBM (md Kpollo 10(‘nt1v systems. The manufac-
ture of heat shield materials for the A\pollo vehicles
remained a major division activity in the area of
thermal protection systems. The successful manned
Apollo program attested to the reliability of the
Avco-developed heat shield material for the Com-
mand Module.

During the year Avco expertise in heat shield
materials was applied to the development ot low-
cost thermal pl()t(‘CthIl systems for tactical missiles
to allow survival in the increasingly severe acro-
thermal environments they must withstand. Quanti-
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tics of radomes and fins for a new Navv missile
svstem were coated with specially dev clopcd Avco
ablative materials. In addition, a special Avco
material was being provided for the Nawyv’s Posei-
don missile.

The conflict in Southeast Asia produced 9pec1ﬁc
needs for vastly improved armor and armor svstems
to protect personnel and vehicles. The division
responded to this problem with the application of
some of its specialty materials such as high-density
ceramics, newly  developed tmnsparcnt ceramic
armor and Compoelte armor svstems. Special armor
systems were designed for the plOt(‘Cthl] of riverine
craft. helicopters and fixed-w ing aircraft. The di-
vision was providing the plotot\ pe armor for the
Navv’s Assault Support Patrol Boat (ASPB).

Production of high-strength boron filament for
the Air Force Contmucd in the division’s Boron Pilot
Plant at the same time as intensive inv cstigations
were made into the use of boron composites as a
high-strength material for aireraft structural com-
ponents.  Also. unique composite materials with
3-dimensionally woven reinforcement were pro-
duced during the vear in a variety of configurations
for specific stmctuml apphC'ltlom These Aveo 3-D
materials possess significant mechanical and ther-
mal characteristics not attainable in normal rein-
torced plastic materials. In the non-aerospace field,
increasing promise and interest developed for the
use of 3-D materials for large gears. bearings and
shaft seal applications.

An advanced version of the Avco lightweight
Resistojet system. developed as the prime cast- wcst
station- I\eepmcr unit for NASA’s Application Tech-
nology Satellite D, was flown in September with
unqudhﬁcd oper Jtlonal success. Avco auxiliary pro-
pulsion equipment also was successtully flown in
October on the M.I.T. Lincoln quomtmy LES-6
satellite.

Avco software was incorporated by division per-
sonnel into the NASA-Goddard Flwht Control
Center Program. This program succossfull) con-
trolled the deployment and predicted the dynamics
of the 750-foot booms on the Radio Astronomy
Explorer satellite.

The division continued to lead in the develop-
ment of sterilization facilities in support of NASA’s
space program. A Model Assembly Sterilizer, being
built for NASA-Langley, is a tr ailerized plototype
facility for the terminal sterilization of the Mariner
Mars 73 probe.

The division devoted increased effort to the
investigation and development of infrared systems
as an aircraft countermeasure to ground-to-air and
air-to-air missiles. High-intensity IR metal vapor
lamps were developed, put tthu(Th extensive flight
tests and produced. Complete IR systems were
being dcvclopcd for specific apphmtlom to surveil-
meo, reconnaissance and electromagnetic warfare
operations.
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BEECH AIRCRAFT CORPORATION

In 1968 Beech Aircraft Corporation, for the third
successive year, set an all-time record in fiscal
year sales. Total sales for the ycar amounted to
$176,803,654, which included $122.368.428 for com-
mercial products, also a record, and cemployment at
Wichita headquarters and 3 divisions reached a
15-year high of 11,600.

In international markets, Beecheraft sales also
established a new high, totaling $29.004,401 for the
fiscal year. Export sales were holstered by fleet pur-
chases of Beechcrafts for training purposes: 13
single-engine Beccheraft Bonanza E33s to Japan,
12 twin-engine Beechcraft Barons to England and
10 twin-engine Beechcraft Super H18s to Japan Air
Lines.

Sales leader in the 1968 Beecheraft commercial
fleet was the turboprop, pressurized Beecheraft
King Air. With total deliverics exceeding 410, the
King Air, according to the Acrospace Industrics
Association of America, accounted for nearly 23
percent of all turbine-powered aircraft and 45 per-
cent of all turboprops delivered for corporate use in
the United States.

With the introduction of new models during the
year, the Beechcraft product line was increased to
20 models, ranging from the 2-place, single-engine
Beechcraft Musketeer Sport to the 17-place, turbo-
prop Beechcraft 99 Airliner.

The 250-mile-an-hour Beechcraft 99 Airliner, fol-
lowing FAA certification and first dclivery in May,
amassed in six months of service a total of nearly
10,000 hours of operation as initial units reached 23
commuter airline operators in the United States.

Production models of the twin-engine, pressurized
Beechcraft Duke were delivered to first customers.
In June assembly of the Duke was assigned to the
Salina (Kansas) Division.

Introduced were the 6-place, single-engine Beech-
craft Bonanza 36, largest Bonanza ever produced,
the 8-10 place turboprop Beccheraft 99 Executive,
corporate version of the Beechcraft 99 Airliner; and
the twin-engine, supercharged Beechcraft Queen
Air 70.

Also presented for the first time were 4 single-
engine Beechcrafts combining business travel and
aerobatic capabilities. Licensed for aerobatic ma-
neuvers were the aerobatic Beechcraft Bonanza
E33C and Bonanza E33B plus the aerobatic Muske-
teer Custom and Musketeer Sport.

A $4,300,000 award by the U.S. Naval Air Systems
Command continued production of the supersonic,
rocket-powered AQM-37A missile target through
September 1970 and brought revenue from the pro-
gram since 1960 to more than $63,000,000 and unit
production to over 2,100. Production of the AQM-
37A was transferred to the Boulder (Colorado)
Division.

Successful testing of the Sandpiper, a missile
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target which combines the Beech-designed AQM-
37A airframe and a newly designed snlid-;md-li(luid
propellant engine and which is (.lt'si(_{n(-d to reach
Mach - speed and 90.000-foot ;1](1(1151(', was accom-
plished at Eglin Air Force Base, Ilorida. for the
U.S. Air Force Armament Laboratory.

The Stiletto. a modified version of the AQNM-37A
missile target ordered by the Detense Ministry of
the United Kingdom. was successfully test flown
off the coast of Wales in September.

The U.S. Armv ordered additional units of the
Beecheraft Model 1025 Cardinal missile target,
bringing total awards for that program to more
than $12.000,000. In June the Salina Division as-
sumed production of the (:ill'(]illill: .

A follow-on contract by the U.S. Army Ammuni-
tion Procurcment Supply Ageney brought bomb
dispenser total production to more than 20.000
units since the first contract in l$%()2. ‘

Production of subassemblies for the supersonic
McDonnell Douglas IF-4 l’]m::tmn. 1T \\';15‘(jxtvndvd
through December 1969 with receipt o‘f a 86.300,()90
add-on contract. The sixth award on -4 assemblies
brought to more than $66.000,000 the total amount
received by Beech Aireraft since 1963,

In March the largest subcontract cver 11‘\.\';1r(71(‘d
by Bell  Helicopter  Company. ilpplo‘\l!nutclly
$75.000,000, went to Beech Aircraft for 111;1111.1‘11;1-ct111("
over a 5-year period of morce th;m7 4,000 air rames
for the commercial Bell JetRanger ‘_06:\:' “‘IC /\11”1%’ s
light obscrvation helicopter (L()H? S(t‘"lf"'v’r‘]‘“‘( F“Ct
Navy’s light turbinc traming hvhu)%) ‘(‘1. 1;( \1‘151
airframe for the Bell JetRanger had )(.(nl((. ive 1.0(
by Beech ‘Aircraft just wccl\'fst before, under a pre-

ious contract for that aircrart. .
vm{;;dcgs]tzldcﬁ;tb’f,EO(),OOO award by Bc-]l 1I’I‘vllft(.)pte’lj
Company, production of pancls f011 tm, z]n‘]ys
UH-1 Hucy helicopter was continued. /-\\1“1{ S to
Beech for the UH-1, including spares, totaled more
th}iff]??\??c(r)??tq Boulder Division, COI]tlI]u{I?lgdltS
role in the nation’s space program, was uwlall.(.e vi
$4,000,000 contract for fabrication dof laccléloga
Cryogenic gas storage systems ufet aboar li:;
Apollo spacecraft. The Becch System SUPPt :
oxygen to the Command Modules_ e?vn?m}fen 1€11‘
system and hydrogen and oxygen t?ttle uel cells
for clectrical power and drinking water.

BELL AEROSYSTEMS COMPANY
A TEXTRON COMPANY

For Textron’s Bell Aerosystems COI.npan.y, a re-
search/development and systems engineering pio-
neer for more than 30 years, 1968 feature(:l the pro-
duction and deployment of the U.S. Army’s ﬁrst_ {hr
Cushion Vehicles (ACVs) to Vietnam, Fhe unveiling
of the world’s first long-range Jet Flying Belt and
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and nearer the weight and inertial characteristics of
an actual lunar flying vehicle.

Another advanced flight svstem, Bell's Lunar
Landing Training Vchicle (LLTV) made its first
manncd free flight in October at Ellington Air FForce
Base, Texas. NASA and the Apollo astronants were
utilizing 3 LLTVs to practice simulated Lunar
Module moon landings.

The LLTV is a modificd version of the Lunar
Landing Rescarch Vehicles developed carlier by
Bell for NASA. Both configurations are fitted with
a turbotan engine designed to offset 5/6 of the
vehicle’s weight to simulate the lunar gravitational
environment. The operator controls the vehicle by
firing small clusters of rockets located around the
framework of the vehicle.

The tri-service X-22A V/STOL Research Aircraft
completed military preliminary cvaluation in carly
1968 and in July attained a sustained hover height
of 8,020 feet, believed a world’s record for V/STOL
aircraft. During the mancuver the X-22A was not at
tull power, Subsequent analysis of flicht data con-
firmed the 12,400-foot hover ceiling projected for
the ajrcraft by Bell design engincers.

Later the X-22A was cquipped with the Variable
Stability System, a complex clectronic control unit
which permits the aircraft to automatically vary
flicht characteristics while airborne to simulate a
wide range of V/STOL aircraft for cvaluations of
potential problems, the principal mission of the
program.

The X-22A was scheduled for delivery to the
U.S. Navy, administrator of the tri-scrvice contract
under which it was developed, in March 1969 for 2
years of extensive research.

In August a highly sophisticated Bell propulsion
system helped guide the maiden launch of the U.S,
Air Force’s Minuteman IIT ICBM to a bull's-cye in
the Ascension Island region, 4,400 miles from the
launch silo at Cape Kennedy, Florida.

Bell-built positive expulsion tanks supplied pro-
pellants to the Command and Service Module reac-
tion control systems and the Saturn S-IVB auxiliary
propulsion system for the year’s Apollo spacccraft
missions.

Bell's famed Agena rocket engine, known as the
“workhorse of the space age,” continued to place
many payloads in space under NASA and Air Force
programs.

In January, Bell was awarded a NASA contract to
continue work on a Radar Attitude Sensing System
(RASS), an advanced, multipurpose flight control
sensor with no moving parts, designed to provide
information necded to stabilize an orbiting space-
craft with respect to the earth’s surface. Once com-
pleted, an engineering model was slated for trials
aboard manned aircraft and an orbiting vehicle.

During the year Bell delivered 6 motion-stabilized
BCM-2 gravity meters, one to the U.S. Army
Mapping Scrvice, 2 to the U.S. Navy’s Oceano-
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araphic Office and one cach to Gulf. Shell and Mohil
oil companics. where theyv were used in conjunction
with undersea oil exploration operations.

The U.S. Armv Electronie Proving Ground  at
Fort THuachuca, Arizona, awarded Bell follow-on
contracts for continued operation, maintenance and
development of the Arnn's Electromaanetic Fn-
vironmental Test Facilitv, where airborne electronic
svstems are evaluated in manned and unmanned
aireraft.

Bell received a contract from the ULS. Naval Ship
Svstems Command for 5 Bell AN SPN-12 0 All-
Weather Carricer Landing Svstems ¢ ACLS Y The
new installations brought to 19 the number of
ACLS mits delivered to the Navy by Bell sinee
1950. The svstems were carnrked for the USS
Jolhn I K("IIH(,’([I/, the USS Saratoca. the USS
Nimitz and the Naval Air Stations at Lemoore,
California. and Occana, Virginia.

The company continued development of 2 other
advanced  avionices svstems, the Visual >\i"]m‘:”“
Target Locator System (VATLS) and the Si"“l)m“'d
Aireraft Instrumdnt Landing Svstem (SAILS).

Installed aboard a Bell UH-TB helicopter. \':}TI.S
pinpoints enemy ground targets and clectronically
dircets artiflery Tire on them. The system has proved
successful in substantially increasing the regularity
of firstround dircet hits. The sccond  VATLS-
cquipped helicopter was deploved to Vietnam in
September 1968, It features im])r()\'('d m;untu.m-
ability and 1'(*Iiz1])ility as well as a greater sensing
ability.

The Bell SAILS unit permits l()\\'—altitud(? ap-
proaches for ]zmdings in remote areas, in('h}dl”g a
means of accurately determining release points for
cargo and/or troof) drops. It utilizes an airborne
tracker in conjunction with a gr()und. l‘wncon. to
provide all-weather aireraft guidance information.
Test demonstrations of the system were C()n(hlctcd
at Bell’s main plant, at \Vright-l)uttvrson Air Force
Base and at Popce Air Force Base. . )

In July, Bell's modern computer fu(nhty‘ in
Tucson, Arizona, became the center of a unique
automated medical system. LEstablished for the U.S.
Department of Health, Education and \Volfm'o: the
program provides comput(‘rixcd medical, environ-
mental and sociological records for cach of the
8,500 members of the San Xavier and Papago
Indian reservations in southern Arizona. The system
capitalizes on the computer technology and data-
processing tcchnology Bell has dcvclop(‘d at the
center while designing and implcmcnting manage-
ment information and simulation systems for the
US. Army—still the principal mission of the
center,

The faci]ity’s new medical role is a major step
forward in the effort to facilitate treatment and pre-
vention of communicable discases among these
nomadic tribes.

As a result of Bell’s materials processing and
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structural roscarche atechnique for welding heavy
cause Thoria Dispersed (TDY nickel was devel-
oped in 1905 Bell's ability to weld this hich-tem-
perature acrospace alloy is expected to pvrinit de-
sicners to substantially inerease the efficieney and
operating lives of future rocket and jet engines. The
Bell technique involves a low-heat input which
minitmizes  coalomeration. a4 phenomenon which
causes the allov to become extremely brittle and has
plagncd previons welding attempts,

The company’s cfforts in composites  research
durine 1965 led to the tabrication of araphite fiber
turbine blades and other acrospace test structures
of varving degrees of structural complexity.

\tomidvear Bell completed construction of a
supersouic impact erosion test chamber., first in the
irce world desizned to evaluate the ability of acro-
space materials to withstand  the il]\p;l("l‘ of rain.
snow. dust and ice ervstals at Mach 3 speeds.

Built under a US. Air Foree contract, the whirl-
ine arm test chamber is expected to play an impor-
tant role in achicving breakthroughs in the study of
supersonic impact erosion h}' s]n-mling the dm'(‘.]()p-
ment of new and improved materials useful to engi-
neers in designing future crosion-resistant (‘Olnl;()—
nents and structures for supersonie and hvpersonice
aireralt. as well as for missiles and sp;mcbmft.

The vear also marked the completion of a new
12.000-scpuare-foot chemistry building at Bell's main
plant. 1t represented a consolidation of the com-
1);111}"5 research and (1(-\'01()1)111(‘11{' activities in such
arcas as propellant analvsis, metal finishing. fungus
testing and quality and contaminant control. All are
techmologies allied to the rocket engine propellant
tunks. rocket engines, space vehicle structures, air
cushion vehicles and electronie systems and com-
ponents designed and developed by Bell.,

On August 2, 1968, Textron ln(‘...pun‘nt organiza-
tion of Bell Acrosvstems Company. announced the
election of Robert S, Ames of Bell Acrosvstems as a
Textron vice president. Ames, an executive with 95
vearss management experience in the acrospace in-
dustry. had been Bell’s viee president-manufactur-
ing since September 1964, In his new capacity as a
corporate group officer, Ames is engaged in the
supervision of a number of Textron divisions. Ames
assumed  his new  duties in Providence, Rhode
Island, Textron’s corporate headquarters, Succeed-
ing Ames as Bell's vice president-manufacturing was
William S, Nochisaki. who had served as executive
director of manufacturing since January 1967.

In addition to its main plant near \ihgum Falls,
New York, and its research facilities at Tueson and
Fort Huachuca, Arizona, the company maintained
during 1968 an avionics instrument laboratory in
Cleveland, Ohio. and a sales/marketing operation,
Bell  Acrosystems-Canada, in Toronto. President
William G, Gisel announced  that  emplovment
throughout the year averaged approximately 7,200
persons.
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BELL HELICOPTER COMPANY
A TEXTRON COMPANY

Expansion and diversification were evident
throughout 1968 as Textron’s Bell Ielicopter Com-
pany again achicved new highs in commercial and
military sales.

Sizable contracts from the U.S. Army. Navy,
Marine Corps and Air Force were divided almost
equally - between new  production  aircraft  and
models well established in the inventories of the
armed forces.

While extending its record of on-time deliveries
to the U.S. government to 12 vears. Bell also had
unprecedented success in commercial marketing,.
The vear sct records from the standpoints of units
sold and dollar volume on both the domestic and the
international markets.

Accelerated demand for the 3-place, turbine-
powered Model 206A JetRanger, which in 1967 had
enjoved the greatest first-vear sales in commercial
h(\]iCOptCl‘ history, was the kev to a substantial
amount of new business again in 1968.

Not only did it far exceed its initial vear civil
sales, but the JetRanger was selected for observa-
tion. trainer and utility roles by armed forces of the
U.S. and several foreign nations.

The US. Army named the JetRanger winner of
its re-opened light observation helicopter competi-
tion, awarding Bell a contract for 2.200 of the air-
craft to be delivered between 1969 and 1972. The
Navy sclected the JetRanger as its light turbine
trainer and ordered 40 for delivery by the end of
196S. The JetRanger also was the choice of the
Brazilian Air Force and of law enforcement agencies
in Europe. Asia and Africa.

Introduction of stowed floats capable of full in-
flight inflation, and of an ambulance configuration
fe;itm‘ing folding litters that can be stored in the
baggage compartment when not in use, made the
JetRanger increasingly attractive to police, fire and
other state and local agencies.

Success of Bell's development efforts on a twin-
engine helicopter led to a management go-ahead on
production cngineering. The company announced
that its Model 212, powered by the Pratt & Whitney
Aircraft PT6T-3 turbine twin-pac of United Aircraft
of Canada, would be delivered to commercial cus-
tomers in 1970. The airframe is that of Bell’s latest
commercial model, the 15-place 205A.

Military cognizance of the company’s progress in
the twin-engine field was evident. The Canadian
government approvcd participation with Bell and
United Aircraft of Canada in a development pro-
eram cxpected to lead to that nation’s equipping its
armed forces with the new aircraft. The U.S. Air
Force ordered 76 UH-1 helicopters and the Marines
contracted for 49 HueyCobras, both utilizing these
same twin cngines.

Armed forces” selection of the JetRanger and of






aram Management. reporting directly to Executive
Vice President J. FoAtkins.

Bell Helicopter was one of -t compunies awarded
Armiv contracts for preliminary design investigations
for the proposed Utility Tactical Transport Aireraft
Svstem ¢ UTTASY and  completed this  concept
tormulation studv. The company was cengaged in
numcrous other new or continuing rescarch and
development programs, including several of classi-
ficd nature. Emploviment, keeping pace with accom-
plishments ol 1965, was approximately 11,000,
mcluding the work force at Amarillo.

THE BENDIX CORPORATION

CONIDNUNTCATIONS DIVISION

The Communications Division. a prime govern-
ment contractor, was primarily ('ngugvd in 1968, as
in previous vears. in the development and produc-
tion of communication and radar equipment. Recog-
nizing the demands for advanced communications
and radar svstems to meet future needs, the division
was  conducting research and development pro-
grams designed to keep the division abreast of the
latest state-of-the-art techniques in the general ficld
of clectronics.

Production of the AN/APX-T2 IFF transponder
was under wav at the Communications Division.
The work being done represented the largest single
contract for IFF transponders ever let by the US.
government. The contract tunded for 827,000,000
marked the first time that a major electronics sub-
system of this complexity had been procured on a
tri-service  basis. Considered 2 universal  trans-
ponder, the AN/APN-72 will be installed aboard
lightweight aireraft, helicopters. jet aireraft and
Navy ships. The transponder performs the dual
functions of enhancing air traffic control operations
and providing friend or foe identification capabili-
ties. Plans called for the units to be installed in
most new aireraft configurations and for l'etroﬁtting
existing aircraft with the transponder. Universal
application of this transponder is part of a govern-
ment program to develop a completely integrated
and standardized air traffic control system. Ad-
vantages gained from such a program will aid in
the solving of technical and logistical problems for
the military.

The Communications Division was working on
a $7,000,000 contract to build the AN/GRC-147
ground radio communications system. The contract
called for construction of 70 radio systems, which
are comprised of 5 cabinets containing 3 transmit-
ters and 2 receivers. The AN/GRC-147 provides
short-distance, line-of-sight, command post type
ground communications over a  35-mile range.
Systems arc housed in portable shelters which are
transportable by land, sca or air. Each system is
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capable of relaving 96 different messages simul-
taneously. Teletype and photo transmission capa-
bilities were also being incorporated into the system.

An assembly area at the Communications Divi-
sion was being used to install the AN/GRC-147
communication systems into portable shelters to
bring about the AN/TRC-111 configuration. The
work being done was funded under a separate con-
tract for $2,900,000. For the first time in its history,
the division will be able to install complex electron-
ics equipment into transportable shelters on a large-
scale production basis at its plant in Towson. This
is significant in light of the fact that the majority of
the systems built for the U.S. Army Electronics
Command and Army Signal Corps invariably are
enclosed in some tvpe of portable shelter.

The Communications Division completed delivery
of 8 Apollo Range Instrumented Aircraft (A/RIA)
to the United States Air Force under subcontract
to the McDonnell Douglas Corporation. These com-
plex airborne systems consist of automatic acquisi-
tion and tracking equipment: a 7-foot antenna;
telemetry receiving, recording and processing
cquipment; and voice communications equipment
to relav the astronauts’ voices to the worldwide
manned spaceflight communications network. The
equipment was installed in C-135s and was in op-
crational use on a wide range of support missions,
spanning from ballistic reentry missions to voice
relay on the Apollo program.

A $3,100.000 contract let by the U.S. Air Force
for the construction of 2 transportable torn tape
relay centers was completed during the year. The
centers are designed to receive and transmit infor-
mation over 20 separate telecommunications lines.
In addition to telecommunications equipment, the
centers are equipped to use compatible Srypto-
graphic devices. Bendix-built interface or “patch-
ing” components are used to provide the crypto-
telccommunications interface. Further expansion
was made in the division’s proprietary line of
terminal devices and ancillary items for use in
secure communications systems. Eleven items were
added to this line during the year.

Among the many specialized electronics systems
built by the division was the AN/FPS-100 parabolic
radar. A 1968 $2,800,000 contract let by the Iranian
government called for the construction of 4 of the
radars.

The division was also under contract to build
signal marker beacons used by the U.S. Army to
mark positions of friendly forces. A dense jungle
canopy can often prohibit the transmission of radio
signals. To overcome this problem, a marker beacon
that can penetrate the dense foliage was developed.

During the year the Fuzing Devices Division in
York, Pennsylvania, consolidated with Communi-
cations Division. This brought about an increase in
the Communications Division’s product line. Most
notable among the new products added was the
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fuzing device wused to trigger the Phoenix long-
range air-to-air missile. The Phoenix was d(*signcd
primarily for use with the IF-111B aircraft.

Production was under wav on surface fuzes for
the MKI2 reentry vehicle at the division’s York
Plant. This reentry vehicle was destined for the
Minuteman 1II missile system.

A new computer programming center in Colorado
Springs, Colorado, was opened by the division
during the year. The center was established to pro-
vide systems analysis and prograimming tasks for
the AN/FPS-85 radar system.

The computer-based space detection and tracking
sensor located at Eglin Air Force Base. Florida, was
to enter the operational inventory of the 14th Acro-
space Force of the Acrospace Defense Command
as the first operational ground-based phased array
radar in the United States. Programming techniques
developed for this project represented a new ca-
pability for the division and promised to have
broader applications in the expanding field of
computer-controlled radars. '

To meet the demands of tomorrow’s sophisticated
radar and communications systems, the division was
conducting an extensive rescarch and development
program. The major arcas of divisional concentra-
tion included microwave developments adaptable
to phased array radars, pattern and signal recog-
nizing machines, digital communications techmiques
and microcircuitry materials Processes and circuitry
devel()pmcnt.

The Communications Division has been develop-
ing electronically steerable antenna beam radars
since 1958. Much of this cffort was culminating in
the delivery of the AN/FPS-85 radar to thc Air
Force. From this store of knowledge, the next-
generation phased array antenna techniques were
being developed. The objective goals of the new
antenna systems are to provide fast sczm'und multi-
ple scan capability in a lightweight, mobile configu-
ration. The novel radar system being developed
consists primarily of solid-state components. Maxi-
mum utilization is made in the devclopment of
microwave intcgratcd circuits and microminia-
turized control circuits.

In the field of communications, the division de-
signed and produced satellite and sccure communi-
cations terminals, range instrumentation communi-
cations links, IFF transponders and personal radios.
Next-generation systems, it was recognized, will
be primarily in a digital format. The division, there-
fore, was exploring the areas of frequency syn-
thesizers, digital filters, VOCODERS, and spread
spectrum.  The advantages to military usage of
digital communications systems include achicve-
ment of a high degrec of reliability and maintain-
ability, greater security, multichannel capability,
frequency agility and greater adaptability to micro-
circuitry commonah’ty.

A third genceral area of product development at
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the Communications Division was in adaptive pat-
tern and signal recognizing svstems. Such machines,
which avgment or replace hinman judagnent in the
control loop, are adaptable for usage in wmanned
signal processing svstems. Primary development of
the judument machine at this time is in the arca of
developing adaptive matched filters to acconmmao-
date o desired signal. Optical filter technigues: as
well as electronic techniques, were being developed
for puttern recognition. The optical filter technigues
centered on the use of holography to - process
multiple signals simultancously. The holouraphic
technigne was visnalized as a powerful instrument
in the future because of its parallel readout capa-
bility efficieney. Tow power drain and ability to be
confined in a small space.

NAVIGATION & CONTROIL DIVISION

NASAs Saturn-Apollo launches and Apollo Ap-
plications Program. U.S. Navv's Poscidon missile,
U.S. Army's Pershing missile, USATs Minuteman
missile, McDomnell Donglas™ DC-100 Lockheed's
C-3A, Boceing's 747, the Concorde SST and Army's
ALL-56A  Chevenne helicopter—these were but a
few of the Many acrospace prograins with which
The Bendix Corporation’s  Navigation & Control
Division was closely linked during 196S.

The division's aviation activities were accelerated
by @ contruct from MceDounell Douglas to provide
the automatic flight control system for the mew
DC-10 trijetliner. The syst(*m.’S(‘]N‘d“]"d for pro-
duction delivery carly in 1970, will be capable of
making fully qutomatic landings. The system s
designed with dual subsystems and separate but
parallel installation of redundant components to
assure that it will remain ()p('ruti()nul cven in the
event of a malfunction somewhere in the system,
The widc—body, multirange DC-10 is designed to
carry up to 345 passengers on flights of .'E()() to 3,200
miles; it will enter airline service in 1971,

When Lockhood-Ccorgiu Company’s C-5A Gal-
axy logistic transport made its initial flight on June
30,' 1968, Bendix was on board. Compact, light-
weight cockpit instruments icluded vertical scale
type indicators for hoth engine and flight functions,
peripheral command indicators and dual bull's-cye
attltu'dc flight director indicators, all of which fea-
ture integral microcircuit clectronics. The 350-ton
transport, the free world’s largest aircraft, is nearly
as long as and spans more than a regulation football
hcld_, a'n_d its tail is about as tall as a 6-story building.

D.1v1510n equipment was also ordered for The
BO(?]I]g COI]]pany’s giant 490—p21$$011g(‘1' ]\'10(101 747
transport. Besides developing the central air data
computer, the division was contracted to supply
automatic throttle, yaw damper and Mach trim
systems and RDMI and RMI as standard equip-
ment. In addition, a number of 747 airline customers
ordered the division’s vertical scale engine instru-



rcnts—the first time this type of instrumentation
Las been specified tor o commercial aireraft—and
duad bull's-eve attitude  director and  horizontal
sitiaetion indicators.

\dditional Bocing Company contracts were re-
ceived by the division for autonuitic Hicht control
svatens AFCS - and the Bocing-Bendix Precision
Approach and Tanding Svstem ¢ PALS) for use on
O dond T20 adreratt. The PALS svstem. in 1965,
became the first to win Federal Aviation Adminis-
tration certification tor use in makine fullv auto-
tatic landines under Catecory 1 weather ¢ 100-foot
ceiling and one-quarter mile forward visibility ).
Flistors was acain made on Mav 2501968, when a
Bendix svatem Linded a Pan American 707 aireraft
at Milwaukee tor the first US. public demonstra-
tion ol i automatic landing by a f-engine aireraft.
\Zaine in September. it helped achieve a significant
milestone when Pan Am became the first U.S. air-
line to be certified by the FAA to have any plane
inits fleet Tand during Category 11 minimums. In
addition to airlines that will he vetting PALS-
cauipped aireraft. Northwest Airlines contracted to
procure PALS to retrofit its 707 tleet for Catevory
[T operations. T
_ The division also received follow-on contracts
for autonadtic thight control svstems and all-weather
]i‘”(li“%’ cquipment for Lockheed-Georgia's U.S. Air
Forcee 21141 cargo transport. Equipped with this
gears the C-141 hecame the first military transport
qualificd to make automatic all-weather landings,
During its association with the C-141 program over
the past 7 vears, the division has also supplied
vertical scale indicators, vaw damper svstems and
\'("rti('u] navigation svstems.

Fhe ULS. Navye awarded additional contracts for
PB-20° AFCSs for the P-3C antisubmarine patrol
aireraft and the A-4I attack aireraft.

Overseas orders for Bendix AFCS svstems were
placed bv the Nihon Acroplane )1;11mfucturing
(;(?1111);111_\7 of Japan for its short/lnedium—mnge
\?_5-11 commercial transport and by the British
Alreraft Corporation for its BAC One-Eleven short-
haul commereial transport. The division also con-
tinued 1o support development of the Anglo-French
Concorde supersonic transport’s AFCS.

Dnringr 1968 the division’s general aviation pro-
sram expanded as the Fairchild Hiller FH-227 and
the Hawker Siddeley DH-125 3A/RA aiveraft were
added to the growiﬁg list of executive aireraft for
which the FAA has approved the PB-60 AFCS. In
addition, the PB-60 AFCS and the FD-60 Flight
Dircctor System were granted FAA certification
for use by the Lockheed JetStar to make landings
in Catcgor_v IT weather conditions.

Durin\gT the year a contract was awarded the
division by the U.S. Air Force for the manufacture
of dead reckoning mnavigation computer systems.
Intended for use on the F-4 Phantom ﬁghtor atr-
cmft, thege systems Continuously compute, {ransmit
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and displa_\' information neceded bv the pilot for
the navigation of his aireraft. The Air Force also
ordered compass components and dircctional gvros
tor the T-38/1-5A fighter trainer aircraft.

Follow-on contracts were awarded for vertical
SE‘;I]O flight instruments for the USAF’s F-111/
FB-111 aircraft, and engine vertical scale instru-
ments were ordered by Grumman Aircraft Engi-
neering Corporation for the U.S. Armv’s OV-1C
Mohawk observation reconnaissance :1ir[31zmc.

Additional contracts were awarded for the Bendix
weapons release system for the U.S. Navy’s A~
A7 and F-100 aircraft. The svstem permits the
pilot to program the automatic release of stores from
the weapons stations in whatever quantity, mode
and drop intervals he desires. ’

Production orders were awarded bv Lockheed-
California for a dual-control version of the svstem
for the U.S. Army’s 2-man AH-36A Chevenne heli-
copter. which made its first flight December 12.
1967, Also ordered for the AH-36A were computer
control panels which enable the pilot to enter
navigational data into the helicopter’s on-board
central computer complex.

In the field of automatic check-out equipment for
military applications, the versatile AN/GSM-133
general-purpose  programmer comparator was or-
dered for use with the giant C-5A transport. New
i test equipment for commercial use was the
Model 200 computer-controlled automatic test sta-
tion, which was ordered by Continental Airlines to
check out avionics equipment on its fanjet fleet.
With the cquipment, Continental will b(‘com%‘ ’Fhe
ficst U.S. airline to use such equipment in an airline
maintenance program. In October. TWA also
placed orders for customized versions of the com-
puter complex that not only will check out equip-
ment on its jet fleet but will also meet the additional
test requirements of avionics equipment on th.e
company’s upcoming fleet of 747. 1011 and Ameri-
can SST aircraft.

Navigation & Control’s space activities during
1968 included additional contracts on NASA’s
Apollo  Applications  Program (AAP) from the
Martin Marictta Corporation, with whom the divi-
sion was teamed as principal subcontractor. The
program includes planning for continuous occu-
pancy flights of up to 56 days in earth orbit and
extended duration flights up to 1 vear using a re-
supply spacecraft, as well as lunar orbit flights and
lunar surface operations up to 14 davs. The division
is responsible for communications, displays and
controls, and portions of experiments analysis and
other electronics.

NASA follow-on contracts were awarded for con-
trol moment gyros to provide accurate and con-
tinuous attitude control and stabilization for the
Apollo Telescope Mount (ATM). The ATM is
slated for use during an Apollo Applications 56-dav
experiment to study the sun in its most active
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stages. The division was also contracted to providc
roll position indicators for the ATMI.

Other NASA contracts were awarded to the
division for inertial guidance platforms for the
Saturn launch vehicle. The platform performed per-
fectly on all Saturn I, Saturn IB and Saturn V flights
through 1968 and was scheduled for all future
Saturn launches, The platform. in conjunction with
a launch vehicle data adapter and lainch vehicle
data computer, is the active guidance svstem that
maintains the preset course of Saturn from the
launch through space orbit injection as predeter-
mined by the mission requirements.

The division was awarded a contract by the U.S.
Navy to provide 2 vital units in the Poscidon mis-
sile’s inertial guidance system. The units are known
as IRIG (Incrtial Reference Integrating  Gyro-
scope), a precise liquid-floated gyvroscope which
stabilizes the missile’s inertial guidance system in
flight, and PM PIP (Permanent Magnet Pulsed
Integrating Pendulum), an acceleration-sensing de-
vice that helps determine the missile’s flight 'posi-
tion. The contract was awarded for winning a
competition based on the rescarch and develop-
ment phase of the Poseidon program conducted for
the U.S. Navy by the Massachusctts Institute of
Technology. The 34-foot long, submarine-launched
Poseidon will be able to reach any spot on carth
from its submerged nuclear-powered nesting place.

For the 11th consecutive year the division was
awarded contracts from the U.S. Army for supply-
ing incrtial guidance systems for the Pershing mis-
sile program, The supersonic, sclcctivc-rzmgc missile
is completcly mobile and is operational with the
U.S. Army at home and with NATO forces abroad.

The division moved into its 12th year of produc-
tion on Hawk missile antenna bases and pedestals.
The Hawk missile defense system is employed by
the U.S. armed forces in the U.S., Panama, Europe
and Asia. It has also been bought by such foreign
countries as Sweden, Israel and Saudi Arabia.

In Junc 1968 the division shipped its 1,000th
PIGA (Pendulous Integrating Gyro Accelerometer )
to North American Rockwell’s Autonetics Division
for installation in USAF’s advanced Minuteman II
missile. PIGAs are key acceleration-sensing units
in the missile’s guidance and control system.

The division also received follow-on contracts
from The Boeing Company for the command signal
decoders for Minuteman’s electronic launch system.
The decoders form part of a security network that
prevents the missile’s unauthorized firing.

During 1968 the division undertook one of its
largest facility remodeling programs in history and
extensive updating was done throughout the 6
plants. The entire 170,000-square-foot engineering
building, for example, underwent interior remodel-
ing that included new floors, walls, ceilings, lighting
and air conditioning.

A 14,400-square-foot hangar to house the divi-
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sion’s aircraft was  constructed adjacent to  the
division’s general aviation facility and bordering on
Teterboro Airport. The 120-foot by 120-foot hangar
is an insulated, etall rigid-frame structure that in-
cludes gallev and crew facilities and can lu)_\m- 4-5
aireraft (1(*15<'x|(1i11g on size. The hangar features
infrared heating, mercury vapor lighting and 6 24-
foot-high hangar doors that move on heated tracks
and can withstand 100-mile-per-hour wind loads.
As part of the overall improvements, new landd-
scaping was done throughout much of the T0-acre
Facility.

ABROSPACE SYSTEMS DIVISION

A scientific experiments package designed and
developed for placement on the Tunar Slll'i.;l(‘(‘ wals
delivered in the sumnier of 1965 by Bendix __-\('m-
space Systems Division to the NASA .\lu!n‘u;d Space-
craft Conter, This svstem. known as Al ,S!LI (Apollo
Lunar Surface Experiments Package). will l.w trans-
yorted to the lunar surface on an Apollo ”l‘}ll‘ll) ;u!d
will then be deployed by an u.slr()n.zmt. ;\I‘S}:l‘ will
sonsc. collect and transmit scientific and engineer-
ing data to carth for 1 vear. o ‘

Tncluded in the data collected are sg-u.-ntlﬁ( phe-
nomena such as solar wind. seismic activity, magnet
ficlds, Jlunar soil composition, ete. This .pl'()f_{l'illn.\.\"]]]l
provide the scientific comnunity’ with ]111]1)‘11(.(;-
dented data concerning the formation '()f the carth.
ALSEP represents a m -aningful stepping s‘t()nl(‘ .t}()-)
ward the scientific exploration of space anc the

anets. . ‘
p]’lI'lf(t.‘ conversion of the Local Scientific Survoy_
Module from an unmanned to a manned nToqc og
operation added a new dimension t().lh(' (){)f(t'liz%tlon:_
capabilitics of the Bendix lunar V(‘hld;‘.()?)() Lklil(c)?]:;_
pletion of a long, remote traverse ()f. ¥ e
ters or more, the vehicle can be quic jVlt?u Uf
for manned operation by modular mt(‘l'c mn%c o
the crew station and remote control puckuge. 011’1-
pared to a manned mode only, this conversion ?ap'd-.
bilit rmits 90 percent of the extended unar

T b science, thus in-
module payload to be alloca-tcd to slcunc ,
creasing the potential scientific return. i the

Significant achievements werc also 10:111/,(3; 1r;)) :
commercial products market. For cxamp el, tTe} cnf
dix Thermal Mapper is an unclasmﬁ((i’(1 a11r3)0r(i]'c
infrared imaging system first introduced by ben 1();
Acrospace Systems Division in March; it .proxélg”
its value in water pollution tracing and forest fire
detection. ‘

The system comprises 4 basic components: sc;an
head; control console; vertical reference; im(.l a ﬁ-
vde, 10-ampere power supply. It operates with off-
the-shelf, 70-millimeter, TRI-X film, and the only
moving components are the scanning shaft and the
film drive,.

A new Transportation Systems Department was
formed to apply acrospace capnbilities to transpor-



tation problems. During 1965 a contract was re-
ceived to determine the composite transportation
svstern tor the new town of Columbia. Marvland.
The Columbia Transit Proegram vncompnssés the
analvsis of transportation demand and requirements.
application of advanced technology for the move-
ment of people and goods. determination of inno-
vative means of revenue production. financial pack-
aging. and the writing of specifications for the
transit svatem desien,

FILECTRIC POAWER DIVISION

During the vear the Electric Power Division sup-
plicd initial ¢lectrie power svstems tor Bocing 747
superjets. The clecetrie svstem, rated at 360,000 watts
ot ¢lectrie power, consists of brushless generators
and solid-state control components.

-ln line with the 747 program, the division re-
ceived orders for solid-state power inverters and
u!ton1;_1t()r-(lri\'v units. These latter units will supply
aireraft-type electric power to operate and check
cquipment heing installed in 747 aireraft.

A complete line of test and check-out equipment
tor the 747 ¢lectric svstem was also developed. Both
portable and ('()nso'lo—t\'pc equipment was made
il\'ilj]ll])](‘ for checking svstem components.

Fhe division continued to supply clectric power
SVstems for other commercial aireraft during the
vear. For the military, Electric Power Division con-
tnued o supply eleetric svstems for such applica-
Hons as the FL4 Phantoms, A-4D Skvhawks and
HuevColyras. '

_ Also during the vear, prototypes of oil-cooled,
tegrated (]1'ivo-gm’wmtors were  completed  and
tests started, These new, compact generators are
extremely small and compact for their rating and
itial tests show very high reliability, low ope?nting
life and Jow maintenance costs. The small generators
Are unique since they are integrated with the con-
stul.lt—spvc(l drive to make a compact asscmbly. The
entire assembly utilizes engine oil for cooling. Oil
supplied at 120 degrees Centigrade and 230 pbunds
PCr square inch pressure permits a generator output
ot 2,000 watts per pound of generator weight, more
than.double the output per pound of weight of con-
ventional generators.

‘ Other major programs under way at the division
included the development of a family of trans-
former-rectifiers which convert AC clectric power
to DC electrice power at high cfficiencies and devel-
opment of environment-free DC generators. These
DC generators will be cooled with engine oil to
withstand tough, rugged operating conditions at
extreme hot and cold temperatures.

'During the year Electric Power Division con-
tinued installation of modern nuumf:lcturing equip-
ment to speed up production operations. Included
in the new nmnufucturing cquipmont was a unique
\virv-coating machine developed by the division.
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The machine wraps a tough, insulating material
around copper wire automaticallv at high speeds.
Also included in newly installed manufacturing
equipment was a 4-axis. tape-controlled drill press
which operates at extremely close tolerances and
high production speeds. This new production equip-
ment was part of Electric Power Division’s cost-
reduction program initiated several years ago to
increase production efficiency and pass the savings
on to customers.

Total employees at the division at year-end num-
bered 1.100 with about 25 percent working in en-
gineering and other technical assignments.

ENERGY CONTROLS DIVISION

The Energv Controls Division of The Bendix
Corporation. South Bend, Indiana. experienced an-
other vear of rapid sales growth and facilities expan-
sion during 1968. This continued growth was also
reflected by the appointment of the general man-
ager. H. G. Tarter. to the position of corporate vice
president and group executive. S. B. Smith, Jr., was
appointed the division’s new general manager.

The Boeing 747 airplane was rolled out Septem-
ber 30 on Bendix wheels and brakes. The develop-
ment of this equipment and initial production of the
flight test program requirements were on schedule.
Initial equipment deliveries to Boeing were com-
pleted 2 weeks in advance of schedule. Laboratory
qualification testing continued throughout the year
with completion scheduled for November. The last
tests were to be dynamics simulation in advance of
the first airplane flight, which was scheduled for
late December.

October 11, 1968, was an unusual day for The
Boeing Company at Seattle, Washington, because
the 100th aircraft of both the 737 and the 727-200
was rolled out that day. It was also significant for
the Bendix Energy Controls Division sil}ce it is a
major supplier for ‘the jetliners. Both aircraft are
equipped with Bendix wheels and. brakes as stan-
dard equipment; Bendix also supplies the nose strut
for the 737.

The DC-8-63, latest of the McDonnell Douglas
Super Sixty aircraft to enter airline service, uses
new-design Bendix wheels and brakes. Followmg
qualification and flight test certification, aircraft de-
livery to customers was expanding. o

During 1968 the Bendix Energy Controls Division
developed techniques for design and manufacture
of wheels and brakes from new alloys. Test pro-
grams were conducted which verified both experi-
mental and analytical results. A wide spectrum of
materials and alloys was the subject of intensive
investigation for use in both current and advm-lced
designs. These developments were further assisted
by the addition of an electron probe microanalyzer.
This equipment is an integral part of the expansion
of the division’s capability in the scientific develop-
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ment of new composite materials. With this instru-
ment it is possible to make direct chemical analysis
of a sample which is 1 micron in arca and 1 micron
in depth, representing 1 micro-micro gram of ma-
terial.

The market for Bendix helicopter tie bar pro-
grams broadened during 1968. Bell incorporated the
Bendix tic bar in the basic design of several new
modecls. The advantages and performance achieved
on the earlier models led to adoption of the unit by
Bell. The tie bars for the Lockheed ATI-536A moved
forward into a production category. This was done
after extensive research and development programs
pointed at achieving extended life under extremely
difficult environmental conditions. -

A pattern was developing which indicated that
all the next generation of light-to-medium heli-
copters in Europe probably will incorporate the
Bendix tie bar. A favorable reaction to the incor-
poration of this unit was rcceived from France,
Germany and England.

The first landing gears were delivered on time to
mect the scheduled roll-out and start of the flight
test program of the C-5 during 1968. This year also
saw completion of drop test programs for hoth the
main and nose landing gears of the world’s largest
airplane. Flight testing confirmed anticipated results
developed from both analytical and laboratory test-
ing. Manufacturing underwent a broad cxpansion
during the year, moving from prototype into the
production phases of fabrication. New machine
tools were brought “on stream” to keep pace with
the buildup in delivery requirements.

The extremely large and sophisticated drop test
laboratory constructed in South Bend was put into
full operation during the year. With this added
capability for development and qualification testing,
Bendix was prepared for the era of million-pound
and larger aircraft of the futurc.

Extensive development work was under way to
determine design and fabrication techniques for the
use of filament structures in landing gear systems.
In addition, advanced techniques were developed
for stress analysis and determination of fatigue
characteristics in these types of structures.

The division continued a major production pro-
gram for landing gears on all models of the highly
successful McDonnell Douglas F-4 aircraft.

The necd for expanded production capacity was
relicved by the construction of 48,000 square fect of
floor spacc to be used for in-process stores and
production offices. A further increase in capacity
and capability was achieved by bringing a number
of new machines on line during 1968, including
many N/C types. Plans were made for further ex-

ansion of the manufacturing capacity with addi-
tional N/C machines.

The enormous gantry heat treat facility cstab-
lished new highs in output several times during the
year. Associated with the large heat treat facility
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is a mammoth wheelabrator shot or sandblast ma-
chine, This machine has the capability of precisely
controlled inside diameter shot peening as well as
the OD. The 15-foot-diauncter work  table will
handle the very large size parts being developed for
the new generation of juml)o aireraft.

Additional manufacturing  capabilitv was  pro-
vided for the landing gear product line by a new
Michigan spline grinder which can handle 11 or ODD
splines up to 15 inches in dicaneter and 10 inches in
length, A Heald planctary grinder also was added,
one of the largest in the country and specifically
designed for Bendix. It will grind holes from 210 36
inches in diameter,

Continuing cfforts in the field of sp;l('v('r;.ll"t land-
ing svstems led to successful completion of several
progf‘:lms during the past yvear. Of major signifi(';.m(f(-
was the development of a semi-cmpirical LA foot-
pad soil/interaction model for the NASA Manned
Spacceraft Center. This model was incorporated by
NASA into the TLumar Module kinding dynamices
computer program, and. using soil characteristies
establishied for the lunar surface, permits real-soil
landing simulation of the Lunar Aodule.

The interaction model was adapted by Bv}\di.\' to
the previously do\'(-]opod Surveyor s_pu('('cmlt land-
ing dynamics computer simulation for the ._](*t Pro-
pulsion Laboratory. This simulation was 1)01.1155r used
by the Jet Propulsion Laboratory for analysis of the
telemetered  data from  the various  successfully
landed Survevor spaceeraft.

Additional studics pertaining to the landing char-
acteristics of the Bell Acrosvstems/NASA - Lunar
Landing Training Vehicle were performed for the
Manned Spaceeraft Center. This astronaut training
vehicle  uses ]hnding gear cquipment developed
carlier by the division.

'Landing dynamics analysis and preliminary de-
sign studics of a potential landing system for a pro-
posed unmanned Mars soft-lander were continucd
during the year, and effort was reoriented from a
Voyager-type vehicle to a smaller, less sophisticated
lander. In addition, computer programs developed
carlier for performance and preliminary design
studies were considerably refined during 1968 to
permit both a more flexible and a more detailed
St“d_y of lzmding system designs.

Since a portion of the landing impact energy can
be, c"'tbs'orbed by footpad penetration into the soil,
mmimizing the energy absorbing requirements of
the shock strut, 1968 efforts also were directed to-
ward application of the soil interaction model as a
spacecraft landing system design tool.

The division was awarded a contract to build a
h)'/drmnfzclmnical control system for Pratt & Whitney
Aircraft’s Model JTF22 demonstrator engine pro-
gram involving the FX/VFX-2 aireraft.

A microclectronie engine control system, dosigncd
and built by the division and Navigation and Con-
trol Division, was tested on Pratt & Whitney Air-



cradt’s NModel JTEF20 Advanced Manned Strategic
Vireratt ANSA Y demonstrator eneine. Further. on
this procram. a contract was received for the initial
please of the continuine ANSA engine demonstrator
prozeam,

PlLuming was being finalized to supply initial con-
trol svstems tor Pratt & Whitnev Airerafts TF30
cndine powering the VEN-1 aircraft.

Production ol engine control components for the
TE30 cnoine powering the F-111 aireratt continued
at the division,

A main fuel control svstem was under develop-
ment for the demonstrator General Flectrie GEL?
chdine competing for the Armyv 1500 horsepower
areraft enaine program. Possible programs that
could invalve this engine were UTTAS and LAAV,

A contract was awarded to the division to build
initial cngine control svstems for the UACL PTG6-T4
cngine awhich  will pi)\\'vr both the U.S. Marine
(E(n-px Bell AT twin-engine HuevCobra and the
USAE Bell Ul1-1N twin-engine rescue helicopter.
Production of this control svstom was planned for
A Bendix sobsidiary, Aviation Electric. Limited. in
Canada, '

- Bugine control svstems for the T63 engine power-
e the military 'llughvs OH-6A helicopter and
Conmmercial ]1(‘“'(-()1)[(‘1'5 were in production at this
divicion.

’Nl)r()(ln(-tion of engine control components for the
I‘f)()' lm'lmpmpv]lvr engines powering the P-3B and
C-130 aireraft continued.

The initiation of delivere of engine control svs-
tems for the AiReseareh TPE 331 engine late in the
Year was to increase the division’s general aviation
business. )

INSTRUMENTS & LIFE SUPPORT DIVISION

A major milestone was achieved at Instruments
& Life Support Division during carly 1968 with
receipt of o multimillion-dollar contract from the
National Acronautics and Space Administration to
design, develop and produce the ervogenic gas
storage svstems for the first 36-day mission of the
Apollo Applications Program. Receipt of this con-
tract culminated a concentrated rescarch and de-
velopment effort put forth by the division during
the last 5 vears. Designed for long-duration storage
of Cryogenic h\’drogz‘n, oxvgen and nitrogen, the
svstems will s111')1)01't\7t’ho spacceratt clectrical power
Senerating equipment as well as the crew compart-
ment atmosphere control systen.

To meet future ('1'}'og(‘nic gas stomge syst(‘m re-
quirements, Instruments & Life Support Division
was in the final stages of completing 2 modern,
2»1,0()0-5(pun‘o-f()()t facility. The building will devote
4 16.000-scpuare-foot, extremely clean, temperature-
and  humiditv-controlled area to production and
the remaindoer to engineering design and develop-
ment.

69

INDUSTRY

In the area of flight instruments. the vear saw
several new products introduced for both commer-
cial and military applications. as well as for space-
craft use. Special flight instruments produced by
Instruments & Life Support Division for NASA’s
Apollo program and put to usc in 1968 included a
longitudinal accelerometer, which displavs fore and
aft acceleration forees during all phases of orbital
and suborbital flight. and a barometric altimeter,
which indicates the proper altitude tfor parachute
deplovment during manual reentry into the earth’s
atmosphere. Soon another Bendix-built instrument
will be called upon to aid the first U.S. astronauts to
land on the moon's surface. Called the thrust-to-
weight-ratio indicator. the instrument. simply by
measuring lunar @’s. will reveal the rate at which
the engine slows down the Lunar Module as it
descends toward the surface.

Several studyv and development programs were
successfully carried out on fluid measurement tech-
niques. Particularly significant were the 2 studv
programs the division successfully completed for
NASA's Manned Spacecraft Center. Houston, and
Marshall Space Flight Center. Huntsville. Both
programs were concerned with a technique of
measuring fluid quantity in an all-attitude, zero-g
cenvironment.

In addition to the flight instruments provided for
the 1968 Apollo flights. the division provided svs-
tems for precisely monitoring propellant tank load-
ing, as well as optical point sensors which initiate
shutdown of the 5 engines on the S-1C stage of
Saturn V. The prism-shaped glass tip of the sensor
protrudes into the small river of liquid _oxygen
flowing from the tank to onc of the 5 1\000,(.)00—
pound-thrust engines. A narrow beam .of .hght
passes through the shank of the prism and impinges
on one surface of the glass wedge. As long as the
tip is covered with fluid. the beam passes through
the surface and is dispersed. The instant the level
of liquid oxyvgen drops below the tip. the beam,
instead of being dispersed. bounces from one sur-
face of the wedge to the other and back through the
shank. The reflected beam is electronically  de-
tected, and an output signal is Convcyed to the
engine shutdown mechanism. '

Onc of many significant accomplishments during
the vear in the area of life-support equipment was a
uni(']uoly designed backpack for st.oring. and con-
verting liquid air to gaseous breathing air for per-
sonnel working in a toxic cnvironment. T}le back-
pack features a slim profile v.acuum-ln_sulated
storage container that is only 4 inches th_lck yet
contains more than a 2-hour supply of air. The
backpacks will be used initially by persons engaged
in the loading of highly toxic engine propolla}nts
aboard the Lunar Module spaceeratt at Cape Ken-
nedy. Other promising applications include mine
rescue, fire fighting and long-duration underwater
operations.
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THE BOEING COMPANY

On September 30, 1968, the first model 747 super-
jet, largest commercial airliner in the world, rolled
from The Boeing Company’s new Everett, Washing-
ton, manufacturing facility. This event, heralding
the arrival of a new era in aerial transportation, was
the dramatic highlight of a year in which the com-
pany acquired a new president, accepted new rc-
sponsibilities in the United States’ space program,
delivered the new twin-jet Model 737 to airlines,
commenced work on the new Minuteman I1I inter-
continental ballistic missile and set new rccords in
the rate of deliveries for commercial aircraft.

Unfilled orders at September 30, 1968, were
$5.464 billion, including $4.702 billion for commer-
cial aircraft, $392,000,000 for military aircraft and
$370,000,000 applicable to missile and space pro-
grams.

Well before year-end, the company delivered its
1,500th commercial jet airliner from an order book
showing 1,957 sales by October 30. Rate of delivery
was 96 airplanes in 64 working days during the
third quarter of the year. Company employment
remained relatively stable at approximately 140,000

€rsons.

Roll-out of the 747 was a milestone in a program
which had its formal beginning in 1963 when a
Boeing engineering group was formed to plan an
airplane to meet travel increases expected in the
1970s. Tentative decision to proceed was reached
by the company’s directors in March 1966, and
options for land on which to build a final assembly
plant to produce the airplane were obtained in June
1966. Since that time, the factory has been built,
including a main structure which, containing ap-
proximately 160,000,000 cubic feet, is the world’s
largest volume building.

Assembly of the first airplanes, along with con-
struction of engineering mock-ups, began in the
building long before it was complete. A work force
of approximately 15,000 occupied-the Everett fa-
cility by year-end. By the time of the roll-out, Boeing
had announced orders from 26 airlines for 158 of the
big airliners.

In 1969 the first 5 completed 747s were to enter
a 10-month flight test program, the most extensive
ever undertaken in the industry; 2 additional air-
frames were to be used for static and fatigue testing.

While the 747 attracted the most public attention
during the year, Boeing devoted much more of its
total effort toward other programs. The company is
weapon system integrator for the Minuteman
ICBM, with responsibility for assembly, test, launch
control and ground support systems. Many Minute-
man components are manufactured in Seattle, and
missile assembly is carried out at Boeing-operated
Air Force Plant 77 near Ogden, Utah. Approximately
1,000—mostly Minuteman I versions—are on alert
in several states. The early versions gradually were
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being replaced by Minuteman 11, and Boeing was
working on the still larger and more advanced
Minuteman 111

A sccond missile, SRAM  (Short-Range  Attack
Missile), was being built for the U.S. Air Force by
Bocing. This is a supersonic air-to-ground weapon
with nuclear capabilities, to be carried both by late
model B-52 bombers and by the FB-111 fighter-
bomber.

By year-end the company had delivered more
than 1,000 Chinook and Sea Knight twin-rotor heli-
copters to the U.S. armed forces from its .\'ortol
Division factories ncar Philadelphia. Most of these
arc in service in Vietnam. A water-jet-propelled
hydrofoil gunboat, the Tucumcari, was delivered to
the U.S. Navy at Scattle during the vear, was
voyaged to Sun Diego and was undergoing competi-
tive testing there.

In space activities, Boeing's attention centered on
the Apollo/Saturn program. The first stage f(?r the
Saturn V hooster was being produced by Bocing at
Michoud, Louisiana, and proved at the .\IlSSlSSlp'pl
Test Center. The company is under contrz}ct \V.lth
the National Aeronautics and Space Administration
also for systems engineering and integration of the
entire launch vehicle, as well as for ground support
and testing. In May the company was ns-signed Fhe
responsibility by NASA for technical integration
and cvaluation (Apollo/TIE) for the  Apollo/
Saturn moon program. Company staffs for Apo!lo/
Saturn are located at IHouston, Texas; Huntsville,
Alabama; Cape Kennedy, Florida; and Washington,
D.C.

Two United States supersonic transport proto-
types were under development in Seattle in a co-
operative nationwide program involving the federal
government and private industry. The prototypes
will be assembled at the Bocing Developmental
Center (which was being enlarged for that pul'pOSG)
from parts provided by subcontractors and S.UPPherS
throughout the nation under a contract administered
by the Federal Aviation Administration. In studying
more than 500 configurations since 1952, Boeing has
devoted more than 20,000 hours of wind tunnel
testing to developing the U.S. SST. The company
was incorporating improvements in its design before
starting construction, to insure that the prototypes
will provide a sound foundation for follow-on, com-
mercially successful SSTs.

The company was involved in a number of re-
search and development efforts, both in its various
divisions and in the Boeing Scientific Research
Laboratories, devoted principally to pure scientific
disciplines not directly connected to present prod-
ucts.

In 1968 William M. Allen, president of Boeing
since the end of World War II, became chairman of
the board of directors and chief executive officer for
the company. T. A. Wilson, executive vice president,
was clected president.









An affiliate company. Reims Aviation in Reims.
France. was manufacturing 3 Cessna airplanes for
Furopean and United Kingdom markets. These
were the Madels F130. F172 and the Reims Rocket.

The company was operating an assembly plant
for its Model 150 at Strother Field-Kansas, in the
Winficld-Arkansas Citv area.

Emplovinent at the various worldwide Cessna
facilitios totaled over 12,500 at vear-end.

CHANDLER EVANS CONTROL SYSTEMS
DIVISION OF COLT INDUSTRIES INC.

Chandler Evans continued during 1968 the ex-
pausion in volume and diversification of products
which had been evidenced over several previous
vears, In addition to accelerated production  of
unitized controls for the Lycoming T33 power plant
utilized in the Bell [roquois and HuevCobra heli-
copters. a unit exchange overhaul program was
mitiated for the Armyv Aviation Svstems Command.
This program pr()\'id{‘d for 4S-hour delivery of zero
time units on receipt of controls returned from the
field.

Production of controls. pumps and other com-
ponents for all major engine manufacturers placcd
Chandler Evans products on virtually all American
militnr_\' and commercial aireratt. Positive displace-
ment fuel pumps were produced for the Pratt &
\\'hilncy Adreraflt vngim‘-v(1uippt‘d Lockheed SR-71,
LTV A-7 Corsair II. General Dynamics F-111,
Sikorsl\'y CII-5¢ Skverane, Lockheed C-141 Star-
Lifter and Bocing KC-135 tanker and B-52, as well
as the MceDonnell Douglas DC-§ and Bocing 707-
320 commercial transports. Chandler Evans pumps
were also manufactured for use on 4 business jets:
the North American Jet Commander, the Learjet,
the French-built Dassault Fanjet Falcon and the
Cormzm-producod Hamburger HEB 320 Hansa, all
employing General Electric engines.

By vear-end a total of almost 30.000 Chandler
Evans pumps had accumulated  more  than
100,000,000 service hours on military and commer-
cial aireraft. '

Increased use of gas turbine engines for indus-
trial and marine applications resulted in the use of
Chandler Evans pumps on the Pratt & Whitney
Aldreraft FT3, FT4 and FT12 engines found in clec-
tric generating plants and, at sea, providing propul-
sion for Coast Guard ships.

Production of the MC series fucl control con-
tinued for the Continental J69 engine powering the
Air Force, Army and Navy Ryan Fircbee drones.
Newer models of the control were produced for
the supersonic Firebee I1.

A substantial commitment in the ficld of aircraft
components and controls resulted in significant new
applications for Chandler Evans products in hy-
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draulic, fuel and pneumatic svstems. Components
were being produced for the Lockheed C-5A.
Bocing 747 and McDonnell Douglas DC-9 in addi-
tion to carlicr applications on other commercial air-
craft.

The greater part of Chandler Evans work in the
missile control field was of a classified nature. Work
continued in the development of hvdraulic and
stored gas systems, and the preproduction phases
for the Hughes TOW program were completed.

Major developments initiated in 1968 included
the main fuel pump for the GE4 engine being de-
veloped by General Electrie for the Boeing super-
sonic transport. Of major significance, also. was the
hvbrid control for the ST9 engine being developed
by Pratt & Whitney Aircraft. This concept is an
extension of several years of research and develop-
ment carried on bv Chandler Evans in hvbrid elec-
tronic configurations.

New rescarch and development programs were
initiated for advanced vehicular turbine controls, a
control/pump for a General Electric 15.000-kilo-
watt power plant, and fuel pumps for the Pratt &
Whitney Aircraft J[TF22 engine being developed
for the FX and VEX aircraft and the General Elec-
tric CF6 engine for the McDonnell Douglas DC-10.

The Chandler Evans facilities located at West
Hartford. Connecticut, consisting of a modern uni-
level plant occupying over 310,000 square feet,
were being expanded to incorporate new engineer-
ing labs and production test facilities. The company
cmployed at vear-end more than 1.900 people and
had ficld offices in Dayton. Ohio; Los Angeles,
California; Seattle, WWashington; and Munich,

Germany,

CONTINENTAL MOTORS CORPORATION

The healthy demand for Continental aircraft en-
gines and sparc parts continued through 1968 with
Continental Motors Corporation again supplying a
large portion of the total engines delivered to the
general aviation industry.
Continental’s major customers in the general
aviation field were Cessna Aircraft Company and
Beech Aircraft Corporation. Contineqtal Motors
was also powering models of aircraft built by
numerous other companies throughout the world
including Beagle Aircraft Ltd., Bolkow Entwick-
lungen, Britten-Norman Ltd., Reims Aviation and
Sud Aviation. These aircraft covered a wide range
of uses, from single-seat agricultural models to
aireraft used for commuter airlines, personal trans-
portation, cargo, corporate and private travel and
similar activities.

The demand for Continental's 375-horsepower
geared turbocharged GTSIO-520-D engine, utilized

in Cessna’s prcssurizcd Model 421 introduced in
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1967, and the company’s 300-horsepower TSIO-
520-E. installed in Cessna’s Model 401 and Model
402 aircraft, was significant. Also noteworthy was
the demand during 1968 for Continental’s 10-520-C
engine which powers the twin-engine Beecheraft
Baron, and the 1I0-520-B utilized in the new larger
version of the twin-engine Beccheraft Bonanza.

Continental-powered Cessna and Beech general
aviation type aircraft continued to serve American
armed forces for forward air control missions. pilot
training programs, aerial supply, photorcconnais-
sance and other purposes. Typical were the military
version of the Cessna Super Skymaster, designated
by the military as the O-2 scries, and the T-41
series, basically Cessna Model 172s.

Continental Motors” Zero Time remanufactured
aircraft engine program, under which owners of
Continental-powered  aircraft can exchange their
original engine for a like model factory-remanufac-
tured power plant that has been restored to new
engine standards, also made a significant contribu-
tion to total business volume. Work conducted
under this remanufactured engine program was
accomplished at Continental’s Mobile, Alabama,
tacility.

Continental Motors™ successful licensing agree-
ment with Rolls-Royce of Crewe, England, was in
its eighth year. Under this arrangement, Rolls-
Royce manufactures and sells certain Continental
aircraft engines used by airplane producers in
Europe and elsewhere in the eastern hemisphere.

Continental’s extensive aircraft engine design and
development program continued during the ycar.
One particularly significant new program was ex-
pected to provide aircraft engines featuring a sub-
stantial improvement in weight-to-horsepower ratio.

CONTINENTAL AVJATION AND ENGINEERING
CORPORATION

Government contracts for production of Conti-
nental Aviation and Engineering’s J69 series gas
turbine engines and spare parts, for related over-
haul and retrofit, and for component improvement
programs accelerated significantly during 1968, ac-
counting for the major portion of new business
received.

Orders for J69-T-29 and ]69-T-41 engines, which
power Ryan Aeronautical Company’s tri-service
subsonic Firebee jet targets and drone systems,
were particularly noteworthy. The J69-T-29 engine
has a rated thrust of 1,700 pounds and the J69-T-41
has a thrust of 1,920 pounds.

Also significant were orders during the year for
the company’s J69-T-25 engine with rated thrust of
1,025 pounds. This power plant is utilized in
Cessna’s T-37 twin-jet military trainer aircraft.

Three important milestones were achieved during
the ycar by CAE’s advanced 1,840-pound-thrust
Y]69-T-6 engine, designated by the military as the
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Y]69-T-100, which powers prototype models of
Rvan Acronautical Company’s supersonic Fircbee
IT jet target drone svstem. The Firehee 1T made its
first supersonic flight in Junc. reaching speeds in
excess of S00 miles per hour. In September the
Firebee 11 reached its design speed of Mach 1.5
(1,000 miles per hour). In both of these test flights,
the Firebee 1 was air-lianched from a modified
Navy patrol bomber.

Also in September, the third inajor milestone for
the Firebee II was reached when the successful
first ground-launch of the supersonic acrial target
was achicved. The pilotless jet aireraft was Linched
from a standard Firebee short-ruil ground launch
pad with assistance of an ll.()()l)-pmu1(1-Hn'usl
JATO bottle. Rvan was flight testing 1L prototypes
of the supr'rson'ic Firchee 11 under contract to the
Naval Air Systems Command.

Continental Aviation and Engincering was also
actively engaged in designing new turbine engine
gas generator concepts for the Air Foree. These
developments in sophisticated advanced  design
were expected to enhance CAE's present series of
turbojet engines and to represent sienificant ad-
vances in the state of the art. Additionally, CAE
entered into several new svstem concept studies
with the Air Force and industry and was actively
pursuing the power plant requirements of these
projects in their carliest stages.

Continental Aviation and Engincering announced
in December 1967 that it would establish a turbine
engine manufacturing activity at a  government-
owned plant in Ncosho, Missouri. Following start
of operations in March 1968, this facility was in-
volved with turbine engine overhaul. the manufac-
ture of turbine engine .;pm'c parts, and the produc-
tion of turbine engine gears for use in CAE’s ]69
series gas turbine engines manufactured in Toledo,
Ohio. The 350,000-scjuarc-foot  Neosho facility
possesses considerable turbine engine manufactur-
ing and test capability, plus the potontial for future
cxpansion.

CURTISS-WRIGHT CORPORATION

Curtiss-Wright Corporation is a first-tier supplier
of a wide varicty of aerospace components. Cor-
porate headquarters are in the Wood-Ridge (New
Jersey) Facility at One Passaic Street.

Other facilities are located in Caldwell, New
Jersey; East Paterson, New Jersey; Buffalo, New
York; Cleveland, Ohio; Long Island City, New
York; Hempstead, Long Island, New York; To-
ronto, Canada; St. Louis, Missouri; Carlstadt, New
Jersey; Jersey City, New Jersey; Smithtown, New
York; Addison, Illinois; Los Angeles and Vernon,
California; and Windsor, Connecticut.

Curtiss-Wright completed 2 significant acquisi-



tions in 1965, The Comet Tool and Die Company of
St. Lonis, Missouri. and the Metal Improvement
Company ¢ New Jersev) were purchased and were
being operated as wholly owned subsidiaries.

Comet is a leader in the profile milling of air-
frame parts in the Midwest, providing a supplement
to Curtiss-\Wright capabilitics in this field provided
by the Zarkin Machine Company. which was ac-
quired in 1967,

Metal Tiprovement Company was engaged  in
shot peening and the manufacture of shot-peening
cquipment. Shot peening is a process emploving
fine round shot to work the surface of metals and
improve their faticue life. MIC was operating plants
in Carlstadt and Jersev City, New Jersev, Windsor.
Commecticut, and Addison. Hlinois. Its subsidiaries
are Metal Tmprovement Company. a Delaware
corporation. of los Angeles. California, and Bo-
Chemn Corporation of Vernon, California. The com-
panywas in the process of establishing a new facility
on Long Island to serve customers in that arca. Its
principal customers are industrial companies and
major airtrame manufacturers engaged in the de-
sign and manufacture of advanced commercial and
military jets.

During 1965 the Wood-Ridge (New Jersev) Fa-
cility shipped the first production landing gear
components for the Boeing 747 jumbo jet, under
contract to Cleveland Pneumatic Tool Company, a
subsidiary of Pneumo Dyvnamies Corporation. prime
contractor for the landing gear system. Produced at
the \\'()()d—l{idgo Facility. the parts comprising once
shipset include one nose steering collar assembly: 8
main axles and one nose axle: and § tow fitting
assemblies, which are used for handling the aireraft
on the ground.

Wood-Ridge was performing work under a con-
tract from General Electric to manufacture major
pressure vessels and head assemblies for naval
propulsion svstems. An existing building at Wood-
Ridge, formerly used for the manufacture of rocket
cases {or the Titan I, was heing renovated and
expanded to accommodate this work.

\\’()()(I-Ri(lgc also delivered the first of 2,000 tur-
bhine engine dises being made by Curtiss-\Vright for
the Aveo Lyvcoming Division’s T53-13 twin gas
turbine engiﬁc. :

The Caldwell (New Jersev) Facility received an
order to engineer and fabricate landing gear actua-
tion svstems for the U.S. Air Force C-5 transport.
These systems transmit power and actuate landing
gear and landing gear doors. They include actua-
tors, gear boxes, shafting and hydraulic and electric
drive units.

Curtiss-\Wright  was  selected by Lockheed-
California to design and produce the trailing edge
flap actuation sys\tem for the Lockheed L-1011 air
bus jetliner. The system, which operates the in-
board and outboard flaps. consists of power drive
units, gearboxes, shafting ball screw actuators and

bl

75

INDUSTRY

related controls. The work will be done at the
Caldwell Facility.

The electronics capabilities of the East Paterson
(New Jersey) Facility were being emploved in a
major U.S. Army contract for surveillance equip-
ment. The contract was for a Tactical Imagerv In-
terpretation  Facilitv  (TIIF). A prototvpe was
delivered to East Paterson. It is housed in an ex-
pandable van-type truck and is composed of a
viewer computer. a Field Artillery Digital Auto-
matic Computer (FADAC) and numerous stereo-
scopic and optical elements. It is used for photo-
graphic interpretation to furnish tactical information
to military intelligence. It will perform numerous
missions. such as updating of maps. surveving troop
movements. new installations and fire control mis-
sions.

The Buffalo Facilitv continued to specialize in
extrusions, forgings, castings and precision engi-
neered products. Development of the extruded
titanium, integrallyv stiffened wing panel sections
continued, in conjunction with the USAF and
Lockheed program for subsonic and supersonic
aircraft applications.

Buffalo embarked on a major expansion program
involving the machine and forge shop areas of the
Turbo Products Operation and the foundry. Im-
provements include additional forge and machining
equipment and construction of a new building to
expand the machine shop area.

On order were new machine tools, including the
latest profile milling units and tape-controlled mill-
ing and drilling machine tools. The forging capa-
bilitv at Buffalo was to be enhanced by the addition
of a 1.000-ton and a 2.500-ton forging press, a
6.000-pound forging hammer. and related support
equipment such as furnaces. Additional electrical
discharge machines were to be put into operation.

An additional contract from General Electric for
vane platforms for the TF39 turbofan engine which
powers the U.S. Air Force/Lockheed C-5 was to be
filled at Buffalo. The facility also received an addi-
tional contract to make parts and components for
other GE engines.

Marquette Metal Products Company, Cleveland,
Ohio, continued to produce compact precision
spring clutches for appliances, marine equipment,
office cquipment, and a variety of other applica-
tions. Marquette, a wholly owned subsidiary, was
also manufacturing textile spindles, governors, air-
craft and marine use windshield wipers, automatic
speed control devices, swench wrenches and mis-
ccllaneous components for the aerospace and auto-
motive industries.

Zarkin Machine Company, Long Island City,
New York, broke ground for a new 100,000-square-
foot building. It was to have 5- and 10-ton capacity
cranes running the length of the manufacturing
arca. Automatic chip conveyors, which collect cut-
tings from the machines and convey them out of
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the plant, were to be installed. Twelve numerically
controlled profile millers were to be purchased and
installed, along with 8 or 10 other machines trans-
ferred from the Long Island City Facility. The new
facility will be capable of performing profile milling
of steel, aluminum, magnesium, and titanium forg-
ings or castings for major acrospace structural
elements.

In 1968 Zarkin delivered the first numerically
machined F-111 bulkhead to MceDonnell Douglas
Corporation for use in the crew escape module of
the aircraft.

Target—P\ock Corporation, of Hempstead, New
York, continued to produce specialized valves and
fittings for nuclear marine, petrochemical and in-
dustrial applications.

Canadian Curtiss-Wright, Ltd.. Toronto, ac-
qquired Design Team Leasing Ltd., and subsidiarics,
also of Toronto. DTL, through its offices in Toronto;
Montreal and Detroit, makes available designers
engineers, and draftsmen on a leased basis fo;'
special projects for temporary assignments to clients
in a variety of technical fields.

Canadian C-W has also signed a contract to
market an air-cooled, 2-stroke gasoline engine of
Japanese manufacture for use in snowmobiles and
for other recreational and industrial uses.

Development  of  the Curtiss-Wright Rotating
Combustion Engine continued. RC engines manu-
factured by Fichtel & Sachs of West Germany were
being marketed by Curtiss-Wright for use in snow-
mobiles. Three major snowmobile manufacturers
were offering the 20-horsepower engine as an op-
tion and over 4,000 units were expected to be sold
in 1968.

FAIRCHILD HILLER CORPORATION

The development of a gunship for close troop
support, the successful deployment in space orbit
of an antenna system taller than the Empire State
Building, and the winning of an award to compete
for the design of Applications Technology Satellites
F and G were among the highlights of 1968 at Fair-
child Hiller Corporation.

The gunship was actually a modification of the
Fairchild Hiller C-119 Flying Boxcar, a Korcan War
transport. The modification, by Fairchild Hiller’s
Aircraft Service Division, was, the Air Force re-
ported, one of the quickest such efforts in Air Force
history.

The huge antenna array was but onc of 4 major
systems designed and built by the company’s Space
and Electronics Systems Division for the National
Acronautics and Space Administration’s Radio As-
tronomy Explorer satcllite, RAE-1. Stored in con-
tainers about the size of a woman’s purse, the
antennas were deployed on signal from earth to their

76

750-foot length, forming a giant X 1.500 feet from
tip to tip. Launched in July, they picked up low-
frequency radio waves—normally blocked from the
carth by the ionosphere—from deep space and were
(rxp(‘ct(‘(l to give scientists clues to the sun's role in
the carth’s radio storms and to enlarge man’s under-
standing of radio noises in our galaxy. Besides the
antenna arrav. the division developed the RAE's
structure, its solar array paddles. and the 630-Toot-
long libration damper hooin.

In the competition for the Applications Technol-
ogy Satellite. NASA selected Fairchild Hiller to
head one of the 2 teams to propose a design for 2
satellites which will be placed in stationary orbit
and will carry out a number of conmmunications and
scientilic experiments. On the IFairchild Hiller team
are 1BM, Honevwell and Philco-IFord.

The company’s Space and Electronics S)'sl('ms
Division also designed and constructed for NASATs
Lewis Research Center the Space Support Unit of
the Space Electric Rocket Test satellite. The Sup-
port Unit contains the “brains” of the satellite: the
telemetry, command, power, data storage, and atti-
tude control systemns. SERT will he a 6-month-long
test of a mercury bombardment jon thruster system.

Fairchild Hiller was active in other space activi-
tics, including the design of a waste management
system for the Manned Orbiting Laboratory, ther-
mionic energy converters, and clectrical propulsion
systems; the design and manufacture of thermal
louvers for the Orbiting Astronomical Observatory;
solar ccll arrays; and pressurc regulators, pressure
switches, cryogenic valves and disconnect couplings
for a varicty of satellites, rockets and boosters. In
addition, the company’s quick-response Technical
Services Division continued to provide scie‘ntiﬁc,
engincering and technical support to N./\SA’.s" Space-
flight Integration and Sounding Rocket Division and
to other NASA facilities for special programs.

In aircraft, the company marketed the ’FI'I—2‘T7.7, a
55-passenger propjet used by the nation’s regional
airlines, its smaller sister, the F-27, and ‘thc newer,
purc-jet F-28, and was cooperating with S\\'earmg'cn
Aircraft, San Antonio, Texas, in @ prop()sal to build
the Metro, a 20-passenger airliner designed espe-
cially for the air commuter.

Besides transport aircraft, the company manu-
factured helicopters and STOL airceraft. To its 1111?
of turbine jet executive and utility FI1-1100 heli-
copters, Fairchild Hiller in 1968 added an ambu-
lance configuration, enabling the aireraft to carry 2
litter patients plus medical attendant and pilot. Its
STOL aircraft, called the Heli-Porter, can take off in
as little as 150 feet and land in 100 feet and can
carry 6 passengers or a ton of cargo.

Fairchild Hiller served as a major subcontractor
in aircraft manufacture.

For Boeing, the company was manufacturing
wing control surfaces and air turbine drives for the
747 superjet. In addition, the company was assigncd










by NMeDomnell Douglas for development and pro-
duction of the environmental control svstem for the
DC-10 trijet.

AiRescarch was producing similar systems for the
MeDonnell Dounglas DC-9, the Bocing 707, 720.
727 and 737, the Grumman Gulfstream T and 1T and
numerous other airliners and business aircraft. The
division was also heavilv engaged in building svs-
tems for military aireraft including the Lockheed
C-3A0 C-141 and F-104. the MceDonnell Douglas
-4 series, the Northrop F-5 and the General Dy-
namics F-111,

In its expanding electronics activities. AiResearch
began in 1965 to develop an all-digital central air
data computer. By vear-end the svstem was being
demonstrated in breadboard form to airlines. As a
result of this development. the division was selected
by American Airlines to build 2 prototyvpe svstems
for flicht testing aboard a 707 jetliner. The solid-
state svstem is expected to afford a higher degree of
reliability and accuracy than present analog svstems,
vet he lichter and smaller. AiRescarch has produced
more than 7.000 central air data svstems for numer-
ous high-performance aireraft.

Another clectronies product. Aireraft Integrated

Pata Svstems (AIDS). was in full production.
American,  Alitalia and CP airlines were using
versions of the AIDS. The AIDS automatically
monitors seleeted engine and aircraft svstems per-
formance and records the data for later analysis by
ground computers. The svstem is an invaluable
maintenance tool for assessing systems performance
and phyvsical condition.
. Under USAF contract, AiResearch was develop-
mg an advanced airborne AIDS for present and fu-
ture homl)(*r-typc aircraft. This svstem, which may
use an on-board computer, will afford real-time
assessment of subsvstem health in addition to long-
term trend analvsis.

Other notable highlights for AiResearch in 1968
included delivery of the first central air data com-
puter for the advanced version of the A-7 Corsair 11,
Eventual production of this system could total more
than 1,100 units. AiRescarch’s first turbogenerator
installation on an offshore oil production platform
was completed in 1968; a new crvogenic refrigera-
tion system for commercial airliners was installed
and flown on a Western Airlines Boeing 737; and
the company announced development and first or-
ders for a new all-plastic cabin pressure system for
light aircraft.

GARRETT-AIRESEARCH PHOENIX

The Garrett Corporation’s second largest division,
AiResearch Manufacturing Company of Arizona,
Phocnix, continued a spiraling growth cycle which
saw previous production highs exceeded month in
and month out.

Pacing the growth was an increasing sales back-
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log which at vear’s end stood at record level. All
major production lines, gas turbine engines, air
turbine starters and motors. and pneumatic valves
and controls, shared in the expanding sales market.

In the gas turbine market. AiResearch reinforced
its position as the major U.S. manufacturer and
supplicr of small turboprop aircraft engines for busi-
ness/commercial and military applications with the
addition of an 840 shaft horsepower option to its
TPE 331 family of turboprop engines. Horsepower
options to mcet varying customer needs are now
offcred in a range from 373 to 840 shaft horsepower.
and higher horsepower ratings are being readied.
The 840 shaft horsepower TPE 331 turboprop en-
gine powers the USAF C-10A version of the Hand-
ley Page Jetstream.

In the military prime mover field. AiResearch con-
tinued producing a military version of its TPE 331
commercial engine, the 7135 shaft horsepower T76,
which powers the North American Rockwell tri-
service OV-10A Bronco light multimission aircraft.
The OV-10A entered combat service in Vietnam in
Julv 1968 with the U.S. Air Force and Marine Corps.
Orders placed for additional T76 engines in 1968
boosted to more than $28.000.000 the total value of
AiResearch engines delivered or on order for the
OV-10A.

Broadening its role in the prime propulsion en-
gine market, AiResearch in July announced its entry
into the small helicopter turbine engine field with
a new 220 shaft horsepower turboshaft engine, the
TSE 36-1. An initial order for 500 of the new engines
was placed by Enstrom Corporation for its new
T-28. 2-3 place version of its piston-powered
F-2SA. The TSE 36 marks the lower end of the
AiResearch prime mover power spectrum, which is
anticipated to extend eventually upward to 2,000
horsepower.

Following the pattern of 1967, AiResearch ex-
tended its earlier lead in airborne auxiliary power
units beyond the huge new Boeing 747 and Lock-
heed C-5 aircraft to the new McDonnell Douglas
DC-10, which can accommodate well over 300
passengers. AiResearch was also providing APUs
for McDonnell Douglas’ highly successful short-to-
medium-range twin-jet DC-9, purchased by more
than 30 airlines around the world.

In the field of pneumatic—powered actuator and
control systems, AiResearch during the year was
awarded contracts in excess of $22,000,000 for The
Boeing Company’s new 747 superjet. Under the
contracts, AiResearch will supply air turbine motor
powered wing leading edge flap actuators and ac-
tuators for main engine fan turbine thrust reversers.
The fan thrust reverser system embodies a newly
developed, lightweight, positive displacement air
motor and a new concept of high-speed driv.e
through lightweight flexible power shafts. An air
turbine motor also drives an electrically synchro-
nized, pneumatic-mechanical kneeling drive system
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for the giant Lockheed C-5. Installed on cach of the
C-5’s 4 main landing gears, it permits the C-5 to
kneel to ideal cargo-handling height. Within 2 min-
utes a fully loaded 769,000-pound C-5 aircraft can
be raised or lowerced 39 inches.

AiResearch continued development of MUST
hospital components as additional MUST hospitals
were deployed to Vietnam in support of Army and
Marine units. Under test were X-ray, food service,
pharmacy and dental units; prototype water recy-
cling and waste disposal systems were scheduled for
delivery to the Army by year’s end. Within the next
5 years, the Army plans to have cquipped all active
field medical units with MUST (Medical Unit, Self-
Contained, Transportable) portable hospitals.

In the advanced power systems field, AiRescarch
remained active in 1968. Declivered to the NASA
Lewis Research Center, Cleveland, was the first of
4 Brayton rotating units. Consisting of a compressor,
turbine and high-speed alternator, all mounted on
a single shaft and supported by gas bearings, the
Brayton rotating unit is the heart of an electrical
power generating  device being investigated by
NASA. The hermetically scaled system generates
power outputs of from 2.25 to 1.5 kilowatts at a
consistently high level of efficiency. In addition to
space applications, a Brayton power system offers
possibilities for silent power genceration for military
applications; as source of deep ocean  cleetrical
power for underseas vehicles, habitats and com-
mercial underseas endeavors; and for long-duration
unattended terrestrial power gencration.

GARRETT-AIRESEARCH AVIATION DIVISION

The year 1968 was another growth year for Gar-
rett’s AiResearch Aviation Division, with business
reaching a new high. With deliveries of the Grum-
man Gulfstream II coming off the line, both the
Los Angeles and Long Island completion centers
were operating to heavy schedules. In addition to
Gulfstream II completions, a record volume of
DH125. JetStar and Falcon interior and avionics
completions was set during the year. Helping to
make this possible was an unprecedented contract
for 10 Falcon completions, signed with Pan Am,
The majority of these Falcons were being completed
at the Long Island MacArthur Airport filcility.

The highly successful Merlin program continued
to gain momentum with the new Merlin 1IB. The
latest version is equipped with Garrett-AiRescarch
TPE 331-1-151G turboprop engines, resulting in a
significant increase in performance. To keep pace
with the program, AiRescarch established a national
sales force devoted entirely to the Merlin program.
The addition gave AiRescarch Aviation a total of
3 sales groups: one sclling custom interior and
avionics completions; one selling the Hawker Sid-
deley DITI25 and the Grumman Gulfstream [ and 11,
and one seliing Merlins. Most recent addition to the

80

Merlin group was a Dallas sales office. In addition.
a network of Merlin service centers was established
across the cowntry,

During the '\'oz'n' AiRescarch Aviation introduced
an inmovation in business aviation m;n'kvting: a
whirlwind tour around the country to give corporate
operators an ()ppm'llmit}' to sce some of the latest
concepts in corporate aireraft equipment. Shown,
for the first time in most places. was the Gulf-
streann T In addition, a DITI25 with a new interior
concept and a Merlin were displaved. By (-()mbiping
the great amount of interest generated by the Gult-
stream T with the wide spectrum of business flving
requirements covered by all 3 airplanes, the (lisl?lal}'
drew wide altention among top level excecutives
and aviation personnel.

GARRETT-ATR CRUISERS DIVISION

During 1968 the Air Cruaisers Di\'isiqn continued
its expansion in production volume \\'lnf'h has been
occurring over the past few vears. I',mp]o'\"mf'nt
reached a new high, and a new factory building
scheduled to be in operation betore the end of the
year was started in midyear. Sales and ]);}(-HO{-’, for
the year were expected to surpass 41'11‘])11‘\'1‘?“5 ,‘i""‘rs_
(1(*5131’&\ a steep increasce in competition throughout
the industry. o y

Air Cruisers is engaged primarily in the ‘d(mgn
and manufacture of inflatable survival cquipment
for the air transportation industry and \:"u'.lf)l.ls“],ml\li
tary agencies. It is the largest pr()duccr of z'm-m at; (‘
shelters in the country. Volume Pr()(hw“fm on the
famous MUST hospital shelters (.Z\Iodlcul Ul].lt,
Sclf-Contained, Transportable) contmuc(.l 111§ an -mi
creasing rate. The shelters 11;1\'.0 l)ccn. “'1_(.0 Y u?_c;](l
as ficld hospitals in Vietnam in con]unc‘tl;)l.l. :\.1]
other types of cquipment produccd' by Ail (M, dl\C 1
Manufacturing Company of Phocnix and L]OS 11]11-
geles. These field hospitals have been dvscnx)(r(‘ )y
the Surgeon General of the U.S. Army as the B (ll;)t(;
est forward step in combat ficld medicine In

cars.
¢ The year marked the first time that the MIIJ'S'T
concept developed by Garrett was ?Old fox:.n[.)‘p Lo
tions other than field hospitals. Al}' Crmscxsl'\g?sl
Sllpplying to Philco-Ford Corporatlf)n .21 moc 1‘ ((
dcsign for use as tactical air commumcz}tlon .c.cnt_e'l S.
This breakthrough added to the pOtCntml utilization
of this new product line of Air Cruisers. .

Again in 1968, as in the year before, Alr Crm‘s}ei's
participated in keen competition for the mﬂata‘)'c
survival gear furnished by the Lockhccd—_Comgla
Company to be carricd aboard the new Air Force
troop carrier, the C-5A, and won cach of these
competitions with resultant contract awards for n-ll
life rafts and cvacuation systems utilized on this
aircraft.

Air Cruisers’ expanded engincering department
accomplished additional development work for the



new ciant aireraft. such as the Boeing 747, MceDon-
nell Douglas DC-10 and Lockheed L-1011. A sig-
nificant result of this development work was a dem-
oustration in May at Barbados. B.\W.L. for the
Tochnical Committee of the International Air Trans-
port Association. of a new concept for passenger
aircratt evacuation. Custom models for cach of the
major aireraft utilized by the world's airlines today.
as well as tor the future giant skv carriers. should
result in a continuing high rate of activity for the
Air Cruisers Division.

Of significant note in 1965 was a change in the
forcign representation for Air Cruisers” products.
Airsupply International. a subsidiary of the Airsup-
plv (I()mp;my (another Garrett division), now pro-
vides this service in 26 countries.

GARRETT MANUFACTURING LIMITED

Garrett Manufacturing Limited, Rexdale. Ontario,
the Canadian subsidiary of Garrett, experienced con-
tinued growth in 1968, Both sales and backlog in-
creased. as did mnplo\'mmll‘, which exceeded 500
carlv in the vear. '

\Iz}jm' clements in the expansion were the setting
up ol a thin film microminiature electronics rescarch
and d(‘\'vlopmvnt and pro(luction capability, and the
expansion of traditional product arcas into a wider
range of applications and markets. The micro-
clectronices facility should assist GML in continued
advancement of state-of-the-art development in all
areas.

Significant product developments  included  a
downed aireraft locator emergency beacon; both
digital and cam driven programmable pneumatic
signal generators, for which major contracts were
received; and static inverters for Army vehicle land
navigation systems and the general aviation market.

Other arcas of interest included weather data
acquisition systems for airport installations and
1‘101'i'/,(m bar cquipment for helicopter assist in land-
INg on a carrier.

Garroett I\'Immfucturing marine activity expanded
with the addition of new deck machinery products
such as towing and mooring winches.

Diversifieation of product line activity continued
not only in development and manufacturing but
also in the overhaul area.

GARRETT-AIRESEARCH INDUSTRIAL DIVISION

AiRescarch Industrial Division of Los Angeles
Cnlarged its facility for the sccond time in 2 years.
The addition of 20,000 squarc feet of manufacturing
space was the result of increased demand for air-
craft and industrial turbocharger systems, each of
which is designed for a specific engine application,

Popularity of these systems for general aviation
continued to grow and several new applications
were undergoing test and FAA  certification. In
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1968 Piper introduced its popular Navajo, equipped
with an AiResearch turbocharger system. A number
of models offered by Cessna. Beech and Mooney
have comparable installations. Some include cabin
pressurization, a bonus benefit provided by turbo-
charging.

After one year of operation. the remanufacture-
exchange program for svstem components demon-
strated its merit in fast, economical service to air-
craft distributors and owners.

GARRETT SUPPLY DIVISION

Garrett Supply Division, which has been serving
industry in southern California and in Arizona for
more than 30 years, added new lines and greater
inventory to handle growing customer sales. New
automated material handling equipment greatly
increased efficiency in the number of orders handled
per day.

Garrett Supply had well over a hundred of its
customers on the data phone purchasing system,
adding more each month. This svstem lowers the
cost of purchasing for the customer. eliminates errors
and has been a time- and cost-saving innovation.

With the Arizona industry moving forward, the
Phoenix branch of Garrett Supply also added peo-
ple and inventory.

Early in 1969 the firm planned to open an East
Coast operation.

Garrett stocked more than 100 famous brands of
industrial tools and supplies. ranging from tools,
power transmission equipment, grinding wheels
and machine tools to office furnishings.

GARRETT-AIRSUFPPLY DIVISION

The Garrett Corporation’s Airsupply Division,
headquartered in Santa Monica, California, fur-
nishes sales engineering and distribution services on
a nationwide basis for suppliers of aircraft and
acrospace equipment.

In 1968 the division extended its area of sales
coverage into western Europe. Airsupply Interna-
tional, a new Garrett subsidiary, was formed to
handle the European operations. The subsidiary will
establish offices in all key European cities, utilizing
the established facilities of Garrett International
S.A., another Garrett subsidiary. The new firm’s
headquarters are in Plainview, New York.

GENERAL DYNAMICS CORPORATION

With military and space work accounting f(.)l' ap-
proximately 85 percent of more than $2 billion in
sales, General Dynamics Corporation in 1968
marked new successes in several major aerospace
programs and in space exploration.
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More than 100 F-111 variable-sweep-wing air-
craft had been produced by General Dynamics by
the end of the year and had accumulated more than
15.000 flight hours in test, training and combat.
Early in the yecar United States Air Force F-111As
were ferried to Thailand and flown in combat for
the first time. In July the first production version
of the Strategic Air Command’s FB-111A strategic
bomber made its first flight. Two months later the
first of 24 F-111C strike aircraft was formally ac-
cepted by the Royal Australian Air Force. ’

In space. General Dynamics’ Atlas Standard
Launch Vehicle 3 (SLV-3) continued an outstand-
ing record of successful flights. Coupled with Agena
and General Dynamics’ Centaur upper stages, Atlas
SLV-3s had boosted 60 National Acronautics and
Space Administration and USAF vchicles from the
pad by the fall of 1968. Manufacture of the ad-
vanced versions of the SLV-3—SLV-3A and
SLV—SC—began late in 1967 and continued into
1968. The SLV-3A and SLV-3C, developed for more
demanding future missions, were assigned for Orbit-
ing  Astronomical Observatory (OAO), Applica-
tions Technology Satellite (ATS) and Mariner
Mars 1969 flyby missions.

In August, General Dynamics received an esti-
mated $500.000,000 order from McDonnell Douglas
to build the major portion of the fusclage for the
DC-10 trijet commercial transport,

In missilery, production continucd on the U.S.
Navy’s Standard missile and the U.S. Army and
U.S. Marine Corps’ Redeye shoulder-launched anti-
aircraft missile. Redeye production reached a rate
of 1,000 missiles per month. General Dynamics also
was awarded a contract by USAF to begin testin
an air-launched version of Redeye called RAM
Production of an improved version of the Standar(j
Antiradiation Missile (ARM) was started for the
Navy and USAF. In addition, the company was
named by the Navy as one of 3 industrial team
leaders to compete for the engincering development
phase of the billion-dollar Advanced Surface Missile
System (ASMS) fleet air defense program.

By year-end, 5 Canadair CL-215 twin-engine
amphibious water-bombers were in flight testing
The airborne fire fighter, already purchased from'
General Dynamics’ Canadian subsidiary by Cana-
dian and French governments, was scheduled for
certification in December. Production of 115 CF-5
tactical support fighter aircraft for the Canadian
Armed Forces and of another 105 NF-5 ajrcraft for
the Royal Netherlands Air Force proceeded on
schedule in 1968. Also on the production line, the
first of 3 CL.-84 V/STOL aircraft being manufac-
tured for the Canadian Armed Forces neared com-
pletion in December.

For NASA’s Project Apollo, 3 22,000-ton instru-
mientation ships built by General Dynamics played
key roles in the successful first flights of manned
Apollo spacccraft. Floating tracking stations in
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NASA's round-the-world network, USNS  Van-
cuard, Redstone and Mercury were positioned in
the Atlantic and Pacific to track Apollos 7 and S,
communicate with the 3 astronauts and relav in-
formation between the spacecraft and Houston. The
sea-going tracking stations were also scheduled to
be “on track™ for the manned lunar Tunding mission
expected in 1969.

In other electronies programs. General Dyvnamies
delivered the first production microclectronic tac-
tical air navigation (TACAN) svstems for installa-
tion in F-106 aircraft and the first acrospace ground
cquipment (AGE) stations in support of the stra-
tegic bomber version of the F-111. Deliveries of
AGE stations in support of the F-1TTA had begun
in 1967.

A major milestone was pnssv(l in the development
of the Navy's A-NEW advanced antisubmarine
warfare system in October when a Yl)'S.C Orion
made its maiden flight carrving the AN/ASA-TO
Tactical Disp]uy System d('\’('l()pvd by (l('m'}'u.l Dv-
namics’ Stromberg Datagraphics Inc., subsidiary.

FORT WORTH DIVISION

F-111 versions coming oft the assembly lines at
the Fort Worth., Texas, p]zmt at _\'(.'zu'-vnd were .tho
F-111A tactical fight(*r—l)onﬂ)vr for the Tactical
Air Command, the FB-111A strategic bomber for
the Strategic Air Command and tl'lv }7—1 11C .s;tril:-,o
Aireraft for the Royal Australian Air Foree. U:S;\I' s
RF-111 reconnaissance aircraft was engaged inex-
tensive flight testing throughout the year.

At the start of 1968, F-111As were being flown by
Tactical Air Command pilots at Nellis Air Force
Basce, Nevada, for combat training. In Fcbruary
1968 the first i7—1],1A detachment at Nellis success-
fully completed all 1'C(111i1'cd testing and trzuAm}mg,
This detachment exceeded its programmed flying
time and achieved the highest level {)f blind-bomb-
ing proficiency in Air Force experience
accident-free safety record. ot il

Throughout the training program, zm.cm t llltl 1/;?-
tion was ﬂpproximatCly 50 hours per month p(r.
aircraft. This utilization rate was unprecedented for
such an ecarly stage of aircraft dcvolopmicntr a‘nd
was higher than the utilization rates of }1111ts flying
other types of aircraft within the United States.
Betore deployment, Air Force crews l}zlcl accumu-
lated 3,382 hours during the flight training program.
Approximately 60 percent of all aircrew tra%nmg
was conducted at night and included low-altitude
training.

Operational F-111As were dcploycd first to S(.)utl?-
cast Asia. They arrived at Takhli Royal Thai Air
Force Base, Thailand, on schedule, March 17, 1968.
They flew more than 50 combat missions, most of
them at night and in bad weather, within about
2 months,

The first production version of the FB-111A stra-

with an



tevic bomber made its first flicht Julv 13, 1968, at
the Fort Worth division plant. Tt was in July 1967
thiat the development version of the aircraft made its
first flicht.

The FB-111A's fuselage is the same length as the
FF-T11A. but its wing span is 7 feet greater to pro-
vide added range and to permit a higher gross
weight, Tt also has a strengthened landing gear for
heavier loads and is equipped with advanced clec-
tronic: svstems for SAC missions. FB-111As were
scheduled to replace € through F series of the
B-32 nsed by Strategic Air Command.

The 17-111C strike aireraft for the Roval Austra-
liun Air Force took the spotlight in September. At
Fort Worth on September 4. the Roval Australian
Air Foree formally accepted its first F-111C from
the US. government. The Honorable Allen Fair-
hall. MP. Australia’s Minister for Defence. accepted
the aireraft,

The F-1T1C is essentially the same as the F-1114A,
except that the wing span is 7 feet greater for longer
ferry range and the landing gear is strengthened to
carry heavier gross weights.

Fortv-cight  RAAF  crew  members  undertook
IF-111 flight training during 196S at Nellis Air Forcee
Base, Nevada.

CONVAIR DIVISION

Earlv in 1968 the Convair division’s Centaur
2 burn upper stage with the Atlas booster com-
pleted a highlv successful performance in Project
Survevor with 7 consccutive flawless launches for
the 7 Surquor missions. For 1968 missions, NASA
chose Atlas-Centaur to launch Orbiting Astronom-
ical ()bscr\'nt()ry (OAO) and Applications Tech-
nology Satellite” (ATS) vehicles. The ATS mission
I August was unsuccessful. Although the Atlas
portion of the flight was flawless, Centaur failed to
restart its engines for a second burn following a
long 7Cro-g coast.

In addition to boosting Centaur upper stages,
Convair division’s Atlas vchicles launched other
payloads with a high degree of reliability. Through
mid-October there were 18 launches, 17 successful.
Atlas reliability as a space booster is 91 successes out
of 94 missions, with a 196S vear-end string of 42
consccutive successful launches.

Recycled Strategic Air Command (SAC) Atlas
missiles were used as boosters to launch several
Advanced Ballistic Reentry Systens (ABRS) and
4 Orbiting Vchicle 1 (OV1) scientific satellites.
Dual OV1 satellites were launched in 2 scparate
missions. On a 20-missile average, recycled Atlas
reliability was 90 percent.

The uprated, more powerful Atlas SLV-3A and
-3C replaced the SLV-3 completely in 1968. The
SLV-3A can be used with an Agena upper stage
and the -3C with Centaur. The first SLV-3A early
in 1968 successfully launched NASA’s Orbiting
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Geophysical Observatory (OGO-E); another suc-
cessfully launched a USAF payvload. By mid-Octo-
ber. 4 SLV-3Cs had been launched, all successtul.

The SLV-3A is 117 inches longer than its pred-
ecessor and can carry an additional 48,000 pounds
of propellant. With an Agena upper stage, it can
boost 1,450 pounds to escape velocity or a 985-
pound pavload to Mars. The SLV-3C is 31 inches
longer than the SLV-3 and carries an extra 21,000
pounds of propellant. Under a Centaur second
stage. it can launch a 2,900-pound pavload to escape
velocity or a 2.200-pound pavload to Venus or Mars.

The Convair division was chosen in August 1968
to manufacture a major portion of the fuselage for
the new advanced technology DC-10 trijetliner.

The contract, awarded by McDonnell Douglas,
will have a value of approximately $500.000.000 by
1975. An estimated 4.000 Convair division employees
will be assigned to the DC-10 program when pro-
duction reaches its peak. Convair will build all of
the fuselage except the nose and tail sections at
the division’s Lindbergh Field plant at San Diego.
Delivery of the first complete fuselage package to
McDomnell Douglas will be in late 1969.

Deliveries of empennage sections for the Air
Force C-5 jet transport continued. The sixth and
seventh empennages were scheduled for delivery
to the Lockheed-Georgia Company late in 1968,
on schedule.

Modification kits to convert 340/440 piston-
powered Convair Liner aircraft to turbine power
were sold to overseas operators during the year.
Four kits were sold to Lufthansa German Airlines,
which then sold converted aircraft to Air Algerie,
the national airline of Algeria. One kit was sold to
S.A. de Transport Arien (SATA), an air charter
firm in Geneva, Switzerland. A second kit was
scheduled for delivery to SATA late in the year.

POMONA DIVISION

Diversification of existing tactical guided missile
programs and concepts highlighted work at the
Pomona division in 1968. A contract to begin test-
ing of an air-launched version of the Redeye missile
(RAM) was awarded by the Air Force, and produc-
tion of an improved version of the Standard ARM
was started for the Navy and Air Force. In addition,
the Pomona division was named one of 3 industrial
team leaders to compete for the engineering de-
velopment phase of the Navy’s billion-dollar Ad-
vanced Surface Missile System (ASMS) fleet air
defense program. Production of the Standard missile
for the Navy and the Redeye missile for the Army
and Marine Corps continued, with the latter reach-
ing the 1,000-missile-per-month production rate.

The shoulder-fired Redeye missile, designed to
protect infantrymen from low-flying enemy aircraft,
was deployed in Europe by the Army. The 4-foot-
long, heat-seeking missile was also supplied to






Jhility ol surviving against a strong enemv air de-

i(']l\(‘: ‘ .

Twenty C1.-215 twin-envine amphibious aircraft
in fire fichting water-bomber conficuration were in
production for the Provinee of Quebee in Canada
and 10 for the Bepublic of France, Deliveries of the
aireraft were scheduled to start in the spring of
1964 just prior to the start of the forest fire season in
hoth countries. As a water-bomber the CL-215 loads
up G tons ol water injust 12 seconds by opening its
Lull tanks as it skims the surface of a lake or river,
I an average davs fire fichting: it can dump 435
tons of water in round trips from water source to
fire without retueline,

Canadair recently completed an order for 20
trainer tactical support versions of the CL-41 jet
trainer tor the Roval MMalavsian Air Force. The
company has built 190 of “the side-bv-side seat
training versions of the aireraft and thev are now
in service with the Canadian Armed Forcees.

Canadair has designed and built 2 ground-bhased
satellite antennas: one is in service for the Defence
Rescirelh Teleconmmunications Establishment near
Ottawa, and the other is to be in operation soon at
Bouchette. Quebee. The latter was built for Nor-
thern Eleetrie Company and Bell Telephone of
Canada and will be used in satellite communications
tests. Tt may become part of the eentral station in a
complex Arctic communications network,

- With design and engineering capability gained
from the satellite antenma work, Canadair i()?ﬂ(*d a
group including Northern Electrie Compunv of
Cuanadic and Hughes Aireraft Company of Calitornia
to develop, manufacture and arrange for the Taunch-
ing of satellites to meet Canadian communication
requirements.

. _111 a4 major move to continue its program of diver-
stfication and expansion, Canadair acquired in May
1965 the shares of Flex-Track Equipment Limited,
\\']11(-]1. in turn, acquired the tracked vehicle assets
of  Robin-Nodwell Manufacturing, Ltd.. both of
Calgary. The combined unit operates as a wholly
owned  Canadair subsidiary under the name of
Flextrack-Nodwell Limited, in Calgary,

FLECTRONICS DIVISTON

Three Apollo Instrumentation Ships (AIS) laden
with complex clectronics svstems provided by the
Electronies division of General Dynamics moved
out on station in the Atlantic and Pacific occans in
December 1968 to carry out kKey assignments in the
United States™ first manned :\'poHo lunar mission.

‘Th(‘ 3 “moonships.” cach carrving about 445 tons
of electronies, are the USNS \."(mgzmr(l, Redstone
and Mercury. The division was prime contractor for
the Apollo  Instrumentation Ships program and
supplicd 8 of the 12 major clectronics  systems
aboard cach ship. » -

The division completed the AIS program early in
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1968 with installation of a SATCOM (Satellite
Communication) svstem aboard the Vanguard at
the shipvards of the corporation’s Quincy division.
The 275-ton. 30-foot-diameter dish antennas aboard
the 3 ships enable them to receive and transmit data
from Apollo spacceraft to land-based mission con-
trol centers via carth-orbiting communications satel-
lites.

The Vanguard, Mercury and Redstone are sea-
going platforms which form the midocean links in
NASA's world-cireling tracking. data acquisition
and command control network for the Apollo pro-
gram.

The divisions computer programming and sys-
tems design and analvsis center in San Diego, which
plaved a major role in the Apollo ship program, re-
ceived a NASA commendation for its development
of the programming for real-time displays of raw
data transmissions from the ships to NASA's ground
stations in carlier Apollo missions.

Under contract to the Naval Air Svstems Com-
mand, the division also improved the capability of
another tracking ship. the USNS General Hoyt S.
Vandenberg. The division modified the ship’s radar
svstem to double its tracking ability and permit in-
dependent operation of 2 existing tracking radars.
The improved tracking radars were equipped with
automatic target acquisition and reacquisition. data
processing and recording and visual display systems
for identifving and tracking reentry and near-earth
orbiting vehicles.

Also in 1968, the first svstem capable of perform-
ing. in a single receiver. the functions of automatic
antenna tracking, telemetry data acquisition and
ranging to a satellite was developed and produced
by the Electronics division for the Satellite Track-
iﬁg and Data Acquisition Network (STADAN) of
the Goddard Space Flight Center. Until develop-
ment of the new Multifunction Receiver (MFR),
these functions required 3 separate receivers. The
first MFR was produced for installation at NASA’s
STADAN station in Rosman. North Carolina. Others
were being installed at primary STADAN stations in
Alaska, the Malagasy Republic and Australia.

The division’s San Diego operation was carrying
out another NASA contract to expand the capabil-
itics of 4 STADAN stations that support earth-
orbiting satellites. The 2-year program, begun late
in 1967, will extend the operational range of the
stations from 100,000-200,000 miles to more than
1,000,000 miles.

The first MISTRAM-B transponder to be carried
aloft on a missile flight was used for ground station
tracking of the successful Minuteman T flight
from Cape Kennedy on August 16. The new trans-
ponder aboard the 60-foot-long Minuteman IIT was
a compact radio receiver and transmitter package
which received signals from the ground station on
9 channels and transmitted corresponding signals

pd)

back to the cooperating MISTRANM station on earth,
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The frequency and wave forms of the signals were
used to provide trajectory data on the missile.
MISTRAM is a U.S. Air Force missile trajectory
measurement system. MISTRAM-B transponders
are produced by General Dynamics under Air Force
contract in support of the Minuteman III program.

Another advanced microcircuited transponder
was being produced by the division for use in Air
Force satellite programs. A half-dozen other major
electronics programs for acrospace systems applica-
tion were under way, including production of ter-
rain-following radar and a dual-mode radar for use
on operational military jet aircraft. In development
was a lightweight, multifunction airborne radar
for close support and counterinsurgency aircraft.

At the Electronics division’s Dynatronics opera-
tions in Florida, work centered on an advanced,
solid-state automatic telemetry tracking receiver for
use in STADAN operations.

To accommodate the steady growth of the divi-
sion’s activities, a new 100,000-square-foot assembly
plant was completed in the latter part of 1968 on a
217-acre site about 12 miles north of Orlando,
Florida, near the existing Dynatronics operation.

The Electronics division, a pioneer in tactical air
navigation (TACAN) development, delivered in
1968 the first production units of microelectronic
TACAN for use in the Air Force’s F-106 interceptor.
The division has a multimillion-dollar contract to
manufacture 350 micro-TACAN systems, the first
solid-state, microcircuited TACAN ever flown. B
year-end, the Electronics division had supplicd over
10,000 airborne TACANS for military use.

- Much of the division’s activity during the year
involved work on acrospace ground equipment
(AGE) for the F-111 program. The first AGE FB-
111A strategic bomber test station was shipped
from the division’s main plant in Rochester, New
K(();r}lé tor(I)?ort Worth 1in May. The multimillion-dollar
s g ot degn Gt

ntegrated test equipment for more
thar_l 200 types of airborne communications, radar
n'flv%gation, ﬂight control and weapons pene:trations,
aids for a variety of F-111 configurations,

The division’s antisubma
Rochester, New York, co
Department of Defense
radio receiving sets. The
variety of ASW aircraft,
water targets by the re

sonobuoys. The latest generation of the divisjon’s

sonobuoy receivers, the microelectronic AN/ARR.

72, was being supplied for use aboard th
- . N ’
new P-3C Orion antisubmarine warfare aiercraa;‘t/ys

rine warfare operation in
ntinued deliveries to the
of airborne AN/ARR-52A
S€ sets, carried in a wide
detect and track under-
ception of signals from

STROMBERG DATAGRAPHICS INC.

Early in 1968 the Data Prod
eral Dynamics’ Stromberg—Car]
sidiary was established as Str

ucts division of Gen-
son Corporation sub.
omberg Datagraphics
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Inc., a separate corporate entity within General
Dynamics™ Electronics group. A major market for
Stromberg Datagraphics products is the military
services, to which it sells command and control and
airborne display svstems.

A milestone in the development of the Nawvy’s
A-NEW advanced antisubmarine warfare system
was passed in October when the YP-3C Orion ASW
aircraft made its maiden flight carrving a prepro-
duction AN/ASA-70 Tactical Display Svstem. de-
signed and built by Stromberg Datagraphics under
contract to the Naval Air Svstems Command.

Quantity production of the .»\.\'/AS:\—'TO.Tucticul
Display System was begun in 1968 following com-
pletion of its development phase.

Stromberg Datagraphics display units were com-
pleted and installed in an A-3B airceraft engaged in
the Navy’s VS A-NEW Mod 5 uirhorpc A,S“.’ do\'clj
opment program. Mod 5 is the Navy's first VS
avionics flight test system and will be used to
demonstrate the feasibility. practicality and per-
formance of advanced A-NEW tcechniques in a
carrier-based aircraft system. Flight test of the
Mod 5 A-NEW system was under way.

A Mobile Tactical Exercise Control and Evalua-
tion System (MOTECS) was developed by Strom-
berg Datagraphics for the Naval Research and
Development Laboratories and evaluated l?y the
U.S. Marine Corps during amphibious exercises at
Camp Pendlcton, California. The system contam.cd,
an advanced version of Stromberg Datagraphics
SD 1090 display console. .

Late in 1968 Stromberg Datagraphics delivered
a flexible display control simulator systcm.to The
Boeing Company’s Aerospace Group for use in §tu(1y
programs directed toward determination of optimum
display paramecters required on future Airborne

Warning and Control System (AWACS) missions.

GENERAL ELECTRIC COMPANY

AEROSPACE GROUP

Aireraft Equipment Division

The beginning of 1968 saw the forma'tion of GE’s
new Aircraft Equipment Division, Whl.Ch was an-
nounced as a part of the General Electric Company
reorganization in late 1967. Charles W. George was
appointed vice president and general manager of
the new division; prior to the appointment, he was
the company’s vice president and general manager
of the Defense Electronics Division. Growth of the
former division necessitated a reorganization into
2 new divisions—the Aircraft Equipment Division
headquartered in Utica, New York, and the Elec-
tronic Systems Division with headquarters in Syra-
cuse, New York,

The Aircraft Equipment Division increased its



contribution to the defense and commercial aero-
space markets. A leading worldwide supplier of
acrospace clectrical and clectronic equipment, the
division during the vear made application of new
technologies—such as fv-by-wire flight  control,
lasers, low-light-level television. computed displays,
and solid-state rate sensors—which have opened
new ficlds for product development and growth,

Emploving more than 16.000 people at vear-end.
the division is comprised of -t product departiments
and an advanced svstems department. The depart-
ments and locations are: Acrospace Eleetrical Equip-
ment at Erie, Pennsvlvania. Lynn, Massachusetts,
and \\'a\)'11<'sl>()1'(), \'i'rginia; Acrospace lilectronics
at Utica. New York; Armament at Burlington, Ver-
mont, and Springficld, Massachusetts: Avionic Con-
trols at Binghamton. New York: and Advanced Sys-
tems and l’iunning at Utica. New York. ’

The Advanced Svstems and Plnning operation
SaW s first full véar of operation and markedly
strengthened the division's contribution to military
and commercial contracts for acrospace equipment.

he Acrospace Electrical Equipment Department
]1.;15 pProduct responsibility for the development, de-
SIEn and production of instruments and electrical
cquipment for aireraft and space applications. These
cquipments include navigation systems, fuel man-
agement systems, engine instruments, and cleetrical
svstems,

The department continued production of various

cquipments for commercial and military aiveraft, as
well as for certain space programs such as the
Lunar Module and SNAP-S.
 Eleetrical systems were delivered for the C-5A
Galaxy cargo aircraft, which made its first flight in
1968. The C-3A clectrical svstem consists of 5 gen-
erating channels, is capable of producing 400 kva,
and weighs approximately 400 pounds. This com-
pares with carlier systems weighing as much as 50
percent more per kva,
. The department introduced a new oil quantity
111(1ic;1ting system. GE developed a simple, light-
W(.‘ight, highly reliable clectrie dipstick with appro-
priate readout that providcs a direet measurement
of the quantity of oil contained in the tank being
measured,

DG\’(‘lopment work started on a self-contained
oxygen system for use on high-performance military
aircraft., Such a system will eliminate the need for
liquid oxygen facilities at remote bases. The key
clement in the system is an “oxvgen concentrator”
that will extract oxygen from jet engine compressor
blood air and will deliver pure oxygen to the pilot’s
tace mask on a continuous demand basis,

The department began work on the development
and manufacture of the main clectrical power gen-
crating system for the SST. General Electric over
the past 10 years has been developing and testing a
val'ial)lo~spoe(1, constant-frequency (VSCTF) clec-
trical system for aircraft application. The Boeing
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SST is the first aircraft to call specifically for a
VSCF system. The SST’s electrical facilities include
a 4-generator 60 kva variable-speed. constant-fre-
quency clectrical system.

A number of 1968 developments at the Aerospace
Electronics Department highlighted the division’s
activity in the area of lightweight electronic systems
and equipment which GE develops and manufac-
tures for a wide variety of mission requirements
covering detection. guidance and data processing.

Production of attack radar systems for the F-111A
and of new AN/APQ-114 radar svstems for the
FB-111 fighter-bomber version continued. The
F-111A aireraft was introduced into the U.S. Air
Force’s operational inventory in Southeast Asia dur-
ing the year.

The AN/APQ-113 and the AN/APQ-114 became
the latest production systems in a long line of radars
developed and manufactured by the division. Micro-
clectronics and solid-state circuitry were used ex-
tonsi\'cly in the new radar systems to meet stringent
size. weight and reliability requirements.

Delivery of production quantities began on the
guidance and control group for the Army’s new
Chaparral guided missile which will defend forward
arcas against attacking enemy aircraft. The missile’s
sophisticated heat-seeking ~sensor automatically
guides the missile after launch to the point of inter-
ception. This equipment contains some of the most
advanced infrared techniques available for produc-
tion today.

Significant electronic warfare hardware of the
barrage and deception type continued to flow from
the division to the Air Force in 1968. Other high-
activity programs were satellite command systems,
developmental work on the airborne early warning
radar for the Navy’s new E-2C aircraft, and signif-
icant production effort on the data processing sys-
tem for the Navy's P-3C antisubmarine warfare
aircraft.

In conjunction with GE’s work on military appli-
cations of low-light-level television, the division de-
livered 2 1,000-line-resolution TV cameras for
NASA’s Marshall Space Flight Center. NASA will
evaluate them for possible use in the Apollo Tele-
scope Mount (ATM). Designated UVR-700 Fc?cus
Projection Scanning vidicon cameras, ea.ch weighs
only slightly more than 5 pounds z}nd is at least
30 percent smaller than any previous miniature
camera with cqual high-resolution capability. An-
other LLLTV system underwent development and
testing for use on the P-3C aircmft.. .

To meet the demands of the Vietnam conflict,
production was stepped up at the Armament De-
partment on the 920-millimeter Vulcan cannon .an’d
7.62-millimeter Minigun, members of the division’s
family of high-performance, rapid-fire aircraft a'nd
ground vehicle armament systems. These_Gathng
gun type weapons utilize a cluster ot 1'0tut1.ng bar-
rels to deliver as many as 6,000 shots per minute.
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Initial deliveries of 20-millimeter Vulcan Air De-
fense Systems (VADS) were made to the U.S. Army
by the Armament Department. The Vulean fires up
to a rate of 3,000 shots per minute in its air defense
role and the samec ground vehicle weapon system
can fire at 1,000 shots per minute in a role uguinst
ground targets.

The VADS system was being produced in 2 ver-
sions: a sclf-propelled, amphibious version and a
towed version.

In new armament roles, the 20-millimcter Vulcan
gun appeared on the HueyCobra helicopter and,
with the 7.62-millimeter Minigun, on the newly op-
crational AC-130 troop-support gunship. In addi-
tion, a contract was awarded for a heavy wceapons
turret to appear on the HueyCobra in 1970,

Production continued on armament systems for
LTV’s new A-7 series of lightweight fighter aircraft
and the McDonnell Douglas F-4E fighter,

Major research and development cffort was con-
tinued on the revolutionary concept of cascless
ammunition.

Other weapon research and development activ-
ities included new rapid-fire gun concepts, single-
barrel vehicular cannons, machine guns, flexible
helicopter turrets, and antiaircraft vchicular Sys-
tems and fuzes.

Within the Avionic Controls Department at Bing-
hamton, New York, are consolidated the division’s
technologies, capabilities and facilities for the de-
sign, development and production of commercial
and military avionic control systems.

The product scope of the department includes
flight controls, aircraft engine controls, weapon de-
livery control systems, displays, lcad-computing
sight systems, control moment gyros and adaptive
logic systems for spacecraft attitude control and
stabilization, solid-state rate sensors, laser systems,
distributed logic microelectronic digital computers,
and high-temperature liquid metals research for
flight control systems. '

The in-house production programs during the
year included automatic flight control systems for
the F-4 and F-111, weapon controls systems for the
F-4, F-105 and F-111, a lead-computing sight for
the Vulcan Air Defense System, control moment
gyros for spacecraft attitude stabilization, engine
nozzle controls, and the swiveling gunner’s station
for the Army’s AH-56A Cheyenne combat rotorcraft.

GFE’s automatic flight control system aboard the
F-111 variable-wing aircraft provides triple redun-
dar'lcy with median selection majority logic voting.
Tl)ls triplex system provides a major improvement
in reliability and fail-operational control after the
first fault occurs. Microelectronic integrated circuits
(MIC) are used to help achieve high reliability,
loxy cost and ease of maintenance. The experience
gained in the technology and design of the F-111
automatic flight control system is being applied to
commercial supersonic aircraft.
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The swiveling gunner’s station provides the gun-
ner on the AH-56A high-speed compound rigid-rotor
helicopter with a dynamically stabilized line of sight
to insure accurate weapons delivery, It provides
gunners with a 360-degree zone of coverage in train.
cnabling them to continuously engage and fire upon
targets during flyby without the pilot being required
to veer from course, Integrated clements of the
gunner’s station include a periscope sight, direct
sight. laser rangefinder. missile guidance sensors,
controls. displavs. and provisions for night vision
operation.

The 1968 avionic development activities included
a new Jong-life solid-state rate sensor for both air-
craft and space use, a large control moment gvro-
scope and associated computers for space vehicle
stabilization and attitude control svstems, and flight
control work for the SST program.

A microclectronic  digital computer underwent
operational testing with an SST aircraft simulated on
an analog computer. The solid-state rate sensor un-
derwent flight, operational and evaluation testing at
Bocing on a 707 for application on the commercial
supersonic transport.

A major development milestone was reached by
the Avionie Controls Department when the XV-i4B
Hummingbird, a VTOL aircraft, was successfully
test flown, demonstrating the capability of the GIE
clectronic ﬂy-by—wirc system to climinate mechan-
ical linkages to an aircraft’s control surfaces.

The mu]tiwcnpon firc control system program en-
compassed design and development of analog and
microclectronie digital computers, manufacture of
engineering prototypes, and their installation on the
UL-1B hclicoptcr.

Electronie Systems Division

A major contributor to the Navy’s Polaris and
Poscidon Flect Ballistic Missile program, the Gen-
eral Electric Company’s Electronic Systems  Divi-
sion continued development and made first produc-
tion shipments of the Mk 3 inertial guidance system,
the Mk 88 fire control system, and support equip-
ment for the Poscidon program. Deliveries were
also continued on Mk 492 module test sets used for
testing electronic components of the Poscidon and
Polaris guidance systems. First test firing of the
Poscidon missile from Cape Kennedy in August
1968, termed a “Con]plete success’ by the Navy,
was followed by a second ﬁring in November.

. Production continued on swiveling gunner’s sta-
tions fpr the Army’s AH-56A Cheyenne helicopter,
an attitude control system for the Air Force’s re-
entry measurement vehicles, a mortar locator for
pinpointing enemy mortar emplacements with the
first shot fired, and airborne personnel detectors for
use by the Army in Southeast Asia in detecting con-
cealed personnel.

Development work continued on advanced micro-



miniature circuit technology and packaging con-
cepts for weapon control and guidance applications
of the future: on a servo turret drive for Army
tracked vehicles that permits accurate “fire on the
move” capability through 2-axis stabilization of the
cun: on e new solidsstate drive for Navy guns and
Lumchers that operates direetly from digital com-
nmiands ted direetly from a computer: on condensa-
tion nuclei techniques for personnel detection; on a
carbon dioxide laser spectrometer for detection of
chemical agents: and on boundary laver control
techniques for low-drag, high-speed  underwater
vehicle configurations.

The Flectronies Laboratory announced a new
microclectronic technique carly in 1968 for use in
hvbrid microcleetronic circuits. Called STD  for
Semiconductor on Thermoplastic on Diclectrie, the
process climinates the “flving lead™ and permits
batch fabrication of circuit interconmections. Fur-
ther development of the process was continuing,

New approaches to solid-state displays through
clectroluminescence,  magneto-opties, and  light-
emitting switches were being investigated. Thermo-
plastic and oil film techniques were being used to
develop Targe-area projected displays.

The lectronie Svstems Division continued to
serve as GE's (-(nnp'vt(‘ncv in ind and sca-based
clectronic svstems and - equipment. With - head-
quarters in Svracuse, New York, ESD at vear-end
had a total (‘{nploynu‘nt in excess of 12,000 people
in b mgjor organizations: Ordnance Systems  in
Pittsficld, Massachusetts: Heavy Military Svstems,
the Electronics Laboratory, and the Advanced Svs-
tems and Requirements Operation. all in Syracuse,
Noew York,

Dr. R. I Beaton was appointed general manager
of the division in January 1968. and during the yvear
the svstems ongi.nooring capabilitics were  signif-
icantly strengthened. The division's competence is
in radar, sonar, weapon control, and associated clee-
tronic technologies in the land and sea-based elee-
tronic systems arca.

Missile and Space Division

The Missile and Space Division maintained its
status as a major contractor in the space program in
1968, while broadening its horizons into new and
promising fields of space spin-ofts.

Starting its sccond decade of operation, the divi-
sion began 1968 with almost 20,000 employees and
over 5,000,000 square feet of rescarch and develop-
ment  facilities.  Headquartered in Valley Forge,
Pennsylvania, the division conducted development
and test activities at all the primary U. S, missile and
space operation centers and at some overseas loca-
tions,

The division’s Re-entry Systems organization in
I’hilndolphiu continued to maintain General Elece-
tric’s responsibility for rescarch, development, and
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production of vehicles and systems that can survive
reentry into the carth’s atmosphere or entry into the
atmosphere of other planets.

These cfforts included work on such strategic
svstems as the Mark 12 reentrv system for the
Minuteman 11 intercontinental ballistic missile and
the Mark 6 svstem for the Titan II: reentry research
and test vehicles such as NASA’s Reentry F pro-
gram: scientific recoverable satellites such as Bio-
satellite: and lifting entrv and planctary entry svs-
tem programs.

The Re-entry Svstems organization also continued
studies of nondefense applications of space tech-
nology. Notable among such applications is the
organization’s work in the ficld of housing research
and development. The organization was investigat-
ing new concepts of residential construction for the
development of high-quality. lower-cost military
family housing for the Department of Defense.
Teamed with the architectural firm of Hugh Gibbs
and Donald Gibbs. ATA, Re-entry Systems was pro-
\*iding architectural and manufacturing engineer-
ing scrvices for a 200-unit project at George Air
Force Base, California. Construction will be in-
cluded in a subsequent phase of the project. and
significant cost savings were predicted when the
mobile factorv concept begins producing prefab-
ricated building sections on the site.

Another major area of space technology applica-
tion is in the field of oceanics. Project “Bottom-fix”
is a Re-entry Svstems concept for a future manned
deep ocean ‘station. Technology and system studies
of potential military significance in high-strength
materials and nuclear power are being conducted.
A titanium-pyro ceram model of the Bottom-fix
module underwent preliminary pressure tests dur-
ing 1968, and additional tests at the Navy’s Research
and Development Center were to take place in 1969.

Another Missile and Space Division oceanics
program, Tcktite I, was begun in 1968. This pro-
gram, jointly sponsored by the U.S. Navy, the De-
partment of the Interior, NASA, and General Elec-
tric, will involve 4 marine scientists living at a
water depth of 50 feet for 60 continuous days. In
and around an underwater habitat designed and
constructed by the division, the aquanaut-scientists
will conduct exhaustive and comprehensive marine
geological and biological experiments. While the
4-man crew is conducting its underwater research
mission, it will be continuously observed by Navy
and NASA behavioral and biomedical teams. The
objectives will be to identify man’s psychological
and physiological reactions to a long-term mission
performed in an isolated, hostile environment coms-
mon to undersca and space missions. The Tektite T
mission was expected to begin in February 1969 at
a location in the Virgin Islands.

The division’s Space Systems organization, a con-
solidation of 3 previous GE operating departments
—Spacecraft, Manned Orbiting Laboratory, and
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Special Military Projects—was established in 1968.
Daniel J. Fink, former Deputy Director of Defense
Research and Engineering for Strategic and Space
Systems was named its general manager. Located
at the GE Valley Forge Space Center, the 5,800-man
organization had both manned and unmanned space
programs under way. Typical programs included
Nimbus, Orbiting Astronomical Obscrvatory, ATS-
F&G, Apollo color TV transmission system, Inte-
grated Medical Behavioral Laboratory Mecasure-
ment System, broadcast satellites and earth re-
sources satellite studies,

Four key events in Space Systems programs took
place in 1968, with 2 very successful performances.
The GE-designed OAO Sstabilization and pointing
system worked perfectly after the spacecraft was
?aunched in December and continued to meet all of
its stringent requirements. Also successful was the
portable color TV transmission system developed
by Space Systems to provide a mecans for television
coverage of the Apollo program. In October the
System transmitted the Apollo 7 recovery operation
from the USS Essex; and in December, the Apollo 8
recovery in the Pacific from the USS Yorktown.

. Le}unch of the GE-built Nimbus B weather satel-
lite in May was unsuccessful because of failure of
the booster, and the ATS-4 launch later in the year
resul.ted in a very poor orbit. The GE-designed
gravity gradient stabilization for the ATS satollite
thus did not receive a full chance to work, though
the? system was tested and did operate. The very
elliptical orbit, however, prevented successful sta-
bilization.

_As a result of the booster failure on Nimbus B
NASA ordered another, identical spacecraft, Thi;
spacecraft will have been built in the record-break.
;r;glélégfz of 9 months when launched in the spring

ATS-E, the fifth of the ATS series, will also carry
a Space Systems-produced stabilization system. This
spzr}c}fcraft was glso scheduled for launch in 19'69. ‘
Mam;ﬁggf)catxon of Remgte Manipulat.io.n to Space

¢ was the subject of a feasibility stud
by the Space Systems organization. For th A dy

SSO was investigati sibili o stucy

. gating the fea.slblhty and economics
of pgrformll?g in-orbit maintenance of unmqnnea
satellites using a ground-controlled manip&lator

SSO engineers were examining in-orbit repair
and refurbishment missions determini par

t mi; , Imining manipu-
lator system requirements, evaluating system per-
formance, defining standardized satellite defi
practice which would facilitate future re air agg
refurbishment, and defining an orderly I<)1evelo

ment program, as well as system costs. P

A very-high-resolution closed-circuit camera sys-
tem was developed in 1968 by SSO. The new GE TV
system has the capability of projecting for astro-
nauts a scale model of the lunar surface in sufficient
detail to identify the hazard of 3-foot-wide craters
at a simulated altitude of 1.6 miles. The simulated
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conditions teach astronauts to identifv and avoid
obstacles in sufficient time to insure a safe landing
on the moon.

A 275 pereent improvement in television picture
detail over other similar available systems is ex-
pected from the GE camera.

At the National Acronautics und Space Adminis-
tration’s Mississippi Test Facility (MTEF), huge first
and sccond stages of Apollo/Saturn V- launch ve-
hicles were being given critical preflight testing.
including static test firings, to prove their flight-
worthiness. General Electrie’s Mississippi Test Sup-
port Department (MTSI) continued to provide
the management, engineering. technical, logistic
and operational services required for functioning
and maintenance of the 253-square-mile proving
ground.

The check-out, modification. test and certifica-
tion of 6 Saturn V first and sccond stages involved
full attention and cffort at MTF during 1968, GE-
MTSD provided a wide spectrum of range. base
and spcciul services to NASA; to the 2 stage con-
tractors, Boceing and North American Rockwell; and
to other tenants.

During 1968 the department increased its in-
volvement in and its pursuit of new business, par-
ticularly in thosc commercial and government fields
where its management and technical skills and
acrospace know-how arc most applicublc. These
included socioeconomic projects associated  with
Office of Economic Opportunity and Community
Action Program opcrations of rural, urban and re-
gional scope; opcrntion of training centers; u_nd spe-
cial studics. During the ycar, MTSD also did tech-
nical work on GE’s Tektite and Sca Robin occan-
ographic projects and began designing a proccdgml
management system for the Iowa Power and Light
Company.

During 1968 the Apollo Systems Department,
headquartered in Daytona Beach, Florida, ‘contn.]-
ued to support NASA on Project Apollo, chiefly in
the arcas of engineering services and check-out. ’

The department’s major cffort shifted to NASA's
Kennedy Space Center where ASD was prgwdmg
support to the director of design cngineering for
electrical/clectronic design management. The de-
partment is responsible for condu‘cting desig.n-l:e-
views, providing design changes for compatlbl'hty
between equipments, and acting as the electrical
launch support equipment design manager for KSC.

As a direct result of experience in such programs
as automatic check-out equipment, electrical sup-
port equipment and electrical launch support
cquipment, ASD developed major data manage-
ment  services and engineering services for the
U.S. Air Force Computer Integrated Test Equip-
ment (CITE), Airborne Integrated Data Systems
('AIDS), and related work for the Apollo Applica-
tions I_’rogram, Voyager, Minuteman III, and the
Atlantic  Undersea  Test Evaluation Center



CAUTEC)Y. This work included various company
developments in pattern recognition, data com-
pression. transmission, storage. retrieval and dis-
plav. and hardware packaging.

ASD. working with the Atomic Power Equipment
Department. completed design and fabrication of a
nuclear power plant simulator being used for train-
ing operators of nuclear power plant stations. This
svstem, an integral part of the world's fiest boiling
water reactor training center, electronically simu-
lates the entire operation of a nuclear power plant
and represents ASD's first major spin-off into a
growing non-acrospace and defense customer area.

As General Electrie’s center for basic research
and exploratory development in space-related sci-
ences and technologies, the division’s Space Sci-
cnces Laboratory at Valley Forge continued work
in reentry ph_\'si'cs and hypersonics, magnetohydro-
(1)'11;1111i(- power, C()mpositv materials and structures.
ballistic missile  defense  diserimination  research,
space  experiment  design, optical structures, and
nondefense applications.

In advanced materials and structures for aero-
space application, emphasis was placed on the de-
velopment of  fiber-reinforced metal and  plastic
composite  material,  radiation-resistant - polymers,
dry filin Tubricants for high vacuum, clectronic ma-
terials, structural ceramics. bearings, and  space
processing of materials.

Magnetohvdrodynamice power generation, plasma
diagnostics, plasmamicrowave interaction and laser
light scattering continued to be the subject of ex-
perimental and theoretical research. A major new
MHD - shock  tunnel  experimental  facility  was
brought into operation in 1968 and nonequilibrium
powers above %4 megawatt were obtained. The
clfects of plasma sheaths on antenna resonance were
studied experimentally and work was initiated on an
RF mecthod of gas laser pumping. In addition, the
construction of a laser air pollution probe was
initiated,

In space and planctary physics, studies proceeded
on the space environment, new methods for micro-
meteoroid  deteetion, {ree molecule  interactions
with surfaces, and applications of polarimetry to
meteorology and carth resources experiments.

Also, a new technique for detecting metcoroids
and space contaminant particles and measuring
their relative velocity was investigated and should
soon be flown on rockets or satellites. Studies of
techniques  for making  significant air  pollution
measurements from satellites were conducted. Work
continuced on the kinetics of normal atmospheric
constituents and pollutants.

In applied physics, investigations continued on
infrared detectors, optical communicators, reentry
technology, and the dynamics of moored surface
vehicles, Studies of ground-based and occan-based
optical and electronic data collection systems were
conducted.
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Extensive thcoretical and experimental research
proceeded on reentry technologv and observables
with data on vehicle radiation signatures obtained
by ground stations at \White Sands Missile Range
and the Western Test Range and from analysis of
vehicle on-board data. Work continued on sensor
technology for specialized field missions including
development of imaging radiometers. optical com-
municators. a video tape analysis and display sta-
tion. and a variety of high-speed optical detection
and tracking systems.

Theoretical and experimental studies were con-
cerned with the thermal degradation. oxidation and
off-gassing of various polvmeric and polymer-re-
lated materials in connection with R/V design and
observables, and with spacccraft contamination.
Other theoretical and experimental research related
to upper atmosphere phenomena, including electron
cloud formation and nuclear firchall modeling. was
conducted.

Mechanics investigations continued on hyper-
velocity impact; the failure mode of composites; the
control and optimization of directional, specific,
and bulk properties of composites; and the effect of
parametric variations on their performance. The
role of mechanical forces on the functioning of
fibrous biological structures was studied.

AIRCRAFT ENGINE GROUP

The dramatic growth pattern of General Electric’s
Aircratt Engine Group continued through 1968, par-
ticularly in its commercial aircraft engine market.

On ]'anuary 1. 1968, the Aircraft E.ngine Grqup
became one of the company’s 10 major opera’.tmg
organizations, having previously been the thh.t
Propulsion Division. Within the group are 5 divi-
sions with clear separation between military and
commercial business.

ALG is one of the company’s largest groups, with
28,000 employees at 2 major plant locations (Cin-
cinnati, Ohio, and Lynn, Massachusetts) and satel-
lite facilities at Hooksett, New Hampshire; Rutland
and Ludlow. Vermont; Albuquerque, New Mexico;
and Everett, Massachusetts. The group also has 4
service shops, located in Ontario, California; Seattle,
Washington; Arkansas City, Kansas; and Cincinnati,
Ohio, plus a flight test center at Edwards AFB,
California.

The major commercial success of 1968 was the
sclection of the commercial CF6 turbofan engine
for the McDonnell Douglas DC-10 trijet by Ameri-
can Airlines and United Air Lines. A total of 110
orders and options for trijets was made. The 40,000-
pound-thrust cngine first ran on October 21 and
exceeded its guaranteed thrust level by 5 percent on
October 27, less than a weck after it first went on
test. The CF6 is designed for low sound, long parts
life and a high degree of maintainability. It will
enter commercial airline service in late 1971.
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The testing program on the cngine for the U.S.
supersonic transport continued on schedule during
1968. The GE4 was tested at more than 63,000
pounds of thrust in September, making the SST
turbojet the most powerful engine in the world.
By ycar-end, more than 600 hours of testing had
been accumulated on 7 engines in 2 configurations.

As part of GE’s investment in commercial engine
activitics, a new $12,000,000 Altitude Test Facility
went into operation in Cincinnati, The facility
simulates speeds up to Mach 3 and altitudes over
80,000 feet. This facility is part of the group’s 3-ycar
$100,000,000 investment in plant modernization and
construction of new facilities.

On another commercial engine  front, AEG
counted more than 500 GE-powered business jet
aircraft flying hy the end of 1968. This total con-
stituted more than 50 percent of the worldwide
turbojet and turbofan business jet aircraft fleet. The
GE business jet engine family includes the CJ610
turbojet series (Jet Commander, Learjet and
Hansa 320) and the CF700 turbofun (Fan Jet Fal-
con).

By year-end, well over 800,000 engine flight hours
had been logged by GE business jets since first en-
tering service in 1964. In 1968, production began on
a higher-powered CF700-2D which offers 3 to 4 per-
cent improvement in climb and cruise thrusts over
preceding models, plus 2 to 4 percent improvement
In cruise specific fuel consumptions.

Delivery of CT58 commercial helicopter engines
continued in 1968 to Sikorsky for its S-61 and S-62.
GE engines power all scheduled U.S. commercial
helicopter aircraft.

_Ceneral Electric’s military engine activities were
highlighted by the winning of the U.S, Navy’s VSX
antisubmarine warfare aircraft engine power plant
competition with the TF34 high bypass turbofan

entry and the successes of the TF39 development
and flight test program.

The 41,000-pound-thrust engine h
than 10,000 running hours,
2 US. Air Force C-5 logis
Lockheed, and in a modig
Approximately 300 engine
accumulated, The C-
and through the first
eration was flawless.

In addition, the TF

durance portion of its Formg] Qualific

ad logged more
including flight test in
tic transports, built by
ed B-52 flying test-bed.
flight test hours had been
5 first flew on June 30, 1968,
serics of 8 flights engine op-

sure that the TF39 will be 4 reliable power plant
that meets all Pelrformance criteria. The TF39 will
enter operational service with the Militar . 1.

Command with a Time Between Over1 oy Arift

haul (TBO
of 1,000 hours. This TBO will grow to 5 000( hourl
in service. ’

The C-5 power plant was in ful] production. The
first 4 production engines were accepted by the
U.S. Air Force on October 6, 1968.
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One of the Aireraft Engine Croup’s small engines.,
the |85, continued in production for the Northrop
T-38 trainer and F-3 Freedom Fighter and  the
Cessna A-37 attack airceraft for the U.LS. Air Foree as
well as for various nations throughout the free
world. In addition. the Lockheed NV-4B Humming-
bird IT V/STOIL. experimental aireraft began flving
in 1968, powered by 6 ]83s. The modified XV-5B,
built by Rvan. began an experimental fight test
program under the direction of NASA. This uir(-mi_t
is powered by w lift-fan svstem driven by 2 ]85
engines. ‘ .

At the Cincinnati plant, the 10.000th J79 for U.S.
militarv aircraft was delivered to the Air Forcee on
October 29. The first J79 was built and tested in
1954, In 1968, it was being pmdu(-vd for the t\\"in-
engine McDonnell Douglas I--Fand the twin-engine
North American Rockwell RA-3C. Other operational
aircraft powered by the J79 are the singl(‘-vngi.n(‘
Lockheed F-104 and the 4-cngine General Dynamices
B-58. Production of J79 engines will continue into
the 1970s.

GE was proceeding on its initial $1 1.000‘.()()0 de-
velopment contract to build and test a high-per-
formance afterburning  turbofan  cngine for l'.hc
FX/VFX-2 aircraft. GE was in competition with
Pratt & Whitney Aireraft for this engine contract.
Earlier, GE announced that the GIS1/10 engine,
forerunner of the FX/VFX-2 power plant, had ex-
ceeded all Air Force contract commitments. Well
over 100 hours of testing on this augmented turbo-
fan were accumulated during the program. '

This new engine, as well as several oths‘rs, is a
derivative of GE’s GE1 basic core engine. The GEl
is a highly flexible engine that can be _transformed
into an‘aftcrbuming turbojet, a turbotan, an aug-
mented turbofan, a turboshaft or a turboprop‘ as
well as into the lift-fan or lift/cruise configuration.

The T58 turboshaft engine continued in produc-
tion for a wide variety of applications. The -16 ver-
sion, which generates 1,870 shaft horscppwcr, was
unveiled in 1968. Production cngines dchvor-up to
1,500 shaft horsepower and the -16 adds to this per-
formance improvement pattern of the T58 flll]llLy.
The T58 began life with a power output of 1,050
shaft horsepower in 1959.

In Lynn, the T64 turboprop/turboshaft produc-
tion rate began to climb rapidly in 1968. The -16
version, which is capable of 3,995 shaft horsepower,
was in production for the U.S. Army AH-56A
Cheyenne helicopter, built by Lockheed. The -16
was one of 3 advanced T65 cngines being produced
for aircraft of all 3 U.S. military scrvices. Two
164-12 engines power the Marine/Sikorsky CH-5I§D
heavy assault helicopter, and 2 -7 engincs are in-
stalled in the U.S. Air Force/Sikorsky HH-53C air
rescue helicopter.

GE marine and industrial gas turbines include
the LM100, LM300, LM350, L.LM1500 and L.M2500.
These engines range in power from 1,000 to 25,000



horsepower. They are used as power plants for hy-
drotoils. air cushion vehicles, displacement marine
vossels: electrical power generation, pipeline pump-
ing. and locomotive boost propulsion.

The 2 newest entries in the Marine and Industrial
Departinent product  line are the LM300 and
1.M2500 aas turbines. They are derived from the
T61 and TE39 aireraft engines, respectively. Both
engines were unveiled in 1968 at the 13th Annual
ASME Gas Turbine Show in Washington.

The TA2500 is an advanced technology marine
cas turbine in the ‘25.()00-1101‘5vp()\\'cr-c]z\.\fs. boast-
ing the lowest fuel rate and best marinization ma-
terials of any production marine gas turbine in its
power class. The engine was being offered as main
propulsion for advanced commercial and military
shipbuilding programs such as the Navy's new DX
destrover project.

Other GE gas turbines in marine service included
the LAMIS00 in the Navv's new aluminum-hulled
PG patrol gunboats for high-speed operation, and
the LA100 for cmergency power generation and
take-home power aboard commercial cargo carriers
and the Coast Guard Hamilton class cutters, LN100
gus turbines also power air cushion vehicles for
both the Army and the Navy.

FATLI500 industrial gas generators were in wide-
spread use for liquid and gas pipeline pumping.
One such unit went more than 12,000 hours before
overhaul. In 1968 a unique 3-jet LMIS00 unit went
into operation at Pennsvlvania Power and Light,
making that company the third major electric utility
to install General Electrie jet gas turbines.

B. F. GOODRICH .
AEROSPACE AND DEFENSE PRODUCTS

The year 1968 was an eventful one for B. F. Good-
rich Acrospace and Defense Products, a major pro-
ducer of tires. wheels and brakes and many other
diversified products for the nation’s defense estab-
lishment, airceraft manufacturers and commereial
airlines.

A contract to supply Lockheed with main landing
gear wheels and brakes for its trijet L-1011 luxury
airliner was signed. The agreement called for 350
shipsets of § main landing gear wheels and brakes
per aireraft, including spares, to be delivered be-
ginning in the first quarter of 1970.

B. F. Goodrich will manufacture the wheels and
l'ﬂll]tipl(‘{]iSk brakes in its plnnt at Troy, Ohio,
where production capacity has been doubled since
1966. '

B. F. Coodrich is also producing wheels and
brakes for the U.S. Air Force C-5 aircraft, built by
L()(']\'h(*cd-(lcorgiu. Brake disks for the 24 main
wheels of the C-5 are made of beryllium and weigh
about 35 percent less than Comp'urnble steel disk

93

INDUSTRY

brakes. This saves approximately 1.500 pounds in
the gross weight of the aircraft.

B. F. Goodrich is also supplving Lockheed-
Georgia with tires, load-rated at 40.000 pounds, for
the giant aireraft.

In addition to filling its role as major supplier of
tires for all types of aircraft—military. commercial
and general—in regular service. the company
opened 3 new aviation products service centers. at
New York City. Kansas City and Los Angeles. Air-
craft tire retreading, using latest equipment and
procedures. is already established for all popular
airline sizes.

Special applications were made with a unique
anti-fouling rubber. called “Nofoul.” used to protect
underwater surfaces from the harmful effects of
barnacles and other marine organisms. The sheet
material. which can be applied with special adhesive
to ship hulls, buoys, pilings and other underwater
structures. keeps surfaces free of marine life at least
4 times longer than other protective coatings.

Nofoul rubber was cited in 1968 by Industrial
Rescarch, Inc.. as one of the 100 most significant
technical products of the vear.

B. F. Goodrich is a lcader in many other specialty
rubber products for the acrospace industry. The
company continued to produce emergency evacua-
tion slides for Boeing’s 747 commercial jetliner. The
slides, made of a lightweight, coated fabric, are
capable of being inflated in seconds.

Other products made by the B. F. Goodrich divi-
sion include electrical and pneumatic de-icing sys-
tems. erosion shoes, rocket motor case insulators and
liners, ablative and reinforced plastic structures and
tanks and pressure sealing zippers. 1t also manufac-
tures inflatable seals, “Rivnut” fasteners, rigid
structural foam material, called “Rigicell,” and sonar
components including domes, transducer boots and

hydrophone tubes.

GOODYEAR AEROSPACE CORPORATION

A dynamic new management team began guiding
Goodyear Aerospace Corporation in 1968.

Morris B. Jobe, vice president of sales, became
president on July 1, succeeding Loren A. Murphy,
who retired after 43 years’ service.

Named vice presidents in the new management
were E. A. Brittenham, Jr., vice president of en-
gineering; James A. Keenan, vice pr.esmlent qf manu-
facturing; and Willis S. Zeigler, vice president of
marketing. .

Jobe, a 1938 graduate of the University of Akron,
also attended the Institute for Management at
Northwestern University and has done postgraduate
work in industrial management. He joined The
Goodyear Tire & Rubber Company in 1938 after

receiving his bachelor’s degree and ]oined Goodycar
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Acrospace in 1951. He is a trustee of the National
Security Industrial Association and in 1968 was
elected to a 3-year term on the NSIA Executive
Committee. He was general manager of GAC’s
Arizona Division from March 1966 to June 1967,
when he was named vice president-sales.

Significant scientific and technological advances
in systems, electronics, airframes and plastics ac-
tivities, plus continuing diversification, werc accom-
plished by Goodyear Aerospace in 1968.

Production levels increased at the headquarters
plant in Akron, Ohio, at the Arizona Division in
Litchfield Park, and at the Jackson, Ohio, commer-
cial plastics plant.

The Subroc antisubmarine missile, for which
GAC is prime contractor, remained at the top of the
production list. Deployed in the U.S. Navy’s flect
of nuclear-powered attack submarines, the missile
gives the nation a weapon capable of striking hostile
submarines with a nuclear punch at long range.

. Contracts for more than $40,000,000 for continu-
ing production of the underwater-to-underwater
missile were awarded GAC in 1968 by the Naval
Ordnance Systems Command.

Associative and parallel computer processors that
can process more data, faster, were under develop-
ment by Goodyear Aerospace.

. The computer system may be able to direct 2,000
aircraft a second and help unsnarl congested  air-
craft traffic along the nation’s airways and on the
runways. The firm believed the system could speed
up flight operations and detect possible in-air col-
lisions in time to prevent them from happening.

An experimental unit programmed for electronic
warfare control was delivered to the Air Force at
the Rome (New York) Air Development Center.

The company continued to develop and manu-
fgcture sophisticated weapons systems and flight
simulators to train military pilots,
tr;‘i&nicnogtilaec‘figzzstawsrded (}i)y the US Navy for 8
TAAR S dces to be used to train PllOtS to fly

. _ Jet trainers. Each device can train
4 pilots simultaneously.
' The Fleet Trfuning Center in San Diego officially
accepted GAC’s unique emergency ship handli
trainer to be used to familiarize nqvqlp : n%
with ship maneuvering techniques u;ldcer hmoron
operational conditions. As the student star?(;l‘m em}llls
bridge mock-up, the movements of his hs o
other ships and buoys are preseﬂted b ok, and
visual displa is si 0y means of a
visu play. In this simulated environment
jections of harbors and shorelines are sy erim’ PFO(i
by means of a split-beam optical s sIt)em Poje
digital computer. 4 e a
i’ Cl(zlr?}{)leptreolcr:;:zge color photography labs capable

s g acrial reconnaissance film ;
forward areas of Victnam were unveiled i o
ber. Color ph ed are similan o Lo

: or photos produced are similar to those
which pinpointed Russian missile sites in Cuba du
ing the 1962 crisis. R
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Color printing cquipment included can process
and dry 3,200 feet of 5-inch-wide color acrial recon-
naissance film in an 8-hour period. It also can du-
plicate standard 70-millimeter, 3-inch and 9.5-inch
I'CCOHI]ZII’SSHHCC ﬁllll iI] L'Ol]tillll()llS l(‘l]gll]S lll) to
1,000 feet at rates from 20 to 60 feet per minute.

By adding 2 computer-filled data processing labs
to 7 photo processing and support modules. GAC
made it possible to determine innmediately whether
the photos and data gathered during a dayv’s aerial
photographic mission are suitable for map-making.

The 9-Iab WS-430C System is the first air-trans-
portable and relocatable facility cquipped to sup-
port acrial mapping projects.

Also in 1968, GAC produced a “petal” antenna
that will “bloom™ in space. It is @ huge radio antenna
for spacceraft that folds into a small package for
launching, then opens to its full 30-foot diameter
in space. The largest antenna ever designed  for
orbiting spacceraft, it was built for the National
Acronautics and Space Administration. It can be
uscd to receive and transmit signals on satellites
under consideration by NASA as possible second-
generation spacecraft in the Applications Tecchnol-
ogy Satellite (ATS) Program.

Goodycar Acrospace  was closely tied to the
Bocing 747. Its Arizona Division produced the 747
center wing section, landing gear doors and cabin
windows.

Reaching nearly 2 centuries into the past, GAC
revived the ancient art of hot air ballooning to .dC'
velop a system for snatching pilots to safety after
they have bailed out over enemy territory.

The principle was incorporutcd into a system
called PARD (Pilot Airborne Recovery Device)
which- aims at allowing the cjected pilot to remain
aloft until a rescue plane can rcach and retrieve him
in midair.

A Ballute (a contraction of balloon and parachutc)
at the top of the deployed main parachute is in-
flated as air rushes through its vent. A burner, sus-
pended below the Ballute and fed from a tank of
propane gas strapped to the pilot’s back, ignites.
This heats the air flowing into the Ball‘utc. The
heated air gives the Ballute sufficient lift to halt
the pilot’s descent and permit him to rise and float
high above the ground. He can then be snatched
into the rescue plane or towed to friendly territory
and released to descend by his regular parachute.

Parawing gliders, remotely resembling a para-
chute, that can deliver high-priority cargo to troops
in remote or hostile areas with pinpoint accuracy
were developed by GAC during the year.

A dclta—shaped glider that is steerable, the para-
wing homes in on friendly troops, guided by a
ground-based transmitter the size of a GI walkic-
talkie. It can be released from altitudes as high as
30,000 feet and at distances up to 12 miles from the
target.

Goodyear Acrospace also used gold in a new



process for making heated acrvlie windows and
windshiclds to prevent airplane icing and fogging.
The windows are coated with a transparent metallic
filin that can be heated electricallv. Gold was used
because it is one of the best conductors of electricity
and because its atomic structure renders it trans-
parent when in a thin state.

The Akron and Arizona plants continued to pro-
duce canopies, windows and windshields for several
ivpes of aireraft, including helicopters. The Akron
plant also received several additional contracts for
atreratt wheels and brakes.

Goodyear Aerospace took the first steps toward
breaking the "bhaguage barrier™ for the superjets
under a major contract to supply 708 baggage con-
tainers to Pan American World Airwayvs. Other air-
lines also were expected to order cargo and buggng(‘
containers.

The containers, about 3 feet high, 5 feet wide and
12 feet long, are contoured to fit the plane’s cargo
compartment. LZach can hold about 55 picces of
passenger luggage. They can be loaded into and
unloaded from the aireraft as units, vliminuting the
need for handling individual suitcases.

Goodyear Acrospace continued its high produc-
tion schedule and received more contracts in 1968
for air cargo pallets. These are made of a lightweight
aluminum and balsa wood sandwich material called
Bondolite. The pallets. weighing 300 pounds cach,
are capable of handling 5-ton loads and are part of
the US, Air Forees standardized cargo-handling
svstem,

GRUMMAN AIRCRAFT ENGINEERING
CORPORATION

In 1968 Grumman entered its 39th vear with
continued  growth. inereased sales and additional
expansion of its facilities, Research and dcvclopmcnt
p]zl_\'(’d an incrmsinglv important part in the corpora-
tion's growth, and Grumman continued work on
several new aireraft,

At year-end, Grumman emploved 33,000 people
in over 30 plants. Production of the corporate Gulf-
stream 11 was chang(‘d over to the no\v]y opencd
Savannah, Georgia, facility. Grumman acquired a
machine shop facility at Glenarm, Maryland, add-
ing 56,000 square feet of property to its assets. The
test facility at West Palm Beach, Florida, is the
home base of the hydrofoil gunboat Flagstaff and
the submersible Ben Franklin: the facility is the
Grumman Corpomtion’s center of uctivity for ocean-
ology.

The corporation produced a variety of military
and  commercial aircraft, the NASA/Grumman
Apollo Lunar Module flight and test spacecraft and
the second of the series of Orbiting Astronomical
Obscrvatories, and it remained extremely active in
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ocean technology. Ten model tvpes of aireraft were
in production and in service in Southeast Asia.

The A-6A Intruder. built for the Navy and Marine
Corps. remained the mainstay of the all-weather
attack effort in Vietnam. With a load capacity of
almost 18,000 pounds. the A-6A operates from either
advanced forward air bases or off the attack aircraft
carriers on station in the South China Sea.

The EA-6A tactical countermeasures aircraft. in
service with the Marine Corps. was placed in pro-
duction again. A +4-place version of this aircraft. the
EA-6B. made its first flight in May. paving the way
for the Navy to expand its electronic warfare capa-
bility.

The TC-4C. a Gulfstream I-based A-6A bom-
bardier/navigator trainer. entered service with the
Navy and Marine Corps. The contract for 9 of these
highly specialized aircraft was completed and all
aircraft were delivered on schedule,

While the E-2A Hawkeye continued in active
service with Navy fleet units. Naval Air Systems
Command awarded Grumman a contract to initiate
development of a successor. Known as the E-2C,
this new version of the E-2A carly warning aircraft
will feature greatly improved and more reliable
avionic svstems. The aircraft, like the E-2A, will
carry its detection antenna in a large-diameter roto-
dome atop its fuselage.

The Armv’s OV-1 Mohawk battlefield surveillance
aircraft continued in production, and a continuous
modification program paralleled the effort. Work
continued on the OV-1D. All 3 versions of the
OV-1 were in service in Vietnam as the “eves in the
sky” of the Army.

With deliveries of 14 S-2 Tracker antisubmarine
aircraft to Australia, production of this type, which
had been continuous since 1952, came to an end.
Over 1500 of the aircraft had been delivered. Pro-
posals for a modification program were prepargd.

The C-2A Greyhound carrier on-board delivery
aircraft supported the ships of the Seventh Fleet
with deliveries of vital supplies ranging from type-
writer ribbons to jet engines. Several of these air-
craft were also assigned to units of the Sixth Fleet
in Europe.

With 6 model types no longer in production
(E-2A Hawkeye, C-2A Greyhound, C-1A Trader,
E-1B Tracer, S-2 Tracker. HU-16 Albatross), the
company nevertheless had 10 different types of air-
craft operating in 1968 in Southeast Asia.

Production of aft fuselage sections for the Air
Force F-111 aircraft series continued at the com-
pany’s Garden City factory.

The turboprop-powered Gulfstream. I corporate
aircraft was in production with deliveries averaging
one per month. The company was exploring addi-
tional military markets for this aircraft.

Over 30 turbofzm-powcred Gulfstream II aircraft
were delivered to customers. In May one of these
aircraft was flown nonstop from New York to Lon-









INDUSTRY

and production techniques for fabrication of air-
frame structures and jet engine components using
the new strong, lightweight materials.

Application of aerospace technology and mate-
rials to water purification and sewage treatment
occupied the attention of a number of Hercules re-
searchers at the company’s Allegany Ballistics Lab-
oratory near Cumberland, Maryland. The work
completed in 1968 under government research and
development contracts showed much potential for
expanding the company’s cnvironmental systems
cffort.

Hercules worked closely in 1968 with arms manu-
facturers in the development of guns capable of
firing the firm’s caseless ammunition. Of particular
concern was development of an automatic aircraft
weapon for which the reduced weight of the caseless
ammunition would provide particular benefits. Case-
less ammunition weighs about 30 pereent less than
conventional ammunition.

Successful development of an improved Sparrow
missile for the Air Force was completed in 1968 b
Hercules. Propellant for the missile is Hercules’
composite “Hercopel,” produced at the Allegany
Ballistics Laboratory. Sparrow is the first application
of Hercopel.

Firings at White Sands of the Sprint missile
(.Hercules is its propellant manufacturer) con-
tinued to be successful. Sprint-type rocket motors
are available for other high-speed applications.

HONEYWELL INC.

More than 10,000 of the 20,000 employees in
Hooeywell’s Aerospace and Defense Group worked
dur.mg 1968 on space and aircraft programs for the
United States and the free world. Major events of

the year are described by location in the following
summary,

AEROSPACE DIVISION-FLORIDA
Successful flights of Hone
systems on 3 Centaur rockets, first flight tests of an
advanced aircraft navigator, new missile inertlal
components contracts and developments in plated-
wire comput.er. memories marked the year for the
Aerospace Division in St. Petersburg Florida

An 80,000-square-foot plant was be .
modate increased communicatio
vices activities as well as expa
defense production. The center was to be ready for
occupancy in the spring of 1969. !

A Honeywell-guided Centaur sent the seventh
Surveyor spacecraft on its way to the moon; and for
the first time since becoming operational ’in 1966
Centaur boosted payloads other than Surveyor;
into space. One was an Applications Technology

ywell inertial guidance

gun to accom-
ns systems and de-
nded aerospace and

98

Satellite (ATS-4) in July. The sccond was an Orbit-
ing Astronomical Observatory (OAO-2) | Liunched
in carly December to get better ultraviolet data
on the stars. A $4.500.000 contract for continued
engineering and maintenance was received from
NASA's Lewis Rescarch Center, for which Honey-
well acts as associate prime contractor for Centaur
guidance,

In other missile developments, the division won
Navy contracts totaling $7,000,000 for initial pro-
duction of inertial guidance components for the
Poscidon fleet ballistic missile and for Polaris com-
ponent repairs. The submarine-launched Poscidon
is to be 8 times more cffective thun its predecessor.
Production of inertial components continued for
Minuteman, the Air Force intercontinental ballistic
missile.

An approximate $4,000.000 award from Philco-
Ford’s Acronutronic Division for Shillelagh missile
gyros cstablished Honeywell’s leadership in this
Army antitank program. The work represents the
first increment of a program continuing through
1971.

On the aircraft front, the Air Force began flight
tests of a new kind of inertial navigator using body-
mounted gyros rather than a complex gimbaled
platform. The C-130 flights took place at Holloman
Air Force Base, New Mexico, to provide data on the
new and potentiully more cconomical navigation
concept. _

Rugged computers whose memories will not for-
get information when power is shut down were
made possible for the first time with the cl]try into
production of plated-wire (rather than lcl'l'lte—001'c)
memories. Contracts totaling several million dollars
for plated-wire stacks were received for several
ballistic missile and spaccborne telemetry programs,
including Poscidon. Honcywell’s ALERT digital
airborne computer met success in a number of
experimental military applications.

AEROSPACE DIVISION-MINNEAPOLIS

Resumption of the United Statos’ malmed space
flight program in spcctacular fashion with success-
ful Apollo 7 and 8 missions highlighted the year. Tl.]c
spacecraft’s stabilization and control system, built
for North American Rockwell, performed well
throughout the 11-day test flight around tl_le.eart.h
in October and the first manned lunar mission in
December.

Following their check-out on the Apollo 7 and 2
carlier unmanned 1968 missions, the Apollo controls
were declared ready for lunar flights as NASA
moved closer to the national goal of putting 2 men
on the moon and returning them before the end of
the decade. During the year a $6,600,000 order for
an additional 8 control systems was received from
North American.

Fuel probes on the Douglas-built S-IVB stage
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fluidic jet engine controls for the Air Force Acro
Propulsion Laboratory and launched an important
new development project with a major cngine
manufacturer.

SYSTEMS AND RESEARCH DIVISION

Technical centers exploring new acrospace and
defense products and markets for Honeywell in
Minneapolis and producing clectrooptical devices
and systems in Lexington, Massachusetts, made
important contributions in 1968. The IHoncywell
Radiation Center moved into a new 85,000—5({111111'8—
foot laboratory in Lexington specially designed for
infrared, laser, radar and other clectrooptical re-
search and development.

The first fine sun sensors for the experiment point-
ing control system of the Apollo Telescope Mount
were delivered to NASA-Marshall under a $2.000,000
contract. On another NASA project, the Canopus
star tracker, planet sensor and Mars gates—key
electrooptical elements of the 2 Mariner 1969
spacecraft experiment platform controls—were com-
pleted.

In the aircraft reconnaissance field, engineers con-
ducted first flight tests of a high-speed acrial recon-
naissance mapper with good results, and work
began on the display portion of a helicopter-borne
real-time surveillance system.

For the Army, the center continued development
of passive far-infrared rifle-mounted sights and tank-
mounted  sights employing Honeywell-produced
detectors sensitive to radiation at 10.6 microns. The
detectors were offered to the commercial market
for the first time, especially for carbon dioxide laser
communications systems.

quley\vell’s simplified tactical approach and
terminal equipment (STATE) completed opera-
tlc‘)na.l evaluation for the Marine Corps at Quantico,
Virginia, and was undefgoing evaluation by the
Army at Fort Rucker, Alabama. The radar landing
system provides angular terminal guidance both in
azimuth and elevation and accurate r
range-rate information.

Laser scientists at the Minneapo]is-based Systems
aélg Researfh Center demonstrated a highly stable
» voice laser s i A ;
tions experiment}./s.istti?)rrli1 bll)nlt ]ESEXEI/)\K’VC bl
howed TV on by NASA-} garshall, and
sovel TV tran(s)m}llssmns with a similar system in

aboratory, Ot - :
fluidic temperyature secrnsroerssezﬁjcc};]tmoved forward in
; sors, flight controls, co
technology, signal processing, autom ;
processing and life sciences.

Studies of future systems requirements of th
military were initiated in scveral new arcas includ(i
ing airborne antisubmarine warfare (ASW )’ fighter
avionics, rotary-wing avionics, tactical re’congnais_
sance-strike equipment, manned vehicle control dis-
play technology, area security and control and
remote earth surveillance.

ange and

mputer
atic imagery
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In ongoing development programs. the company’s
helmet sight was successfully flicht tested by the
Air Foree as the visual sensor in a tactical recon-
naissance systems rescarch project. and an electronic
programmer that helps Armyv helicopter pilots learn
to keep station while in formation was made ready
for test flight.

HUGIHES AIRCRAFT COMPANY

For IHughes Aircraft Company. the vear 1968
began with the end of an “old™ space program and
drew toward an end with the start ol a new one.

In January, Surveyor 7, last of the breed of un-
manned  soft-lunar-landing spu('(-cm[‘t, successfully
sct down on the moon to score the fifth success in @
Taunches.

And in October Tughes received a $72.000.000
contract from the Communications Satellite Cor-
poration and its 63-nation consortium to build -
Intelsat 4 communications satellites with 25 times
the capacity of any satellite in service to provide
worldwide communications for the 1970s.

The new Intelsat -4 spacvcml'l, the world’s largest
commereinl satellite, will be nearly 18 feet high and
S feet in diameter. It will be designed to carry more
than 5,000 2-way telephone calls. or transmit 12
color television programs sin'mllnnv()uh‘])‘, or carry
any combination of different types of communica-
tion transmissions. .

A unique feature of the Intelsat -Fwill be its ;11)11}ty
to focus'powcr into 2 “spot]ight” bcm.ns and point
them at any sclected arcas, thus proxr'idn?g a stronger
signal and more channel capacity i arcas (?f
heaviest communications  traffic. For transatlantic
transmission, for ecxample, the beams Coul'd be
aimed at western Europe and castern United States,
or they could link South Amcrica with Europe or
North America. )

The IHughes contract with Comsat Corporation,
manager for the International Tc]ccm_mnumca}tl.ons
Satellite Consortium, provided extensive participa-
tion as major subcontractors by companics from 10
nations: United Kingdom, Canada, West Gcrman_y,
Switzerland, Belgium, Japan, Ttaly, Sweden, Spain
and France. _

The Intelsat 4 family will be the fifth generation
of Hughes satcllites to see service since thella'unch of
tiny Syncom 2 in 1963 and marks a dramatic 1llust_ra—
tion of the progress in satellite technology during
the past 5 years. Each of the huge new spacccraft
will have more capacity than all of the 'currently
operating communications satellites combined, and
each will have an operational lifespan of 10 years to
cover the world’s communications needs of the next
decade.

With more and more nations acquiring ground
stations (at year-cnd there were 22 carth terminals



in 17 nations and this ficure should rise to 40 sta-
tons by 19700 it was expected that the new satel-
lites will help carry live color television coverage of
the 1972 Olviapic Games in Munich to more viewers
than have witnessed all previous Olvmpiads.

However, the world need not await the 1972
aames for convincing proot that satellite technology
has taken many giant steps. This fact was supplied
dramaticallv: during 1965 by 2 news events that
captured worldwide attention—the visit of Pope
Paul to Bouvota. Colombia, in Aucust and the
Olvnpic Ganmes in Mexico City in October. Each
cvent was telecast live and in color to millions of
viewers around the globe via Huvhes-built satellites
and Huches-built ground stations,

~The NIN Olvmpiad TV coverage was brought to
Furopean sereens via a tricky bit of teamwork. The
color pictures of the sports ‘events were sent from
Mexico's aground station direct to the ATS-3 satellite
which IHughes built for NASA. then transmitted
(1‘()\\'11 to the carth terminal at Goonhillv Downs,
England. The voice commentary of the games. in
a dozen languages. was sent by microwave from
Mexico to a station at Mill Village, Nova Scotia,
then up to the Farly Bird satellite which Hughes
built for Comsat, then down to a terminal at Pleu-
mewr Bodou, France, In Furope the pictures and
commentary were matched and the coverage ap-
peared on TV sereens in the native tongue of cach
lmt‘ion—ull in split-sccond “real time.” )

I.'()r viewers in Japan and Hawaii, the picture and
voices went by microwave from Mexico to a ground
stution that Hughes built and installed near San
]_Oxv, California, then throueh the Intelsat 11 satel-
lite over the Pacific. \

IFor the papal visit to the Eucharistic Congress,
an?rh(‘s built a unique air-transportable “quickie
T_V satellite ground station—the only onc of its
kind in the world—and flow it aboard a single cargo
plane to Bogota where it was installed within 24
hours from its Los Angcles departure. TV coverage
of the Pope’s activitics was sent from the ground
station—an  clectronics-stuffed hut and a 16-foot
antenna—to the same NASA/Hughes ATS-3 satellite
that 2 months later carried the Olvmpic telecasts.

The small earth station, like the larger one in-
stalled at San Jose for the Olvmpics, was assembled
by a new subsidiary, Hughes Communications Inter-
national, which the company formed in January to
c1osign and construct international earth terminals
for satellite communications. ICT designed a large
mmternational ground station to be erected at Ita-
borai, Brazil, 30 miles from Rio de Janeiro, under a
contract with EMBRATEL, the Brazilian govern-
ment-owned communications carrier. )

Another major 1968 satellite program at Hughes
was the giant experimental tactical kconnnunicatLions
satellite built for the Department of Defense under
a $30,000,000 contract to link military units in the
field, aircraft and ships at sea. The 2-story-high,

101

INDUSTRY

1.600-pound spacccraft, about the same size as
Intelsat 4 but with a communications capacity com-
parable to 10.000 2-way telephone channels. was
scheduled for delivery late in the vear for launch
aboard a Titan 1II-C booster into a svnchronous
orbit 22300 miles high. ’

It will carry a cluster of antennas whose power-
ful signals can be picked up by all types of termi-
nals, even those with antennas as small as 1 foot in
diameter. Thus even small Armv units in the field
could communicate through the satellite with each
other and with their ll@&dQllﬂl‘k‘l‘S.

Another interesting project of the company’s space
svstems division is the $67.000 3-month feasibility
study being carried out for the National Science
Foundation to define and design a single-mission
satellite which would carry a coronagraph to photo-
graph the solar corona. the circular crown of light
around the sun. After centuries of “working in the
dark™ from mountaintops during rare total eclipses
of the sun. scientists are secking a satellite that
could snap pictures of the sun’s glittering crown
continuously for 9 months from a 300-mile-high
carth orbit. Hughes engineers proposed a cigar-
shaped satellite S feet 7 inches long and 30 inches
in diameter. weighing 230 pounds in orbit, that
would draw its power from the sun through 2 solar
panels.

Also. on the rooftop of the space division’s 12-
story building at E1 Segundo. California, adjacent to
Los Angeles International Airport, is a 30-foot para-
bolic antenna that was used during much of the year
to “sce” the weather by receiving signals from 2
Applications Technology Satellites (ATS) and con-
verting them into pictures of the earth’s cloud forma-
tions. The picture reception is part of a research
program being conducted under direction of the
Environmental Science Services Administration
(ESSA). an agency of the U.S. Department of
Commerce. ESSA. in cooperation with NASA, is
obtaining the weather data via satellites for study in
the development of improved local and long-range
weather forccasting systems.

The company’s acrospace group at Culver City,
California. and its missile systems division at
Canoga Park, California, were deeply immersed in
new and continuing missile development. In mid-
summer the firm reccived a $95,000.000 U.S. Air
Force contract to develop, test and produce the
Maverick missile, a TV-guided air-to-ground
weapon  designed  to knock out encmy tanks,
armored vehicles and field fortifications. In opera-
tion, the pilot sclects a target on a television screen
in the cockpit, locks the missile’s guidance system
on it and launches the missile. The pilot then can
leave the arca while the missile continues to the
target, guided by an electrooptical TV homing
device in its nose.

Work continued on the long-standing TOW,
a Tube-launched, Opticnlly-truck(‘d, Wire-guided






sicned to pinpoint and identify targets accurately
and quick]v.

Another milestone was achieved in 1968 when the
company announced in August that it had surpassed
the $125.000.000 mark in the value of computerized
shipboard command, control and communication
displayv svstems built and delivered to the U.S. Navy.
The scagoing units. designated NTDS  (for Naval
Tactical Data Svstem). were operating on scores of
U.S. and forcign naval warships.

Work continued on air defense ground environ-
ment (ADGLE) projects for the defense of entire
free world countrices.

A new Hughes-designed computerized air defense
svstem. BADGE. that gives Japan umbrella protec-
tion against acrial attack was accepted in March
by the Japanese government. BADGE covers Japan
and the surronnding Pacific arca with an electronic
network that deteets, tracks and identifies airborne
targets automatically. evaluates and compiles in-
coming data and p\"O\‘id(‘S to-the-target control of
Tapan’s  modern fichter interceptor aireraft and
surface-to-air defense missiles.

In .r\pril a new 3-nation air defense programming
and training center was unveiled in Belgium as the
first operational link in NADGE. a complex elec-
tronic air defense project for the NATO nations of
Europe. Unveiling of the center. to be used in con-
junction with command and reporting centers being
installed in the Netherlands, West Germany and
Belginm, marked the successtul conclusion of a
10-vear effort by the 3 nations that banded together
in 1957 to d(‘\:olop a mutual air defense svstem.
Eventually the 3-nation svstem will he phased into
the $300,000,000 NADGE (NATO Air Defense
Qround Environment) project being built from
Norway to Turkey.

The first clectronic hardware forming the heart of
NADGE—a complex computer  subsystem—was
accepted in May by the corporation building the
Lurop(‘an proj(‘éi‘. A total of 37 subsystems will be
built at the  Fullerton facility and  installed  at
NADGE sites. '

In July, under a 1966 multimillion-dollar Swiss
contract, Iughes-Fullerton shipped the last equip-
ment for Project FLORIDA, an advanced air de-
fense control network for Switzerland, to that nation
for installation and on-site testing, FLORIDA is
(1(‘signod to provide a network of air defense centers
that will work with Switzerland’s modern aireraft
and surface-to-air missiles to protect the country’s
historic neutrality.

Other major activities at Hughes-Fullerton in
1968 included design and construction of 30 new
scagoing command and control display systems that
will completely automate combat information cen-
ters aboard naval ships of France and the Federal
Republie of Germany by the carly 19705, and in-
stallation of experimental rescarch radar equipment
on Kwajalcin Atoll to help the Department of
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Defense develop technologv for protection against
ballistic missile and satellite attack.

The vear brought Hughes Aircraft Company
several important awards and honors, particularly
for the highly successful Survevor program.

On May 7 Vice President Hubert Humphrey
presented the Robert J. Collier trophy to Lawrence
A. Hyland, Hughes vice president and general
manager, who accepted on behalf of “the tens of
thousands” who participated in the complex task of
making Surveyor spacecraft land gently on the
moon and send back more than 86,000 photographs
of the lunar surface. It was the second time around
for Hughes with the coveted Collier trophy. Howard
Hughes, president of the company. and his associates
won it for their round-the-world flight in 1938.

The Surveyor feats also won the company the
Nelson P. Jackson acrospace award of the National
Space Club, which Mr. Hvland accepted at the 11th
annual Robert H. Goddard memorial dinner at
Washington. D.C.. in March 1968.

Mr. Hvland also was the recipient of the dis-
tinguished service gold medal awarded annually by
the Armed Forces Communications and Electronics
Association.

The American Meteorological Society presented its
1968 award for outstanding scrvice to meteorology
to Hughes Aircraft and its subsidiary, the Santa
Barbara Rescarch Center, for building a spin-scan
camera that has made high-resolution photographs
of the cartli’s cloud cover from ATS satellites.

After the final Survevor was launched in January,
bringing the program- to an end concurrent with
government cutbacks in space activities, Hughes’
total emplovment gradually was reduced by about
5,000 from its total of 31,500 of late 1967. However,
with the award of new contracts for such programs
as the Maverick and TOW missiles and, later,
Intelsat 4, the company, in July. organized “Opera-
tion Build-up,” a major recruitment effort to acquire
qualified cngineers and support personnel for an
expanded number of openings in its acrospace group
engineering divisions. As the year neared an end,
employment was again on the upswing and was
expected to climb further in the following 6 months.

The firm was operating 11 facilities at Culver
City, Fullerton, El Segundo, Canoga Park, Los
Angelcs, Malibu, Santa Barbara, Torrance, Ocean-
side and Newport Beach in California, and Tucson,
Arizona. The company’s gross sales exceeded
$500,000,000 for the third conmsecutive year.

HUGHES TOOL COMPANY

Hughes Tool Company continued its up\‘vard
produbtion trend during 1968 in the areas qf military
and civilian helicopters as well as military gun
ordnance systems.






tunded projects. including a high-velocity, 350-shot-
{0-millimeter ”'l(nd(l(‘ launcher which
can arm the Cavuse,

Total emplov ment lll(‘l(‘d\(‘d during the vear to
Jichthv over 5.000 at the Hughes facilities in
Culver Citv, Fl Seaundo. P;llonnu and Rose Can-
VOLL s cmnp;n'(‘d to fewer than 630 0111_\' 3 vears
carlicr.

pv r-inmite,

INTERNATIONAL BUSINESS MACHINES
CORPORATION
FEDER AT SYSTENMS DIVISTON

IBN people and computers pln_\'cd an important
role during 1968 in advancing the nation’s space and
defense programs through new and continuing gov-
crnment contracts.

At Huntsville, Alabama. Cape Kennedy, Florida,
and THouston. Texas, IBMers continued “their sup-
port of the National Acronauties and Space Admin-
istration’s  S: 1t111'n/:\p0110 moon program. During
the first manned flights ot Apollo in 1968, the
Instrument Unit, Saturn’s smallest “stage.” guided
and controlled the launch vehiele from lift-off until
the Apollo spacecraft and the S-1VB second stage
ol Saturn separated in orbit. The Instrument Unit,
a 3-foot-high by 21.7-foot-diameter ring, contains
60 clectronic. eleetrical and mechanical units and is
the nerve center of Saturn. 1t is assembled, pro-
grammed and tested by IBMers at Huntsville.

Also supporting the 1968 missions was the Real-
Time C()ll]l)llt(l (“ompl(‘\ in Houston. During the
flichts of Apollos 7 and S, Svstem/360 \Iodcl 758
pmimmcd billions of calculations a dav to provide
flight controllers with the information needed—in
l(nll time—to support the mission.

At the Cape Kennedy Taunch site, hundreds of
IBN specialists assisted in the electronic check-out
of the rocket and in operating the launch support
complex,

Another IMuntsville-developed system will soon
be helping commuters in - California’s Bay arca
travel faster and more efficiently. The San Francisco
Bay Area Rapid Transit District (B;\m D) is build-
ing a 75-mile, all-clectric transit system that will
m(ludo an automatic fare collection svstem devel-
oped by IBM. The system includes a ‘coin/hill-op-
erated ticket vending machine that issues magneti-
cally encoded tickets, an add-fare machine tlmt will
punm a ticket’s value to be increased. and com-
muter passenger gates designed to accept the mag-
netic tickets and deduct fares from the magnetically
recorded values.

The first en route air traffic control system under-
went extensive testing during 1968 at the Air Route
Traflic Control Center, Jacksonville, Florida, IBM
wus responsible for integrating the svstem and for
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writing the more than 160.000 computer instructions
10(1111rcd for op(‘rdtlon This svstem and others that
are planned for major cities thr oughout the country
will help the Federal Aviation Administration’s
flight controllers keep track of hundreds of aircraft
simultancously while they arc en route from one
location to another.

A computer at Eglin Air Force Base, Florida, is
helping to train COlllb‘lt soldiers by simulating many
of todav’s modern air and rnound based weapons
and missiles during war-game excrcises. An IBM
Svstem/360 Model Ga and a series of specially de-
\olopcd programs simulate weapons fired from air-
craft and from the ground, and keep track of “hits”
and “misses” in real time during the war games.

At White Sands. New Mexico, another System/
360 Model 65 is converting raw telemetry data from
missile flights into information suitable for recording
or displav. Range users will be able to analvze data
during and 1mmedmtch following a ﬂwht instead
of waltm(r anywhere from a few da\s to several
months f01 complcte telemetry data reduction re-
sults. The Telemetry Data Center was completed
and turned over to the Armv in 1968S.

In 1968 IBM put a 1uggcd1/cd System/360 Model
30 on wheels for the first time. The system, known
as CS3 for Combat Service Support System, is

capable of moving when and where todav’s field
Army moves. CS3 pools logistics and pemonnel
records in a central Computm that supplies field
commanders  with instant information on their
troops and supphcs The systems are mounted in
4 35-foot vans, and in 2¥s-ton trucks. Six of the data
processing and communications svstems have been
successtully completed and deliv ercd to the Army.

IBANs S\fstcm/-l Pi, a space- hardened computer
that fits in a suitcase, was in use for a number of
land, seca, air and spacebome applications.

System/4 Pi was being used in the A-6 and A-7
aircraft for navigation and weapons dclivery Flight
tests of System/4 Pi Computms for use in the new
improv ed Mark 11 avionics system for the Air Force
FB-111 strategic bomber and the F-111D tactical
aircraft were under way.

On the A-TD (Air Force) and A-7E (Navy)
programs, for which IBM has avionics subsystem
integration rcsponsibility, a prototype system was
delivered in March and flown in June, the same
month the first production hardware was delivered.
IBM produces the navigation and weapons delivery
panel for the A-7TD and has 1esponslb1hty for inte-
grating these units with other avionics system ele-
ments.

New technologies in the field of lascrs and com-
munications pldycd a major role in IBM in 196S.
Development of a new dye laser that can be tuned
with a knob over a range 4 times wider than that of
other lasers was announccd in May. IBM was using
the tunable laser as a laboratory tool to investigate
other laser dyes.
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The division made a major move into the field of
digital communications with the introduction of
special devices to speed the transmission of errorless
digital data from computer to computer. Further
developments were under study for Project Mallard,
a mobile digital communications svstem intended
for ficld armics in the 1970s. ’

IBM’s Federal Systems Division, headquartered
in Gaithersburg, Maryland, concentrated on ad-
vanced technology and special svstems for  the
ground—based, airborne and  spacchorne require-
ments of military, scientific and civil government
agencies. The division employed at )‘(‘Lll:—(‘l](] 13,000
people and had 5 operating centers including the
Electronic Systems Center, Owego, New Yorl:'; the
Federal Systems Center, Cnithcrs])urg, Maryland,
with operations at Houston, Texas; the Space
Systems Center, Huntsville, Alabama, with opcra-
tions at Cape Kennedy, Florida, and Los Angcles,
California; the Communications and Em;in(;cring
Sciences Center, Gaithershurg, T\'Izii'y]und; and the
]Center for Scientific Studies, Gaithersburg, Mary-
and.

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORPORATION

ITT DEFENSE-SPACE CROUP

ITT Defense-Space Group, headquartered in
Nutley, New Jerscy, includes ITT Avionics Division
and ITT Defense Communications Division, both of
Nutley; Federal Electric Corporation, Paramus
New Jersey; ITT Industrial Laboratories and ITT:
Federal Laboratories, both of Fort Wayne, Indiana
and San Fernando, California; ITT Gilfillan Vari
Nuys, California; ITT Industrial Products Di\’/ision
San Fernando, California; ITT Electron Tube Divi—’
sion, Easton, Pennsylvania, and Roanoke, Virginia;
and ITT Electro-Physics Laboratorics, ’
Maryland.

The mission of the ITT Defcnsc-Space Group is
to aggressively pursue new marketing opportunities
that arise as sweeping technological adv
made in the aerospace and military fields,

Hyattsville,

ances are

ITT Avionics Division

ITT Avionics Division was engaged during 1968
as in previous years, in engineering and mz%nu‘f"tci
turing of products and systems including TAC/(XN
and other point-source navigation, hyperbolic navi
gation, electronic defense and ' avi-
fare.

ITT Avionics Division has the distinction of
being the only supplier of the entirc TACAN gys.
tem. TACAN is comprised of airbome interrogato%s
ground beacons and antenna systems, indicators

antisubmarine war-
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and test equipment. Ivperbolic svstems included
Loran-C ground stations. Loran-C/1D airborne re-
ceiving  svstems, Loran-C/ID navigation  svstems,
Omega shipboard navigation equipment and sup-
port equipment to provide navigation capability to
aireraft and ships for long-runge, worldwide cover-
age. Electronic defense and ASW svstems included
reconnaissance, clectronice countermeasures, diree-
tion finders, radar trainer svstems, underwater in-
strumentation and sonar training devices.

During 1967 the Avionies  Division’s  Hydro-
Acoustic Laboratory became opvrulionu]. The fa-
cilitv. a research and development Taboratory con-
structed above a 200,000-gallon aboveground water
tank. is used to test and evaluate advanced designs
of inderwater instruments.

The division was prime contractor for the U.S.
Navy's Barking Sands Tactical Underwater Range,
an underwater tracking facility installed off the
coast of Kauai in the Hawaiian Islands. This facility,
completed in 1967, provides the Navy with the
capability of evaluating the tactical performance.
under actual sea conditions, of antisubmarine war-
fare weapon systems and operations.

ITT Defense Communications Division

ITT Defense Communications Division continued
to design, develop and produce message- and cir-
cuit-switching systems, satellite communication re-
lays and terminals, and tropospheric-scatter and
linc-of-sight radio communication systems.

The division was building communication, telem-
etry and command subsystems for the Intelsat TII
serics commercial communications satellites, first of
which was launched on December 18, 1968, by the
Communications Satellite Corporation. (TRW Sys-
tems Group, TRW Inc., is program manager for the
Intelsat 11T satellites.) An 85-foot-diameter com-
mereial satellite communication carth terminal built
for Spain by ITT Defense Communications Divi-
sion was situated 40 miles north of Madrid. A dual
satellite communication earth terminal built by the
division was operating at its site in the Canary
Islands, relaying spacecraft tracking network com-
munications across the Atlantic to NASA’s Manned
Spacecraft Center in Houston, Texas. Indonesia
ordered a satellite communication carth terminal
from the division, so it too will be able to participate
in the global satellite communication network.

A message-switching communication center was
built by the division for the Department of State.
Called the Automated Terminal Station, the new
communication center is located on the fifth floor of
the State Department building in Washington, D.C.

The division held contracts with the U.S. Army
Electronics Command for tactical tropospheric-
scatter radio sets and antennas, as well as line-of-
sight radios and antennas. Both versions will be
packaged in mobile shelters.



Federal Eleetrie Corporation

Starting in 1952 with a nucleus of 3 people. ITT’s
Federal Eleetrie Corporation had grown in 1963
into a worldwide organization with some 8.000 em-
plovees performing a diversity of acrospace services.

Since 1936 Federal Electric has operated, main-
tained and supplied for the U.S. Air Force the
fumed Distant Farly Warning (DEW) Line, the
3.600-mile: Alaska-across-Canada-to-Greenland net-
work of radar surveillince and communications
stations.

Expanded work requirements in the 1968 contract
covered the operation and maintenance of  the
BMEMWS (Ballistic Missile Earlvy Warning Svstem)
submarine cable terminal at Thule AFB. Greenland.
as well as logisties support functions at Sondrestrom
A'B and other rehabilitation and reinforcement of
various outdoor structures to withstand the savage
Arctic wind and weather.

A major Federal Electric responsibility is the
DEWLIine scalift which takes place ecach vear dur-
ing the few short weeks of Arctic summer. In all,
some 37.000 tons of cargo. including 10,000,000
gallons of dicsel fuel as well as aviation and motor
gasoline. are delivered cach summer by sealift ships.

In 1968 the U.S. Defense Communications
Ageney honored the FEC-operated DEWLine by
sclecting the Dye Main station at Cape Dver as “the
outstanding communications station” in the U.S.
military global defense network.

Federal Electric was also operating and maintain-
ing the North Atlantic Radio Svstem which extends
the DEWLine’s communications links to Iceland
and the United Kingdom.

At the U. S. Air Force Flight Test Installation at
Palmdale, California, ITTs Federal Electric Cor-
poration, through its subsidiary ITT Technical
Services, Inc., performs a wide variety of support
services.

At this famous “cradle of tomorrow’s military air-
craft,” I'TT’s service associate manages security pa-
trols and the cleaning, repair and maintenance of
17 miles of runways and taxiways, 23 miles of opera-
tional roads and 15 miles of security fences and
gates; preventive and corrective maintenance of all
ground and airborne radio and telephone communi-
ations equipment; and the operation and mainte-
nance of crash-rescue helicopter service. Other
services range from fire protection and safety and
medical first aid to the procurcment of all needed
supplies and materials.

An important new assignment at Palmdale in
1968 called for the ITT service team to conduct a
massive runway modernization program that will
enable the installation to handle heavy jumbo jets
and supersonic transport planes, some of which
weigh as much as 500 tons.

As prime contractor at the U.S. Air Force Western
Test Range, the world’s most active missile and
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space experimental center which extends from Cali-
fornia across the Pacific to the Indian Ocean. ITT’s
Federal Electric Corporation performs a host of
operational, maintenance and technical support
services both ashore and afloat. ranging from com-
munications. tracking. instrumentation and telem-
ctry to data storage. retrieval and reduction, logis-
tics, timing and quality control.

At the range, Federal Electric engineers and
technicians operate and maintain instrumentation
facilities at Vandenberg AFB and Pillar Point. Cali-
fornia. as well as Hawaii and Eniwetok in the
Marshall Islands. FEC specialists also man the
radar. optical. telemetry and communications equip-
ment aboard 10 ocean-going range ships operating
in the Atlantic. Pacific and Indian oceans. Three of
the larger so-called Apollo ships. assigned to sup-
port the manned lunar program. arc equipped to
provide not only radar, telemetry and communica-
tions but also command and control. satellite com-
munications. timing, and data computation and data
reduction.

Federal Electric provides range safety and instru-
mentation support in the launch area and handles
inflight and trajectory information as well as impact
scoring. recovery data and data reduction on all
missile and space shots launched from the Western
Test Range.

A new responsibility assigned to Federal Electric
in 1968 was the maintenance and operation of a new
automated telemetry svstem (AFWTR-VADE)
which forms a vital communications link to support
Apollo and other space programs now being de-
veloped.

Besides operating and maintaining the Western
Test Range’s technical facilities, ITT’s Federal
Electric Corporation maintains another team of
engineers at Vandenberg Air Force Base; this team
is involved in various other Air Force contracts
ranging from the implementation of communica-
tions and switching systems to a diversity of ground
support systems and the operation of communica-
tions systems for the Air Force’s recently established
Space and Missile Systems Organization. In 1968,
the Federal Electric Vandenberg projects group
enginecred, furnished and installed technical com-
munications and electronic systems for Vanden-
berg’s test management center and implemented a
new communications switching and display system
for the range.

During the year the same FEC group won a con-
tract to engincer, furnish, install, operate and main-
tain a technical communications and electronics
system for the Ballistic Missile Reentry System
(BMRS) launch facilities at Vandenberg. The sys-
tem embraces closed-circuit television, microwave,
administrative telephones, direct lines, networks,
public address systems and other communications
required by the Air Force Systems Command’s
659th Acrospace Test Wing.
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Under another contract, FEC’s Vandenberg group
was cexpanding the area frequency monitoring capa-
bility at the Frequency Control and Analysis (FCA)
facility at Vandenberg. The monitoring capability
will be modernized to mect the increased work load
of the frequency spectrum as more sophisticated
electronic devices are adapted to missile and space
requirements.

Another Federal Electric implementation achieve-
ment was the engincering design. supply, installa-
tion and activation of a 72-channel tl'd])ospllc‘l‘ic—
scatter communications system hetween Berlin and
Breitsol. Linking U.S. armed forces in West Berlin
with other mih’tnry centers in western Germany, the
new system can provide for further extensions to
connect it with other U.S. military communications
systems in Europe.

In 1968 ITT’s worldwide service associate started
to implement for the U.S. Army Electronics Com-
mand the European Wideband Communications
System (EWCS), a new microwave network in the
Federal Republic of Germany.

Federal Electric also implemented a new segment
of the NATO Signal Communications System which
became part of the U.S. Army’s European Tropo-
spheric' Scatter System (ET-A). The new segment,
bypassing France, hecame necessary when NATO
re.locatcd its hcadquarters from France to Bel-
gium,

ITT’s Federal Electric Corporation, systems im-
plementation contractor for the European Mediter-
ranean Tropo Scatter Communications System
(Project 486L), continued its interest in this vast
system which extends from Spain across the Balearic
Islands, Sardinia, Italy, Greece and Crete to Turkey.
In a new contract awarded in 1968, the U.S. Air
Forc'e Communications Service entrusted ITT’s
service associate with the responsibility for training
Air I_'“o¥ce technicians to operate and maintain the
sophisticated electronic equipment of this network
which Federal Electric completed in 19686. ’

Thr'oughout the year ITT’s Federal Electric Cor-
poration played a major role in NASA’s space pro-
grams si?tl.the Kennedy Space Center, the Marshall
C%;i; ight Center and the Manned Spacccraft

At the Kennedy Space Center, Federal Electric is
prl)me 'contractor for communications and instru-
gf;cnatjttll\(/)lrtl supporE. sorvi?es. It. anducts a bechive

les ranging from timing, trackin d
tg]emetry to environmental measuréments c%li}g)l?q-
tion, computer programming and data I"Cdl(lcti :

Before each launch at the center, Federal Ele ‘to'p'
wor].<ers are busily installing, maintainiﬁ;g a;ldc(;Il)C—
era‘tmp?r communications systems. FEC’s communi.
cations and timing department is responsible for the
operation and maintenance of KSC’s opcrationlqbl
television setup, a space-center-wide, c]oséd—circu(it
system; its operational intercom system, which car-
ries voice and data transmissions throughout t(he
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center; the central timing arca. which provides
split-sccond timing references for the entire KSC
arca; and intercom and signal circuits ranging from
fire alarms to press conference broadeasts.

Federal Flectric’s comnmmications and timing de-
partment maintains the OIS (()[)vr;l!i()u;ll intercoms-
munications svstem). which ties together the basice
parts of the huge launch complex 39. OIS “broad-
casts” on a cable. much in the same wav a radio
transmitter broadeasts through the air. The use of
a cable provides absolute dependability. and  the
use of radio frequencey signuls allows the cable to
carry many times the number of messages a normal
t('l(‘ll)hon(‘—'[_\'p(* cable would lLandle.

Some 60 closed-circuit television cameras are op-
crated and maintained about the Taunch pad by this
department. They are remote controlled as thev
turn, focus and peer intently at critical connectors,
valves and other equipment. These cameras take the
place of human eyes in arcas oo ]ﬂm'/zn'd()us or diffi-
cult to reach for humans. Some, for instance. stare
up into the rocket motors as the steel-melting ex-
haust flame starts. Pictures from the cameras are
transmitted over 10 video c¢hannels to selected
monitor screens tln‘oughout the center.

At KSC. FEC’s measurements department han-
dles the maintenance of measurement  standards,
including temperature, voltage, mass \\'ci.ght, di-
mensions and others, to assure consistency 1 meas-
urcments throughout XSC. It also works to calibrate
and maintain the 42,000 prvc-ision measurements
instruments used at the center, and makes vital
measurcements for NASA concerning such things as
weather, acoustics, vibration, pressures and fuel
flow rates.

At KSC, Federal Electric’s telemetries d(*pnrt-
ment gat‘h(‘rs and retransmits electronic data from
the Taunch vehicle and displays the data for engi-
neering  and  management  use. In zlc.ldition, the
department tracks launch vehicles while they are
within range of KSC and looks for interference
which could adversely affect clectronics at the space
center.

Federal Electric’s computation department han-
dles NASA’s scientific computation chores having
to do with launch vehicle, spacecraft and mission
performance. .

At the Kennedy Space Center, Federal Electric’s
data retransmission branch sends data to other
NASA centers. It also maintains and operates the
Apollo launch data system, Apollo mission sil.nulator
data transmission system, launch information e¢x-
change facility system and the meteorological radar
recording system which records radar weather bal-
loon data. ’

In 1968 NASA awarded ITT’s Federal Electric
Corporation a citation in recognition of the com-
pany’s cost reduction achievements at the Kennedy
Spacc Center.

At the Manned Spacccraft Center in IHouston,



I'T'T's service associate is prime  contractor for
lozistios and technical information support services.
At Houston, Federal Fleetrie performs such fune-
tions as techmical writing. editing. report prepara-
tion and test documentation as well as data storage
and retrieval, microfilming and graphic arts and
warchousing and the procurement of supplics.

Material receiving, processing, shipping and stor-
ave are manaded by the FEC lodistics support de-
partment at Houston. This group also performs for
NASA such services as the maintenance of catalogs
listing some 20,000 separate items. and the opera-
tion of the Manned Spaceeratt Center logistics
library.,

Ouce of the functions of Federal Electrie at Hous-
ton is to translate telemetered  information and
computer data on flight and ground tests into maps,
charts. pictures and graphs for use by astronauts in
orbit as well as by scientists at the Manned Space-
craft Center. At Houston, FEC specialists handle
technical documentation in 22 different test cate-
vories ranging from space environment to simula-
tion lahoratories.

At the Marshall Space Flight Center, ITT's ser-
vice associate is prime contractor for roliuhility sup-
port services covering rescarch and development,
advanced studies. analvsis and documentation. Fed-
cral Eleetrie also monitors other NASA contractors
to assurc the highest levels of reliaubility in the
manufacture and assembly of the Saturn launch
vehicles and associated sys"tcms.

At Huntsville and at other contractor locations,
Federal Eleetrie engineers and specialists perform
reliability assessments on eritical hardware, systems,
andl stages of the giant  Saturn launch  vehicele,
1'(1(‘11ti17_\'ing problem arcas and recommending ap-
propriate corrective action. They also generate the
mathematical modcling capability for NASA’s use
in evaluating the individual stage contractors’ relia-
bility performance. In another support area, the
failure analvsis and evaluation group performs the
imvestigation and evaluation of all significant fail-
ures that occur on the Saturn vehicles.

FFEC evaluates prime contractor reliability pro-
grams and testing procodurcs to determine if the
contractual specifications established by NASA are
met. Programs and tests that do not conform are
brought to NASA’s attention, along with recom-
mendations for corrective action. Various tests are
also analyzed by FEC to determine if the actual
testing is conducted properly and if the tests ac-
Cnr:}t(‘ly assay the ability of cach component to
perform its intended function.

ITTs TFederal Electrie is one of a dozen acro-
space companies that run Job Corps Centers for
the Office of Economic Opportunity. The systems
management approach developed by the acerospace
industry is being applied to the solution of com-
plex social problems.

Federal Electric employed such an approach in
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developing a total program for the Kilmer Job Corps
Center which the company has operated and main-
tained since February 1965, Essentially, the Kilmer
program is a total Cémmunit_\’ and real-life experi-
ence comprising academic. vocational and moral
education, spiritual guidance and counseling, meals
and clothing, housing and logistics, medical and
dental care and. most important of all. job place-
ment and the ability to function as a productive
member of our free society.

More than 4.000 Kilmer corpsmen have been
graduated from the center: most of them have been
placed in jobs carning a minimum of $2 an hour.

Federal Electric was adapting its Kilmer experi-
ence and svstems management techniqucs to other
social problems. For example. in 1968 the company
embarked on an educational program to train
corporations cooperating with the National Alliance
of Businessmen in the techniques of hiring. training
and working with the hard-core unemploved.

Another landmark event in 1968 was the launch-
ing by ITT’s Federal Electric Corporation of a mam-
moth management safety program for the U. S. Post
Office. More than 37,000 postal supervisors in 82
citics throughout the nation will attend the courses,
developed and conducted by ITT's service associate
for the Postal Training Institute.

ITT Industrial Laboratories Division
ITT Federal Laboratories

ITTs experienced tcam of technologists in Fort
Wayne, Indiana, continued its impressive record of
successful aerospace developments throughout 1968,
placing special emphasis on spaceborne optoelec-
tronic cameras for meteorological and earth scien.ces
programs, specialized visual and audio information
svstems for air traffic control and data management,
ordnance and fuzing products for missilery, night
vision and light amplification cquipment and sys-
tems, and related Componentry.

An image dissector camera system developed for
NASA’s Applications Technology Satellite (ATS-
111) completed a full year of operational space use
in November 1968. As a reliable working unit, the
space camera continued to take clear pictures of the
western  hemisphere from the ATS synchronous
orbit over 22,300 miles in space. Showing clearly
the intensity and location of storm centers and
cloud formations, pictures taken by the camera
were utilized to track troublesome weather move-
ments such as Hurricane Gladys and to provide
constant review of other storm centers, including
those related to Apollo 7 recovery areas.

Other successful  spaceborne  instruments de-
siened and developed by ITT's Fort Wayne labora-
tories include infrared nighttime cameras aboard
NASA’s Nimbus I and 1I weather satellites, star-
tracker sensing modules serving as “eves in space”
for all 5 Lunar Orbiters, a photoclectric camera to






model of the radar was tested by the Army in 1968.
A teasibility hardware model of the radar subsys-
tem underwent field tests and demonstration at
the Yuma Proving Ground. Arizona, in January
1967,

Gilfillan  continued  production of AN/SPS-48
long-range shipboard radar svstems for the US.
Navy under o multivear  procurement contract
signed in late 1965, An order for 3 additional
systems, l'oprvsm]ting the final increment in the
contract. was received in September. The radar pro-
vides improved range performance for target desig-
nation to the Terrier, Tartar and Talos surface
missile svstems.

Under service evaluation in 1968 was the AN/
TPS-32. a 3-dimensional tactical radar which auto-
matically feeds digital data to the Marine Tactical
Data System. The svstem was developed by Gil-
fillan under contract with the Naval Electronic
Systems Command  (Marine Corps and Amphib-
ious Elcctronies Division) for the U.S. Marine
Corps.

The system completed rigorous reliability tests
demonstrating a high MTBF. Extensive flight tests
and several thousand hours of operation were con-
ducted to demonstrate the radar’'s combination of
3-dimensional accuracies. data rate coverage and
ECC\I capability.

Gilfillan continued development of a new preci-
sion approach radar for helping to land aircraft in
adverse weather. Unique rain tests were conducted
to determine how well the circularly polarized,
high gain pencil beam radar “sees” through the
monsoon-type rain of Southeast Asia. The tests
verified the circular polarization technique which
consistently gives more than 20 db of improvement
in rain backscatter.

Also in the air traffic control field, the company
reccived a definition phase contract from the Air
Force Systems Command. Electronic Systems Divi-
sion, for dcvelopment of a new lightweight Land-
ing Control Central for use at tactical air bases. The
equipment would consist of an airport surveillance
radar, a precision approach radar and an operations
shelter housing radar scopes and UHF, VHF and
HG radio equipment. It will replace the heavy
AN/CPN-4 and the AN/MPN-11 equipment cur-
rently in the Air Force inventory.

Gilfillan was working on a contract awarded by
the Air Force to supply 12 AN/FPN-16 ground
controlled approach radar systems for assisting in
landing aircraft under adverse weather conditions.
The radars will be used at naval air stations. The
company previously built 75 of the systems for the
Air Force and one for the Navy.

Three Gilfillan-produced radar systems were
aboard the USS John F. Kennedy when the na-
tion’s newest aircraft carrier was commissioned in
September. They are the AN/SPS-48 long-range
air scarch and designation radar, the AN/SPN-43
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surveillance radar and the AN/SPN-35 precision
approach radar.

The SPS-48 provides data for carrier aircraft
interceptor control and for direction of shipboard
missile systems. The SPN-43 is an air traffic control
radar which is operated in conjunction with the
SPN-35 carrier controlled approach radar. Together,
they provide positive radar air traffic control of air-

craft departures and landings in all types of
weather.

ITT Industrial Products Division

The Industrial Products Division of International
Telephone and Telegraph Corporation. located at
San Fernando, California, has been engaged in the
design and manufacture of electronic cquipment
and systems for the military, aerospace and indus-
trial market for the past 10 years.

Included in this unit’s product line are hand-held
and vehicular mounted night vision devices, rocket
and gun weapon control systems for close-support
aircraft and helicopters, and precision visual dis-
plav equipment.

Based on an Industrial Products Division design
for a weapons control system for armed helicopters,
the unit was awarded a contract by the U.S. Army
Weapons Command for an advanced rocket control
and display system. The award was an outgrowth
of the division’s intervalometer (electronic rocket-
fire sequencing device) program developed for
combat helicopters.

The unit continued to gain prominence for its
scientific computer display systems. and orders were
received from several leading universities, including
Texas A&M. M.IT. and Johns Hopkins, and from the
Federal Aviation Administration.

Night vision equipment design, development and
manufacture were an important part of IPD’s effort
in 1968. Voltage multiplier components were sup-
plied to other ITT units cooperating in night vision
research. An order for electronic night vision binoc-
ulars was placed with IPD by the U.S. Army Elec-
tronics Command.

ITT Aerospace Division

The Aerospace Division of the International
Telephone and Telegraph Corporation’s Defense-
Space Group continued as one of the world’s most
advanced laboratories engaged in the design and
development of space-oriented products and sys-
tems.

In 1968 technical contributions were made by the
division in the areas of rendezvous and docking;
missile guidance and fuzing; reconnaissance, sur-
veillance and detection; space guidance, naviga-
tion and communications; position location equip-
ment; low-light-level TV and night vision; small
scientific satellites; and undersea technology.
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ITT Aerospace continued development of its
laser space rendezvous and docking system for
advanced NASA missions in the post-Apollo phase.
In 1968 the unit received contracts from the space
agency to define flight hardware and to design a
prototype for an advanced clectrooptical system.

The California-based unit of ITT entered into
preliminary production of satellitc navigation
equipment using the Navy’s spacchorne  satellite
receiving system. Designated AN/SRN-9, the navi-
gation equipment provides position location ac-
curacies for ships to approximately 1/10 of a
nautical mile in all types of weather and on a world-
wide coverage basis. A nonmilitary version of the
same system was developed for merchant fleets, for
oil exploration companies and for geodetic survey
teams.

Another aspect of the division’s space capability
is the tracking receivers it is providing for usc in
Comsat stations located around the world.

Electrooptical developments were continued in
both optical communications and night vision. A
laboratory version of a deep space optical communi-
cations link was developed for NASA with empha-
sis on acquisition and tracking techniques. Special
low-light-level television cameras were developed
In response to military requirements in Southcast
Asia.

Exploratory and advanced development  work
continued for the Navy in a unique tactical missile
guidance system employing the latest advances in
pseudo-noise technology. Test results are proving the
effectiveness of pseudo-noise techniques in com-
parison with current tactical missile guidance sys-
tems.

Multi-altitude transponders and SECOR Type 11
satellites were delivered for use on the Army’s geco-
detic satellite program. These transponders were
designed to operate at altitudes of 2,400 nautical
miles as opposed to previous designs which operated
under 1,000 miles altitude. Applications of an ITT
small scientific satellite were also pursued.

ITT Aecrospace continued to be a principal sup-
plier .Of electrooptical sensors on a classiied USAF
satelh_te program, and the unit remained active in
pursuing solutions to undersea requirements  in

secure communications, telemetry, tracking and
surveillance,

ITT Electron Tube Division

ITT Electron Tube Division is a
organization devoted to the deve
facture and marketing of a wide
nents across the entire field of special purpose elec-
tron tubes—electrooptic tubes and tubes for the
communications, industrial and microwave equip-
ment market. The division is responsible for ITT’s
tube business in the United States and operates fa-
cilities in Easton, Pennsylvania, Roanoke, Virginia,

dynamic growth
lopment, manu-
range of compo-
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Fort Wayne, Indiana, and San Fernando. Califor-
nia,

In 1968 the Easton plant hecame an important
source for a variety of rugged xenon short are lamps
by developing lamps rated from 1 to 20 kilowatts.
The spectrum of light from these kunps is very close
to natural davlight since thev possess visible IR as
well as ultraviolet energy. The devices play an im-
portant role in solar simulators. and they are also
utilized in jeep and tank-mounted scarchlights for
battleficld and  target night illumination. Muture
commercial applications include use in a variety of
projection systems, stadium lighting, and large-area
city illumination.

Significant achicvements were made in the TWT
product line in 1968 with the development and
manufacture of the F2085 TWT. a high-power,
pulsed, broadband output device 1‘11}(‘(1 at 1 kilo-
watt and having a frequency range of 7 to 11 GHz,
In addition, the development in 1968 of the 2577
TWT, a sister tube of the 192085, was considered to
be an excellent entry into the S-band field, It is a
high-powered, pulsed, broadband output tube rated
at 1 kilowatt, with a frequency range of from 2 to 4
GHz.

In the power tube field, Easton possesses excel-
lent capabilities for the development and manu-
facture of a full line of high vacuum power tubes—
water, air, or vapor cooled diodes, triodes and
tetrodes. These power tubes have a variety O_f ap-
plications in commercial broadcast trm'lsmlt’tors,
militzn’y communications transmitters, industrial
oscillators for induction and diclectric heating,
linear accelerators, radar modulators, Loran naviga-
tion equipment and vibration pquinmcnt for en-
vironmental testing. Typical of ITTs response to
customer needs was the development in 1968.of
type F1091 superpower triode. Tests of the first
F1091 prototype at High Voltage Laboratory of the
Rome Air Development Center proved that the
tube is capable of delivering 40 megawatts of peak
power at 1 percent duty. During these tests, the
tube also operated at plate voltages of 65,000 volts
and at pulse widths of 1,000 micro.?'econds. Another
power tube development in 1968 involved the en-
gincering of the 1086V high-power hard_tul)e modu-
lator which possesses outstanding high vo.lta..ge
hold-off characteristics and sccondary grid emission
suppression. This tube has cxcollcn.t apphcablhty
in new-gencration accelerators requiring hl.gh power
input as well as pulse coding and shaping capa-
bilities.

The Roanoke plant is a-major center for the en-
gineering and production of clectrooptic .tubcs. ¥n
1968 Roanoke’s production and enginecring facil-
ities were doubled, and the plant became a leading
supplier of Generation I image intensifier tubes to
the armed forces. The tube is the “heart” of the
U.S. Army’s night vision combat cquipment, able
to amplify the dim glow of the moon, stars, or faint



skv glow and intensify the available light many
thousands of times. Most important of all, Genera-
tion I tubes do not emit an infrared light of their
own which can be detected by the enemyv, as was
the case with the older infrared scopes. The plant
was also an important producer of direct view
storage tubes utilized in a variety of radar display
indicators, both in military aircraft and in civilian
aireraft.

Fort Wayne's Tube and Sensor Laboratories were
engaged essentially in applied materials research,
product development, custom deviee fabrication
and pilot production of advanced special-purpose
clectron tubes and sensors—photo, camera. storage,
image intensifiers and image tubes. A unique com-
bination of capabilities led to the establishment of
an exclusive and broadly based line of specialized
photo tubes, which are incorporated in tmcking,
mapping. laser detection, night vision equipments
and other electrooptical  subsystems needed for
many important space experiments and militzuy
applications. The rapid expansion of laser optical
sources in particular brought a sharply increasing
demand for new electrooptical devices of the type
under development at the laboratories.

During 1968, 2 new lines of specialized camera
tubes were introduced: missile guidance vidicons
for the Walleve and Maverick programs and ultra-
high-resolution  image  dissectors for hard  copy
readers and space reconnaissance svstems. In 1968
the Walleye vidicon tubes were qualified for missile
application, making ITT the only manufacturer
which has qualified the potted Walleve assemblies.
and image dissectors were developed which are
capable of resolving over 4,000 TV lines while op-
erating unattended in space for multivear periods
at high light levels. The laboratories” unique line of
image correlation (pattern recognition) tubes has
also been made more rugged ( ceramic construction)
and substuntiully miniaturized. 1TT is the sole
supplier of these devices which are capable of
recognizing, tracking and manipnlating compli-
cated optical images. Ixcellent phosphor output
screens were developed in 1968 for image intensifi-
cation, photo, and night viewing applications. The
screens are capable of 140 line pairs per millimeter
without loss of conversion efficiency.

The Advanced Electro-Optical Laboratories in
San Fernando were engaged in the development of
image intensifiers in a multitude of sizes. low-light-
level pick-up tubes, proximity focused image con-
verters, channel plate, solid-state imaging systems,
externally  processed  photocathodes, and special
processes, techniques, and components to advance
the state of the art in the night vision field. The
devices developed at the laboratorics are utilized
in sophisticated equipments which cnable man to
dramatically extend his capacity to sce under ex-
tremely low light-level conditions. During 1968 the
laboratories developed a remote view camera tube
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oriented toward guidance svstems for missile track-
ing and completed development work on a micro-
channel plate product line: it was expected to fur-
ther this area of technology in 1969 bv additional
advancements in processes. techniques and fabrica-
tion methods. Further, the San Fernando Labora-
tories made outstanding advances in night vision
technology in 1968 with the development of highly
sophisticated future-generation direct-view image
intensifiers, enabling ITT to capture the first signif-
icant procurement in Generation II night vision
technology.

KAISER AEROSPACE & ELECTRONICS
CORPORATION

The business of Kaiser Aerospace & Electronics
Corporation continued during 1968 to consist pri-
marily of the production of solid fuel rocket motor
nozzles. machined aircraft structural components,
aircraft precision gears and gear assemblies, and
the design and production of the airborne Kaiser
Flite-Path® navigational aid and community an-
tenna television (CATV) equipment.

The corporation had a backlog of orders totaling
$32,500.000 as of September 30, 1968, compared
with $44,431.000 as of September 30, 1967, and the
volume of sales during 1968 was about the same
as in 1967.

At San Leandro. California, Kaiser was operating
one of the most modern numerically controlled
machining facilities in the United States, perform-
ing work on the Grumman F-111 program and the
Boeing commercial 747, 727 and 707/320 aircraft.
The San Leandro Plant, winner of the USAF Zero
Defects Achievement Award, was one of the na-
tion’s leading producers of nozzles for major mili-
tary missile programs, such as Poseidon, Polaris
and Minuteman.

At Palo Alto, California, manufacture of the
Kaiser Flite-Path system and the associated Kaiser
Radar Data Converter for use by the Navy in the
Grumman A-6A aircraft proceoded at high rate. In
addition, there was limited production of new in-
tegrated display systems for use in both military and
civilian light aircraft.

The Embe Gear Plant at Glendale, California,
acquired in 1966, continued the manufacture of pre-
cision gears and hydraulic and electromechanical
systems for the aircraft and aerospace industry.

In Phoenix, Arizona, the company was designing
and manufacturing military electronics  support
equipment. Kaiser CATV Division of Kaiser Aero-
space & Electronics Corporation, also located at
Phoenix, produced CATV equipment for sale
throughout the United States. Kaiser Aerospace &
Electronics is a wholly owned subsidiary of Kaiser
Industries Corporation.
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KAMAN CORPORATION

Kaman’s acrospace, technology and aircraft-
related businesses continued strong in production,
research and new products in 1968, and backlogs
remained high.

KAMAN AIRCRAFT DIVISION

In prime helicopters, Kaman’s production air-
craft, the USN/USMC UH-2 Scasprite and the
USAF/NMAP HH-43 Huskie, were delivering out-
standing performance in all corners of the globe.

In Southeast Asia, the HH-43 Huskie helicopters
continued to bear the brunt of air rescue missions.
In its 10th year of service, the Huskie continued to
have the highest availability record of USAF air-
craft.

Huskies were produced in limited quantity dur-
ing 1968 for the Imperial Iranian Air Force, bring-
ing Iran’s Huskie fleet to 26 aircraft.

Kaman’s UH-2C Seasprite, a twin-engine version
of the original single-engine Scasprites, was deliv-
ered in increasing numbers to the U.S. Navy and
made operational in Southeast Asia for utility,
search and rescue operations. Several Navy con-
tracts were received by Kaman extending the num-
ber of twin-engine Seasprites on order.

Aircraft improvements flight tested during the
year included an uprated transmission, 4-bladed
tail rotor and dual landing wheels. These product
improvements were extending the Scasprite’s capa-
bility in expanded Navy programs.

A gunship version of the UH-2 was ordered by
the U.S. Navy for search and rescue missions. The
armed UH-2s will have chin- and waist-mounted
machine guns, armor protection and other features.

Additionally, a stub-wing UH-2C entered flight
test as a flying platform for external stores. A wide
variety of antisubmarine weaponry can be carried
beneath the wings of the modificd UH-2.

A company record for aircraft gross weight was
set .by a UH-2C in May at the company’s test flight
facility in Bloomfield, Connecticut. A Seasprite with
an _uprated transmission flew at 13,600 pounds gross
weight, 3,600 pounds above the design gross weight
of a standard twin-engine UH-2C. With a useful
load of 7,000 pounds, the record-setting aircraft had
a useful loa:d greater than its empty weight.

Other Navy contracts included seclection of
Kaman for overhaul of UH-2A/B and -C models of
the Seasprite.

Kaman Aircraft Division obtained additional
follow-on contracts for production of wings and
empennage for Grumman’s OV-1 Mohawk and
major components for Grumman’s A-6 Intruéler.

Other large subcontract production included
work for the McDonnell Douglas DC-8 and the
Lockheed C-5A, and for General Electric (Cincin-
nati and Philadelphia) and Perkin-Elmer.
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Kaman’s “Sweet Chariot” forest penctrator rescue
seat, hailed for its major contributions in facilitating
helicopter rescues in Southeast Asia's jungles, was
delivered in large quantities to all military services.
Fire Suppression Kits, used for crash rescue work.
were in production for U.S. and forcign govern-
ments.,

In aircraft equipment, Kaman produced com-
plete galley svstems for McDomnell Douglas and
for Fastern Airlines.

Basic rescarch extended Kaman's acknowledged
leadership in rotor design. Notable was a Control-
luble Twist Rotor (CTR) svstem which would vary
its pitch or angle of attack over its length, offering
potential for increased lift and speed in pure heli-
copters. as well as improved performance for heavy
lift machines.

In the developing ficld of vibration research,
Kaman undertook development ot a 3-dimensional
vibration isolator that eliminates nearly 100 percent
of vibrations fed into it, particularly at low fre-
quencies. Feasibility studies were in progress to
isolate rotor and transmission svstems from heli-
copter fuselages. _

Expansion of existing fucilili(-si and construction
of new buildings gave the Airceraft Division a plant
capacity of more than 1.300.000 square feet in
1968.

KACARB PRODUCTS DIVISION

K:aman’s growing bearing business moved into
new facilitics in Bloomficld, Connccticut, in 1968
and doubled production. The KAcarb bearing is a
unique self-lubricating bearing dc\'cl(.)p('d by tthe
company; it features extremely long life and high
resistance to corrosion. Bearings were 1n volume
production for use on Army and Navy helicopters.

KAMAN SCIENCES CORPORATION

Kaman’s 4 science and technology divisions.' were
organized in 1968 into a newly formed subsidiary,
Kaman Sciences Corporation.

Kaman Nuclear, Colorado Springs, Colorado, at-
tracted several new contracts from the Dcpz?rtment
of Defense and Atomic Encrgy Commission for
theoretical studies and laboratory experiments con-
cerning nuclear weapons, nuclear safety and relia-
bility, antennas, fallout and pollution.‘ .

Science Engineering Associates, 5.211.1 ' Marino,
California, Kaman’s oceanography division, was
under contract to scveral government agencies a'nd
private companics for mooring studies, pf)llutlon
studics, wave oscillation studies and designs of
manned underwater stations.

Kaman AviDyne, Burlington, Massachusetts, was
engaged in theoretical research for the major mili-
tary services and NASA on such subjects as nuclear
blast effects, guidance and control of lifting reentry



vehicles. SST avionics and collision avoidance sys-
tems for aircraft.

Kaman Svstems Center. Bethesda, Marviand, was
furnishing svstems analysis, svstems engineering,
operational analvsis  and  svstems cffectiveness
studies to several government agencies and other
prime defense contractors.

ATRKAMAN INC.

AirKaman Inc., Kaman’s subsidiarv in general
aviation., grew from one operation in 1967 to 3
operations in 1968, The origina] AirKaman at
Bradley  International  Airport. serving Hartford-
Springficld. was joined by AirKaman of Omaha
Inc.. serving Omaha Municipal Airport and Mil-
lard. Nebraska’s industrial airfield, and by an Air-
Kaman operation at Jacksonville's new International
Airport.

All AirKaman locations have service and storage
operations for general aviation. sell fuel to sched-
uled airlines and general aviation, and offer repairs.

At Bradlev, AirKaman is a franchised dealer in
Beecheraft, has a Jet Maintenance Center and op-
erates jet charter service.

At Omaha, AirKaman is a franchised Beechcraft
distributor to 4 midwestern states and is a dealer
as well.

Jacksonville, opening late in 1968, together with
Bradley and Omaha cstablished AirKaman as one
of the larger general aviation businesses in the U.S.

KOLLSMAN INSTRUMENT CORPORATION

Kollsman Instrument Corporation continued in
1968 as the major supplier of air data instrumenta-
tion to the commercial airlines and military services.
The company’s optical programs, associated in
recent years principally with the nation’s space pro-
grams, found increasing application in military and
other nonspace markets.

AVIONICS DIVISION

Kollsman’s KS-200 central air data computer,
certificated for use on the Douglas DC-8-60 series
and Boeing 737 commercial jet transports, reached
volume production, F light tests for certification of
the computer aboard the Grumman Gulfstream II
executive jet transport were scheduled for com-
pletion at year-end.

New flight instrumentation developed during the
year included a servo-pneumatic altimeter and a
4-inch Mach/airspeed indicator for the Boeing 747
jumbo jet transport.

The division continued to supply altitude report-
ing equipment for the commercial airlines in antici-
pation of the expected Federal Aviation Adminis-
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tration regulation requiring the equipment for
aircraft in major traffic control areas. Altitude alert-
ing equipment was under development by the
division.

A 84.000,000 contract was negotiated under
which more than 60 Kollsman aircraft instruments,
including Kollsman Integrated Flight Instrument

o O
Systems. were to be supplied to Douglas Aircraft

Company for DC-8 and DC-9 jet transpoorts through
1970.

The division established during the vear a sales
and service facility at Wichita. Kansas, to market
and support the Garda line of 6 basic flight instru-
ments for light aircraft. The instruments were being
produced by Salmoiraghi, pioneer Italian instru-
ment maker and licensee of Kollsman.

For the military services, Kollsman began de-
liveries late in the year of AAU/21A altitude re-
porting equipment, AAU/19A servo-pneumatic alti-
meters and TTU/229 test equipment. Development
of the CPU-46 central air data computer for military
aircraft continued, looking toward deliveries of the
initial production quantity in 1969.

Considerable progress was made in the develop-
ment of solid-state pressure transducers for ad-
vanced flight instrumentation. The new transducers,
able to sense both static and dynamic pressures, are
expected to be applicable to industrial requirements
also.

ELECTRO-OPTICS DIVISION

The Apollo Optical Unit, a combination sextant
and telescope, was used successfully during the
Apollo 7 and 8 space missions to track stars for
alignment of the inertial guidance platform of the
Command Module. Produced as the optical sub-
system of the Apollo guidance and navigation sys-
tem, the Optical Unit also will be employed on
NASA’s manned lunar landing missions.

The Alignment Optical Telescope built by Kolls-
man to align the inertial platform of the Lunar
Module will also be used on manned Apollo missions
to the surface of the moon.

Spaceborne Kollsman star trackers were employed
in the spacecraft attitude control system of the 1968
Orbiting Astronomical Observatory.

The star trackers will be employed also in a sub-
sequent OAO mission designed to orbit the Kolls-
man-built Goddard Experiment Package, a 38-inch
reflecting telescope and spectrometer designed to
measure the ultraviolet radiation of distant stars.
Star trackers also were being developed for the
Air Force’s Manned Orbiting Laboratory.

Kollsman's optical capabilities were applied in-
creasingly to other military and nonspace programs,
particularly in the area of night vision equipment,
both in head-up displays and in stabilized sights.
Optical components and equipment were being
produced by Kollsman for naval rangefinders,
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alignment telescopes and weapon sights, including
the Dragon antitank missile.

Development continued in optical fuzing, grazing
incidence optics (for detecting invisible light), ion
beam figuring of optical surfaces and laser systems
for underwater ranging and detection and for com-
munication from the air to underwater.

SYSTEMS DIVISION

Category II flight testing of the AN/USQ-28
aerial mapping system continued with Kollsman
support at Forbes Air Force Base, Kansas, head-
quarters of the Air Foree’s 1370th Mapping Wing.

The bulk of the Kollsman-produced ground sup-
port equipment for the system was delivered to the
Air Force and work was continuing on the technical
manuals and handbooks. The Geocon IV lens, heart
of the mapping system, was being considered at
year-end for other high-precision metric camera
systems such as those required by lunar orbiting
spacecraft,

Development of the Night Observation Device
Long Range (NODLR) for the US. Army was
begun in 1968 and system tests of the prototype
equipment were scheduled for carly 1969.

CORPORATE TECHNOLOGY CENTER

Under Navy contract, production of a large-
screen real-time operations disp]ay system was
begun in 1968 for use at the Barking Sands Under-
water Range at Kauai, Hawaii. The display system,
fed by computers currently in use at the naval
range, will incorporate the Kollsman Delphic II
projectors, a digital computer and control console.
The system will be able to display numerous tra-
Jectories in 5 different colors over varied reference
charts and backgrounds.

Other applications of the Delphic system being
ex.plored by Kollsman concern the computer re-
trl'eval and graphic display of financial and indus-
trial management information, computer-directed
cl.assroom instruction and large-screen display of
vital patient functions during surgical operations.

A sonar Doppler docking and navigation system

was developed during the year for use by super-
tankers and other ocean-going vessels.

LEAR JET INDUSTRIES, INC.

As the first full year of operations since The
Gates Rubber Company, Denver, Colorado, ac-
quired controlling interest (58 percent ownershi )
1968 served as an important pivotal year for Lga;
Jet Industries, Inc.

Sales volume for fiscal 1968, ended April 30
1968, was $34,500,000, an 11 percent increase over
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the previous vear. Net operating loss before extra-
ordinary items was $3.500,000, a reduction of 70
pereent from fiscal 1967.

More significantly, the company reported at its
annual meeting of sharcholders in September that
August 1968 represented a trend-setting month of
profitable corporate operations. Charles C. Gates,
Jr., president and chief exceutive officer, said Lear
Jets first 6 months of fiscal year 1969, ending Octo-
ber 31, 1968, would he profituble. Teading to a year-
end modest profit on anticipated record sales in
excess of $60,000.000.

Election of Licutenant General HHewitt T, Whe-
less, USAF (Ret.), as a director completed the
corporation’s  9-member board of directors. lis
most recent position prior to retirement in July
1968 was as Assistant Vice Chicf of Staff, U.S. Air
Force,

AIRCRAFT DIVISION

In November 1968 the 200th Learjet aireraft was
rolled from production lines in \Wichita, Kansas.
Lear Jet led in delivery of corporate jets again in
1968, marking the fourth consccutive year it held
leadership in total worldwide delivery of business
jet cquipment. Cumulative flying by the Learjet
fleet exceeded 100,000,000 miles by the end of 1968.

Some 20 units of the new 10-place Learjet 25,
certificated late in 1967, were delivered by the end
of 196S. The “25” measures 4% feet longer than its
sister ship, the 8-place Learjet 24, and features a
number of performance advances, including  ex-
tended range to more than 1,800 miles with. 8 pas-
sengers and 45-minute fuel reserve. Added interior
conveniences, such as a private, fully enclosed lava-
tory, further enhanced the Learjet 25’:€ acceptance
within the corporate aviation community. .

On Fcbruary 20, 1968, a standard, produ?tlor’z
Learjet 25 established a new world “time—to-chml?
record for business jets, flying to 40,000 feet in
6 minutes 19 scconds, breaking by 1 minute 2 sec-
onds the previous mark set in Dcccmbcr 196.5 by a
Learjct 23. The achievement was significant in ‘t‘ha)t’
it demonstrated the high performance of the “25
in rapid and dircct climb to high, ovcr—the—wc'ather,
cconomical cruise altitudes—as well as  highest
margin single-engine safety operations. _

Ir%proven%ents %o the basic Learjet 24 were listed
late in 1968 in a company announcement o'f tl?e
new Learjet 24B, scheduled for initial deliveries in
January 1969. The 24B features an increcase of 500
pounds useful load and more powerful General
Electric CJ610-6 engines, identical to those power-
ing the larger, heavier Learjet 25. '

A new warranty program introdqced in 1968
covers both models. Tt is applicable for 4 ycars or
2,000 flying hours, whichever comes first, and is
unmatched in the business aviation industry. Lear
Jet officials said the extended warranty was made










additional clectronic systems for the integrated
VTOL flight control system installed in 2 CH-3C
test-bed and delivered to the Air Force Dynamics
Laboratory in 1967. With the additional equipment,
the investigation of low-visibility VTOL operations,
using the CIH-3C as an inflight simulator. will con-
tinue with emphasis on letdown. hover and landing
modes.

The LSI division will also install a variable sta-
bilityv svstem in an X-14 VTOL aircraft for a NASA
program related to the advancement of technology
in the handling characteristics of this type aircraft.

Major continuing production programs at the
division included dual flight control svstems for the
A-TA and A-TD Corsair I1 aircraft used by the Navy
and Air Force and flight control systems for the
BQM-34A Fircbee target drone.

Instrument Division

Work was completed on a 92.000-square-foot
addition to the Instrument Division’s manufactur-
ing facility during the spring of 196S. With this
addition, floor space of the division’s 3-building
complex totaled more than 300.000 square feet.

During the vear the Instrument Division also
placed its nc\\"magnctic azimuth detector facility
in operation. Designed to measure attitude and
heading reference system accuracy, the new facility
provides a stable, 'nonshifting magnetic field for
these systems being built for the C-5A aircraft.

The division developed a new “canted T” attitude
indicator which features a unique indicator mech-
anism that permits both roll and pitch servos of the
mechanism to be contained inside the sphere of the
indicator. Direct-drive DC torquers are used in
licu of conventional AC servos with resultant ad-
vantages of simplicity and reliability. An improved,
highly reliable “horizontal situation indicator was
developed through the utilization of this technique.

As part of the Instrument Division’s internally
sponsored radio navigation program, a unique ap-
PrQﬂCl) to Loran signal reception was developed.
This “total energy concept’ makes use of all the
transmitted energy from the Loran transmitters,
improving both accuracy and operating range of the
Loran system.

In addition to the division’s radio navigation de-
velopment activities, the Instrument Division in
conjunction with ITT had the only tactical Loran-
C/D system in production. Designated the AN/
ARN-92, the system provides the pilot with in-
stantaneous and continuous solutions to navigational
problems, enabling him to fly his aircraft to the
target without visual contact. The division’s Loran-D
computer subsystem was successfully flight tested
in both C-130 and F-4 aircraft during 1968 as part
of a weapons delivery system.

The Instrument Division increased its penetra-
tion of the commercial airline market in 1968. The
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division’s total air temperature/cngine pressure
ratio (TAT/EPR) has been sclected by 14 airlines
for their 737 jetliners, and 15 airlines have selected
LSI attitude indicators for their Boeing 747s on
order.,

Major continuing

production programs at the
Instrument Division,

in addition to those previously
mentioned. include precision attitude reference
(PAR) systems for the C-3A, AN/AJB-3 and -7
bombing systems, ASN-73 heading reference sys-
tems. ASN-70 vertical reference systems, gyvros and
other gyro systems.

LSI POWER EQUIPMENT GROUP
Power Equipment Division

Contributing greatly to LSI's substantial advances
in the field of aircraft systems and components, the
Power Equipment Division recorded an important
expansion of its nonmilitary aviation markets dur-
ing 1968.

In addition to the continuing production of the
completed electric generating system for the DC-8
Series 60 commercial jet aircraft, the division was
selected to develop and manufacture the electric
gencrating system for the new Lockheed L-1011
luxury jetliner. While the DC-S system represents
the most advanced electrical system components
flving on a commercial airliner today, the L-1011
system will reflect a completely new concept in air-
craft electric systems.

The result of a development program initiated
in late 1967 with Sundstrand, the L-1011 system is
designed to combine the constant-speed drive and
generator into one package called the integrated
drive generator. This advancement will make ap-
proximately a 50 percent reduction in weight pos-
sible and, with other innovations, will provide
greater reliability and ease of maintenance.

During the year the division developed various
other generators, voltage regulator and control
units, and related equipment to mect present and
future gencral, commercial and military aircraft
requirements.

New applications for existing p}'odtlcts were also
developed by the division. PED's frequency con-
trolled drive system was successfully adapted to
the Navy’s mobile TACAN antenna; a portable
solid-state power supply for space use was adapted
for the Navy shipbuilding and maintenance brazing
operations; and a solid-state laser power supply,
developed for NASA, was under evaluation for a
classified Army program.

Production programs included throttle actuators
for the Chinook helicopter, stabilizer trim servos
and spoiler mixer box assemblies for the Boeing 727,
stabilizer trim servo actuators for the Boeing 737, fin
control servos for the Mark 45 torpedo, DC genera-
tors and starter-generators for the UH-1 helicopter
and 300-ampere generators for the M-60 tank.
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Romec Division

One of the leading manufacturers of hydraulic
and pneumatic systems, the Romece Division of LSI
produces more lube pumps for jet engines and
more fuel booster pumps for helicopters than all
other pump manufacturers combined.

To increase its share of the rapidly cxpanding
civil and small commercial market, the division
developed a new, low-cost hydraulic power pack-
age. This unit is designed especially for actuating
smaller aircraft’s landing gear, flap and steering
systems.

Representative of products that the Romee Divi-
sion developed for the large commercial jet market
are an clectrie-driven auxiliary power unit start
pump, fuel scavenger pump and windshicld de-icing
pump for the 747.

In contrast to its products for acrospace applica-
tions, such as a sclf-sealing quick disconnect cou-
pling used in the pressurization of fucl tanks for
check-out and operation of the Lunar Module, was a
highly accurate, lightweight, fluid metering medical
pump. This unit, developed early in 1968 for intra-
venous, constant-flow injection of medication into
the human body, allows the patient to remain
mobile during treatment.

Transport Dynamies Division

A leader in the field of self-lubricated and metal-
to-metal spherical, journal and rod end bearings,
Transport Dynamics manufactures bearings for
major commercial and military aircraft as well as
for missile and space programs.

Primary applications for the division’s bearings
are related to landing gear, hydraulic actuators,
thrust reversers, valves, manual flight controls and
other high-load, low-speed bearing surfaces.

During the year Transport Dynamics supplied
various types of bearings for a wide variety of ap-
plications, including Boeing 707, 720, 727, 737 and
747 transports and CH-46 and CH-47 assault trans-
port helicopters, McDonnell Douglas DC-8s and -9,
Lockheed C-141 and C-5A military transports and
the AH-56A attack helicopter.

SYSTEMS AND SERVICES GROUP

Cimron Division

Prirr}arily a manufacturer of digital voltmeters,
the Cimron Division expanded this product line
and broadened its product base in the printed cir-
cuit manufacturing equipment market during 1968.

Two improvements to the division’s Hydro-
Squeegee solder leveling machine were introduced
in 1968. Added to the device developed by Cimron
and used by a large number of circuit board manu-
facturers were filtering and washing systems to in-
crease the economy and cfficieney of the machine’s
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overall operation. Also introduced for this general
market was a low-priced. single-hand drill and eve-
let inserting machine.

In addition to its production of test instruments
for laboratory and industry applications, the divi-
sion supplicd environmental instruments for the
[F-111 groun(l support test equipment.

Component Services Division

LSI’s Component Services Division, headquar-
tered in Harrishurg, Pennsylvania, with facilitics at
Oklahoma City and Los Angeles, performs instru-
ment and equipment overhaul and repair services
on a wide variety of airborne and ground-based svs-
tems and components.

Representative of the division's activities during
the vear were repair and overhaul of CH-3 auto-
matic flight control systems, APS-31 radar svs-
tems. and IRAN of NMcDonnell Douglas (Long
Beach, California) company-owned  photographic
projectors. and  rebuilding and  repackaging of

40-millimeter booster assemblies for the Navy.

Data and Controls Division

To augment its prominence in aerospice power
conversion and distribution cquipment and \\:(‘;1[1101‘
radar systems, the Data and Controls Division in-
creased its emphasis on inner space. or undersea,
systems. .

During the year the division developed a sollld-
state sonar transmit/receiver switch incorporating
proprictary features that provide higher 1'(*1i;1]).i1ity,
greater stability and greatly increased ()pc"mtlonal
life over the currently used clectromechanical-type
switch. o

A significant improvement  over (‘Xlst_mg.sonur
transmitters was made by the division with 1(;5 de-
velopment of a new transmitter (power 111111)11ﬁ(‘1-),
Incorporating 7 proprictary features, the tl'i‘lnjln'lttor
is smaller, lighter, more Mhcient and - to 3 times
more reliable than carlier units.

Included in the division’s significant production
programs arc ignition inverters for the firing mech-
anisms in submarine Polaris launch systems and
power supplics for the airborne receiver of the ITT/
L.SI Loran-C/D system.

Electronic Instrumentation Division

After its first full year of operation in_a new
market, the Electronic Instrumentation ‘DlVIISlOn
was firmly established as a manufacturer of artillery
fuzes and booster assemblics. To accommodate this
and other engineering and production activity, the
division acquired and added more than 73,000
square feet of floor space. ° .

In the ficld of data acquisition and communica-
tions, the division provided systems for space,



ground and undersea applications. They included
a closed-circuit target acquisition and  telemetry
svstem for Cape Kennedy, closed-circuit television
svstems for ground-based and underwater programs
and a secure communications svstem for a classified
govermment prograni. ’

The division also marketed its first frequency
multiplier. which was previously developed for a
data acquisition svstem. This deviee, which puts
out the product of 2 inputs. accepts inputs that
may vary in frequency up to 2.5 megahertz cach.

Hokanson Division

While established as a leader in ground support
air-conditioning  equipment for commercial and
military aircratt. missiles and spacceraft, the Ho-
kanson Division solidified its position of prominence
in the aireraft galley and interior furnishings field
in 1968.

The  division’s  airline galley business  gained
major impetus with orders for more than 100 units
from Japan Air Lines, United Air Lines and Alitalia.
In addition, 64 gallevs were part of the equipment
for the division's Air Force C-9A acromedical evacu-
ation transport program. In related work, the divi-
sion d('\'olopvd for commercial aircraft a forced-
convection oven that will reconstitute frozen meals
in 20 minutes, compared to the 30 to 50 minutes
required by present units. Weight was also sharply
reduced. The IHokanson dual compartment oven
weighs only 60 pounds, compared to the single-
cavity ovens that, with equal capacity, weigh 100
pounds.

For its basic product line, the Hokanson Division
developed a new heater for airline support equip-
ment. Utilizing an entirely new concept, the HH-
1000 heater has a minimum of moving parts and
requires no combustion. Clech'icity or reverse re-
frigeration to augment the systen.

Management Services Division

The varicty of management and technical services
which the Management Services Division provided
experienced a substantial increase in 1968, To ac-
commodate its need for larger facilities, the divi-
sion’s administrative staff occupied a new 30,000-
squarc-foot building in Oklahoma City.

Opcrations of the division were conducted in
virtually every state of the union and in more than
a dozen other nations. Services ranged from pro-
viding air traffic controllers at bases in Vietham to
overhaul and repair of communications, radar and
armament systems and aircraft and helicopter air-
frames. Designated the “field team concept,” this
type of aircraft and avionic service capability was
cxpanded under a contract from the Army to in-
clude diesel generators and heavy mobile vehicles
such as cranes, graders and shovels.

1
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Other programs received or in progress during
1968 at Management Services included engineering
support for C-54, C-141, A-7TA and PIFACS pro-
grams, field-tcam modification related to the AIMS
program and field-team maintenance and modifica-
tion for the F-4 aircraft in the Far East.

LING-TEMCO-VOUGHT, INC.

Ling-Temco-Vought, Inc., added 3 nationally
known companies, Braniff Airwavs, National Car
Rental and Jones & Laughlin Steel Corporation, to
its roster of subsidiaries during 1968.

With these additions, the corporation totaled
10 publicly held subsidiaries going into 1969 and
emploved approximately 130,000 persons.

The subsidiary roster was as follows: LTV Aero-
space Corporation; LTV Electrosvstems, Inc.; LTV
Ling Altec. Inc.: The Okonite Company; Jones &
Laughlin Steel Corporation; Braniff Airways, In-
corporated; Wilson & Company, Inc.; Wilson Sport-
ing Goods Company; Wilson Pharmaceutical &
Chemical Corporation; National Car Rental System,
Inc.

In the aerospace field, 2 subsidiaries, LTV Aero-
space Corporation and LTV Electrosystems, Inc.,
marked up a highly successful year.

The A-7A Corsair 11, manufactured by LTV Aero-
space’s Vought Aeronautics Division, proved itself
in combat. operating from aircraft carriers in the
Gulf of Tonkin. Returning A-7 pilots lauded the
aircraft as the new, versatile workhorse of the fleet.

In the space field, Acrospace’s Missiles and Space
Division’s Scout rocket served as a launch vehicle
for NASA, the Department of Defense and a num-
ber of foreign nations, including the United King-
dom, Italy, West Germany, France and members
of the 10-nation European Space Rescarch Organ-
ization (ESRO).

Keeping pace with its expansion program, LTV
Acrospace’s Missiles and Space Division dedicated
a new 1,000-square-foot office, laboratory and manu-
facturing complex, valued in excess of $20,000,000,
in June, and the Vought Acronautics Division dedi-
cated a $4,000,000 satellite machine shop at the
Gregg County Airport near Longview, Texas, in
October.

At year’s end a new San Antonio, Texas, training
and manufacturing facility, to be operated by
Vought Acronautics, was set for operations. The
tacility will train more than 150 hard-core unem-
ployed and will employ the trainees in small detail
fabrication for the A-7 and F-8 aircraft. In addition,
Vought Aeronautics contracted for an additional
new building near the company’s main plant in
Grand Prairic, to be occupicd in early 1969.

Backing up its subsidiaries, Ling-Temco-Vought,
Inc., dedicated in September the Robert McCul-
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loch Research Center, a $2,500,000, 97,000-square-
foot headquarters for the company’s rescarch ac-
tivities and home for its Dallas rescarch division.

Turning to production, Vought Acronautics” more
powerful A-7B, a follow-on version for the Navy
with the higher thrust TEF30-P-§ engine, was the
major aircraft on the division’s assembly linc.

The division also completed and flight tested the
Air Force’s A-7TD with an even more powerful power
plant, the Allison/Rolls-Roycc TFAL engine. In its
first flight at Edwards Air Force Base, California,
September 26, the new engine sped the camouflaged
aircraft to Mach .94 at 20.000 feoet.

The A-7D and the newer Corsair for the Navy,
the A-TE, are equipped with statc-of-the-art avion-
ics systems, using digital computers and a 110:1(1-111)
display, to provide much more accurate navigation
and weapon delivery in all weather conditions, LTV
Aerospace expected to manufacture between 1.500
and 3,000 A-7s before the program is completed.

Vought Acronautics continued the remanufac-
turing of the F-8 Crusader scrics, modernizing the
B, C, D and E aircraft as well as the RIF-8A. The
F-8 remained the fastest singlc-engine Navy fighter
in the world and continued making a mark for itself
as a MiG killer. At year-end, the Crusader was
credited with more than half the Navy victories
over the MiGs in the Vietnam war.,

The XC-142, the division’s tri-service experi-
mental aircraft and the world’s largest vertical short
take-off and landing aircraft, was entered in the
LIT competition, while concurrently being tested
by NASA. NASA’s program will provide data on
problems of operating commercial V/STOL aircraft
in and around commercial airports during periods
of low visibility.

As a subcontractor to The Bocing Company, the
Vought Aeronautics Division was building the em-
pennage and aft body section for the 747, and was
named to fabricate the horizontal stabilizers for the
McDonnell Douglas DC-10. The company is also
part of the Boeing team for the SST.

LTV Acrospace and Lockheed announced a long-
term agreement under which the 2 firms would
cooperate in the bidding for and manufacture of
Navy and Air Force fighter aircraft. Under the
agreement, the LTV, Inc., subsidiary would act as
prime contractor for Navy aircraft "and Lockheed
would bid on Air Force contracts, with the other
acting as subcontractor. First fighter effort under
that agreement was the LTV Aerospace bid for the
Navy’s YFX. The Texas firm also made a long-term
cooperative agreement with Marcel Dassault of
France under which it received technical data con-
cerning the Mirage III-G, the successful French
swing-wing aircraft. Certain Mirage technology was
used in the Vought Acronautics VFX proposal.

Vought Acronautics was also teamed as a sub.
contractor with Lockheed in a VSX proposal to the
Navy.
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Missiles  and Space  Division's -l-St.AIQ'(“ .SO]l(l-
propellant Scout performed 7 launches in l.L)(?S ;{nd
achieved a success ratio of 100 percent. Continuing
a performance growth program which has ('nul.)l.cd.
the Scout to more than triple its p;l}'l(md capability
in less than a decade, work was under Wiy on
standard fifth stage, an option which will increase
hypervelocity reentry performance. make possible
htigh]-\' elliptical deep space orbits and extend the
vehicle’s probe capabilities to the sun. . -

A unique. company-designed space radiator sy \
tem. designed to maintain the proper temperature
for the astronauts and their cquipment ll'lSl(](‘ .thv
Apollo lunar spacceraft, made its first flight l;nt(_)
space on Apollo 7 and operated H;n\'lvs's]_\'. '.-\.1)‘(1) ()l ‘.
also capped off a production program in w l.n( ]1‘t 1(1
Missiles and Space Division supplied huge toe an
oxidizer containers for the first stage of the Saturn
IB rocket. Nine of these containers. cach more than
62 feet long, are clustered in cach [ivimiceh \'(‘111(']{f-.‘t()
provide 850,000 pounds of 1)1‘()1)(‘”;}11[ for .l]l.(‘ll‘ll:st'-
stage motors. A total of 1S9 containers was deliv-
ered.

Still other contributions to the Apollo program

included space mission studies and ush'()n;m_t t.rz’un-‘
ing in the company’s unique _\I;mm'(ll -:\(‘“])Spiw,(:
Flight Simulator, the testing of space 51.1.115 :;'11( ()t 1 xl
cquipment in its Space ]51'1\’1'1‘911111(‘11[ Smm' ‘]11.0‘1\ -‘m;
the performance of spaccecraft thermal ana \;(s 19
all Apollo missions using ('()n11);1}11\'—(.1(‘\’(‘1(?1)(( ((.)m:
puter routines and real-time monitoring by company
yersonnel., .
! In missile activities, the division’s Michigan fa-
cility near Detroit made excellent progress on 'thc
A]'m/y Lance missile system, for which it 15‘1)?';'11{0‘
contractor. The Army’s ncewest Slll'ffl(‘(‘-t()-%?l; d.c'(
missile is being developed to fill 1'('([1111'('111('111§ ' ,O,l, a
highly mobile, versatile and H.CCI1I"dl().\\'(‘211)(')11‘18:\ .st(]m
to replace the Ionest John and po:%]})]}'.tht ¢ ]()m]
rockets, Lance, which uses a sinnphﬁ.(*d iner t‘m
guidance system and is capu])l(' of ,C’(ll'l'yl{ig (-011'\‘/%111—
tional or nuclear warheads, is the first Army missi ‘c
to usc prepackaged, storable licpuid prf)p(,‘lll;mtsl'. Itos§
firings of advanced missiles were being conductec
at the White Sands Missile Range. ' -~

In the surface vehicle field, the Michigan fu'cﬂlty
continued work on its small, 8—whce¥c.d multlp.ur-
pose vehicle, called the MACYV in a.mlhtm‘y Ycr.luon
and the Kid in a utility version designed >t,0'10p ace
the water buffalo as a “beast of l)urd.(?n in arcas
such as Southeast Asia. Tests on the highly glmph—
ficd carrier indicate it can traverse more t'.han _JO per-
cent of the jungle and mountain terrain m. \h(ft\ﬂ";l\l'ﬂ.
Two prototypes of the MACV (I\"IUltlpUlplO;S'Cr ‘1r’—r
mobile Combat-support Vehicle) were und ?‘I.‘f_)Oln?
tests by the U.S. Marine Corps. The Kid vels‘u?n od
the 1,000-pound-payload vehicle was dcmonstlat.cl
in Thailand carly in the year and was grcctod with
enthusiasm. .

The Missiles and Space Division was actively en-



aaced in programs in the fields of defense svstems,
ducted rockets and advanced guidance svstems, and
was a subcontractor for the 747, DC-10 and SST.

In August a new company. Computer Technol-
ogy. Inc.. was formed by Ling-Temco-Vought, Inc.,
and LTV Acrospace Corporation and was chartered
to ofter the rapidly expanding computer industry
a diversified range of computer-related  products
and services. The new company is a subsidiary of
LTV Acrospace Corporation. LTV Aerospace holds
;1pproxhnut(-ly 70 percent mvnorship: the remaining
stock interest is owned by the parent corporation.
LTV, and by management.

Computer Technology. Inc.. combines the Dallas-
based facilities. resources, persomnel and business
backlogs of 3 going businesses: LTV Computer
Center, the Acrospace Computer Science Services
of LTV Acrospace, and Service Technology Cor-
poration. a whollv owned subsidiary of LTV Acro-
space which will operate as a subsidiary of Com-
puter 'I‘v(‘lm()l()g_\', Inc.

Service  Technology  Corporation,  originally
formed as a wholly owned subsidiary of LTV Acro-
space Corporation, is made up primarily of the re-
sources and activities of the former Range Svstems
Division. It is composed of 3 operating divisions:
Test and Operations Division, Technical Services
Division and Engineering Svstems Division. Service
Technology Corporation (STC)Y  concentrates its
business interests in the services field with technical
support services conducted at various NASA and
Dol) sites across the nation and engineering ser-
vices performed for a variety of customers by its in-
house engineering staff in Dallas. )

The Air Force contract for the Conversion of
Range To]omotry Systems (CORTS) was awarded
to STC for improviﬁg range facilities at 3 Air Force
test centers, Edwards AFB. California; Eglin AFB,
Ilorida; and El Centro, California. The company
also received the first major award made by the
NASA  Electronic Rescarch  Center, Cambridge,
Massachusetts, for Automatic Data Processing Ser-
vices to support the center’s computer and data
activities. The new service company also received a
contract to provide documentation services to the
Army Electronic Command, Fort Monmouth, New
Jersey.

In the Pacific, Kentron Hawaii, Ltd., another seg-
ment of LTV Acrospacc, providcd extended services
to the area from Honolulu, including range opera-
tions and maintenance. electronic cquipment repair
and calibration, telecommunications, engineering,
installation and operations, and occanology.

LTV Electrosystems, Inc., made steady progress
in clectronice systems development, with  techno-
logical achievements balancing growing sales and
continued construction of new facilities.

Corporate headquarters was moved at midyear
from Greenville, Texas, to the LTV Tower in Dallas
for “more efficient direction of our 4 major operat-
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ing units, which have 14 facilities in 6 states.” to
quote President . F. Buehring.

Largest of these operating units is Greenville Di-
vision, with headquarters facilities in Greenville,
Texas. At the headquarters plant a 70-kilowatt air-
borne illumination syvstem was developed to provide
with one unit approximatelv the same ground light-
ing as the 28-light AGIL and BIAS system: called
AGIL 11, it was being produced for helicopter in-
stallation and use in both military and civilian
applications.

Still in research and development. the 70-kilowatt
svstem is reported to be operating for extended
periods and promises lighter weight and simplicity
of installation.

In the tactical warfare area. Greenville Division
was producing the Gunship IT modification, arming
C-130 aircraft with miniguns and 20-millimeter
cannon and “other sophisticated svstems.”

Although unable to discuss more complex pro-
grams because of their security restrictions, Green-
ville Division was rapidly expanding facilities to
meet requirements of growing sales. A multisensor
test facility was under construction for completion
in March 1969. An additional 74,000-scquarc-foot en-
gincering/administration building went to the site
preparation stage. Two new production buildings
and an aircraft preparation area went into detailed
planning for 1969 construction. along with a 25,000-
square-foot engineering lab facility, additional
maintenance building and chemical waste facilities.

At Donaldson Facility in South Carolina, aircraft
maintenance and modification programs expanded
to include the F-101 and work on F-102 aircraft
continued. Crash damage repair of C-TA aircraft
bcg;m in 1968 and was continuing.

At Garland Division, the AN/AYA-7 Digital Com-
munications Svstem was delivered to the Air Force
for evaluation tests in both airborne and jeep-
mounted configurations.

Automatic controls continued to be a major prod-
uct line with a contract for a pilot’s “fecl” system
for the Lockheed L-1011 trijet transport. The “feel”
system provides a force in the pitch axis to the
pilot’s control column and simulates various air
loads on the aircraft during flight. Such systems
were being produced for Boeing 727, 737 and 747
transports. Work was in progress at the Arlington,
Texas, automatic controls plant, where construction
of a new 60,000-square-foot assembly building
neared completion.

Garland Division added new cquipment to make
its environmental test laboratory the most complete
of its kind in the Southwest. A new thermal vacuum
chamber can simulate a space environment with a
temperature range of 100 degrees below  zero
Falhrenheit to 250 degrees above zero Fahrenheit.
Also added were a shock spectrum synthesizer/
analyzer that simulates and then analvzes the effects
of blast-off, missile stage scpavation and normal
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engine vibration on electronic missile components,
and 5 thermal vibration chambers capable of testing
up to 15 small missile components simultancously.
Garland Division completed installation of 2 pre-
cision parabolic antennas for satellite communica-
tions (in Panama and Brazil) and had 3 others
under contract (in Peru, Iran and Lebanon).
Memcor Division moved into production of the
AN/VRC-12 vchicular-mounted radio transccivers
at its Huntington, Indiana, facilitics and introduced
an improved version of the AN/PRC-25 backpack
radio. In Salt Lake City, Memcor Division’s Montek
Operations continued work on an Air Force contract
for TMC-212 TACAN test monitor and control
units and introduced a man-portable TACAN.
Continental Electronics acquired Pickard & Burns
Electronics carly in 1968 and operated the 2 Massa-
chusetts facilities of this company as the Pickard &
Burns Electronics Division of Continental Elec-
tronics Manufacturing Company. Pickard & Burns
has specialized in radio enginecering and consulting
and has performed fundamental work in propaga-
tion, in navigation systems and in the dcsign and
man_ufacture of specialized receivers, multicouplers,
recelving antennas and measuring instruments. At
year-end Pickard & Burns Division was producing
shipboard antenna couplers for the Omega System.
Continental FElectronics, the free world’s most ex-
pericnced producer of superpower  transmitters,
built the 2,000,000-watt NATO VLF station in
Norway, which at ycar-end was in test status, and
VLF Mediterranean, where work on peripheral
systems, acceptance test and proof of performance
was to continue into 1969. In progress werc con-
tracts for high—frequency 40 and 200 ISB trans-
mitters for the Naval Electronics System Command
(NESC) and a I-megawatt broadcast transmitter
for the Broadcast Corporation of China. Deliveries
were made on a contract from the Rescarch and
Development Command (RADC) and the Navy
Research Laboratory (NRL) for VHF radars. A
contract for OTH (over the horizon) radar was in
wo‘r.k, and a contract was received carly in 1968 for
giigrr;ittr?anufacture gvnd installation of a VLF
e .Lr‘ ag Annapolis, Maryland, from the Naval
é oclgtlrr?(iif:l I}Z’T;E(Smi(gom.mm?d. During the year
comploted deliren s received a contract. and
}PJ N, €Ty of transportable LF transmitters
to the Navy, marking the first known installation of
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The year was one of continued adv
change for LTV Ling Altec, Inc,
Escon, Inc., in March 1968, following close on the
heels of the acquisition of Allied Radio Corporation
in October 1967, substantially enlarged andpfu;tllel'
diversified the operations of the company. LTV
Ling Altec at year-end had 6,500 employe;as and
annual sales in the $160,000,000 range. Headquar-
tered in Dallas, the company has 14 major opcrating

ancement and
Acquisition of
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entities, with facilitics located from coast to coast.
and 3 foreign subsidiaries. Ling Altec has 3 publicly
owned subsidiaries, Tamar Electronies Industries,
Inc.. and Whitchall Electronies Corporation, which
are listed on the American Stock EFxchange. and
Staco, Inc., which is traded over the counter.

LTV Ling Altee, Ine., is a highly diversified com-
pany serving primarily the consumer and industrial
clectronies markets. but it also has a large number
of products and services in support of acrospace
cfforts. The Altee Lansing Division manufactures
Giant Voice high-level voice warning svstems which
can be used at airfields and launch sites; it shipped
many of these svstems to Vietnam in 1968,

Altee I,unsing was also manufacturing public
address systems, intercom systems, noise (-uncv]ing
llli('l'()plx()})('s, and telephone amplifiers for acro-
space applications. Ling lectronices Division was
continuing the research and development effort re-
quired to keep it in a leadership position in both
vibration and high-intensity sound test svstems,
required in the development of all acrospace
vehicles, University Sound Division was manufac-
turing spvnkm's used in a variety of acrospace ap-
plications, including zlir—to-ground volce communi-
cations. Tamar Electronics, ISconolite Division, a
pioncer in automotive traffic control, proposed a
system for ground control of aircraft traffic to the
New York Port Authority emploving its newly
introduced  special-purposc digital traffic control
computers. Tt also developed a gronnd traflic simu-
lation technique for analysis of traffic problems.
Presentations on this new simulation technique,
which appeared to have application to new airport
design as well as to design of traffic control systems
at existing airports, were made to the New York
Port Authority, the FAA and the Department of
Transportation in October. The Stoddart Division
of Tamar Electronics introduced in August a new
acquisition system. The Acro Corporation, a sub-
sidiary of Whitchall Electronics, continued to over-
haul and repair aireraft. It was expanding facilities
at Lake City, Florida, in preparation for imcreased
activity resulting from a recent P2V award. Exisf—
ing programs included the C—]21 and C-124. Staco’s
subsidiary, Standard Electrical Products Company,
was producing miniature illuminated switches used
in cockpit controls; it introduced a new generation
of switches of this type, designated the Model 40
Matrix Switch.

LOCKHEED AIRCRAFT CORPORATION

The year 1968 saw Lockheed Aircraft Corpora-
tion return to the front ranks of U.S. passenger air-
plane manufacturers, make progress in other lines
of commercial business, and record significant mile-
stones in its government programs.



The company began 1969 with a firm backlog of
$2.27 billion. including only $55.000.000 of com-
mercial orders. As it neared vear-end. it had a back-
lor of $1.91 billion, including $2.2 bhillion in com-
mercial orders. Fight of its 9 operating companies
recorded significant increases in commercial busi-
HICSS,

With sales close to its 1967 total of $2.33 billion,
1965 brought lLockheed a record high in sign-ups
that affected virtually all of its major government
work—some $700.000.000 for the Navv's fleet bal-
listic missiles. $250.000.000 for Air Force and NASA
space laanches and flights, more than $300,000,000
for the Air Force C-5 Galaxy transport. over $100,-
000.000 for the Armyvs Chevenne helicopter, mil-
lions for Navy deep submergence programs, and
additional orders and funding for other projects.

Major technical achievements included first flight
of the Navv's Poscidon strategic missile, roll-out and
first flight of the Galaxy and first flight of the P-3C
A-NEW Orion antisubmarine wartare plane.

Overall arcas of interest included. in addition to
Lockheed’s  traditional air vehicles and support
market, missile and propulsion systems, orbital
vehicles and missions, undersea and occan surface
rescarch and  vehicles, land  vehicles. clectronics
ranging from communications to radar and informa-
tion systems, housing and construction, and over-
seas operations and investments.

Pacing Lockheed’s resumption of large-scale com-
mercial aireraft activities was its 1.-1011 advanced
tcclmology trijet. Orders starting in Narch had
passed the $2 hillion level by mid.\i‘ar. Designed for
the world’s highost-donsit\; travel markets in the
1970s and bevond, the L-1011 will carry from 250
to 345 passo'ngcrs and can use intermediate-size
airports. Its 3 Rolls-Rovee RB.211 engines, em-
bodying a 3-shaft principle, make improved use of
fuel, reducing smoke and noise annoyance and
enabling  growth versions of the L-1011 to fly
transatlantic routes and major legs of Pacific cross-
ings. Provisions for passenger comfort outdate all
previous concepts of airliner luxury.

Work was well under way on an extensive L-1011
51,11)contrncting activity, a ]31‘gc~scalo tacilitics and
cquipment program, and detailed design, develop-
ment, planning, tooling and production to assure
start of deliveries to airlines by 1971

Three C-5 Galaxy heavy logistics transports,
world’s largest airplanes, flew for the first time.
Eight of the giant 728,000-pound aireraft, being
built under a $1.4 billion Air Force contract for the
Military Airlift Command, will be in the air by mid-
1969, when the Air Force will reccive its fivst plane
for transitional training.

The computer-based A-NEW submarine detec-
tion system carried by the advanced P-3C Orion
antisubmarine patrol Iilzme enables retricval, trans-
mission and display of tactical data with unprece-
dented speed and accuracy. About 100 P-3Cs were
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to be built under the present program. with delivery
rates reaching a high of 3 per month for assignment
to the Atlantic fleet in Iate 1969 and the Pacific fleet
in the mid-1970s. More than 230 P-3s were in fleet
service.

In the vertical-lift field. the Army awarded Lock-
heed a contract to begin production of 375 AH-56A
Chevenne compound aircraft. the first rotorcraft
designed specifically as an acrial fire support svs-
tem. Incorporating the rigid rotor principle that
provides greater stability, speed and flying ease. the
Cheyenne has a 50-foot rotor, fixed wing. turbine
engine. and propeller for forward flight. At vear-
end it was successfully undergoing inflight firing
tests. The 2-man craft will fly helicopter escort
and fire suppression missions at speeds up to 250
miles per hour. Army service cvaluation was to
continue through 1969.

In other vertical-lift activities, the XV-4B Hum-
mingbird II flew for the first time. A modification of
the carlier XV-4A augmented jet thrust vehicle, the
XV-4B incorporates a new direct-lift system with
6 jet engines, 4 for vertical take-off and 2 lift-cruise
units. It was serving as a key tool in a long-term
Air Force vertical take-off research and development
program.

Logistics transport developments included de-
livery in May of the last of 66 C-130K Hercules to
the United Kingdom, whose Royal Air Force was
operating the largest fleet of military Hercules out-
side the U.S. In nearly 40 versions, more than 1,000
C-130s serve the Air Force, Navy. Coast Guard and
Marine Corps and the governments of 16 other
nations. Militarv and commercial Hercules produc-
tion was continuing at a 5-pcr-month rate.

September marked certification by the Federal
Aviation Administration of the stretched Lockheed
100-20 commercial cargo carrier Hercules air
freighter, accompanied by sale of 3 of the new
models and one standard version. Commercial Her-
cules were in service with 6 airlines and 3 airfreight
contractors. Nearly all of 34 Electras being modified
as freighters for 4 airlines, some of which contract
services to the Military Airlift Command, were de-
livered.

Flight of a C-141 StarLifter by General Howell
M. Estes of the Military Airlift Command from
Travis AFB to Scott AFB marked the 1,000,000th
flying hour recorded by MAC’s C-141 ﬁeet, which
consists of 14 squadrons with a capacity of more
than 595,000,000 ton-miles per month.

A new market opened for Lockheed’s JetStar
exceutive jets with purchase of 2 by a major airline
for use in inflight training of pilots for large pas-
senger transports. The JetStar’s flight con.trc_)l re-
sponse and cockpit arrangement fuvpred it in an
evaluation by the airline of 7 aircraft in its class.
A 2-phase program followed, in which 203 pilots
trained in the JetStar did as well or better than those
using the large transports, which were freed for
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revenue service. Fifteen JetStars were delivered
during 1968’s first 10 months. for a total of 125
in service.

Highlight of Lockheed activities in missiles and
propulsion was the successful first flight in August
of the Poscidon, eventual successor to Polaris as the
Navy’s flect ballistic missile. with double the pay-
load and accuracy of the Polaris A3. Firings at sea
will follow pad firings. and the first of 31 nuclear
submarines due to carry 16 Poscidons was to start
launch tube modification carly in 1969. Thereafter
up to 3 boats will be converted vearly until all are
fitted and deployed by 1975. Lockheed’s 12-vear
missile partnership with the Navy marked another
milestone with delivery of the final production line
Polaris A3. Production of modification kits con-
tinu(;’d for a fourth Polaris version. Lockheed will
continue to update Polaris missiles, including re-
pair, modification and inventory nmn:u_{om('nt: and
to provide Polaris missiles as targets in tests of the
Sentinel antiballistic missile svstem.

Lockheed’s Agena second-stage booster and satel-
lite continued as the reliable workhorse of the Air
Force and civilian space programs; its military uscs
are classified. Of the 669 space launches on both
sides of the Iron Curtain since 1959. 493 were by
the U.S., of which Agena participated in more
than half. Military and civilian lnunches scheduled
through 1972 include the PQCGO project for NASA
at year-end 1968, placing a polur orbiting geophys-
ical observatory in clliptical carth orbﬁ, complc‘-
menting the geophysical observatory injected into
eccentric orbit by another Agena in /.\'Im'ch 1968.

Agena was to have 2 new NASA launches in carly
1969. It was to perform a dual role in a Nimbus
\&feather satellite mission, placing the satellite in a
circular orbit and, on a sccond trip around the
ear.th, putting a small Army satellite into an orbit
of its own. The other task will he the test of a new
mercury ion engine in the space electric rocket test
(SEP:T) program, aimed at proving the new power
plant’s uscfulness for long spacc missions. Lockheed
also designed, developed and tested SERT’s solar
array deployment mechanism. Other NASA work
includes study of space devices for possible use in
post-Apollo programs, design and installation of a
computer-based information retricval system, and
a fol.l}o‘w.-on test demonstration contract re]at,ed to
arllieosl )rl(t;:]itprlmate expcx‘ilnent.. Loc}<1]eec1 also sup-
P control systems in NASA soundin
ro;:Dk.etslto s(tludy solar flares near the sun’s SLII‘fﬁCC. g
Loclﬁ)pegc}l]’es Sisril“-lele_éTOkyo)A‘ir $1lo\v in October was

ot tarl}tc concept, a proposed low-
cost, c?nlp210t,.hghtwmght cryogenic hooster and
spacecmft, which would bhe capable of extremely
high spegds for rangi_ng far out into space to col-
lect and send back scientific daty from the sun. the
planets and the asteroid belt. S

Fortunately not needed, Lockheeds escape rocket
rode along on the history-making launches of the
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Apollo 7 orbital and Apollo 8§ Tunar missions, The
escape rocket’s motors were prepared to loft the
spacecraft gwayv from danger in event of a booster
malfunction during carly phases of the Launch.

Lockheed’s leading position in underscea svstems
was reinforeed with a Navy award to develop and
build the  deep  submergence  scearch vehiele
(DSSV). capable of descending 20000 feet to lo-
cate and recover small objects. The  prototype.
marking the first phase of an operational  deep
occan svstem, will be able to remain submerged
with a J-man crew for up to 40 hours,

In another major undersea svstem program placed
with Lockheed by the Navve, construction was un-
der wav on 2 d("(‘p submergence resene vehicles
(DSRVs) designed to rescue crews ol disabled
submarines and to be air transportable in the Lock-
heed C-141. The DSRVs will operate to depths of
5.000 feet.

In « third undersca svstem project. the Deep
Quest rescarch submarine, funded and built by
Lockheed, completed a series ol dives to depths of
more than 8.000 feet preparatory to certification for
use by Navy personnel. Under a lease arrangement,
Deep Quest was expected to make 12 to 15 dives
as part of a Naval Undersea Warfare Center pro-
oram.
© Significant growth came in clectronics, a4 major
ficld of Lockheed activity. A wide range of clee-
tronic products and services included gunfire con-
trol svstems for Army and Navy use, development
of a rotor blade for helicopters, computer memory
svstems and circuit boards and a family of tape
recorders. Lockheed continued as a leading pro-
ducer of airborne flight and maintenance data
recorders and as a specialist in aircraflt electronic
modifications and installations, and made a signif-
icant entry into the commercial field late in 1968
with its multiple applications computer (MAC),
offering large-scale capability at low cost, and
designed for a wide varicty of uses.

In the field of land vehicles, Lockheed was
awarded an Army contract to build 3 prototypes of
its 8-wheeled Twister. Under development with
Lockheed funding since 1964, Twister has demon-
strated ability to travel through ravines, dikes, high
grass, rubble, mud and desert. Traction is provided
by an arrangement in which 4 wheels attached to
cach of its 2 yoke-joined bodics are driven by an
engine in that body. A commercial demonstration
model of Lockheed’s TerraStar amphibious vehicle
began a series of extensive field tests.

Operations at Lockheed’s Scattle shipyards in-
cluded conventional and foilborne tests of the
300-ton Plainview rescarch hydrofoil, built of alum-
inum and the largest vessel of its type, due for
delivery to the Navy, and several conventional ship
completions and  overhauls. These included the
commissioning in May of the USS Schofield, last of
3 guided missile destroyer escorts built for the Navy,
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and the Taunching in August of a 16.550- ton am-
p]nlmm\ landing platfmm dock. sixth of 7 Navy
ships in this class. followed by its delivery in Oc-
tober alone with 2 other Navy craft.

Swmhc.mt progress continued for Lockheed's
patented Panel Tock low-cost housing svstem. using
preformed wall and roof panels erected by low- skill
labor at building sites. Construction pro]octs in-
cluded dams in Colorado and Oregon. a water proj-
cet timnel in California. and joint venture participa-
tion in a tunnel near Los Angeles as part of a water
svstem linking northern and southern California.

Lockheed's information svstem work continued
its national growth with added penetrations into
3 arcas of specialization: aid to state and local
covernments, svstems for hospital records, and aids
for educational svstems. Under a long-term contract
with a leading Vidwest medical clinic, it is work-
ing out the basis for optimum use of acrospace-
based systems technology by the medical profes-
sion. It performed successful cost- savings studies
for sceveral state governments and was Contmmnﬂr
development of svstems to improve motivation and
h.nmn" of clementary school underachievers.

L.oc khud maintained customer service and mar-
keting representatives in my parts of the world
and its international activities included joint ven-
ture deve lopments and licensed manufacturing pro-
grams. Lockheed's group of international companies
dircets  electronics assembly operations in Hong
Kong and manufacture of arc we lding c(lmpmcnt in
Mexico, and represents Lockheed's interests in such

to accomplish various manecuvers scheduled for the
mission. The rockets are designed to provide precise
directional thrust to control the spacecraft’s roll.
itch and vaw, as well as trajectory corrections,
orbital clmnﬂes and spacccmft separation maneu-
vers. A total of 96 engines were used on the first 6
Apollo missions and thev accumulated approxi-
mately 113,000 sepqrqte ﬁlmcrs and more than 116
minutes of burn time in space.

The R-4D engines are also used for attitude con-
trol on the Apollo Lunar Module and on the Air
Force’s Manned Orbiting Laboratorv. The tech-
nology in the dev Clopment and operational success
of tho R-4D engine served as the basis for the com-
pany’s de\olopment of a broad product line of
space rockets ranging in thrust from .5 pound to
5.000 pounds.

\Imqualdts air-breathing technology continued
to progress in the area of Plepacl\aﬂcd Liquid Air-
Augmented  Rockets  (PLAAR). Supercharged
F](‘Ctox Ramijets (SERJ), composite rocket-ramjets,
and shlurrv-fucled svstems.

\Iarqu:n'dt’s activities were further characterized
by a broadening of ploduct lines and manufactur-
ing services. partlculallv in the ordnance and muni-
tions field, in controls and accessories for military
and commercial aircraft, and in the de\elopment
and production of Doppler sonar navigation sys-
tems for application to geophysical survey, deep
occan navigation, and superv essel docking.

At year- Cnd \Iarquardts activitics were sup-
ported by approximately 1,200 personnel at Van
diverse investments as a finance company in Aus- Nuys. California. and Westbury, New York, and by
tralia. a tin mine in Bolivia, and a manufacturer of an array of high-performance plopulsmn test facili-
aircraft, ships and motorcveles in ltaly. ties for space and high- Mach-number environ-

In 1968's first 9 months Lockheed ICPOIt(‘d sales mental testing. The company also maintained dis-
of $1.57 billion, net carnings of $36,000,000 and a trict offices in \Washington, D.C.; Dayton, Ohio;
record high backlog of $4.9 Dillion, Compalcd re- Houston, Texas; and Van Nuys. California.
spoctl\(l\ with $1. 5.3 billion. $3S8.000.,000 and $2.6
billion for the s same 9-month period in 1967. Em-

lovme Ao  the
ployment totaled more than 54000, MARTIN MARIETTA CORPORATION

BALTIMORE DIVISION
THE MARQUARDT CORPORATION

A SUBSIDIARY OF
CCI MARQUARDT CORPORATION

The Martin Marietta Baltimore Division, a major
aircraft modification and production center, con-
tinued to move ahead in those areas and in ad-
vanced manufacturing technologies.

One of the more technolomcallv significant pro-

The Mmqmudt Co1pomt10n established signifi-
grams in the Modification CLHtGI was the conver-

cant milestones in precision rocket technology dlll-

ing 1968 as a result of its continuing highly success-
ful record of space service on the NASA Apollo
program.

Produced by Marquardt’s Rocket Systems Divi-
sion under contract to North American Rockwell
Corporation, 16 reaction control rockets, mounted
in clusters of 4 on the Apollo service module, serve
as part of the spacecraft’s stabilization and control
system. Each rocket generates 100 pounds of thrust
and can be operated automatically and manually
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sion of 2 F-106B jet fighters into Variable Stability
Trainers (VST) for use by the Aerospace Research
Pilot School at Edwards Air Force Base. The VSTs
duplicate the flight characteristics of the F-105,
F-111, X-15 and X 94A. The F-106/VST marked the
first time a variable stability aircraft had been
developed for routine training oper ration; prior craft
of this type were used C\cluswcly for research.
Martin Maricetta’s Modification Center at Balti-
more was busily engaged in preparing a number
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of aircraft for new missions. Electronic modifica-
tions were performed on such aircraft as the F-101,
B-57, EC-121 and RC-135.

A major award during 1968 was from the U.S.
Navy for design assistance and fabrication of the
ZAP. Value engincering studics were under way at
year’s end to produce ZAP as a high-quantity, low-
cost weapons systems. ZAP is an acronym for zcro
antiaircraft potential. It is a hypervelocity  solid-
fuel rocket designed to detonate with a special high
fragmentation effect.

Production of horizontal stabilizers for MceDon-
nell Douglas DC-8 jet transports continued. Major
tooling work was performed under a number of
contracts. Tooling for the C-5A and FF-111 was
completed.

For NASA, the Baltimore Division delivered the
first Apollo Lunar Service Drill (ALSD). The lunar
drill is designed for obtaining core samples of the
lunar surface. Thermal sensors for measuring lunar
heat flow will he implanted in the holes. The drill is
a rotary-percussion type using a tungsten carbide
hit, thus eliminating the need for water as a coolant
and flushing agent.

DENVER DIVISION

Operations at Martin Marictta’s Denver Division
were concentrated on 2 primary lines of activity:
Titan III launch vehicles and spacecraft and their
systems.

The Titan III-C flight test program included 2
launches in 1968, On September 26, a Titan I1I-C
placed 4 satellites, weighing a total of more than
900 pounds, precisely into predetermined orbits.

An OV3-2 satellite, carrying compact ecuipment
for detection and monitoring of radiation in the
synchronous corridor, was released into an elliptical
orbit (perigee, 98 nautical miles, apogee, 19,340
nauti_cal miles). Two other satellites—an OV54,
carrying heat transfer experimental cquipment, and
LES-'G, an experimental tactical communications
sate]ht(f—wcre placed in a true-synchronous circu-
lar orblt at 19,306 nautical miles altitude. An OV2-5
satellite, flesigned to gather information about the
characterl.stics of high—energy particle radiation in
the ce](?stlal sphere about the carth, was dispensed
on a slightly elliptical pattern at synchronous alti-
tude,

In the earlier 1968 Titan I11.C launch, on June
13, 8 satellites were placed precisely in circular
ne'ar-synchronouS orbits to complete for the Us.
Air Force. the first military global communicatio'm'
network in space, Eighteen other such satellitcs:
part of the U.S. Defense Department’s Initial De—’

fense  Satellite  Communications System, carlier
were lofted into the synchronous corridor by Titan
I11-C.

The 2 1968 flights from Cape Kennedy, Florida

brought to 33 the number of communications and
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rescarch satellites that Titan I and its upper
stage, Transtage, had delivered to the synchronous
corridor during the rescarch and  development
phase. This total represented nearly SO percent of
all satellites and about 60 percent of all pavload
weight carried  there since the inception of the
U.S. space program,

Additional Titan 11TI-Cs were being built under
a follow-on contract.

The Titan 1H-B, using the first 2 liquid-propellant
stages of the Titan 11 core vehicleo and equipped
with an Agena upper stage, was flomen i1 a series of
continuing missions from Vandenberg Air Foree
Base, California. The Titan ITI-B supports a wide
variety of Air Force unmanned rescarch and devel-
opment programs.

Advanced  development and  carly production
phases of the Titan II1-D and Titan TH-M were
under way at the division. The Titan ITT-ID con-
ficuration is similar to the HI-C. exeept that Tran-
stage has been replaced with a pavioad. The Titan
IHI-M  will be the booster for the Air Forees
Manned Orbiting Laboratory.

Titan 11T vehicles ordered but not vet delivered
during 1968 totaled about 40.

Titan I11-C also was included in the National
Acronautics and Space Administration’s 1969 fiscal
budget plans. Tt was chosen as the hooster for an
unmanned spacecraft that would be 115(‘(1 to explore
the surface of Mars during the carly 1970s.

As part of the division’s continuing program to
develop other new applications for f]itm? I, a
contractual study was pcrformvd for NASA’s Lewis
Research Center to investigate requircments for
mating an Improved Centaur high-energy upper
stage with the Titan IIT family of space launch
vehicles.

The Titan ITI/Improved Centaur vehicle is a
candidate for a varicty of unmanned space mis-
sions, including planctary cxploration. o

Other growth clements under investigation by
the division, combinations of which could increase
Titan IIT’s ncar-carth payload-carrying Cupability
to over 100,000 pounds, included increasing the
diameter of one or more of the core vehicle’s
liquid-propellant stages from 10 to 15.fcct (I:Cf'C‘l‘I'Cd
to as the “large diameter corc ); increasing the
diameter of the 2 Stage Zero solid-propellant motors
from 10 to 13 feet, or using 4 solid motors of the
current 10-foot diameter, in conjunction \V'ith the
large-diameter core; and a new main engine for
Transtage, pump-fed rather than pressure-fed, pro-
viding substantial weight savings as well as more
pavload-carrying capability.

The division continued its contractual work for
NASA’s Manned Space Flight and Manned Space-
craft centers, involving payloads integration of the
cluster configuration and other special studies for
the Apollo Applications Program.

ITardware tasks included development and fabri-



cation of the controls and displavs console planned
for the \pn]lo Command Module. which would be
one element in the cluster of space modules. The
console would be used in connection with the point-
ing and attitude-maintaining mechanism for a major
AAP experiment utilizing the Apollo Telescope
Mount. another cluster element.

Other, analvtical tasks performed in connection
with the AAP contract included svstems engineer-
ine. involving thermal and structural analvses of
the cluster and its major elements: interface defini-
tions between cluster modules: experiments analy-
ses. involving studies of how to achieve maximum
utility from experiments and defining requirements
of the individual svstems as thev lmpact on common
sources  of snppl\' or origin. and on the entire
cluster configuration: and special studies involving
such items as crew habitability requirements, train-
ing. crew motion, and logistics requirements of the
cluster’s: Orbiting Workshop module.

In August the division was selected by NASA to
perform feasibility and pnllmmal\ design studies
of an unmanned. automated soft-lander spacccmft
with a support module. for the 1973 Mars mission
opportunity. The study identified critical long lead
items associated with a soft-lander plus a suppmt
module to flv by Mars and relav entry data to carth.

Also for NASA. the division C()mpl('tod a study
investicating the feasibility of using a buov ant
station for thv 1972 or 1973 Venus mission oppor-
tunitics, The study culminated with a wind tunnel
test of the balloon deplovment system. The Buoyant
Venus Station, weighing approximate v 200 pounds
would contain about 60 pounds of instrumentation
designed to take measurements while floating in the
atmosphere of Venus.

The Meteoroid Penetration Detector Dcvclop
ment project, which began in 1967. was extended
through mid-1969 by N. \9 A. The work is intended
to dotmmmo the feasibility of attaching metcoroid
detectors to the exterior of the Saturn S-IVB stage
and to dev ‘clop a radiation-resistant thermal Conhol
coatm(r material for spaccect raft.

Work under this project includes the design, de-
velopment, fabrication and test of various types of
detectors which could be used to provide data
about the characteristics of the meteoroid environ-
ment and meteoroid penetration in space. The in-
formation is critical to the design of deep space
manned and unmanned spacecr ait

Other advanced technological studics under way
at Denver included:

* Investigation and demonstration of noncon-
tdmmatmg insertion tcdmlqucs for launch- pad re-
pair of sterilized phnctalv vehicles: analysis of
contaminating factors in the manufacturing Cyclo of
sterilized spacecraft; effects of sterilization on space-
craft batteries; construction and test firing of a
sterilizable prototype propulsion module for mec
tary vehicles.

1
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Studyving effects of in-space contamination on
the accuracy and operation of optical experimental
equipment such as the Apollo Telescope Mount.

A variety of live simulation studies into the
cffects of zero- gravity conditions on extra- and intra-
vehicular actl\lt\‘ spccml mancuvering units such
as backpacks and handguns. crew activitv as affect-
ing the attitude Control of in-space hardware and
prol)lems in attitude control while conducting orbi-
al tracking operations.

Dmolopmcnt of advanced materials for inte-
grated tank insulation system for the long-term
storzwo of cryvogens in space.

\nal\ sis of lunar surface density of contami-
nants from an extravehicular astronaut.

* Design. construction and test of an on-board
check-out svstem for airborne and spacecraft appli-
cations.

Design, construction and test of glass-filament-
wrapped tanks for use as fuel or pressurization con-
tainers during space missions.

The division’s new electronics manufacturing
facility became operational in 1968, and construc-
tion began on a new 6-storv space support facility.

The 50.000-square-foot electronics facility is de-
sined for manufacture, assemblv and test “of elec-
tronic components. subsystems and svstems used in
acrospace vchicles and spacecraft sv stems.

Its features include an 8.000-squarc-foot clean
room fed by horizontal airflow and dual filtering
svstems: a Digital Acquisition and Test (DIGID &T)
svstem, dev olop(‘d by the division and equipped
with computcrized contlols to permit extremelv
rapid testing of components and completed pacl\~
ages: sp(‘cml contiguous laboratories manned by
advanced clectronics manufacturing technology per-
sonnel: and environmental functional testing facili-
ties.

Completion of the space support facility was
scheduled for spring of 1969. The lower 2 floors will
provide some 60,000 squarc feet of floor space for
fabrication and assembly of spacceraft subsystems.
The remaining space will be equipped for engineer-
ing and support offices and for smaller laboratories
and test equipment.

ORLANDO DIVISION

In 1968 Martin Marietta’s Orlando Division con-
tinued work on 5 major tactical missile systems: the
Army’s Pershing, Shillelagh, SAM-D and Sprint
ABM and the Navy’s \Vallcye olide bomb.

In addition, the division entmcd a new phase of
its work on RADA, an advanced tactical com-
munications system under development for the
US. Army. RADA is a mobile, wircless digital
communications system that prov ides secure d1\1-
sion-level  field communications without central
switching, The new phase included the building of
advanccd development units of RADA equipment






and biosciences. Its work is funded by Martin
\Maricetta Corporation and by contracts with various
U.S. government agencies, including the Air Force,
Armv. Navv. Advanced Research Projects Agency.
Atomic Encrgv Commission. Department of the
Interior and National Aeronautics and Space Ad-
ministration. RIAS also has a Charles F. Kettering
Foundation grant to perform research in photo-
svnthesis,

During 196S. RIAS had approximatelv 90 pro-
fessional staff members. more than a third of whom
held doctorates. This staff included scientists from
many foreign countries as well as the United States
and was augmented by visitors from universities
and other research centers who presented seminars
or participated in 1'(‘gn];u‘ RIAS rescarch programs.
Results of RIAS rescarch are published in the lead-
ing science journals and in svmposia papers.

The physics group carried out research in meta-
stable compounds, charge transport in semiconduc-
tors, quantum chemistry and ion transport. Re-
search into the phvsical mechanisms involved in the
decomposition of  high-energy crvstals suggested
techniques for modifving and controlling the de-
composition rate of these compounds, some of
which are used as explosives and solid rocket oxi-
dizers.

Quantum chemistry studies of high-energy com-
pounds were centered on techniques for predicting
chemical and physical properties. such as bonding,
reactive behavior and stabilitv. before such com-
pounds are synthesized in the laboratory. Research
on ion transport was aimed at understanding how
elcctricu]ly chargcd pm’ticles flow through mem-
branes, promising fundamental information that
may contribute to new water deszilting processes.

The fluid sciences group continued its programs
in hypersonic blunt body aerodyvnamics, 3-dimen-
sional laminary boundarv lavers and low-speed lift-
ing aerodynamics. Emplinsié in these external aero-
dynamics programs was on those aspects peculiar
to truly 3-dimensional flow.

This group also conducted studies of unsteady
boundary layer transition, coupling of propellant
lines and structural oscillations (the so-called
POGO instability), and chemical non-equilibria on
the numerical analysis of high-speed flow.

The RIAS materials science group continued its
ceramics studies. Titanium carbide, vanadium car-
bide and their alloys were investigated in a com-
bined theoretical and experimental program that
encompasses electron microscopy. mechanical be-
havior, band structure and bonding studies. This
program is intended to provide structural materials
with  combined ductility and high-temperature
strength surpassing any materials used today. Work
dealing with surface-sensitive environmental effects
on material behavior of many structurally important
metals, such as titanium, aluminum, copper and
their alloys, continued. These materials may em-
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brittle and fracture under relativelv low stresses in
selected environments. Objectives included both
elucidation of the mechanism of this tvpe of failure
(stress corrosion) and means for preventing em-
brittlement.

Studies of the chemical and metallurgical factors
involved when solid metals, e.g., beryllium, zinc.
aluminum and copper, are embrittled by liquid
metals, e.g.. mercury and gallium, have revealed
problems that may be encountered in advanced
nuclear reactors using liquid metals as coolants.
RIAS scientists were seeking to prevent this type
of failure bv both chemical and electrochemical
means. )

Under a NASA contract, the RIAS biosciences
group resumed research on an extraterrestrial life
detection experiment. The technique rests on the
detection, by mass spectrometry, of the enzyme-
catalvzed exchange of oxygen-18 between water
and labeled oxvanions. This exchange appears to be
common to all forms of observed life.

The RIAS extraterrestrial experiment is heat
sterilizable and makes minimal assumptions about
the nutritional requirements of organisms that
might be found on other planets.

In 1968 this work concentrated on simplifying
the detection procedure, increasing the number of
applicable oxyanions and continued laboratory
studies to verity the concept.

Work in photosynthesis—seeking a better under-
standing of the mechanism by which living plants
convert light energy to chemical energy—focused
on the role played by manganese in oxygen evolu-
tion.

Chemosynthesis research centered on the culti-
vation of a hydrogen-oxidizing microorganism and
studies of its potential contribution to a closed
ecological system, such as a manned spacecraft on
an extended voyage.

MARTIN METALS DIVISION

The 2 product lines of this division are super-
alloys and investment castings. Martin Metals
Division is a recognized leader in the research,
development and production of high-temperature
superalloys. These exotic metals, many Contain.ing
as many as 10 to 15 different elements, must with-
stand the 2,000 degree Fahrenheit temperatures
and high corrosive environments and pressures of
advanced jet engines. .

MAR-M alloys are serving jet power require-
ments in vehicular, marine and industrial power
plants throughout the world. Experimental _engines
for the power needs of the future will contain these
alloys and the new ones developed by Martin
Metals rescarchers.

Vacuum melted investment cast turbine blades
and vanes are the second product line. These air-
foils are used in jet engines such as Pratt & Whitney
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Aircraft’s JT3D. P&W’s JTOD engine has Martin
Metals castings in the blades of the sccond, third
and sixth stages. Other engines containing Martin
Metals parts include the JTI12, J32. JTSD. TIF30
and FT4, and the General Electrie TF39.

Airplanes flying on these engines include Bocing’s
707, 720, 727, 737 and 747; McDonnell Douglas’
DC-8, DC-9 and I-4; Gencral Dynamics’ F-111;
Boeing Vertol's CII-47A; Grumman’s OV-1 Mo-
hawk; and Bell helicopters.

Significant technical gains have come from the
metallurgists at Martin Metals. For example. during
the past 10 years 10 new alloys have been invented,
developed, produced and marketed by this division.

The new alloy of 1968 was MAK-M alloy 432.
This high-strength, high corrosion-resistant alloy
has special propertics specifically designed for in-
tegrally cast turbine wheels. This is especially sig-
nificant since a problem with these wheels in the
past has been the inability of any onec alloy to
combinc ductility in the center of the hub with
high tensile strength in the outer rim. MAR-M alloy
432 is the first such alloy to combine these 2 physi-
cal characteristics and, at the same time, provide
outstanding high temperature creep properties.

McDONNELL DOUGLAS CORPORATION

The McDonnell Douglas Corporation, with world
headquarters in St. Louis, began its sccond year of
operations on April 28, 1968, as one of the world’s
leading acrospace firms, and by midycar had begun
to realize the potential of its synergistic merger.

The decision to produce the DC-10 advanced
technology trijetliner was the most significant event
in the company’s commercial ‘
during 1968.

Initial orders and options for a total of 110 of
the \v.idcbody luxury jetliners were received from
American Airlines and United Air Lines. American
placed orders in February for 25, with options for
an additional 25, and United orderced 30, and op-
tioned another 30, in April. Northwest  Airlines
ordered 14 DC-10s and took options for another 14

on October 29, bringine to 138 tl g
orders and options. ging the total of DC-10

The Northwest orders were for an intercontinen-
tal DC-10 glcsigpated the Series 20, with 3 Pratt &
\Yh1tn(‘y Aircraft JT9D-15 engines, each producin
45,500 pounds of thrust. ’ P &
| ’Ijhe DC-10 Series 20 complements the
Series 10 DC-10 ordered by American and United
and using 3 General Electric CFg high bypass ratio
jet engines in the 40,000-p0und—thrust class. o

McDonnell also announced a DC-10 Serics 30 for
intercontinental operation using an advanced ver-
sion of the GE CF6 which will develop 45,600
pounds of take-off thrust. The Series 30 wilf be

aviation programs

domestic
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capable of operation up to 1900 statute miles
carrving 270 passengers. It will operate fron 10.000-
foot fields at maximum gross take-off weight of
190,000 pounds.

The “full speed ahead” commitment to build the
DC-10 was anmounced April 25 by James S. Me-
Donnell, corporation chairman.

Scheduled to enter airline service in 1971, the
multivange trijet will acconnmodate 270 passengers
in mixed-class scating and will carry up to 345
passengers inan all-cconomy configuration.

[t will be 179 feet Tong and will have a maximum
gross weight of up to 190.000 pounds, and its 20-
foot-diaineter fusclage will permit new standards
of comfort and convenicence for air travelers,

The DC-10 will operate cconomically on flights
from 300 to -£.900 statute miles and will carry its full
passenger (-upu(-ity on nonstop couast-to-coast flights
in the United States and on intercontinental flights,

Douglas  Aircraft Compauny will assemble  the
DC-10 at its extensive facility in Long Beach. Cali-
fornia. Other McDonnell Douglas  divisions pro-
ducing major DC-10 assemblics include A\.l(-l)()nm*ll
Douglas Astronantics. Santa Monica, Cualifornia, the
nosc: MceDomnell Aireraft, St. Louis, Missouri, de-
sign and development of the wing and production
of certain control surface components; and Douglas
Aircraft Company of Canada, I,t(l‘., a McDonnell
Douglus subsidiary, manufacturer of the wing struc-
ture in Malton, Ontario.

A team of experienced, reliable subcontractors
from the United States, Canada and Furope was
assembled by McDonnell Douglas to produce other
major subassemblics  and  components for  the
DC-10.

McDonnell Douglas advanced into the DC-10
program while producing its “4-engine DC-8 jet-
liners and DC-9 twin-jets at a combined rate higher
than that for any comparable period in its lengthy
commercial aircraft history.

During the first 9 months of 1968, the Douglas
Aircratt Company delivered 77 DC-8s and 153
DC-Ys for a total of 230 jetliners, a company record.

Since the beginning of the 2 programs, a total of
396 DC-8s had been turned over to 32 airlines
through September 30, 1968, and the same number
of carriers had received a total of 378 DC-9s.

Additional orders for the various versions of the
2 aircraft were booked during the year, bringing
total orders for the DC-8 Super Sixty Series to 230
as of October 24 and to 558 for the DC-9. In addi-
tion, 12 C-9A models of the DC-9 were ordered by
the U.S. Air Force, of which 4 had been delivered
by September 30.

During 1968 4 models of the DC-8 came off the
production lines at Long Beach. They were the
basic Series 50 model and the larger Super Sixty
Series, inc]uding the Super 61 transcontinental
modcl, the Super 62 ultra-long-range model and the
Super 63 intercontinental model. These models in-



cluded all-passenger. convertible passenger-cargo
and all-carvo versions.

Another milestone in the 10-vear life of the DC-8
family occurred in 196S. This was the certification
and first delivery of the DC-S Super 63F, an air
freighter capable of hauling a larger pavload a
areater distance than any other commercial jet in
airline operation,

The  giant transport, in convertible passenger-
cargo versions, can carry a maximum pavload of
nearly 110.000 pounds over transcontinental ranges.
In an all-freight configuration. the DC-S Super 63F
can have more than 115,000 pounds of cargo. The
convertible Super 63F was the 20th 1DC-8 model to
be certified by the Federal Aviation Administration.

The DC-9 likewise was produced in 4 models:
the Series 10, Series 20, Series 30 and Series 40,
including all-passenger, all-cargo and convertible
passenger-cargo versions.

The Series 20, a high-performance version of the
DC-9. made its first flight on September 18, Com-
bining the fusclage of the Series 10 with the high-
lift wing of the Series 30, the newest of the DC-9s is
designed for service on commercial air routes be-
tween cities with smaller airfields previously acces-
sible only to propeller-driven transports. On its
initial take-off, the Series 20 dramaticallv demon-
strated its quick lift-off capability by using only
2700 feet of runwav to become airborne. The
Series 20 will carry up to 90 passengers over ranges
of more than 1,800 statute miles. It is cquipped with
cither  the 14.500-pound-thrust Pratt & Wahitney
Aircraft JTSD-9 jet engine or the 15.000-pound-
thrust version of this power plant. First delivery of
this new model of the twin-jet was scheduled for
December 1968,

The year also marked the initial delivery of the
Series 40 model of the DC-9. It was turned over to
Scandinavian Airlines System on February 29.
Biggest of the twin-jets, the Serics 40 will accom-
modate a maximum of 125 passengers in its 125.6-
foot fusolugo, about 21 feet longer than that of the
Series 20. The Serics 40 was the third DC-9 model
to be certified for commercial operation.

Two other noteworthy events occurred in the
DC-9 program during 1968. The first exccutive jet
version of the DC-9 was delivered in April, and the
first all-cargo version was delivered shortly there-
after. )

Another important first delivery was that of the
military version of the DC-9, the C-9A Nightingale
acromedical airlift airliner, turned over to the Mili-
tary Airlift Command of the U.S. Air Force at
Scott Air Force Base, Illinois, on August 10. De-
livery of the tully equipped flying hospital ward
occurred less than a year after McDonnell Douglas
reccived a contract for the C-9As from the Air Foree
Systems Command’s Aeronautical Systems Division.
The C-9A provides jet speed and comfort for
wounded or sick patients on flights between mili-
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tary hospitals in the United States. It will accom-
modate more than 40 ambulatory patients, 30 to 40
litter patients or a combination of the 2.

In June the McDonnell Astronautics Company
and Douglas Missiles and Space Systems Division
were merged to create the McDonnell Douglas
Astronautics Company, responsible for all corporate
efforts in space, science and exploration. and for a
wide variety of spacecraft, launch vehicle, missile
and related programs. Headquartered in Hunting-
ton Beach. California, this new company consists of
2 major components, a Western Division and an
Eastern Division in St. Louis. The company’s proj-
ccts include the Air Force’s Manned Orbiting Lab-
oratorv, NASA S-IVB upper stage, the second stage
for Saturn IB and third stage for the Saturn V lunar
vehicle, Thor and Delta launch vehicles, develop-
ment of the Spartan missile long-range interceptor
for the U.S. Army’s Sentinel ballistic missile de-
fense system, development of the Dragon antitank
missile for the Army, production of the Genie air-
to-air missile for the Air Force, and pioneering
work on many classified programs.

The McDonnell Douglas Corporation was organ-
ized in September into 4 major components, each
operating under its own president: the McDonnell
Aircraft Company, St. Louis; Douglas Aircraft
Company, Long Beach: McDonnell Douglas Astro-
nautics Company, Huntington Beach; and McDon-
nell Automation Company, St. Louis. Plans for the
construction of a new corporate headquarters build-
ing in St. Louis were announced, as well as new
manufacturing facilities in St. Louis and Long
Beach.

At year’s end, F-4 Phantoms were still in demand
for U.S. armed forces and internationally, and pro-
duction continued at a high rate. On September 5
the company delivered its 3,000th Phantom, a Navy
F-4].

In late April, 3 F-4Ks were delivered to the Royal
Navy in Yeovilton, England, where the first Royal
Nav'y Phantom squadron will be based, after a
4,700-mile transatlantic flight. The first 2 Royal Air
Force F-4Ms were flown from St. Louis to Alde-
grove in Northern Ireland by McDonnell flight
crews on July 20.

Deliveries of F-4Ds to the Iranian Air Force
began in September.

West Germany’s Bundestag defense committee
on October 24 approved purchase of a reported 88
RF-4E reconnaissance aircraft to equip its Air
Force.

The Japanese defense agency selected the F-é.lE
interceptor Phantom on November 1 as the main-
stay fighter of its defense arm.

The company continued to modify and improve
the Phantom. On May 15 an F-4 was flown with a
beryllium rudder, the first time an aircraft was
flown with a major load-carrying component fabri-
cated of this material. On September 10 an RF-4C






the stace. A full-scale mock-up of the Orbital Work-
shop was built for NASA’s Marshall Space Flight
Center.

Testing performed as part of the workshop pro-
aram included a series of airborne zero-gravity
experiments using mock-up sections of the work-
shop in an Air Force KC-135. Purpose of the tests
was to measure the ability of engincers and astro-
nauts to work in hard-to-reach sections of the
workshop during the brief periods of weightless-
ness achieved during the roller-coaster mancuvers
in the jet aireraft.

The company's space-related rescarch included a
successful and productive experiment in which 4
crewmen spent 60 davs in a simulated space cham-
ber in a significant test of advanced life-support
svstems.

In the missile field. McDonnell Douglas Astro-
nautics has a major role in the U.S. Army’s Sentinel
Ballistic  Missile Defense System. established  to
counter the Communist Chinese missile threat, As a
major subcontractor to Bell Telephone Laboratorices
and Western Eleetrie Company. McDonnell Doug-
las is dc\'vloping the Spartan. a 3-stage missile de-
sitned to intercept intercontinental ballistic missiles
at long range.

During the yvear the Army announced 2 success-
ful test firings of the Spartan at the Kwajalein Mis-
sile Range in the Pacific.

Another missile project of McDonnell Douglas
;\stronautics is the design. development and flight
test of an experimental missile configuration known
as Project UPSTAGE. Selection of the company for
the program was announced in June by the Ad-
vanced Research Projects Agency. At that time the
company was awarded the first increment of a
planned $25.800.000 contract for the work., UP-
STAGE is a follow-on to carlier programs con-
ducted as part of Project Defender, a continuing
scries of research experiments in ballistic missile
defense systems. Work on UPSTAGE was under
wav in Santa Monica.

Astronautics was also producing the Genie air-
to-air missile for the Air Foree’s Air Defense Com-
mand. Genie has been in continuous production in
Santa Monica and Sacramento for the Air Force
since it first became operational in 1957.

Early in 1968 the company signed an agreement
with Mitsubishi Heavy Industries, Limited, under
which the Japanese firm will produce Nike Hercules
air defense missiles under license from McDonnell
Douglas. The agreement permits Mitsubishi and its
subcontractors to producé the 2-stage missile with
technical assistance from McDonnell Douglas.

Other missile and space programs of McDonnell
Astronautics included research in such arcas as solar
physics, materials, reentry, electronics and biotech-
nology. In the latter field, for example, the company
developed an engineering model of a lightweight
undergarment designed for efficient removal of
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excessive body heat from astronauts during space
missions. The work was done under a joint NASA-
Air Force contract.

At the company’s Donald W. Douglas Labora-
tories in Richland, Washington. scientists and engi-
neers were developing 2 tinv atomic batteries,
designated the ISOMITE and the BETACEL.

Both are long-life batteries designed to produce
electrical power for such uses as operation of pace-
maker devices implanted in heart patients. remote-
site instrumentation or spacecraft self-powered de-
vices.

Other projects of the Donald V. Douglas Lab-
oratorics include development of miniature engines
which someday may be capable of implantation in
the human body to operate heart-assist devices.
Contracts for this work were received from the
National Heart Institute and the Atomic Energv
Commission (AEC).

Scientists there also developed the first heat pipe
“space radiator.” a unique spacecraft cooling sys-
tem. Initial installation will be in NASA’s Applica-
tions Technology Satellite (ATS-E).

McDonnell Douglas programs in the nuclear field
also included participation in Douglas United
Nuclear, a joint subsidiary of McDonnell Douglas
and the United Nuclear Corporation. At the AEC’s
Hanford, Washington, facility, the firm operates
reactor and nuclear fuel fabrication equipment
under contract to AEC.

Research projects at Astropower Laboratories, a
McDonnell Douglas Astronautics facility in New-
port Beach, California, included development of
heat-resistant, long-life chemical batteries for use in
spacecraft, and investigations in such fields as pat-
tern recognition, materials and desalination of sea-
water.

At the corporation’s basic research facility, the
Advanced Research Laboratories in Huntington
Beach, investigations in mathematical sciences, en-
vironmental sciences, materials sciences and life
sciences were under way. Projects included research
in acoustical holography and lunar geology.

The McDonnell Automation Company expanded
its services to business, science and industry across
the nation. At ycar-end there were offices in St.
Louis, Denver, Houston, New York, Washington,
D.C., Columbia, Missouri, Chicago and Los
Angeles.

McDonnell Automation Company is one of the
largest commercial utility companies in the world,
and a service facility with large-scale computers
available to many customers through the use of
remote terminals. It operates 673 terminals in vari-
ous cities in the United States, which transmit data
to computers in St. Louis.

In Junc it began for the U.S. Department of
Agriculture a sophisticated Computer.study of t'he
potential of agricultural production in the entire
Missouri River Basin—285,000,000 acres—for 20-
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year periods: 1980-2000 and '2000-'.2020. _The stu'dy
evaluates the costs and benefits of irrigation. drain-
age, and flood protection projects. This analvsis is
once of the largest cver solved by computer, but
McDonnell is capable of solving problems almost
twice as large.

In ]uly it received a study Contmc.'t fr01.n Fh(‘
Army to develop a master plan for use in designing
numerical control manufacturing facilities for spare
and repair parts at the Edgewood Arsenal. Mary-
land, as part of a broad manufacturing methods
technology program. Numerical control is a com-
puterized technique that automatically dirccts a
machine tool in fabricating metal parts. McDonnell
Automation Company has performed numerous
similar studies for industry, and the parent corpora-
tion has extensive numerical control experience. It
is one of the world’s largest users of NC cquipment.

McDonnell Douglas Corporation is concerned
with the problems of hard-corc unemploved and,
through the National Alliance of Businessmen, was
attempting to do something about it.

On January 23, 1968, President Lyndon B. John-
son named James S. McDonnell, chairman and chicf
executive officer of McDonnell Douglas Corpora-
tion, to an exccutive board of 15 of the nation’s
leading businessmen  from the nation’s largest
citics to attack the problem of hard-core unemploy-
ment. Mr. McDonnell is national director and chair-
man of the 10-state Region VII. Called the National
Alliance of Businessmen, or NAB, this is a working
group concerned not only with the policy but also
with the operation of the program. It is a partner-
ship betwcen business and government to train the
hard-core unemployed in a program called JOBS,
or Job Opportunitics in the Business Scctor.

McDonnell components in 4 of the nation’s 50
metropolitan areas were included in NAB’s hard-
core unemployment program and were participat-
ing in NAB’s JOB pledge campaign.

In St. Louis, during 1968, the company began a
2-year training program for 90 hard-core unem-
ployed in clerical and food service skills, and a 10-
week  summer training emp]oyment program,
STEP, for 100 needy high school male students.

In Los Angeles the corporation established a
44—\yeek program on job instruction in a production
environment. In July, as part of JOBS, and NAB, it
established an aircraft parts and assembly plant in

Los Angeles to train and employ up to 500 hard-core
jobless persons.

MENASCO MANUFACTURING COMPANY

Menasco in 1968 produced approximately 30
percent of the total United States requirement for
aircraft landing gear, retaining its position as the
largest volume producer.
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The major contract award received by the com-
pany was an $57.500.000 contract from l.ockheed-
California Company in September. for design and
manufacture of main and nose landing gear and re-
traction actuators for the Lockheed 11011 luxury
trijet. newest entrant in the commercial aviation
field.

The contract followed an carlier anmouncement
by President Gerald J. Laneh that Menasco would
set up a scparate ()rf_{:mi"/uti()n for actuator design
and production. In October he (‘(‘)nfirnn-d the an-
nouncement by revealing that a facility wonld be
activated in the Los Angeles arca for actnator pro-
duction during the company’s 1969 fiscal vear end-
ing June 30. 1969. Menasco had prv\'mnsl.\.' pro-
duced actuators as an adjunct to production of
Linding gear. .

The president also announced plans for F‘st;x})-
lishment of a new facilitv at Palmdale, California,
primarily for the assemblv test ;1‘11(1 logistics sup-
port of (he 1.-1011 landing gear. These installations
arce in addition to a 30 pereent plant and facilities
expansion  scheduled for completion by _];11111j11'}'
1969. in both the Burbank, California. and Fort
Worth. Texas, divisions of Menasco.

A $6.000.000 cupitul (~xp(*ndilnr<' program for
new achine tools and related  equipment was
authorized in September 1965 for the 1969 fiscal
It followed an carlier $7,200,000 capital ex-
penditure program unnmm(‘('(kin .\'()\'(‘1?11)(‘1‘ 1967,
and was part of a planned $25.000.000 investment
for the vears 1968 to 1971. .

])nriﬁg 1968 Menasco pm'ticiput"(*(l in the follow-
ing programs: Bell UIT-1B !1(‘11001)1’(‘1‘ program
Bocing 707, 720, 727 and 737 aircraft programs z}nd
CII-46A helicopter program; General Dynamics-
Grumman FF-111A and FB-111 programs; General
Dynamics F-102, F-106 and B-58 programs; Ling-
Temeo-Vought A-TA and F-8U programs; _Lock-
heed 1.-1011 trijet, C-5A military transport aireraft,
C-130, C-141, P-3 and JetStar programs; NICDO]}M‘H
Douglas DC-9, F-4K and Saturn programs; North
American Rockwell Apollo program; NASA Cen-
taur, docking and reentry training programs. .

Initial dclivery of the first increments of bogie
beams for the Lockheed-Georgia Company C-5A
Galaxy transport was scheduled 1.)y Menasco for
January 1969. Produced in the California D.1v1$10n,
the bogic beams are being manufacturc'd'\wth sev-
cral significant innovations in machining tech-
niques. Program commitments wvere on schedule.

Mecnasco’s backlog at the close of its fiscal 19.69
first quarter was $139,000,000. Year-end ﬁna}]cml
results for the fiscal year ended June 30, 19663 set
all-time highs for Menasco in shipments, carnings,
assets and backlog. _

Shipments  were  $44,462,673; carnings  were
$3,185,572, or $2.03 per share on average shares
outstanding; and corporate assets increased from

$25,639,890 to $30,973,054.

y(,‘ill'.



In 1965 President Lynch activated a Planning
and Corporate D('\(lopm(-nt Division headed b\'
vice president ] Dean Mever to implement Me-
nasco’s forward planning for new programs, new
pmdm ts. rescarch and development and long-range

facilities and emplovment growth.

NORTH AMERICAN ROCKWELL

CORPORATION

North American Rockwell Corporation, formed
by the merger of North American Aviation, Inc..
and Rockwell-Standard Corporation. ended its first
vear of operation in September 1965, with sales of
$2.639,75.£.000 placing it among the top 30 indus-
trial firms in the United States. Net carnings totaled
ST3.750.000 for the vear, with the 1)‘1(‘1\10" of un-
filled orders tot: 1lm<T $3.49 billion.

The compiny’s plO(lllCl line at vear-end included
aireralt. nucelear energy. missiles. “clectronics. space
vehicles, rockoet plopu]slon svstems,  automotive
products, agricultural and industrial cquipment,
textile ng 1(hmuv and vachts.

The company was <(‘1\mnr as pnm(‘ contractor on
the Apollo spacceraft command and service mod-
ules. the second stage of the Saturn V launch
vehicle and the engines in all 3 launch stages. Its
Tulsa Division w (1: building the adapter housmﬂr
the Tunar \Iodulc in which 2 astronauts will d(‘
sceend to the moon's surface and return: the auxiliary
rocket motors for the second stage and the small
thrusters for the command module are also NAR
products.

This combination of activitics made the company
the lca(lm(r industrial organization in the nation’s
lunar Lmdmw program. )

During tho year, major deliveries to the National
Xummuhc and gpacc Administration included the
first 3 Apollo spacceraft for manned missions and
4 S-11 ﬂl”’l]l stages for the Saturn V launch vehicle.

The (‘ompanv played a kev role in the historic
Apollo 7 11- day carth- orbital flight of astronauts
Walter Schirra. Donn Eiscle and Walter Cunning-
ham and in the 147-hour Apollo § lunar mission,
crewed by astronauts Frank Borman, James A.
Lovell and William A. Anders.

Apollos 7 and 8 used Command and Service
Modules virtually the same as those that will be
used duunor lunar landing missions in 1969 and
1970. The II 1 first-stage engines and the J-2 e ngines
on the seecond stage of the Saturn IB booster were
also identical to those to be used in lunar landing
missions.

Successful completlon of the flights. together with
pwcodmg flights in the Apollo series, was more than
tacit ev 1dcn(‘c that North American Rockwell has
met and overcome the technological ploblvms of
the program,
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Concurrently. the company’s Space Division con-
tinued to look ahead. Division scientists and
engineers were preparing studies. designs and ex-
periments for future ventures into space and for
interplanetary flights, both manned and unmanned.

A major effort concerned NASA’s immediate
Apollo Applications Program. the national space
cffort which will follow the lunar landing. Related
activities include the Astronaut \Ianeuveunﬂr Unit,
which will be used to assist astronauts in mov Clnent
during space flight or within space stations. A test
\olnclo of this unit was built, as was a Remote
Mancuvering Unit doswncd to operate and perform

varied functlons in space while being controlled
from a base station.

NASA had invited the division to make a proposal
on a onc-man flving platform that will skim over
the moon’s surface. & test platform was flown in the
carth’s atmosphere and a simulation program was
being conducted.

As the nation’s principal designer and builder of
large liquid rocket engines. the company has sup-
pllod propulsion for se\eml of the nation’s large
ballistic missiles and for more than 800 U.S. military
and civilian space launches. In 19G8. company-
produced engines were used in 34 successful space
vchicle launches.

Generating 1,522,000 pounds of thrust, the F-1 is
the most powerful hqmd plopellant rocket engine
in the free world. It is clustered in a group of 5 to
provide 7.610,000 pounds of thrust. or 160.000.000
horsepower, for the first stage of the Saturn V
launch vehicle. The F-1 was in regular pxoductlon
for the Apollo/Saturn V program.

With the initial Saturn V boost already provided
by the F-1s in the first stage, the second stage is
powered by 5 [-2 engines. Each generating up to
225,000 pounds of thrust, thev th1C\e h1gh effi-
ciency by using hqmd h\(hO(Ten as fuel. The J-2
engines, ‘the natlons lalgost operational liquid hy-
dlotrcn engines, were also in production.

Ewht II 1 engines, each generating 200,000
pounds of thrust, p10V1ded the ﬁ1st stage power for
the Apoll o/Saturn 1B flights.

During the year the company’s plant at Mec-
Gregor, Texas, delivered  solid-propellant  rocket
motors under accelerated schedules for the Spar-
row, Phoenix and Shrike missiles. and gas genera-
tors were provided for the Navy's T’utal and
Terrier missiles and the Army’s Shillelagh missile.

Rockctdync was selected to provide the rocket
engines for the Navy's Condor air-to-surface missile.
A Rocl\etdync developed injector was selected for
usc on the Apollo Lunar Module ascent engine
which will boost astronauts off the moon and bacl\
to the orbiting Apollo command module during the
lunar landing mission.

The dwmons jet engine components operation
during the year made dchvoucs on afterburners for
aircraft jet engines.
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In Junc the SNAP-S (Systems for Nuclear Auxil-
fary Power) developpwnta] reactor sustained nu-
clear chain reaction in ground tests at the com-
pany’s Atomics Int(.’rnzltlonzll division. This was an
advanced test version of a compact reactor being
dcvclopcd to provide auxiliary clectrical power for
future carth-orbital, lunar and deep space missions.
It also has potential application as a source of

ower in remote terrestrial and offshore arcas.

The nation’s most complete acrospace clectronics
center in one geographic location is in Anaheim,
California, where the company’s Autoncetics Divi-
sion complex covers 267 acres. Here, more than
3,000,000 square feet of facilities are devoted to
rescarch, design, development, test und fabrication
of electronics products.

In 1968, Autonetics continued production on the
Minuteman II intercontinental ballistic missile pro-
gram. The division is associate prime contractor for
Minuteman I guidance and control cquipment and
is responsible for 99 percent of the missile’s elee-
tronics.

Test flights were begun on the Minuteman 111
with the first research and developmental system
successfully Taunched down the Atlantic Missile
Range from Cape Kennedy in August.

The nation’s most advanced all-digital computer-
controlled avionics systems for the Air Foree's new
FB-111A strategic bomber were flight tested and
F-111D advanced tactical fighter bhomber prepro-
duction systems were delivered.

Avionics systems for the FB-111A were in pro-
duction as flight tests continued on development
modecls. F-111D system development tests and pro-
duction continued. Both versions use microelee-
tronic circuitry to improve performance while re-
ducing size and weight and increasing reliability.

Modification continued on Ship’s Incrtial Naviga-
tion Systems (SINS), which are guiding the US.
nuclear-powered  submarine  fleet  armed  with
Polaris and Poscidon ballistic missiles. The extreme
navigation accuracy of SINS cnables a submarine
to launch its missiles while submerged becausc
SINS continually updates the submarine’s exact po-
sition. Nearly all United States and British sub-
marines armed with Polaris missiles are cquipped
with Autppetics’ SINS. The new Poscidon missile
and modificd SINS will he aboard 31 of the 41-
vessel nuclear fleet.

Mf"tmtenancc Hnd repair of inertial navigators
co.nt‘l.nued fgr the Hound Dog air-to-surface nuclear
missile Cill"l']Cd by the B-52 strategic bomber.

ALI’((?]](‘th‘S, thlc world’s ]argcst producer of mili-
tary airborne dl'gital computers, neared the mile-
stone of pr‘oducmg its 4,000th airborne computer.
In production were 2 types of Minuteman com-
puters and a navigation computer for the F-111
program. Airceraft navigation and launch computers
for the Short-Range Attack Missile (SRAM) and
Condor missile were under dvvelopmcnt and test.
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Along with the F-111D attack radar. Autonetics
was producing the radar-equipped navigation svs-
tent for the Navy’s RA-3C Vigilante tactical recon-
naissance aircraft manufactured by the Columbus
Division. Columbus also was working on associated
carrier-based intelligence svstems for use with the
RA-5C.

Autoneties was updating the series of radars for
the I5-1040 NATO aireraft and the ULS. Air Foree
I°-105s. A(l(]ili()]];l]]}', prototypes of an improved
radar for the Ialian Air Foree’s =104 aireraft were
built. Rescarch on advanced radars such as clee-
tronic phased-array models was continuing.

The division developed such off-the-shelf ad-
vanced  microelectronic  circuitry as metal oxide
semiconductors (MOS)  and  silicon-on-sapphire
(SOS) micromemorices. Applications are in such
rapidly growing ficlds as computers, caleulating,
and the conversion, processing and transmission of
digital data. This technique, which Autonetics is
preparing for aircraft and ships, cnables one or 2
lightweight coaxial cables to do the work of much
heavier, comp]iczlt(‘d wiring. As an vxumplo, Auto-
neties was  manufacturing and  delivering MOS
devices for use in the music and film svstem in-
stalled in the Bocing 747 and was manufacturing
other advanced cirenitry for sales off the shelf.

Advanced rescarch and development of micro-
clectronic circuitry  and materials for microwave
application were being  pushed vigorouslv. This
technology  represents  important breakthroughs,
with promise for advanced radars and other micro-
wave equipment. ‘

In other arcas Autonctics was manniucturing
clectronic support equipment for the Apollo space-
craft and Saturn automatic check-out equipment
for aircraft and missiles; developing and producing
antisubmarine warfare cquipment; and pursuing
rescarch and development of advanced lasers, opti-
cal star trackers and infrared sensors.

The division was conducting advanced, govern-
ment-funded avionics studies for new aireraft pro-
grams, including the Advanced Mzmn(.‘d Str_atcgic
Aircraft (AMSA) and advanced tactical aircraft
(FX) for the Air Force and the carrier-based air
superiority aircraft (VEX) for the N'twy. .

Production of second-gencration integrated cir-
cuit devices began in a new 40,000—5(11111'1'9—@0’1-,
$1.600,000 microclectrenics facility at the division’s
Anaheim complex. Autonctics prcviously had pro-
duced these critical integrated subsystems on a
pilot-line basis for use in advanc,ed systems. The
new facility is a part of Autonctics I()ng—rangc plan
to manufacture this advanced circuitry for its own
usc and for sale on the open market.

Also at the Anahcim complex, the division com-
pleted and occupied during 1968 a new 9270,000-
square-foot systems engincering building. The di-
vision’s Minuteman program office is housed in the
$5.000,000 structure.



Construction began in October on a new
1.000.000-square-foot electronics center on a 92-acre
site. part of the company’s 1.300 acres at Laguna
Niguel. California. It will be the world's largest
single clectronics engincering and manufacturing
facility under one root. Initial occupancy was sched-
uled for Iate in 1969 for manuhcturing: enginecring
and support operations for computers. data process-
ing and life science svstems.

During 1965 aircraft sales increased over the
previous vear. The Los Angeles and  Columbus
( Ohio) divisions were combined organizationally
into a sindle aireraft group with a common ad-
vanced endineering organization to insure the most
cffective utilization of rescarch and manufacturing
capabilities.

The Columbus  Division produced 3 different
tyvpes of aireraft under Navy contracts.

By vear-end all of the Navy's A-DA attack aireraft

had been converted to the RA-3C tactical recon-
naissance  version and a contract for additional
R:\—ﬁCs was being fulfilled.
. New orders for a substantial number of OV-10A
1‘1ght armed reconnaissance aireraft were received
frgm the Navy during the vear and the Columbus
Division was producing them at the rate of one
(‘zl('h' working dav. The OV-10A entered operational
service with the Marine Corps in July.

In the T2B/C twin-jet Navv “trainer program,
Ol'd(_‘rs for many additional aircraft were received
during the vear. The latest aireraft ordered were of
t‘ho. new T-2C configuration which features lighter-
weight engines for improved performance.

T-28 trainer aireraft were being modified to an
attack configuration for deplovment to countries
around the world. Additional modification effort for
the T-28 wag planned by both the Navy and Air
TForce. : )

.Dovolopmont of the Navv’s Condor air-to-surface

missile continued throughoht 1968.
, At thf" Los Angeles Division. flights of both the
2.000-mile-an-hour XB-70 experimental air vehicle
and the hypersonic X-15 rocket research aireraft
continued under flight research programs admin-
istered by NASA, N

Utilizing the facilities of its expanded Structural
Machining Center, LAD carried out a wide range
of subcontracts. Work included wings for Bell's
HueyCobra helicopter, horizontal stabilizers for the
McDonnell Douglas DC-9 commercial transport,
and too]ing for such aircraft as the Boeing 747
jumbo jet transport.

The durable F-100 Super Sabre fighter-bomber,
rolled out by the Los Angcles Division in 1953, was
pcrforming vital service for the United States in
Southeast Asia. The company produced a wide
range of F-100 modification kits for the Air Force
under a program for further extending the service
life of this nation’s first operational supersonic air-
plane.
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Production of the Sabreliner business jet in the
10-passenger Series 60 model was stepped up dur-
ing the vear. Announcement was made that the
aircraft would have nonstop transcontinental range
with the installation in future aircraft of the new
ATF 3 byvpass engine being developed by The
Garrett Corporation. The engine. in the 4,000-
pound-thrust class, will be designed for retrofit to
all Series 60 airplanes.

Early in the year Sabreliners passed the
1,000.000th flight hour as the more than 300 aircraft
operated bv the Air Force, Navy and civilian or-
ganizations continued in operation.

A new use for the versatile airplane was an-
nounced in October when a modified Sabreliner
was delivered to the National Center for Atmos-
pheric Research. NCAR will use the airplane for
investigation into jet stream dynamics and turbu-
lence, upper troposphere and lower stratosphere
air movements, cloud physics and atmospheric elec-
tricitv. Modification included installation of a long
nose boom with special sampling probes, a sonde
and chaff pod under the fuselage, a large nose
radome and special fuselage doors and punting
points for research equipment.

The Tulsa Division continued to build fuselage
and wing leading edge sections for Boeing’s 747
jetliner and parts for Boeing’s CH-47A Chinook
helicopter.

For the company’s Aircraft Group. 1968 saw sub-
stantial progress in research and development work
on one or more of the forthcoming major new air-
craft weapon svstem competitions, including the
versatile VFX-1 Navy carrier-based fighter: the Air
Force advanced tactical air-superiority FX fighter;
the Air Force Advanced Manned Strategic Aircraft
(AMSA) to replace the B-32s; the Air Force verti-
cal or short take-off and landing light intertheater
transport (LIT); and the Air Force AX ground
support aircraft.

North Amecrican Rockwell continued to manu-
facture a complete line of Aero Commander propjet
and piston-engine business, private and agricultural
aireraft in addition to 2 modecls of the Sabreliner.

The Aero Commander Division introduced a new
merchandising concept for its line of planes in
1968. In concert with a “Tough Birds” advertising
theme, the names of all planes were changed, each
being identified by the name of a bird (Thrush
Commander, Lark Commander, etc.).

Simultancously, physical innovations were intro-
duced into certain models, such as a new style
radome nosc and large picture windows, and all
models were cosmetically changed to improve in-
terior styling and sound control. .

In February the Aero Commander Division
joined forces with the University of Oklahoma to
build a new rescarch and development center at
Norman, Oklahoma.

Acquisition of Remmert-Werner, Inc., one of the






in Iran and Lebanon. Other Northrop-Page stations
were dnstalled in Maine, Washinaton, Hawaii, the
Philippines. Thailand and Australia.

In another major field of long-range communica-
tions. Pace completed the Targest privately owned
microwave troposcatter svstem in the world for
joint use of Oasis Oil Company of Libva and Esso
Standard Libva. Similar svstems were being built for
Occidental Petroleum Corporation of Libva and
the Cabinda Gulf Oil Compuny of Luanda. :‘\ngola.
Page  was also maintaining and  operating  the
+0.000-circait mile radio communications network
for the U.S0 Armv in Southeast Asia. This svstem
was designed and installed by Northrop-Page.

This subsidiary was studving communications
requirements for the University of California 9-
campus svstem, updating a statewide information
svstem for the Pennsvlvania State Police, and con-
ducting a study for the President’s Task Force on
Communications Poliev to cvaluate satellite com-
miunications t(‘(‘hni(lm"s and  their  impact upon
worldwide communications.

Another Northrop subsidiarv. The Hallicrafters
Company, received new orders for village radio
svstems now used to upgrade internal communica-
tions for 42 countries in Africa. Asia and South
Ameriea,

U.S. Underscas Cable Corporation, a Northrop

affiliate, wag completing a -450-mile underwater
F‘il})l(‘ between Siberia and Japan and was develop-
mg a 2.000-channel svstem for deep occan com-
munication,
. The Northrop-dosign(‘d inertial-Doppler naviga-
tion svstem for the USAF/lLockheed C-5 Gala:\'y
transport, the world's largest airplane, moved into
full production. The C-5. designed for worldwide
deploviment of troops and supplies. must be able
to operate without resort to ground-based naviga-
tion aids. It wutilizes Northrop airborne computers
with its navigation and malfunction detection sys-
tems., "

x\'orthrop was chosen by the U.S. Navy to pro-
duce shipboard receivers for the Omega ﬁavigntion
system  which will utilize low-frequency radio
signals from 8 signals to provide a true worldwide
position-fixing system. Northrop concluded an
agreement with Marconi International Marine Com-
pany Limited of England to distribute Omega re-
c?i\'m‘s for commercial use in the United Kingdom.
i\orthrop also developed an airborne computerized
Omega receiver for the Navy.

Other specialized  clectronics developments in-
cluded application of the Polaris automatic check-
out system to the Navy’s new submarine-based
Poscidon, evaluation of test evaluation and monitor-
ing systems to be installed aboard all new Navy
(1(‘stroy(‘r escorts, and a U.S. Army assignment to
install Northrop voice warning malfunction detec-
tion systems aboard OV-1 aircraft and CH-47 and
ClI-54 holicoptcrs.
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During 1968 Northrop’s Apollo earth landing svs-
tem met NASA specifications following modification
to accommodate an increase in the moon vehicle’s
weight from 11.000 to 13,000 pounds. This system
will be used throughout the Apollo manned space
flight program. inaugurated by the late 1968 flights
of Apollos 7 and 8.

Under contract to NASA’s Langley Research
Center, Northrop tested several versions of the
parawing astronaut landing svstem. This is a
flexible fabric device combining characteristics of
both aircraft wing and parachute. Program goal is
to fabricate and demonstrate a large parawing suit-
able for landing a space vehicle weighing up to
9 tons.

In another space program, the Northrop-built
HL-10 lifting body began rocket-powered flights
during the year at Edwards Air Force Base, Cali-
fornia.

Other Northrop space-related work ranged from
the OV-2 research satellite to operational support
of the Lunar Receiving Laboratory at NASA’s
Manned Spacecraft Center, Houston, Texas.

Weaponry production included Hawk missile
loaders and components as well as a variety of
ordnance.

Work progressed on a development program for
the U.S. Navy of a torpedo-sized target which will
simulate the characteristics of a full-scale sub-
marine for the training of antisubmarine warfare
forces.

In another ocean-related program, Northrop de-
livered communications and medical monitoring
stations to be used in the Navy’s Deep Submergence
Systems Project.

Under a program sponsored by the U.S. Depart-
ment of Labor, Northrop opened a training center
in Venice, California, offering remedial education
and technical training for people previously con-
sidered unemployable. The program is one of sev-
eral Northrop approaches to assist the National
Alliance of Businessmen’s attack upon the hard-
core unemployment problem.

PACIFIC AIRMOTIVE CORPORATION

On June 14, 1968, Pacific Airmotive’s parent com-
pany, Purex Corporation, Ltd., acquired Airwork
Corporation, headquartered at Millville, New Jer-
sey. Purex began operating Airwork as a wholly
owned subsidiary and as part of its Pacific Air-
motive Group. Airwork’s engine overhaul capa-
bilities in the small airline, corporate operator and
general aviation fields supplemented the engine
overhaul and repair operation of Pacific Airmotive
at Burbank, which is geared to the large airline
customer. Added to the aviation products distribu-
tion network of Pacific Airmotive, Airwork’s corre-






Whitney Adreraft piston engines and Curtiss-Wright
1335350s.

Service contract agreements were signed in 1968
with the MeDonnell Douglas Corporation (for sup-
port of the JTSD engines on the USAF C-9A air-
cratt ' and with Air California as well as with a
number of other carriers.

In September ground was broken for the new
16.000-scpnare-foot office and warchouse building
later occeupied by the Oakland Branch of the Avia-
tion Products Division. The new building houses
the $S1.500.000 inventory of aircraft components,
svstems and supplies. as well as personnel and
cquipment. required to support PAC's airline pro-
visioning and general aviation business in northern
California and Nevada.

A new! improved Fuel Flow Test Bench model.
designated the TH20, was introduced by Pacific Air-
motive in 1965, An important feature of the model
is its unique capacity to test not onlv the Bendix PS
and RS Fuel Injection svstems but also the Con-
tinental Fuel Injection svstems and engine-driven
fuel pumps. Production of the T-20 Bench marked
the first time that both Bendix and Continental
svstems can be tested. measured and calibrated on
a single stand,

Sallcs of Cessna aireraft vose sharply in 1968 over
1967 in Pacific Airmotive Corporation’s Light Air-
(‘l.’ilff Division through its wholesale operations: Air-
fi{l(‘. Ine. (Long Beach). Arinada Aireraft (Phoc-
nix) and Business Aireraft Distributors (Oakland).
Responsible in part for the increase was the intro-
(1incti<)4n of the all-new Cardinal. a +-place family
aireratt, and Cessna’s new pressurized entry in the
executive market, the 6-place Model 421,

The record pace of student starts realized during
the vear contributed substantially to sales in the
L(‘m'n—TO—Fly category, Models 150 and 172 and
the Cardinal, o

Because of the extensive Air Age Education pro-
grams oftered by Cessna Aireraft Company and
mmplemented by PAC’s distributor organization, in-
terest in aviation instruction at the high school and
Junior college levels increased dramatically. A num-
ber of schools were offering not only classroom
courses but flight experience as well, To stimulate
schools in the arca of flight instruction, Pacific Air-
motive donated 2 new Cessna 150s to a high school
and g junior college for use in their aviation pro-
grams for the 196S8-69 school year.

PHILCO-FORD CORPORATION

AERONUTRONIC DIVISION

Philco-Ford Corporation’s Acronutronic Division
ended calendar year 1968 with the highest backlog
in its nearly 13-year history and simultancously
recorded the highest annual sales.
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Acronutronie, with hcadquarters n Newport
Beach. California. is one of 11 divisions of Philco-
Ford, a subsidiary of Ford Motor Company.

The Newport Beach aerospace/defense firm was
engaged during 1968 in research, development, test
and manufacture of tactical missile svstems. air de-
fense svstems, automatic weapons, “stabilized fire
control svstems. propulsion products, high-strength
armor, radar, reconnaissance and intelligence svs-
tems, and missile and bomb fuzes.

Highlighting Acronutronic’s activities in 1968 was
the awarding of the first increment of a 3-year
$100,000,000 production contract for continued
manufacture of the U.S. Army Shillelagh guided
missile svstem. one of the division’s major programs.
Aeronutronie is prime contractor to the U.S. Army
Missile Command for Shillelagh.

A separate $13,800.000 contract was awarded
during the vear to Aeronutronic for continuing pro-
duction of guidance and control cquipment for the
Shillelagh missile system.

During 1968 the Shillelagh missile was deploved
with additional U.S. Armyv troops within the U.S.
and completed a testing program in Australia as
part of a 4-nation military standardization loan pro-
gram involving the United States. Great Britain,
Canada and Australia.

Additionally, in mid-1968. Shillelagh desert tests
and simulated arctic and tropic tests were con-
ducted concurrently in 90 degree summertime tem-
peratures in the New Mexico desert at White Sands
Missile Range. Some of the test missiles received
“arctic preconditioning” prior to firing, including
storage tests at minus 65 degrees. Simultaneously,
other Shillelagh missiles were prepared for “desert”
firings after being preconditioned to 145 degree
temperatures prior to launch, and missiles used for
“tropic test” firings were preconditioned for humid-
itv as well as high temperature prior to launch.
Firings were made from 2 advanced U.S. Army
vehicles: the General Sheridan armored recon-
naissance airborne assault vehicle and the M60
Al1EI Main Battle Tank.

In an earlier test program over 100 Shillelagh
missiles were fired in less than a week at Fort Riley,
Kansas. in the first troop firings of the newly de-
ploved missile system. The first troop firings resulted
in a high record of successful hits by the 1st Bat-
talion, 63rd Armor, at Fort Riley.

In addition to the General Sheridan and M60,
Shillelagh was slated as the main armament for the
new Main Battle Tank (MBT-70), being jointly
developed by the U.S. and the Federal Republic
of Germany for the 1970s.

Acronutronic continued to produce the Chaparral
air defense guided missile system. also under con-
tract to the US. Army Missile Command. A
$15,600,000 “second buy” Chaparral production con-
tract was received by Aeronutronic in early 1968
for the manufacture of Chaparral launch and con-
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trol assembly units. In addition to producing the
launch and control assembly units, Acronutronic is
systems contractor on Chaparral, one of 2 systems
selected by the U.S. Army to provide ficld com-
manders with low-altitude air dcfense as part of
newly organized Air Defense Battalions.

In the fall of 1968, Aeronutronic received several
“third buy” contracts on the Chaparral air defense
system for hardware, research and dcvc]opmcnt,
and engincering services, totaling upproximately
$33,000,000.

Initial production testing of Chaparral was car-
ried out by the Army Test and Evaluation Com-
mand’s Air Defense Board at Fort Bliss, Texas, dur-
ing 1968, and plans were being made to transport
men and equipment to Fort Greely, Alaska, and
Fort Clayton, Panama Canal Zone, for cvaluation
of the effects of arctic and tropic environments on
the system and all associated components before
equipment is issued to troops in the field.

Acronutronic continued production and develop-
ment of advanced automatic weapons, including
the XM129 grenade launcher and the XM140 auto-
matic cannon, both designed for acrial applications.

In addition, during 1968, Acronutronic com-
pleted production deliveries of the Vietnam battle-
proved M-75 airborne grenade launcher. M-75
weapons delivered by Aecronutronic to the U.S.
Army Weapons Command arc mounted by the
Army in the nose turret of the UH-1B Huey tactical
helicopters as a part of the M-5 weapons systems.

The XM129 40-millimeter grenade launcher, in
production by Acronutronic, was also designed for
several helicopter applications, including the UH-
1C Huey, AH-1G HueyCobra, LOH, and AH-56A
Cheyenne.

The XM129 is one of the world’s 2 most advanced
automatic weapons which were being built by
Aeronutronic for the AH-56A Cheycenne high-speed
combat helicopter. The other weapon is the XM140
30-millimeter automatic cannon, which will furnish
t‘he main firepower for the Cheyenne. The XM 140
is mounted in a turret beneath the Cheyenne and
the XM129 is mounted in the aircraft chin turret.

Three separate contracts totaling $6,000,000 were
awarded to Aeronutronic in mid-1968 for develop-
ment, advance production enginecring, and produc-
tion on the XM140 automatic cannon. Later in the
year, it ‘was announced that the XM140 had en-
ter.ed.Engmeering Tests/Service Tests (ET/ST),
bringing the_ advanced new weapon another step
closer to ultimate production,

‘ In late S.eptember, Acronutronic announced that
it was leasing a new 879-acre site near San Juan
Capistrano, Culifornia, for a remote test facility
The facility will be used to support various Aero-.
nutronic research, development and manufacturing
operations, with primary emphasis on testing of
ordnance and clectromechanical products under de-
velopment and production for the Department of
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Defense. First increment of the new facility was
scheduled to be completed in carlv 1969, with the
second increment scheduled for mid-1969 comple-
tion. The overall program called for continuing de-
velopment and expansion by Acronutronic over the
next 5 to 10 years.

Production continued at Acronutronic on a light-
weight, highly effective dual property steel armor
which provides excellent multiple hit protection for
helicopters and small boats. The  Aeronutronic-
developed armor plate is an adaptation of a patented
Ford Motor Company process for producing ultra-
high-strength steel. The steel is designated by the
trademark AUSFORM. It is used on helicopters,
fixed-wing aircraft, small boats and other vehicles
where minimum weight and thickness are required
for maximum ballistic protection against armor-
picreing and ball-type projectiles. The armor has
been installed on helicopters and river boats in
Victnam. Both .30-caliber armor and .50-caliber
armor arc prodiced by Acronutronic,

Acronutronic continued development and  pro-
duction of unique hot gas missile control valves for
the Departiment of Defense. Acronutronic is a major
supplier of hot gas missile control systems zmd has
in the past 5) vears provi(lc(l such svstems for a
nuniber of missile and spacceraft programs. Various
configurations of the valves were in production for
guided missile programs of the U.S. Army, Air
Force and Navy.

In 1968 Acronutronic announced the develop-
ment of an extremely low-cost, high-speed, rocket-
powered military air target made of 1'().11('(1 paper
tubing. Known as LOCAT (Low-Cost Air Target),
the new military target vehicle is an expendable,
15-foot long, 155-pound air target which pops up
from its ground launch site like a clay pigeon ayt a
shooting range and attains speeds in excess o‘f 300
miles per hour within 2 scconds. It was. (1051gnc_d
and developed by Acronutronic for training of air
defense gun crews against low-altitude cnemy  air-
craft. LOCAT is a trademark of Philco-F'ord Cor-
poration.

In applications for which LOCAT targcts“ are
designed, the military can reducc air target “pre-
sentation” costs approximately 50 percent. A “pre-
sentation” is one pass of a target for the gunners.
Gencrally designed for altitudes of 1,000 feet, but
with a 10,000-foot range, the LOCAT target has a
flight time of about 17 seconds. This can be ad-
justed through use of different lz'mnch angles to
vary the range, altitude and flight time.

The LOCAT target consists of a minimum num-
ber of components: (1) a nose cone made of glass-
reinforced plastic, (2) a sustainer motor, (3) a
fusclage made of rolled paper tubing of the type
used to store and ship houschold carpets, (4) glass-
reinforced plastic fins and (5) the booster rocket
motor which consists of 3 2.75-inch Folding Fin
Aircraft Rockets (FFAR) of the type used as



arnanent on some military aircraft. LOCAT targets
were under evaluation by the Armyv and the .\'h\}f
and were the result of cost-consciousness in both
managemeoent and engineering philosophy at Acro-
nutronic.

PIPER AIRCRAFT CORPORATION

A top-level change in management. occupancy
of new quarters and a record sales level approach-
in the S100.000.000 mark highlighted 1968 for
Piper Ajreraft Corporation.

In February, WU T, Piper. Jr.. was clected presi-
dent of the corporation. Mr. Piper had been with
the company since 1934 and had been executive vice
president. a position assumed in the 1968 switch by
his brother, Howard Piper. previously vice prcsf—
dent-research and development. W. T, Piper, Sr.,
who had been both president and chairman of the
board since the founding of the company, retained
the position of chairman of the board.

Piper’s sales for the 196S fiscal vear (ended Sep-
tember 30) totaled $96.724.000, a 20 percent in-
crease over the previous vear and a record for the
(10111});111’\'. Net income increased 29 percent, from
S2.991.000 in 1967 to $3.563,000 in 196S. Net income
per share was $2.36. Compurcd with $1.83 in 1967.

Piper officials attributed the record vear to a
steadily mereasing demand  for Piper's iproducts,
especially in the twin-engine line, where sales of
Piper's new Navajo led the industry in its class for
t]?(‘ vear, To meet the demand. the company occu-
picd 2 pew plants at Quehenna and Renovo, Penn-
svivania, where metal and fiberglass  component
parts for Lock Haven production were being manu-
factured. '

Piper also occupied during the vear a new cor-
porate administration building at Lock Haven. The
bnilding serves as international headquarters for
exceutive, administrative, marketing and sales staffs.
Included in these organizations are finance and
accounting, ;1(1\'01't‘ising; sales promotion, market re-
search, public relations, customer scrvice and spare
parts, and corporate planning. The building con-
tains approximately 33,000 square feet of floor space
and its tiered effeet of floor-to-ceiling tinted win-
dows gives it an ultramodern appearance.

In November it was announced that Piper had
selected  Lakeland, Florida. as the site for a
$2,000,000 manufacturing plant for a new 18-place
commuter airliner. The plant will contain more than
100,000 square fect of floor space for assembly,
Paint and plastics operations and offices required
tor manufacturce of the PA-35 Pocono. The tacility
will be constructed on 100 acres adjoining Lakeland
Municipal Airport, with another 100 acres under
option.

Piper’s Lakeland operation will be confined ini-
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tially to final assembly of the Pocono, which at year-
end was in flight test status at the company’s Vero
Beach Research and Development Center. The
Pocono. priced in the $200,000 category, has twin
turbocharged engines of 500 horsepower each and
a gross weight of 9,500 pounds. It made its first
flight May 13, 1968.

In September, Piper signed contracts with all 3
major television networks for a concentrated “Learn
to Flv” push. Time was purchased on the CBS
“Evening News with Walter Cronkite,” on NBC’s
“World Series of Golf” and on ABC’s “Wide World
of Sports.”

In October. Piper announced a new flight train-
ing concept marked by the opening of Piper Flite
Centers throughout the United States. The centers
offer standardized training programs based on a
Piper-developed flight training syllabus. Complete
training in new Cherokee aircraft is backed up by
thorough ground school courses. Piper Flite Centers
also provide rental aircraft.

Bv vear-end, Piper was emploving more than
4.300 people and had produced more than 80.000
aircraft since the first E-2 Cub was flown in 1930.

PNEUMO DYNAMICS CORPORATION

In fiscal 1968 Pneumo Dvnamics Corporation’s
2 aerospace facilities—its Cleveland Pneumatic
subsidiary and National Water Lift Division—
established record highs in sales and year-end back-
logs. Aircraft landing gears at Cleveland Pneumatic
and flicht control systems and components at Na-
tional Water Lift accounted for the major share of
Pneumo’s aerospace business. with hardware for
missile and space vehicle programs contributing a
smaller but technologically significant portion of
production. Another subsidiary, C?aud S. Gordon
Company, Richmond, Ilinois, continued to supply
thermoelectric heat-sensing elements, thermocouple
instruments and temperature detection accessories

to most segments of the aerospace industry.

CLEVELAND PNEUMATIC

Cleveland Pneumatic (CP), Pneumo’s landing
gear subsidiary, recorded in fiscal 1968 the largest
dollar volume of landing gear sales in its 42 years
in the landing gear business, and ended the year
with its backlog at an all-time high.

In October 1968, CP completed a $20,000,000
expansion of its production, assembly and engineer-
ing test facilities which began in February .1967.
The additional buildings and equ‘ipment constituted
the largest single cxpansion of capacity by the
lunding gear industry since World War Il and
increased Cleveland Pneumatic’s floor space by 50
percent.
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Systems Engineering Evaluation and Research

SEER (Systems Engineering Evaluation and Re-
search) is the Defense Electronic Products staft
systems engineering organization that provides for
the synthesis, development and technical direction
of new system concepts, proposals and programs.
SEER personnel represent some of the most com-
petent and imaginative specialists with RCA. These
creative, highly qualified engincers, scientists and
managers are individually selected for their demon-
strated competence in the concept initiation, plan-
ning and evolution of major systems efforts under-
taken by RCA-DEP.

Aerospace Systems Division

The Aerospace Systems Division at Burlington,
Massachusetts, provides a wide diversity of special-
ized electronic systems and subsystems for manned
space flight, automated test equipment, command
and control systems, and tactical products employ-
ing data processing, electrooptical and clectronics
technology.

During 1968, ASD was under contract to the
US. Army for several automatic test equipment
(ATE) programs. The Land Combat Support Sys-
tem (LCSS) program included all studies, investi-
gations, design engineering fabrication, production
and modifications of test equipment to provide
complete field maintenance capability for the
TOW, Lance and Shillelagh missile systems. Depot
Installation Maintenance Automatic Test Equip-
ment (DIMATE), developed for the Army Elec-
tronics Command, has proven the capability of
automatic test systems to troubleshoot complete
assemblies of Army electronic systems. It has re-
duced conventional testing time as much as 75
percent.

ASD built and delivered the AN/TSQ-47 system
for the U.S. Air Force. The AN/TSQ-47 is an Air
Traffic Control/Communications System designed
for use by the Air Force Communications Service
Mobile Squadrons to support advanced air bases in
a tactical situation, newly acquired air bascs under
combat conditions, temporary replacement Or sup-
plement to a fixed facility and training and mobility
exercises. In addition, ASD was awarded a contract
to build the AN/TSW-7 Air Traffic Control
Towers, which are air transportable and completely
equipped with all necessary communications for
placement at tactical air fields. They have 3 con-
troller’s positions and can be unloaded from an
Air Force transport at an unequipped air field,
set up on integral jacks, and in full operation direct-
ing airport operations shortly after arrival.

ASD was also active in developing process con-
trol systems. One of these, Automatic Process Test
Equipment, was delivered to the Electronic Com-
ponents  Division of RCA and was in opcration
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testing color TV picture tubes. This type of cquip-
ment was being considered for use in manufactur-
ing plants by large companies such as Lockheed
and Martin, ,

The AN/APN-155 Low-Level Altimeter. devel-
oped by ASD under contract for McDonnell
Douglas Corporation and qualified for use in the
-4 high-performance  jet aircraft, has been a
highly successful solid-state cquipment. Placed into
production in 1965, its excellent acceptance resulted
in follow-on orders for additional units.

A sceond-generation altimeter, the AN/APN-201,
was designed and tested at ASD. Featuring hybrid
IC circuitry and a solid-state C-band transmitter,
the receiver/transmitter weighs 4 pounds, or ap-
proximately 30 percent of the APN-155.

ASD was heavily involved in clectrooptical sys-
tems and devices including their rescarch, devel-
opment and  production. These  included  lasers,
low-light-level TV, high-resolution TV, special ap-
plications of image devices to point source detection,
and the combination of these systems. ASD de-
livered several models of laser rangefinding cquip-
ment for man-portable and Army vehicle applica-
tions. In addition, the division was designing and
building laser illuminator and designator devices.

The Acrospace Syst(*ms Division was Condncting
rescarch and development programs on laser de-
vices and applications and was delivering products
using opcmt‘ionul laser systems. (Ilu‘smﬁod s:tudies
on laser applications were being performed for the
U.S. Navy and Air Force.

ASD was awarded several contracts by the U.S.
Army for design, fabrication and testing of laser
rangefinders for man-portable usc and for tank and
other vehicle applications. Also, a study was com-
pleted for the Army on the use of a laser in a heli-
copter as a unit for obstacle detection. 1<01: the
Army, a flight test program was conducted using a
laser as a weapons guidance technique. Under Air
Force sponsorship, laser rangefinders and commu-
nicators were delivered and large integrated laser
(\l(sctrooptic systems studics pcrformcd.

During 1968 a program was under way for-de—
velopment of a laser track scanning system for high-
speed railroad applications under  sponsorship of
the Department of Transportation. ‘

ASD performed a Laser Design Concept Study
for the U.S. Navy in which a high-energy, short-
pulse laser system employing frustrated total inter-
nal reflection isolators was investigated. This re-
sulted in a high-power missile-tracking laser system.
Under contract to the Naval Air Development
Center, ASD developed a Blue-Green Laser Trans-
ceiver Unit for use under water.

TV devices under investigation by ASD included
low-light-level camera systems utilizing almost all
classes of low-light-level image tubes. These in-
clu.de I-SEC, 12V, isocon, and image orthicon. A
unique pulse gating circuit permits opcrating these



cameras in combination with pulsed illuminators.
In addition. ASD was developing a high-resolution
camera svstem which uses a return beam vidicon as
the image pickup tube. ASD was conducting system
analvsiy involving the utilization of these devices
in many different military applications.

ASD  was performing  additional development
work for the Air Force on the AN/FSR-2 Optical
Surveillance Tracking Svstem to further refine this
satellite detection systen. part of the SPADATS
Svstem., '

The division completed development of a highly
sophisticated. general-purpose acrospace computer,
the VIC (Variable Instruction Computer). This
computer was being incorporated into the Airborne
Data Automation (ADA) svstem which will be
used by the Strategic Air Command to demonstrate
the feasibility of 511tom;1ting the present Airborne
Command Post functions now performed manually
in the EC-135C “looking glass™ aircraft.

In addition. a study was completed for the Air
Force Electronics Sl\"stvm Division which defines
the system configuration for an Advanced Airborne
Command Post system that could be installed in the
C-3 jumbo jet dt'u‘ing the 1970s.

In the area of electronic warfare and advanced
multifunction radar systems. ASD was engaged,
under Air Force Avionics Laboratory contracts. in
exploiting recent technological advances in inte-
grated microcircuits by applving them to the design
of an clectronic warfare svstem and in the develop-
ment of hardware, ASD was also under contract to
(1(‘\'(‘1()}) a Target Homing and Warning System
(TIIA\VS) to provide for the integrated sensing,
control and display of EW functions on board naval
interceptor aireraft,

ASD was participating in the development of a
number of classifiecd N avy and Air Force clectronic
warfare systems and components for airborne ap-
plications. In genceral, these involve exploitation of
very recent tz‘clmological advances and  defining
future research in this arca.

ASD devclopcd and demonstrated a highly versa-
tile airborne multisensor display capable of accept-
ing the output of any of a number of airbgrne
imaging systems and converting it to a standardized
high—brightness TV-type displav.

In 1968 the division provided assistance on over-
all systems and hardware engineering for the clec-
tronic subsystems to support Grumman’s develop-
ment of the Lunar Module portion of the Apollo
program. ASD was under contract to supply Grum-
man the Rendezvous Radar, Transponder, 'zmd
Landing Radar for the Lunar Module VCthl(.i.
Under contract to Grumman, ASD built the Atti-
tude Translation and Control Assembly (ATCA)
and the Descent Engine Control Assembly
(DECA). ATCA provides the timing and sequen-
cing signals for firing the jets for attitude and 'trans—
lation control, as well as the automatic trim signals
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for the gimbaled descent engine. DECA controls
the descent engine of the LM throughout the power
descent to the moon. turning the engine on and off
and controlling the intensity and direction of its
thrust. Its mission complete with the touchdown on
the moon, the DECA is left behind with the re-
mainder of the LM descent stage. In addition to
the actual LM hardware, ASD has developed a
large complex of ground test equipment to support
development of the LM clectronics and communi-
cations systems.

Astro-Electronics Division

The Astro-Electronics Division. also known as
the RCA Space Center, has an unexcelled reputa-
tion for the design and fabrication of long-life
unmanned spacecraft and spacccraft svstems. Lo-
cated near Princeton, New Jersev, this division is a
leader in the development of weather satellites,
communications satellites, scientific satellites, lunar
and interplanctary space svstems and subsvstems.
AED has set outstanding records for spacecraft
performance in orbit: the actual lives of more than
30 AED-built spacccraft exceeded mission require-
ments.  Spacecraft built by AED include Tiros
weather satellites, a SERT (Space Electric Rocket
Test) space platform, ESSA operational weather
satellites, Relay communications satellites, Navy
Navigation Satellites and a number of classified
spacecraft. .

The division was supplying major subsystems for
the Nimbus weather satellites. This program, with
NASA’s Goddard Space Flight Center acting as
manager and prime contractor, is. concerned with
the second generation of experimental weather
satellites. AED is responsible for a major part of
the Nimbus hardware, providing 2 different tele-
vision subsystems, video and infrared tape record-
ers, solar cell power supplics and video ground
station cquipment. All of the Nimbus spacecraft
subsystems built by AED operated successfully on
the first 2 satellites.

The division was also engaged in several studies
for both the Communications Satellite Corporation
and NASA. These include advanced communica-
tions satellites, voice broadcast satellites and deep
space communications satellites. o

Development activities of the division covered a
wide variety of spacecraft and spacecraft systems,
including unmanned earth natur'fll resources :satel—
lites, ultra-high-resolution television sensors, infra-
red sensors, dielectric tape cameras, advanced data
storage and processing  systems for spacecraft,
spacecraft stabilization systems, spacecraft anten-
nas, solar and other power supplies and system
requirements for a world weather watch.

AED also made contributions to the manned
space flight program. A miniature, lightweight tele-
vision camera built by AED provided the first live
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television pictures from space during the Apollo 7
space mission. The 4%-pound camera was the first
to make extensive use of integrated circuits. The
division also built a TV scan-converter for use with
its Apollo camcra and performed studics and sub-
system testing for RCA’s portion of the Lunar
Module. In addition, the division undertook studics
for the manned space flight program in the
arcas of color television and 2 types of power sup-
plies.

Seven ESSA operational weather satcllites, built
by AED for NASA and the Environmental Science
Services Administration, were successfully placed
in orbit on February 3 and 28 and October 2, 1966;
January 26, April 20 and November 10, 1967; and
August 16, 1968. The ESSA 1 and 2 operational
weather satellites represent the world’s first global
operational satellite system. The ESSA 1 satcllite
carried 2 half-inch vidicon' cameras. Automatic
Picture Transmission cameras aboard ESSA 2, as
well as ESSA 4 and ESSA 6, transmitted, on a real-
time basis, cloud cover pictures to APT ground
stations around the world. ESSA 3 carried a pair of
RCA Advanced Vidicon Cameras used on an opera-
tional mission for the first time. ESSA 5 carried the
AVCS equipment which has been sending pictures
to Command and Data Acquisition Stations in the
United States.

RCA’s Astro-Electronics Division was under con-
tract to NASA’s Goddard Space Flight Center to
design and develop the next generation of weather
satellites, known as the Improved Tiros Operational
Satellite Systems (ITOS). The Navy contracted
with AED to build the Navigation Satellite, de-
veloped by the Applied Physics Laboratory of
%)ggs H(épkin(s] University. The first launch of an

-produced navieation: ; .l
Marc}? e avigational satellite took place

Collection and processing of ‘scientific data from
spacecraft also is an important activity at the
A.stro-Electronics Division. Specialized ground sta-
tions and ground station equipment were designed
an.d.buﬂt 'for meteorological and other satellite
missions. New techniques in ground data handling
;vere under investigation to meet the requirements
tﬁl(; s:a\f\f:rer(t:;%ufgees (f)blservation missions.i Among
e ¥ . of lasers for reprqducmg elec-

' ICnages in the visible and near infrared por-
121052: }s)eartrlh?msg)ectrum on high-c‘leﬁn.itio'n film. A

ge reproducer was built in support
of the ground station requirements. PP

For the future, the Astro-Electronics Division
was directing increased attention to developing
those spacccraft and space systems which return
practical benefits to the nation. Continued develop-
ment and improvements in weather, natural re-
sources, and communications satellites were
planned, with new technology that will lead to
greater scientific knowledge of the earth, planets
and stars.
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Defense Communications Systems Division

The principal facilities of the Defense Convmuni-
cations Systems Division (DCSD) are in Camden
and West Windsor (near Princeton). New Jersev.
These comprehensive facilities contain a complete
engineering organization capable of effective project
management as well as comprehensive systems and
product engineering through all phases of design.
development and manufacturing.

The headqguarters of DCSD in Camden, cmplov-
ing over 6.000 engineers. scientists, technicians and
manufacturing and administrative personnel, s a
fully integrated design, development and fabrica-
tion facility devoted to handling a wide variety of
defense and space clectronics work. Specialized
engineering laboratories and arcas of technical com-
petence are applied to light. heavy and  digital
communications cquipment. recording devieces.
command and control, advanced communications
technology and communications systems. A fully
cquipped Hybrid Microelectronies - Luboratory s
centrally located to support the engineering groups
in advanced product design.

The division was working on programs for the
design, development and production of communi-
cations for numerous government upp]icutions, in-
cluding communications techniques  investigation
and conceptual studies. This large and diversified
arca cncompasses the development and production
of communications transmission and terminal
cquipment, plus systems for submarine, shipb‘oa.rd,
manpack, vchicular, fixed plant, aircraft, missile,
spacc-grouhd and space vchicle applications. .

RCA has long been a leader in advanced tactical
military communications, and DCSD was continu-
ing this tradition with a number of very signiﬁca.nt
development and production programs. These in-
cluded:

AN/PRC-25, AN/PRC-77. The AN/PRC-25 radio
set is a prime operational equipment in Vietnam,
well known to the military for its performance and
dependability. The FM manpack set \'vcig.hs 24
pounds including receiver-transmitter unit with re-
chargeable battery, antenna and headset, and pro-
vides 2-way voice communications up to 10 miles.
More than 25,000 sets had been delivered by year-
end. The AN/PRC-77, a product—improvcd version
with several added capabilities, was in mass pro-
duction and was receiving an cqqually satisfying
response from the user.

AN/ARC-144 (Ultrareliable UIIF Radio Set).
These microclectronic radio sets, under develop-
ment for the Air Force to replace the widely used
ARC-34 and similar equipments, will provide sig-
nificant improvcmcnts in size, weight and perform-
ance along with a fivefold increase in reliability.

AN/ARC-142 and AN/ARC-143 (P3C HF and
UHF Transceivers). Developed and in production
for application to the Antisubmarine Warfare Air-



craft (Lockheed P-3C). these radio sets have po-
tential application in a number of advanced air-
craft. Principal features include high power. high
performance. low size and \\'cight,\ advanced self-
test capabilities, and 1.200 hours’ minimum mean
time between failures,

ANSTRC-97-97A. This  operational  equipment
was being supplied to both the U.S. Marine Corps
and Air Force. Tt is a complete tactical communica-
tions facility suitable for multichanncl voice. tele-
tvpe or data traffic with high reliability and
performance. This is designed for unattended opera-
tion. and utilizes solid-state circuitry throughout
for high reliability and casy maintenance. The sys-
tem can be set up for opcrz{tion in 1 hour by 2 men.
Over 400 AN/TRC-97s have been produced and
delivered to date, and more than 100 were in usc
in Vietnam.

{\.\’/UCC-S .\Iultiplc.\' Carrier Equipment. The
AN/UCC-5 is a solid-state 60-voice channel fre-
(uency division multiplox carrier equipment for use
m microwave radio or line carrier svstems. This
equipment conforms to DCA Circular 175-2A for
fixed station applications. to Military Standard
lSSB for tactical applications and to \IL-E-16400
for environmental service conditions and component
requirements. The equipment was designed to
operate on a continuous basis with a minimum of
mamtenance or adjustment. This has been achieved
thx:ough the use of transistors and integrated cir-
cuits in a conservative design. Ninety-six percent of
a.ll components are mounted on i)lug—in printed
circuit boards for case of maintenance and system
expansion.

Digital communications and switching systems
and equipment are an important part of the DGSD
product; 3 programs of interest are:

Ship’s Interior Conumunications System (ICS). A
centralized circuit switching system for the control
of interior shipboard communications, this systen,
tl_le first of its kind, will use a computer to perform
circuit switching functions previously performed by
dlS"Cl"etC hardware. Coniplete rearrangement of a
ship’s internal communications will be accom-
plished by simply changing computer programs.
Twp switching centers will serve up to 2,500 sub-
scribers. ICS will be a stored program system with
sgfﬁcient redundancy for high reliability and sur-
vivability under batfle conditions.

Minuteman Sensitive Command Network (SCN).
DCSD, under subcontract to The Bocing Company.,
,deSlg“(‘d, developed and produced the SCN that
interconnects various Minuteman unmanned launch
and manned launch control facilities in a complex
cable network to provide command-control status
reporting, The command system’s Digital Data
Processing  Equipment (DDPE), developed by
DCSD, handles secure launch or inhibit launch
command messages, and processes digital messages
for automatic system and network check-out. The
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opcerational equipment has far surpassed the ultra-
high-reliability goals. DCSD continued to provide
engineering scrvices and equipment modification
on the Minuteman Force Modernization Program.

Automatic Digital Network (Autodin). A vital
link in the DoD worldwide logistics-data communi-
cations network, this is the world’s largest and
most advanced operational data communications
system. Under contract to Western Union, DCSD
designed, developed. produced. programmed and
installed these equipments. The initial network
included 5 large automatic switching centers capable
of terminating 550 lines. The Autodin Expansion
Program increased the network to 9 centers capable
of terminating 2.700 lines. As part of a program to
modernize the Autodin  Network, DCSD was
awarded a contract by Western Union to provide
new integrated circuit Communications Data Proc-
essors for the 9 Autodin Switching Centers in the
United States.

DCSD was also responsible for major space com-
munications programs:

SHF TACCOMSAT Terminals. The SHF Tacti-
cal Communications Satellite Terminals will provide
extremely reliable tactical communications together
with high mobility for battlefield and airborne use.
Five configurations are being supplied: airborne,
1Ys-ton truck shelter. jecp-mounted, teampack and
manpack terminals. Deliverv was started during
1968. The tactical stations will be tested with an
expcrimental satellite by all 3 branches of the
military.

Apollo Command Module Communications.
DCSD was responsible for the design, development
and manufacture of the VHF AM Transceivers for
the Apollo Command Module (CM) and Lunar
Module (LM). These equipments provide a voice
and data communications link between the LM,
the CM and the astronaut on the lunar surface.

Apollo Lunar Module Conmununications Subsys-
tem. DCSD, under contract to Grumman Aircraft
Engineering Corporation, is l'espc.)nsi.ble for the
complete Lunar Module Communications Subsys-
tem consisting of S-band transceivers, S-band
power amplifiers, VHF transceivers, a signal proc-
ossor and the S-band steerable antenna. Major
effort is devoted to interface definition and control,
and to detailed testing and performance evaluation
of the communications equipments when operated
as an intcgmted subsystem.

Extravehicular Communications System (EVCS).
DCSD was developing for NASA a spacesuit com-
munications system that will permit a team of
astronauts (2 or more) to explore the lunar surface
while in communication with cach other and,
through the Lunar Module, with mission controllers
on carth. EVCS will have full duplex transmit-
reccive capability, will weigh about 6 pounds and
will be about the size of a cigar box. It will be
carried as part of the astronaut’s portable life-
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support system. In additign t(? voic'c communica-
tions, EVCS will transmit biomedical telemetr
data on the astronaut’s condition, and will sound an
alarm to indicate any drop in the spacesuit pres-
sure.

DCSD was conducting rescarch on  recorder
technology, and had available a number of ad-
vanced recorder/reproducer cquipments:

PT-501 Wideband Recorders. Designed to mect
the requirements of aircraft, ships, ground vchicles
or other portable configurations, the PT-501 series of
video recorders is the ultimate in portable wideband
recorder systems. Typical of the many uses for the
PT-501 are monopulse radar, quadrature bipolar
radar pulses, PPI displays, FDM signals, standard
and slow-scan TV applications, and spectrum analy-
sis. The configurations are housed in 3 separate
packages which are suitable for hand carrying in
suitcases. .

Continuous Video Recorders (CVRs). A number
of CVRs were developed and available. For cxam-
ple, the TR5-LO-10-CVR is a transverse-scan re-
corder/reproducer incorporating a speed reduction
of 10 to 1 compared to normal wideband machines.
The TR42-1.O-10-CVR is a low-spced playback unit
which runs at 1/10 the speed of a mormal TR42-
CVR for bandwidth compression of wideband in-
formation recorded on the latter.

DCSD has considerable experience in major com-
munications systems, involving study, synthesis,
design, development, production and operational
support. Two 1968 system programns of interest
were:

Integrated Communications Control  System
(ICCS). This is an advanced communications con-
trol system that will simplify the operation of air-
borne radios, reduce costs and weight, and conserve
important aircraft space. ICCS employs the Multi-
ple Intcrior Communications System (MINCOMS)
concept, which uses multiplexing techniques to
simultaneously send separate signals over a single
cable about the size of a pencil. Initially designed
for mnaval aircraft, ICCS connects and controls
multiple intercom  stations, radio recciver/trans-
mitters and other avionics components, with con-
nection and control ecffected from a single panel.

.Mallard System Studies. Mallard is an interna-
tional program (United States, United Kingdom,
Cana}da .and Australia) for creating advanced com-
munications for field military units of the mid- and
late 1970s. The Mal'lard concept embraces an inte-
gricd sommnicons gt iing dencn

1IN s to complex clectronic
switching systems to communications satellites.
RCA’s 18-month study program was nearing com-
pletion, at which time the program was to move
into another phasc involving somec cquipment de-
velopment and simulations. Two parallel systems
studics were being performed, one hy U.S. indus-
try and one in the United Kingdom.
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Missile and Surface Radar Division

The Missile and Surface Radar Division (M&SR)
is located at Moorestown, New Jersev.

From installation of the first pr(-(-is'i()n monopulse
tracking radar, the XN-1, at Patrick Air Force Base
in 1957, M&SR has designed and produced a family
of 71 such radars of ever-inereasing sophistication
and capability: they are installed  at locations
around the globe, both on Tand and on ships at sca.
The standard RCA AN/FPS-16 and its transportable
version, the AN/MPS-25, are precision C-band in-
strumentation  radars  standardized  for  the  Air
Force, Army, Navy and NASA. Both are ideally
suited for assuring range safety and for tracking
rockets, missiles. nose  cones, boosters,  tankage
assemblics, instrument  packages, debris.  carth-
orbiting satcllites, and space vehicles.

The AN/FPQ-6 instrumentation radar and its
uir-trunsportaﬂ)lc version, the AN/TPQ-18, repre-
sent a major forward stride in the detection, acquisi-
tion and precise continuous mcasurement of the
position of missiles and space vehicles in flight.

M&SR has perhaps contributed more to scientific
antiballistic missile research than any other single
installation. It is here where the highly advanced
radar net, BMEWS, was designed, developed and
manufactured for installation at 3 widely separated
sites in the western hemisphere. From 1938, the
Missile and Surface Radar Division observed test
Jaunchings of all U.S. missiles and ;mn]y'/,(_‘d data
obtained from thousands of obscrvations of bodies
reentering  the atmosphere. This installation has
also been a leader in space object identification
since it made its first such measurements on Sputnik
II, using an FPS-16 at Patrick Air Force Base,
Florida.

M&SR developed  a high-performance tllCtiCL.ll
radar, the UPS-1, for use by the Marine Corps, Air
Force, Army and Navy. It is packngcd in light-
weight units, suitable for transportation and opera-
tion in the assault phase of amphibious opcrations.

Another advanced tactical system under develop-
ment at M&SR in 1968 was the TPQ-27 program
which will direct tactical aircraft to bombing tar-
gets with high precision by usc of ground-based
precision tracking radar, command control systems,
and data links.

Under the Apollo  Reentry Ships Program,
M&SR developed CAPRI, the first precision traclk—
ing radar to usc integrated circuits for all cssential
electronic functions. This instrument has the gen-
cral capability of the AN/FPS-16 radar, except that
the user has a number of options in the pcdcstal and
antenna subsystems. The resultant savings in spa.cc,
weight and power make it casily adaptable for in-
stallation on board ship, in a trailer or in small one-
story buildings.

The division was designing and developing ad-
vanced over-the-horizon radars for the armed



torces. M&SR's r('cognized capability in transmit-
ters. antennas and signal processing has put it in
the forefront of the fast-growing over-the-horizon
radar art.

The first major real-time ground-support system
for space missions to use intcgratvd circuits was
installed on the Air Force Eastern Test Range by
MASR. It consists of 4 ground stations at Antigua
Island. Ascension Island, Grand Bahama Island and
Pretoria. South Africa. and a control station at Cape
Kennedy.

Shipborne stations are also deploved. The system
enables flicht scientists to select and call up various
telemetry data from space vehicles while they are
in flight’(lown the Eastern Test Range. _

M&SR - developed  the first truly light\vmg}.lt
hand-held radar for use by combat infantrymen in
detecting moving targets and directing 511.1;}11 arms
fire in all weather and visibility  conditions. It
weichs as little as 2 pounds in its lightest version
and can deteet man-sized targets at ranges up to
1.500 meters. defining range within a few }net.crs
and angle within a few degrees. A (‘f)llll]]lllllC'JthIl
mode is also provided. enabling 2 units to sct up a
secure voice link, The RCA Hand-Held Tactical
Radar is an all-solid-state svstem, using the latest
in integrated circuits and mini;lturc.(‘lectronic-s.'

Following a far-reaching evaluation of existing
cquipment for Navy air defense, M&SR  was
chosen by the Navy to develop a concept for the
Advanced Surface Missile Svstem. As head of a
team which includes Bendix, Raytheon, and Gibbs
and Cox. the division will develop an advanced
integrated command c‘ontrol and mi.s;silc launching
system for flect air defense in the 1970s. _

To enable astronauts on the moon to communi-
cate with carth, a 10-foot parabolic antenna was
needed, Tt would weigh only a few pounds. To
meet this specification, a completely  collapsible
self-crecting structure of metallized cloth was de-
veloped. It packs into a C_vlinder only 3 feet long
and 10 inches in diameter and crects automatically
with no assistance from the operator, yet its con-
tours are within the very fine tolerances needed to
dircet a beam of encrgy cfficiently from the moon
to the earth.

One of the Missile and Surface Radar Division’s
newest capabilities is high-volume production of
precision multilayer printed circuits, A completely
mechanized printed circuit manufnctm.ing Facility
with 25,000 square feet and employing 125 produc-

tion personnel began operations in carly 1968.

Electromagnetic and Aviation Systems Division

The Electromagnetic and Aviation Systems Di-
vision (previously known as the West Coast Di-
vision) has 3 facilities: Huntsville, Alabama; West
Los Angeles, California; and Van Nuys, California,
headquarters for the division.
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The Huntsville facility is concerned with field
service and depot support, primarily for the Saturn
Ground Computer Check-out Svstem. It has 128
cmplovees and an area of 15,000 square feet.

The Aviation Equipment Department. located in
West Los Angeles. designs and builds weather radar
systems. distance measuring equipments. transpon-
ders, navigation-communication equipments and
Aircraft Integrated Data Systems. These equip-
ments and systems are for both airline and general
aviation aircraft. About 65 percent of all weather
radars in use by airlines and 75 percent of the
general aviation radars were built by the Aviation
Equipment Department. In 1968 the department
was developing an Aircraft Integrated Data Svstem
capable of monitoring more than 1.000 parameters.
The facility had 396 employees and 91.250 square
feet of plant space at year-end.

The Van Nuys operation designs and builds
Elcctronic Warfare Systems, Ordnance Systems,
Military Display/Memory Svstems, and Military
Aviation Products and Systems, a counterpart of
the commercial work in the Aviation Equipment
Department. The Van Nuys facility has been a
leader in the development and manufacture of
special-purpose computers. random access memory
svstems, display systems, electronic warfare equip-
ment, and secure communication systems since
1960. The facility had more than 1425 personnel
and 240,000 square fect at year—cnd.

The division has made an outstanding contribu-
tion to the nation’s defense effort in electronic war-
fare. This includes techniques and cquipments for
deceiving, jamming. evading and effectively de-
stroying clectromagnetic threats. Thus, a shield is
provided which permits ships, planes and ground
vehicles to aggressively penetrate the enemy’s de-
fense and limit his effectiveness in offensive action.
The Electronic Warfare group has been a major
developer and supplier of jamming equipments to
the Department of Defense, and in 1968 was en-
gaged in engineering and manufacturing programs
for clectronic warfare components and complete
systems. In support of these and future electronic
warfare programs, the Electromagnetic and Avia-
tion Systcms Division had independent research
and development programs.

EASD participates in the design, development
and manufacture of ordnance products, especially
fuzing assemblies for mortars, rockets and bombs.
An extensive independent research and develop-
ment program was conducted during 1968 on radio
proximity and optical fuzing techniques.

The division was producing Mark 25 Monitor
Assemblies and Mark 26 Safing Devices under con-
tract to the U.S. Navy. In addition, the division
was under contract to Harry Diamond Labora-
torics to design and develop the XMS8S Near Sur-
face Burst Fuze.

Independent research and development projects
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included development of reliable low-cost elec-
tronic fuzing systems, and optical sensors for fuzing.

The division’s major developments in military
information systems were card and drum random
access mass memories, video data display systems
and the Saturn Ground Computer System.

The division developed 2 generations of Card
Memories, the Model 3488 and the Spectra 70/568.
The Spectra model has an access time under .5
second and stores approximately 5 billion bits of
data. These mass memories are the largest and
most economical on the market, in terms of cost per
bit. Design and development of third-generation
random access memories are in progress. These
third-generation systems will provide faster time
and greater capacity at lower cost per bit.

The Random Access Drum Memory Systems
broke the bit-per-volume barricr in drum memorics.
The RCA drum stores 25,000,000 bits, more than
3,000 pages of typewritten material, in an area of
approximately 1.5 cubic feet with an access time of
8.5 milliseconds. This drum memory, a development
of the division’s independent rescarch and develop-
ment program, was being produced for usc in the
Tactical Fire Direction System (TACFIRE) pro-
gram. Another drum memory system was under
development for commercial applications.

The division was developing and manufacturing
several different types of commercial and military
display systems. These systems included:

* The Spectra 70/752, a compact, self-contained,
stand-alone display with third-generation logic and
memory. The screen capacity is 1,080 characters.

* Modular video data system, which provides
anywhere from 8 to 48 70/751 video data terminals
from one controller. Three screen arrays arc avail-
able.

* Check-out and launch control displays.

* Tactical Information Processing and Interpre-
tation (TIPI) displays.

* Airborne displays.
~ EASD has been a major producer” of specialized
mfgrmation systems since its founding. One of the
major products has been the Saturn Ground Com-
puter System for the National Aeronautics and
Space Administration’s Marshall Space Flight Cen-
ter. The Saturn Ground Computer Automatic
tchkﬁcéqotitmsylsfjrr]nc ﬁ@ pajrt. of the key to the success
bhelow the ]zu(mcherC SinCHt]IOE’-ﬁI'J‘OCMCd immediately
the Commuter Cla e ‘lst Saturn V launch,

P ieck-out System had to be con-
structed S0 as to absorb the vibration of the blast
effect. This System provides real-time control,
check-out, and monitoring of digital and analo
datz% from tbe Saturn missile systems. The major
equipments In the data-processing system are the
Saturn Computer and the Saturn input/output data
channel display, which provides a visual presenta-
tion of alphanumeric and symbolic data in tabular
and graphic formats.
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The division for several years has been a major
supplier of aviation equipment products to com-
mercial airlines and to general aviation. The division
successfully converted this experience as a supplier
of commercial aviation products to a specialized
military market when it received a major contract
for distance measuring cquipment from Lockheed
Aircraft  Corporation for the AIH-36A  program.
Among the cquipments that the division will be
mzlrk('t‘ing are  distance measuring — cquipments,
weather radars, IFF transponders, navigation cequip-
ment, traflic direction and control equipment, air-
borne display/memory systems and airborne inte-
grated data systems.

ROHR CORPORATION

The year 1968 represented a period of unprec-
cdented growth for Rohr Corporation, \\'itl_l signifi-
cant advances in several arcas. A major factor in
improving cfficiencies was the continuing successtul
effort to widen computer applications to manufac-
turing operations.

Onc of the first companics to become involved in
numerical, or computer, control of machine tools,
Rohr developed advanced usce of computers in ma-
terials handling, parts flow control, schcdu_]ing u‘nd
other applications bearing dircctly on manufacturing
efficiency. ' '

The company in 1968 was cvaluating potential
markets for an  automated, computvr—controllcd
warchousing system in opcration at the main plant
in Chula Vista, California. Possible applications for
the system were.seen in air freight hzmdli_ng and in
operations requiring complete control of the flow
and processing of large quantitics of parts and
products. . '

Rohr continued to strengthen its engincermg a}qd
rescarch and development efforts to keep pace with
rapid technological advancements in the industry
and to develop new product lines. In the arca.of
sound suppression, research effort was .pr(.)d.uc%ng
materials which show some promise of diminishing
engine sound. All of these eﬂort§ were part of a
Comprellensive program that pcrmlttcd the company
to become an associate contractor in a number of
new projects.

One of the most significant new programs was a
contract to produce propulsion pods fqr MCDonncll
Douglas Corporation’s DC-10 trijet mrhn.er. R(?hl‘,
long a specialist in the power plant field, will .des1gn,
test, fabricate and assemble the pods, including the
nosc cowl, forward fan wrap cowl, fan nozzle and
core engine cowl. .

The company  also moved into productlon (3f
engine pods and pylons for The Bocing Company's
747 superjet airliner, the first of which was rolled
out on September 30.



The Lockheed C-5 logistics transport, which
made a successful maiden flight in June. received
its Rohr power plants and pylons in February and
the manufacture of production articles was proceed-
ing on schedule.

The company continued to gain industry recogni-
tion for its capabilities in the thrust reverser field.
Two new systems, both proprictary to Rohr, were
completed during the year. In March the first ship-
set of thrust reversers was delivered to North Amer-
ican Rockwell for the Sabreliner business jet. The
company also completed design of a thrust reverser
for the Boeing 737 twin-jet airliner and production
of these units was in progress. In addition. Rohr
designed and was building the pods, pylons and
thrust reversers for the Grumman Gulfstrcam II
business jet.

Deliveries of power plant assemblies continued
for many of the companv’s long-running aireraft
programs, such as the Bocing 707 and 727 airliners.
the Lockheed P-3 antisubmarine patrol plane and
the McDonnell Douglas twin-jet DC-9 and Super
62 and 63 DC-S§ aircratt. The company had 14 major
aircraft programs in various stages of production;
approximately one power plant assembly for every
working hour was delivered to customers through
the ycar, or more than 200 per month.

The frece world’s expanding global communica-
tions continued to create a demand for ground sta-
tion satellite communications antenmas and Rohr’s
Antenna Division produced and installed 3 97-foot-
diameter antennas in Thailand, the Philippines and
Chile during the year. The division also continued
its diversification in the marine products field and
was producing welded aluminum hulls for Navy
work boats, 2 65-foot air-sea rescue vessels and hulls
for 2 85-foot Navy tugs.

One of the most significant programs to develop
in the company’s Space Products Division during
the year was a contract to produce the motor cases,
motor case insulation and ablative nozzles for the
120-inch, solid-propellant rockets which are used as
booster stages for the Titan III-C, -D and -M space
launch vehicles. Rohr was producing these compo-
nents under a contract -with United Technology
Center, a division of United Aircraft Corporation.

The division, receiving increasing recognition for
its capabilities in composites and fiberglass lami-
nates, was sclected by Lockheed Missiles & Space
Cpmpany to build the fiberglass outer hull for the
Navy’s DSRV-2 deep submergence rescue vehicle.
The 49-foot DSRV-2 is designed to rescue Crews
from disabled submarines.

With the company entering new programs and
diversifying, there was an accelerated trend in the
installation of machinery and cquipment designed
to reduce labor costs in the manufacture of tools,
fabrication of parts and movement of materials,
Eleven major pieces of equipment were placed into
operation to boost Rohr’s manufacturing capabili-
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ties. In addition, 2 hot-sizing presses, designed and
developed by the company. were installed to form
various titanium allovs into difficult and complex
configurations.

Construction of new facilities in fiscal 1968
aggregated more than 104.000 square feet of manu-
facturing floor space.

RYAN AERONAUTICAL COMPANY

A new, supersonic generation of jet targets joined
the Ryan Firebee family during 1968, a vear which
also saw operations of the veteran subsonic drones
greatly expanded. During the same period, Ryan’s
moon landing radar system moved closer to its su-
preme test and the XV-5B Vertifan V/STOL entered
a new research phase.

The slender, stiletto-nosed, sweptwing Firebee
II (BQM-34E), first of 14 prototype flight test
versions being built for the Naval Air Svstems Com-
mand, was rolled out in March at the Naval Missile
Center, Point Mugu, California, where it entered
an intensive flight test program prior to scheduled
operational use by the fleet in 1970.

First faster-than-sound flight was achieved in
June, and it reached its design speed of Mach 1.5
(1,000 miles per hour) in September. Soon after-
ward, the BQM-34E attained another major mile-
stone with its first ground launching. Combining
subsonic flight capabilities of the widely used
BQM-34A Firebee with supersonic speed ranges,
the Firebee 1I was hailed as the most advanced
aerial target of its kind, providing a realistic target
for training air defense pilots and ground gunners
and missilemen.

Meanwhile, deployment of subsonic Firebees and
Ryan field support crews extended to Panama,
Okinawa, Taiwan. Korea, South Vietnam and the
Philippines for Army, Navy and Air Force exercises.
Further enhancing the realism which has prompted
combat-scasoned pilots to compare the Firebee with
MiG fighters in performance was installation of
Increased  Maneuverability  Kits, enabling  the
drones to execute steep banks and turns character-
istic of evasive maneuvers of enemy aircraft. At
year’s end a new dimension was added to the Fire-
bee capabilities by the first remote-controlled water-
borne launch in the 20-year history of the target,
from a 104-foot Navy Aviation Rescue Boat (AVR)
oft Point Mugu.

Recognition of the essential role performed by the
Firebee target system was award of a $20,619,000
Air Force contract to meet fiscal 1968 Firebee
requirements of the Air Force, Army, Navy and
Marine Corps, the largest single order in 2 decades
of production during which more than 3,800 jet
targets have been delivered.

Ryan’s moon landing radar system took its first






related to give scientists the most meaningful infor-
mation.

Rvan's continued interest in solar panel structures,
which have harnessed the sun’s energy for such
space vehicles as the Mariner Venus and Mars
probes and the Navy Navigation Satellites, was
highlighted in 1968 with the completion for the Jet
Propulsion Laboratory of a 250-square-foot proto-
tvpe roll-up solar cell array, one of the largest ever
built. The structure. 43 feet long and 7 fect wide,
provides 30 watts of solar clectrical power for cach
pound of weight.

The pioncer acrospace firm also commenced fle-
velopment of a syvstem for remote-control operation
of minesweeping jeeps under a contract to the U.S.
Army’s Mobility Equipment Research and Develop-
ment Center. Meanwhile, a Ryan rcmot(hcontroll.ed
Firefish target boat was ordered by the l\.Iarme
Phvsical L:{l)orulor)' of the Scripps Institution of
()c'('unogruphy. La Jolla, California. for use as a
“slave” unit in obtaining ocean soundings between
San Diego and Japan during 1969.

T. Claude Ryan, board chairman, one of Amer-
ica’s few mujorzindustriulists who still actively head
companics founded 40 or more vears ago, celebrated
his 70th birthday and 45 vears in the aerospace
industry. ’ o »

Another personnel note was the affiliation with
Rvan of Admiral U. S. Grant Sharp. who retired as
commander-in-chief of all military forces i.n.the
Pacific-Southeast Asia arcas. Admiral Sharp IO.mCd
Rvan as consultant and a member of its Advisory
Board,

SINGER-GENERAL PRECISION, INC.

(Formerly General Precision Systems Inc.)

In 1968 General Precision became a part of The
Singer Company, and General Prems.lon':Systclzmcs
Inc. was changed to Singer-Gcneral Pleqlslqn, 1; .
As a member of the $1.6 billion Singer family, 1t 1e
company continued as a major producer ot. e ec-
tronic, electromechanical, optical and othe} p1e‘c
cision-made products for the military, governmen
and industry. .

The ComI}),any has won worldwide relcog.n.ltllon foif
achicvements in Doppler, stellar zm_d '1‘1]f1t1a na;fa_
gation and guidance; analog and digita C().ll'ipu -
tion; simulation and training: weapons 0911310 ; il'n
analog and digital communications. Its pl(l) uct line
in 1968 ranged from large gronnd-l?ase(., C(()ll'npui
terized systems and simulators and. airborne 1g1ta1
computers to tiny gyroscopes.and msfruments used
in interplanetary space vehlclcs.' Virtually every
major aircraft, missile, space vehicle and antisub-
marine warfare vessel in operation or under devel-
opment uscs a General Precision product.

The wide range of products offered by the com-

157

INDUSTRY

pany to the overseas markets required a large de-
grec of flexibility to achieve the most eftective
means of meeting the various requirements of the
many separate and distinet markets and satistving
the national interests of individual countries. Its
products and services are made available in inter-
national markets through direct sales from the
United States. joint operations with affiliated com-
panics, and liccnsing of major overseas companies
to produce and market its products. This flexible
operation allows the company to support the U.S.
government’s overseas sales program.

During 1968, countries in Europe and Asia were
providing an expanding market for these products
and services, including navigation and simulation
equipment tor aircraft. and communications, com-

puters and control equipment for a wide range of
applications.

KEARFOTT GROUP

Several major equipment contracts for navigation,
guidance and airborne data processing that were
received in 1966 and 1967 reached major milestones
during the latter part of 1968 when, having com-
pleted their development cycle, thev entered the
initial phases of production. Among these contracts
were those received by Kearfott Systems Division
and GPL Division for Doppler inertial systems to
be used on the Navy's P-3C aircraft and on the
Navy/Air Force A-TD/E.

Other applications for Kearfoit’s inertial equip-
ment under contract were for the SRAM missile,
the F-105 T-Stick II program and inertial measure-
ment units for Collins Radio, to be used in com-
mercial and business aviation.

At GPL, Doppler systems were being produced
for the FB-111 strategic bomber and for the C-5A
Galaxy transport. In addition, a special hybrid iner-
tial heading and vertical references, combined with
GPL’s Doppler system, were being produced for
the Army’s AH-56A armed helicopter.

Concurrent with these activities in the navigation
system ficld, Kearfott Products Division instituted
a program of advanced digital computer develop-
ments with the objective of establishing a family of
digital machines having the inherent modular ac-
commodation and growth capability for the air-
borne navigation, fire control and weapon delivery
requirements of the 1970s.

In 1968 Kearfott Products Division shipped pro-
duction versions of its advanced microelectronic
analog-digital converters and its control and display
panels for the advanced avionics svstem being inte-
grated by NAR-Autonetics Division for the FB-111
strategic bomber. By midyear the first system was
integrated into the FB-111, flight tested and deliv-
cred to SAC for Category 2 flight tests by the Air
Force. Other versions of the control and display
panels and of the analog-digital converters were






the Apollo lunar missions and for the new high-
specd military and commercial jet aireraft.

During the vear Link produced a substantial
number of simulators including those for the DC-9,
707, 727, stretched DC-S8 and other aireraft. New
orders were received from commercial airlines for
additional simulators for these aircraft and for the
new 747 jet transport.

A new visual svstem for flight simulator training
of dav and night take-offs and landings in all types
of weather was also developed. This new svstem,
called VAMP, or Variable Anamorphic \lotion
Picture, utilizes a 70-millimeter color movie of
perfect aircraft landings.

Through the use of a unique optical svstem and
a computer-drive servo svstem, VAMP faithfully
presents the out-the-window scene as viewed by
the pilot as he makes his landing. His variances
from a perfect landing are immediately evident as
the picture changes perspective relative to his posi-
tion. Picture quality is maintained at all altitudes
and the film itself can be treated to add fog of
varying densities to simulate various weather con-
ditions. The VAMP system was purchased by sev-
eral commercial airlines and will be used with a
weapon-svstems trainer that Link was building for
the military.

The company also produced a substantial num-
ber of simulators for various military aircratt pro-
grams including the F-4, F-111 and A-T programs.

The company’s contribution to the general avia-
tion ficld included the development of the Link
GAT-1, the first in a series of low-cost general
aviation trainers. The GAT-1 trainer was designed
specifically for use by fixed-base operators and in
high schools and colleges.

NASA’s astronauts took their first “flight” to the
moon long before their actual blast-off from Cape
Kennedy. The Apollo and Lunar Module Mission
Simulators permit them to take the trip safely, and
with remarkable realism, many times without cver
leaving the ground.

The Advanced Products Division developed a
growing business in information storage and re-
trieval devices and was supplving high-accuracy,
precision measurcment equipment used in mapping
operations and determining missile flight character-
istics. Other Advanced Products Division equip-
ment was used by NASA to produce lunar and Mars
photographs and by the Weather Bureau to repro-
duce data acquired by spaceeraft for meteorological
observation.

A television ground data handling system built
by the company was used to produce the television
picture and photographs of the moon’s surface that
were received as electronic signals from Surveyor
spacecraft, These pictures disproved the “15-{eet-
of-lunar-dust” theory which had been claimed as a
deterrent to a manned lunar landing.

The Link Ordnance Division attained new promi-
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nence in the fields of systems analysis and explosive
svstems and in the production of sophisticated
clectroordnance components. A number of com-
ponents are emploved in the Saturn, LM and Apollo
Command/Service Module and are but a few of
the manv Link svstems used throughout the ord-
nance, missile and aerospace industries.

The company’s new Link Information Sciences
Division is a computer applications organization
that provides an array of software services to the
military and other governmental agencies, as well
as educational institutions, industries and busi-
nesses. The new division offers skills required for
effective problem solution in areas concerning sys-
tems research and development, mathematical
analysis. computer systems and applications pro-
gramming, and facility management.

Link was also engaged in the production of in-
dustrial products and systems to control material on
the move. The Industrial Controls Division is the
world’s largest supplier of safetv-pressure gauges
and controls and conservation fittings and gauges
for tank farms and fluid blending facilities. Simi-
larly, there is hardly a blast furnace or steel mill
that is not equipped with the company’s controls
to provide power. speed and accuracy for the steel-
making process. Controls are also supplied to the
nonmetallic material manufacturers including pro-
ducers of packaging and printing materials, paper,
plastic fiber, and textiles.

The Link School Trainer Division sells and
services the new Link Driving Simulator widely
used in the Allstate Good Driver Trainer Program.
The division was also producing other educational
products such as the computer-oriented electronic
learning systems. Link’s Transportation Products
Division was producing a complete line of traffic
control devices.

The main offices of the Link Group are in Bing-
hamton, New York, where a new engineering and
administration building provides nearly 670,000
square feet of floor space. Construction of an
864.000-cubic-foot manutacturing wing was started
in 1968. In addition to the extensive engineering and
manufacturing facilities in Binghamton, Link main-
tains a modern, fully equipped facility in Sunny-
vale, California, where the Advanced Products Di-
vision is located; the Operational Training and
Information Sciences Divisions in Silver Spring
Maryland; and Sales and Service offices in \Vasﬁj
ington, D.C., Dayton, Los Angeles, Salt Lake City,
Orlando, Houston, Dallas, Minncapolis and Sacra-
mento.

The new air-conditioned Kirkwood Facility is in
the Broome Industrial Park, approximately 4 miles
cast of downtown Binghamton. Its 290,000-square-
foot structure houses the majority of Link engi-
neering and administrative personnel, and general
offices in the Binghamton area.

Link’s main manufacturing plant, Plant 1, is in
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the residential Hillcrest section of Binghamton and
contains approximately 236,000 squarc feet of floor
space. It contains 146,000 squarc fect of manufac-
turing floor space. Here the latest and most modern
of techniques available are applied in every aspect
related to the design, development and fabrication
of flight simulators and other simulation equipment.
Plant I is also the headquarters of Link Group’s
School Trainer Division. Plant I is serviced by a
railroad siding and has adequate dock space for
shipping and receiving by truck lines. Special facili-
ties for trailerized simulators arc also provided.

TELE-SIGNAL CORPORATION

Tele-Signal is an engineering-oriented, highly
skilled electronics development and manufacturing
firm capable of applications, original design, devel-
opment and production engincering, and practical
design for prototype and Jong-run, large-quantity
production of component units as well as complete
systems for all phases of voice frequency telecom-
munications transmission including tclephone, tele-
graph, data transmission, timing recovery, and
remote supervisory control, monitoring and teleme-
tering. Tele-Signal serves worldwide markets, cither
through company owned and staffed offices or en-
gineering sales representatives. The expanded Data
Systems Division, headquartered in a scparate fa-
cility on Long Island, provides a total system man-
agement for major communications programs.
Services offered by this division include planning
and ercction of plant facilities as well as design,
manufacture, installation, personnel training and
in-the-field maintenance and service.

Tele-Signal was founded in 1957 to produce tully
transistorized solid-state voice frequency telecom-
munication and data systems and modular cquip-
ment for use by common carriers, the military, pri-
vate communications systems, and public utilities
for transmission over wire lines, ‘radio and satellite
relay media. Products that Tele-Signal produced in
1968 for its domestic and international markets in-
cluded modular transmission apparatus and systems
that provide for many simultancous telephone, tele-
graph and/or data information signals over single
transmission circuits, specch privacy systems, en-
coding and decoding systems for remote selection,
monitoring, alarm reporting, control and metering
used by public utilities distributing water, gas,
petroleum and power as well as by sewage treat-
ment plants, timing recovery systems, signal con-
ditioning apparatus and specialized test and mea-
suring equipment.

At ycar-end Tele—Signal had more than 900 engi-
neering, production and administrative personnel.
It was occupying more than 100,000 square feet in
several plants located in the heart of Long Island,
close to the source of ample production personnel
and materials and to rapid transportation facilities.
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SOLAR DIVISION OF INTERNATIONAL
HARVESTER COMPANY

Continued production of advanced components
for space vehicles and aircraft and gas turbine
auxiliary power units for helicopters and business
jets and an ever-broadening usage of its industrial
turbines in applications around the world marked
1968 for Solar Division of International Harvester
Company.

Major production programs included compressor
vanc-and-shroud assemblics and  precision high-
temperature parts for Pratt & \\‘hiln(‘_\f Aireraft jet
engines. These engines include the TE30, J52, JTI1,
JT8 and JT3.

Saturn/Apollo contributions from Solar included,
for the Taunch vehiele’s first stage. ducting for fuel.
pressurization, and hydraulic systems, plus heat
cxchangers; for the sccond stage, propellant feed,
pressurization, and vent lines, plus flexible metal
hose and bimetallic joints for c¢ngine controls; for
the third stage, further bimetallic joints; for the
Instrument Unit, coolant manifolds, accumulators,
and heat exchangers; for the Lunar Module, main
communication antenna structures and the SNAP-
27 lunar nuclear power plant st‘rn('tlll'(‘S;_zmd, for the
Command Module, main communication antenna
structures. o

For the Biosatellite, Solar produced a liquid re-
covery system and the environmental-control radia-
tor.

The TH Division continued to fabricate the sta-
bilator slotted leading edge and the b()un(]m'y—lay?r-
control ducting for the McDonnell Douglas F-4 jet
fighter.

Solar, for 'years a leader in the manufacture of
industrial bellows and expansion joints, introduc'ed
a new air-supply blast-closure valve iqr protection
of military and industrial installations from nuclear
explosions and contamination. . _

Solar aircraft auxiliary power units, fh‘lven by
the 80-150-horscpower Titan gas turbine, were
being used in every major U.S. military cargo he.h-
copter program as well as on hoard sma'ller air-
liners and business jets. A major new Air Forfze
program will utilize the Titan turbinc in Solar-built
30- and 60-kilowatt ground gencrator scts for fo1.--
ward combat operations. Marine vorsio'ns of this
engine were installed to supply clectricity on the
Bocing hydrofoil Tucumecari and the new Sikorsky
assault support patrol boat.

Other Solar gas turbines, rated at 350, .1,10(.), and
3,000 horsepower, were finding increasing ll'ldl.lS—
trial applications in 1968. These tasks include driv-
ing standby and continuous-duty gencrators, 1.lat—
ural gas compressors, liquid pumps and a varicty
of heavy industrial equipment, as well as propelh.ng
high-spced boats and off-highway hauling cquip-
ment. The growing offshore petroleum industry
proved an especially bountiful field for this revolu-






INDUSTRY

radio navigation transmitter complex; further work
on an advanced surface ship sonar system; and con-
tinued work on the Advanced Surface Missile Sys-
tem (ASMS).

The Navy was modernizing DLG-class ships with
improved MK 76 fire control systems. Sperry, serv-
ing as systems manager for the project, delivered
the first 4 systems in record time and was working
on 6 additional guided missile ships. The program,
designed for rapid ship turnaround, involves im-
proving the systera to provide “increased perform-
ance, serviceability and reliability,” and adapting
the system to accommodate the new Standard mis-
sile being readied for fleet use.

For future shipboard radar nccds, Sperry engi-
neering teams were at work in advanced technolo-
gies including sophisticated transmitter wave forms,
digital signal processing techniques and antenna
systems.

In another program, development work on the
Attitude Reference Unit (ARU) of the Spartan
missile continued and prototype designs entered
the missile flight test program.

In midyear, additional tunding was reccived from
the Navy for continued work on an advanced sur-
face ship sonar system aimed at improving the
Navy’s ability to detect, classify, track and engage
an undersea target. The new microcircuited sonar
system was expected to significantly enhance the
Navy’s capabilities in ASW. Company-sponsored
research continued in such related arcas as under-
water communication, fire control systems and
countermeasures.

The division was also producing precision Ship’s
Inertial Navigation Systems (SINS) for Navy at-
tack submarines and aircraft carriers. Aboard the
carriers, Sperry’s SINS equipment is used to pre-
cisely align the inertial systems of attack aircraft
prior to missions. '

For future precision navigation tasks, Sperry
engincers were exploring the potential of a new
inertial component, a multiple rotation gyroscope,
under company and Air Force funding. The new
device was expected to lead to higher accuracy
inertial systems than are presently available,

Work continued on fixed-site and mobile elec-
tronically scanned radar systems which employ a
computer to control the radar beam from a fixed
antenna. Earlier work on this new breed of radar
was embodied in Sperry Gyroscope’s HAPDAR
(‘Hard Point Demonstration Array Radar) in opera-
tion at White Sands Missile Range, New Mexico.
During the year additional funding was received to
study an cxperimental phased array radar which
was cxpected to aid in the dcvclopmont of new
phased array tracking radars, '

Sperry’s transportable Loran-D radio navigation
transmitter underwent successful field testine at
Eglin AFB, Florida, during the year and under an
Air Force contract the division developed and sue-
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cessfully flight tested a new Loran/Inertial Naviga-
tion System (LINS). These skills were being ap-
plied toward a Loran/Incrtial Weapons Delivery
System for jet fighter aircraft to aid in all-weather
attack missions.

In the ficld of clectrooptics, Sperry engineers con-
tinued work on special infrared beacons for use in
weapon guidance and tracking svstems, and on de-
velopment of both infrared and ultraviolet devices
to deteet the flash of artillery, nissile Taunches and
even small arms fire. In laser development, a family
of tiny gallium arsenide diode arrays were devel-
oped and placed in production. With the advantage
of high peak power, these very small devices can
solve sensor problems in navigation, intrusion de-
tection, communications and  armament fu’/,ing.
Sperry work also continued on development of the
laser gyroscope it pioncered. Called a “ring laser,”
it offers potential as a future navigation device for
space and aviation applications.

SPERRY MICROWAVE ELECTRONICS DIVISION

Major acrospace production at the Sperry Micro-
wave Electronies Division in 1968 included semi-
automatic check-out cequipment for flight-line and
depot maintenance programs of A-TA. IF-111A. B-52
and B-38 aireraft radars. The equipments are de-
signed to mecet the maintainability and turn;u‘.ound-
time standards necessary  for maximum  aircraft
utilization.

Production of card, module and component testers
for the Navy SINS program and development of
automatic testers for ILAAS circuit cards repre-
sented a mujor step toward the improvcmont of
maintenance programming. This type of chcck—qut
cquipment was cxpected to become even more sig-
nificant as prime equipments become more complex
and are further miniaturized with LSI techniques.
A majority of Sperry’s development CH:Ol‘t on _Check—
out cquipment is being devoted to this 11Ct1Y1ty.

Several standard radar test sets, including the
AN/UPM-29 and AN/UPM-32, were also being
produced by Sperry Microwave. . '

The division achieved several major milestones in
the microwave component arca. First sales were
recorded for the ATTO solid-state microwave signal
source, the PACT (Progress in Advanced Compo-
nent Technology) Program resulted in h.nproved
circulators, isolators, filters and basic ferrite tech-
nology, and major publications rcgogl?izcd t.he
Sperry lead in microwave integrated circuits. Ij]ntlr(a
circuit subassemblics were demonstrated using a
combination of microstrip, ferrite and thick film
technology. As a result, the division was awarded
rescarch and development contracts from the gov-
ernment to further pursue these studies. Sperry
began deliveries of components for spccinlized mini-
aturc radar systems and showed first hardware re-
sults in a phased-array radar program. The division



engineering organization was altered to reflect the
growing importance of work in the microwave in-
tearated circuit field and in the general semicon-
ductor development field.

SPACE SUPPORT DIVISION

The Space Support Division in 1968 continued
support services at the National Acronautics and
Space Administration’s Marshall Space Flight Cen-
ter. Huntsville. Alabama. and at the Goddard Space
Flight Center. Greenbelt, Marvland.

A one-vear contract at Marshall was renewed for
$11.900,000 in April. The cxtension continued the
engineering support at the Marshall Astrionics Lab-
oratory. The new pact was the third one-year re-
newal option to a contract first awarded in March
1965. Under its contract Space Support Division
was responsible for development and integration of
missile system guidance and control cquipment, in-
strumentation, communication and trncking equip-
ment associated with the Saturn/Apollo program.

At Goddard Space Flight Center. the Space Sup-
port Division reccived a $3.400,000 onc-year con-
tract for continued engineering support of the God-
dard Systems Reliability.

SPERRY SYSTEMS MANAGEMENT DIVISION

The mission of the Sperry Systems Management
Division, as its name implics, is the design, develop-
ment and integration of complex systems from de-
sign conception, through manufacture, delivery and
long-term support. The division’s 1968 activities
encompussod submarine systems, deep ocean Sys-
tems, avionics, surface ship systems and civil and
industrial systems.

SSMD marked a major milestone in integrated
avionics technology with the delivery of the proto-
type of ILAAS, an advanced weapon delivery and
navigation system for attack aircraft, to the Naval
Air Systems Command. The system, which was
tested in an A-6 in November, can deliver all types
of air-to-ground ordnance: with pinpoint accuracy
while providing the pilot complete flexibility in
Mancuvering and evasive tactics.

AS. Davigation subsystem manager, the division
continued tq supply technical support to the U.S.
Navy s Polaris and Poseidon flect ballistic missile
Programs. The technical concepts for achieving the
g."eaﬂy mcreased accuracy of the Poseidon naviga-
tion subsystem were verified at sca. In addition, the

ISt pilot production equipments of this navigation
SUbS)’Stem, including the UNIVAC-manufactured
CP-890/UYK computer and CB-2342/UYK con-
verter, were delivered ahead of target schedule.

Activity in ocean systems and marine sciences
was broadened. Although primarily interested in
mtegrated instrument systems for deep submer-
gence vehicles, the division was conducting systems
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work in the fields of vehicle propulsion. deep diving
work svstems, vehicle systems and the marine sci-
ences. The vehicle systems activities included
bathyscaphs. nuclear research, undersea search and
rescue. submersible transport and industrial sub-
mersible work systems.

Efforts in the marine sciences were directed at
ocean instrumentation systems such as the National
Data Buoy System, integrated ship control, collision
avoidance and navigation svstems for commercial
shipping and diver support svstems.

SSMD was expected to be one of the prime con-
tenders in the competition to construct an advanced
range instrumentation ship for missile and space
vchicle tracking. Sperry was the prime contractor
on the earlier ARIS missile tracking ships.

The division expanded its activities into the civil
and industrial area with the award of a contract
from the Bureau of Public Roads for the develop-
ment of an automated traffic control system. Other
commercial and industrial problem areas of the
complexity and proportion to require a systems
management approach were being investigated.
These included industrial processing svstems, med-
ical and hospital systems, transportation systems
and waste management systems.

The division’s expanded business interests in 1968
were reflected in the growth of its work force and
facilities. SSMD manpower showed a 25 percent
increase during the year and at year-end stood at
about 1,500 people. An additional 35,000 square feet
of space were added to the division’s Great Neck,
New York, facilities which totaled about 100,000
square feet. Another 100,000 square feet of plant
space, which houses SSMD’s Polaris and Poseidon
groups, was located in Syosset, New York.

UNIVAC DIVISION

Activities of Sperry Rand’s UNIVAC Division in
1968 paralleled the dynamic growth of electronic
data processing during the year. Worldwide employ-
ment rose to about 33,000, 7,000 over 1967.

A substantial portion of UNIVAC’s 1968 activity
was in aerospace. In the aviation field United Air
Lines inaugurated the largest real-time computer
system in the world using 3 UNIVAC 1108 II Com-
puters at Elk Grove, Illinois. The 1108s handle 17
major applications including reservations and ticket-
ing and answer requests from any of 3,000 agent
locations in less than 1 second. The United system
uses cathode ray tube terminals to connect the
agents with the computers and automatic devices
for printing the tickets.

During 1968, 2 other major international carriers,
Iberia Airlines and Air Canada, ordered computer
reservation systems, joining such users of the UNI-
VAC system as Northwest Orient Airlines, Air
France, British European Airways, Scandinavian
Airlines, and Eastern Airlines.






draulics for the Boeing 707, 727 and 737 jet trans-
ports and McDonnell Douglas DC-S and DC-9
commercial jetliners.

In what is one of the most imporlant new areas of
commercial aviation, the large-capacity giant jets,
Vickers received a contract to produce main engine
hydraulic pumps for the Lockheed L-1011. This
award followed an existing order for the main en-
gine pumps and motors for the Boceing 7-7. which
was rolled out in September.

SUNDSTRAND AVIATION
DIVISION OF
SUNDSTRAND CORPORATION

Sundstrand Aviation, celebrating the first anniver-
sary: of its 680,000-scuarc-foot engineering. manu-
facturing and test facilities, Contmuc‘d to grow as a
leading supph(‘l of aircraft equipment and compo-
nents.

I.ocated in Rockford. Illinois. Sundstrand Avia-
tion’s prime product continued to be the constant-
sp(‘cd drive (CSD) for military and commercial
aireraft. Since the first units were installed in the
B-36 in 1946, Sundstrand had produced by year-
end more than 55.000 CSDs with an accumulated
flight time of more than 100.000.000 hours.

The constant-speed drive converts variable en-
gine imput power to constant- frequency  output
PO\\(I to operate aireraft secondar Y po“ er systems.
The most recent product advancement in constant-
speed drives is the Sundstrand Integrated Drive
Generator (IDG) system. The IDG combines the
reliabilitv-proven axial gear difterential (AGD)
constant- sp(‘cd drive wlth a constant-frequency A.C.
generator in single package. This combination
pa(l\mrc provides a lcductl()n of 20 to 30 percent in
both size and weight and an increase in reliability
over the s(‘pamt(ly housed  drive-generator com-
bhination.

Significant contracts for the year included IDG
svst(‘ms for the Lockheed 1.-1011 and AGD drives
for the McDonnell Douglas DC-10. These 2 ad-
vanced technology commercial transports join the
Bocing 747, British-French Concorde and most other
airer aft which are equipped with Sundstrand Con-
stant-Speed Drives.

Sundstrand Aviation was also active in many
other fields. Several production and prototype
torpedo propulsion wnits were produced and de-
livered to Westinghouse Flectric Cmpomtlons
Underseas Division for testing in the U.S. Navy’s
Mark 48 torpedo program. IFuel component and
systems testing was conducted in Sundstrand Avia-
tion’s new Turbine Systems Rescarch Laboratory, a
20,000-squarc-foot complex equipped for the re-
search, development and production testing of
advanced, hot-gas turbomachinery systems. Sund
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strand managed the development of the fuel tank-
age and recovery svstem of the torpedo and is de-
11\ cring all handlmd and workshop test equipment
to be used in fleet tlulnround for the power plant
and tankage.

Sundstrand also was awarded a contract valued
at more than $2,000,000 from Lockheed Missiles &
Space Company for production of hyvdraulic power
units for the Poscidon fleet ballistic missile. Sund-
strand was to supplv 120 of the turbine-driven hy-
draulic units between July 1969 and April 1970.
Each missile will carry 2 of the units in the motor
nozzle movement svstem to provide thrust vector
(direction) control.

In addition, continuing programs of research and
development were being conducted on such prod-
ucts as the dual-mode transmission, a fullv auto-
matic transmission for trucks and heavy vehicles; an
onsite power svstem fueled by natural gas; and
hvdraulic pumps and motors for tomorrow’s ’urcraft
rcquncmonts.

Two Sundstrand subsidiaries. Howard Foundry
in Chicago and United Control in Redmond, Wash-
ington, are allied with the Aviation Division and
Dofcmc Products Group. Howard Foundry has
complete casting and machining capabilities, using
materials ranging from gray iron through the exotlc
metals. United Control dewms and manufactures
clectronic Componcnts Systoms and instrumentation
for the acrospace industry.

Bruce F. Olson was named chairman of the board
and chief executive officer of Sundstrand Corpora-
tion in 1968. Mr. Olson had served as president of
the corporation for nearly 20 years. Louis H. Schu-
ette, formerly senior executive vice pr051dent was
named to the newly created post of vice chairman
of the board. He had been with the company for
30 years, starting as a project engineer. James W,
Etlmwton ﬁnancnl vice president and secretary
since 1964 was named president. He joined Sund-
strand in 1939 as an accountant. Evans W. Erikson,
who had held several managerial positions in the
Aviation Division, was named vice president, Avia-
tion and Defense Products Group, Sundstrand Cor-
poration. In this capacity he directs the operations
of the Aviation Division and 3 Sundstrand sub-
sidiaries, United Control, Howard Foundry and
Sundstrand Aircraft Service Corporation.

THIOKOL CHEMICAL CORPORATION

Thiokol Chemical C01pomt10n made significant
contributions to the nation’s space program and to
rocket propulsion technology in 196S. Vernier rocket
engines produced by the Reaction Motors Division
holpcd soft-land Surveyor 7 on the moon. Eight
Thiokol solid- plopellant rocket engines pelfouned
auxiliary missions on the successtul Apollo flights.
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After the first-stage engines shut down, 2% minutes
following launch, 4 Thiokol retrorockets fired in a
reverse direction to brake and separate the first
stage permitting the second stage to propel the
spacecraft on its way. Seconds later, another Thio-
kol motor was fired to separate and jettison the
cscape tower located above the Command Module.
The tower’s function is to pull the capsule free in
case of a near-ground emergency. At about the same
moment the 4 retros separated the first stage, 3
small Thiokol ullage motors fired to force liquid
propellants into pumping position in the sccond
stage. Their kick is necessary to allow liquid fuels
to be pumped without the help of gravity.

In a remarkable dual success, the Air Force’s
Minuteman III and the Navy’s Poscidon made their
debuts on the same day. The Wasatch Division was
producing the first stage for thc Minuteman and
was involved in a joint venturc with Hercules In-
corporated for the development of the 2-stage
Poseidon propulsion system. The Elkton Division
was also active in the Poseidon program.

The Air Force selected the Wasatch Division as a
backup contractor for current third-stage Minute-
man motor production. The contract involves manu-
facturing and testing of qualification motors. The
Minuteman third stage was under development by
Aerojet-General Corporation.

With a successful static test of a 156-inch-dia-
mecter motor, the Wasatch Division closed the Air
Force Large Solid Rocket Motor Program, making
available for future use a fully developed large
solid booster.

The Reaction Motors Division delivered oxidizer
tank metal bladder subassemblies, incorporating
their high-efficiency Rolldex concept for a potential
surface-to-surface missile system application. This
concept, initially studied at the Naval Wceapons
Center, uses rolling metal bladders to provide posi-
tive expulsion of propellants. As a result of Reaction
Motors™ tests in various configurations and sizes,
using various propellants and pressurizing fluids
and under scvere temperature and acccleration con-
ditions, Rolldex may be successfully applied for a
varicty of applications. Anticipating future require-
ments involving very fast starts, higher tempera-
tures and maximized mass fractions, Reaction
Motors was exploring new Rolldex materials, proc-
esscs and component approaches.

Thc.LO“ghOm Division reccived an Army award
to begin preproduction studies and tool design for
Spartan, onc of the 2 antiballistic missiles in the
new Sentinel system. Under the contract, Longhorn
was t(? dcvc:]op the production planning and en-
ginecering criteria for facilities and tooling needed
to 1011('1 solld~P1'opellant Spartan motors.

During 1968 Longhorn produced its 6,000,000th
mortar round, including all calibers and all loads,
and the 10,000,000th zn‘til]ery and mortar round.

Under an Army development program, the Hunts-
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ville Division successfully static tested a full-scale
prototype  solid rocket motor confirming break-
throughs in high burning rate. solid propellant
technology.  Pioncering  studics  demonstrated  a
major advance for low-cost composite solid pro-
pellants required for high-acceleration missile inter-
ceptor systems like the Sentinel svstem.

In sounding rockets, the Astro-Met Division de-
signed, manufactured and assembled the payload
for the first launches of barium payloads ever made
from Puerto Rico. A Nike-Tomahawk was used by
NASA to propel payloads for studyving the D-region
of the atmosphere. In addition to svstems manage-
ment, Astro-Met designed and fabricated the me-
chanical and clectrical components of the payload
and the sounding rocket vehicle, Astro-Met sold its
400th Nike-Tomahawk vehicle in 1968.

The Elkton Division played an important role in
the Radio Astronomy Explorer launching. A Thiokol
spherical motor powered the third stage and a
Thiokol kick motor helped position the RAE in a
perfect carth orbit.

Elkton successfully test fired a Cajun solid-pro-
pellant motor which had been stored at Wallops
Island for 12 years and was once submerged in sca-
water during a flood.

The Georgia Division increased production rate
of specialty chemicals fourfold over its 1967 produc-
tion rate, highest in its history.

The year completed Thiokol's 27th year of
progress in rocket and associated technologics.

TRW INC.

The acrospace activities of diversified Cleveland-
headquartered TRW Inc., continued to grow dur-
ing the year, which was highlighted by significant
contributions to national and international space
activities; further use of advanced technology in
nonspace, nondefense programs; and new penctra-
tion into the superjet aircraft business.

In space, TRW-built Pioncer VIII and a Test
and Training Satellite werce launched piggyback
style. Pioncer VIII was providing data on solar
wind, magnetic ficlds and cosmic rays. The 44-
pound NASA Test and Training Satellite was in-
serted into carth orbit. Its S-band communication
system transmitted for 4% months and helped check
out the worldwide Apollo communications nctwork
and train ground station operators. Pioncer IX
joined the 3 earlier Pioncers in solar orbit in De-
cember.

On March 4, 1968, a 1,347-pound Orbiting Geo-
physical Observatory carried a record 25 experi-
ments to conduct a series of comprchensive mea-
surements over a wide range of energy characteristics
in the carth’s trapped radiation belts, through the
magnctosphere and in interplanetary space (the
fitth in NASA’s 6-satellite program).



The initial launch of Intelsat III (September 18.
196S). a 332-pound communications satellite, failed
when its booster malfunctioned and had to be de-
stroved. A December launch was successful. how-
ever. and additional launches were planned for
1969.

Part of a USAF d4-satellite pavload. the 18-pound
OV5-2 carried a radiation mapping experiment and
the 31-pound OV5-4 included a heat transfer experi-
ment. Both satellites. launched September 24, 1968,
were part of the Environmental Research Satellite
series initiated in 1961.

Eight 100-pound communciations satellites were
orbited June 13. 1968, to complete the USAF’s
global Initial Defense Satellite Communications Sys-
tem. TRW provided 6 major subsystems for each
spacecraft.

Among TRW milestones of 1968 were these: The
Lunar Module descent engine was test fired in space
for the first time on NASA's Apollo 5 mission. The
initial Minuteman III launch marked the continua-
tion of TRWW’s systems engincering and technical
direction of USAF ballistic missiles dating back to
Atlas in 1954, A flight test evaluation program for
a new penetration aid developed by TRW for
ballistic missiles, originally calling for 10 flights,
was successfully completed after 5 flights, with all
mission objectives of the $4.200.000 program met.
Sparta, a joint U.S.-U.K.-Australia project to study
ballistic missilc reentry phenomena, successfully
completed a series of test launches from the
Woomera Test Range in Australia (TRW served as
ARPA’s prime contractor for the project). TRW
srovided launch operations support as Australia
orbited its first satellite. the Wresat 1 scientific
spacceraft. TRW also supported ESRO (European
Space Research Organization) with the successful
launch of its first spacecraft. ESRO 2. Under a
technical exchange agreement with England’s
Hawker Siddeley Dynamics, TRW assisted in the
design of the scientific satellite and provided pre-
launch test facilities and launch support.

The Mariner 69 propulsion system was delivered
to Jet Propulsion Laboratory. The 50-pound-thrust
engine was to be employed to adjust the trajectories
of a pair of NASA spacecraft to be launched toward
Mars in 1969. The first radioisotope propellant
gauge in space, one of several TRW projects re-
lated to the use of radioisotopes to solve measure-
ment problems that cannot be handled by conven-
tional techniques, was orbited on board a Navy
Solrad scientific satellite. A multikilowatt solar
array in a new, compact, accordion-fold configura-
tion was demonstrated in semioperational, full-size,
mock-up form; the array could provide electric
power for lunar surface exploration. Prototype hard-
ware was completed for a new-type azimuth-seek-
ing gyrocompass that slashes to minutes the time
required to obtain an extremely precise true north
fix; the gyrocompass has many applications, in-
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cluding tactical and strategic weapons and an ad-
vanced SST, for which a precise north reference is
required. A portable pulsed argon ion laser utiliz-
ing a high-current cold cathode was produced for
the first time; a special underwater model of the
laser was being tested to survey the ocean floor and
additional military, scientific and commercial ap-
plications were being studied. Deliveries of a large
number of gunfire control displav svstems for in-
stallation on tactical aircraft were initiated.

During the year TRW was awarded a USAF con-
tract for integration, assembly and check-out of the
407L Tactical Air Control Svstem, a continuing
program to improve the existing svstem through up-
grading components and procuring newly devel-
oped equipment. The company also received an
Air Force contract for work on the Hard Rock ad-
vanced missile silo development program, plus an
award for the design and manufacture of a proto-
type digital data system for tactical aircraft applica-
tions.

In addition, follow-on systems engineering con-
tracts were received for work on the Minuteman,
ASW and Apollo programs.

USAF contracts were received during the year for
avionics hardware having immediate and future
tactical applications. Work in 1968 was concen-
trated in 2 areas: aircraft electronic systems and
navigation satellite user equipment.

The company also received a USAF contract to
develop computer software which will allow base
commanders to predict advanced facility require-
ments more accurately and will provide computer-
ized maintenance for high-performance aircraft
and ground vehicles.

There was a wide varietv of study contracts, with
subjects ranging from low-cost launch vehicles (for
NASA), navigation satellites (USAF and NASA),
TV broadcast satellite (NASA), application of
Gemini electronics to helicopters and V/STOL air-
craft (NASA) and the worldwide fleet broadcast
communications system (USN).

During 1968 TRW continued its technical support
of the Army’s Cheyenne helicopter project, and the
Lunar Module Abort Guidance System (LMAGS)
was readied for its first orbital test during NASA’s
Apollo 9 flight.

The company made deeper penetration into the
emerging civil systems market in 1968. TRW estab-
lished a new firm, Canadian Systems/TRW Limited,
in Toronto, Canada, to apply systems engineering,
aerospace technology and computer software to the
civil sector of the Canadian economy.

Assistance was being provided the U.S. Bureau
of Public Roads in developing a traffic control sys-
tem using electronic scnsors and computers to
monitor and regulate traffic. The project will result
in a pilot system at Washington, D.C., affecting
100 major intersections.

TRW was conducting 5 studies for the Depart-






this program should be applicable to other super-
jcts. In addition. the company received its first
follow-on order to supply 3 stages of turbine blades
and vanes for the Rolls-Rovee RB-211 engine being
built for the Lockheed T.-1011 air bus. Demand for
this tyvpe aircraft was expected to total 1.000. TRV
also won contracts to produce components for Gen-
eral Electric’s TF34 turbofan engine which will
power  the VEN antisubmarine aireraft and for
GE's CF6 which will drive the MeDonnell Douglas
DC-10 air bus.

At least 2 new giant aireraft, the C-3A Galaxy and
the 747, will C;ll'li\' TRW pumps. After shipping 16
yreproduction main engine fuel pump units for the
JT9D. TRW received a sizable production order.
The first 747s in the air will carry these pumps, The
company hopod for an eventual production mtci of
35 per month. The C-5A. which began flight testing
in 1968, carrics 12 TR  dual-clement booster
pumps in its wings and tusclage.

In nuclear components, TRW was awarded a
sizable order for units of a control rod drive mech-
anism for the Navy’s nuclear submarine program.
The order extended the company’s backlog for this
sophisticntcd device into 1972.

The company received its fqurth fiscal year con-
tract award for production of propulsion systems
for the Navv’s advanced Mark -16 torpedo. Delivery
of these units was scheduled for 1969. These sys-
tems p(r‘r{’orm(‘d well during in-water t.CStS and
pr()posu]s for future Mark 46 work were being made
for delivery in 1970.

In metallurgical rescarch, attempts to achieve
directional grain growth in castings continu‘cd: The
improved thermal and structural clmrz.wtonstlcs. of
such castings were expected to permit upgrading
of jet engine performance. A Dbig step was taken
toward establishing a new process f.or surface coat-
ing turbine hlades and vanes for.h1gh-temperuture
01;(‘1'11ti()11. TRW researchers COl]tl‘l‘]U(‘d \\-’or}’\- under
an Air Force contract to develop “supersize” super-
Alloy investment castings containing both heavy
and ultra-thin walls to replace weldments in next-
generation jet (‘ngines.' The gozll_ls to produce 'CﬁSt—
ings up to 4 feet in (hzunctv_r with walls as thin as
04 inch for stationary engine parts, Parts could
include compressor housings, diffuser cases and
turbine hubs. Such castings would weigh up to 350
pounds after gates and risers are removed. Toler-
ances will be close enough that machining will he
required only where surfaces mate, \

Also under intensive study was the application
of high integrity investment castings in industrial
gas turbines. Experimental vane segments for the
Westinghouse W-251 turbine engine were being
producod. Other possibilities include castings for
heavy duty (more than 1,000 horscpower) turbine
applicntions, airceraft engine cg)nwr.‘sim\s to sta-
tionary power plants, and turbines for truck and
off-the-road equipment.
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TWIN INDUSTRIES CORPORATION
A DIVISION OF
THE WHEELABRATOR CORPORATION

New business in 19658 put Twin Industries to
work in new and expanded areas of capability, a
respouse in part to an extensive modernization and
expansion program inaugurated the vear before.
The acquisition of new equipment. with emphasis
on increased capacity and cost savings. was a fea-
ture of the 1968 phase of the program. Added
facilities and equipment included a titanium pro-
cessing line, a bonding press, an enlarged chemical
milling facility, and tape-controlled machine shop
cquipment.

These factors, added to Twin’s historic compe-
tence in airframe component manufacture. con-
tributed to the achievement of a new backlog record
and increased employment.

Production continued on vertical fin, rudder and
spoiler assemblies for Boeing’s 707/720, and
ground and flight spoilers for the Boeing 727.

Manufacture of the complete empennage for the
Gulfstream II continued as deliveries of Grum-
man’s business jet accelerated. A new subcontract.
also from Grumman, called for Twin to supply
bonded panels for the F-111.

A definitive contract valued in excess of
524,000,000, covering window panel assemblies and
fusclage frames for the Boeing 747, was awarded
Twin by Norair Division of Northrop Corporation.
Decliveries of these components were being made
in 1968 as were honevcomb bonded doors for
Northrop’s F-5 Freedom Fighter.

Floor panels for the 747, a bonded sandwich
pancl construction of PVC foam core with alumi-
num and titanium skins, were being supplied to
The Boeing Company under a contract received late
in 1967.

Another of the year’s highlights included receipt
of a major contract for the manufacture of fixed-
wing leading edges for Lockheed-Georgia’s C-5A
military transport, world’s largest cargo jet, and
deliveries commenced in the spring.

Other contracts under which deliveries were
being made included one requiring the production
of splitter assemblies for engine thrust reversers for
Genceral Electric and another for Ravtheon for the
supply of electronic equipment consoles for the
Hawk missile system.

Completed in 1968 were the cabin, cockpit struc-
ture, nose scction, flaps and vanes to be installed on
a Convair 240 as an inflight simulator of supersonic
transport flight and landing characteristics. Con-
tractor was Cornell Aeronautical Laboratory.

Twin's management capability was increased by
the strengthoning of the Program Management
Group, a continuation of Twin’s policy of the man-
agement of cach program by the program manage-
ment philosophy.
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New orders and follow-on orders received during
1968 increased the backlog by over $12,000,000,
with year-end backlog estimated in excess of
$58,000,000.

UNITED AIRCRAFT CORPORATION

United Aircraft Corporation maintained its posi-
tion of leadership in 1968 as a designer and manu-
facturer of aerospace equipment.

The company’s products included jet and rocket
engines, helicopters, space and life-support systems,
fuel and environmental control cquipment for air-
craft and spacecraft, propellers, advanced radar
systems and other tools of flight.

The year brought changes in the corporation’s
top management, continued streamlining of its op-
erations, and increased acceptance of its products
for aerospace and other uses.

In the management changes, William P. Gwinn,
who was president and chief executive officer, suc-
ceeded H. M. Horner as chairman. Mr. Horner, who
retired, was designated chairman emeritus and
remained a member of the board of directors and
of its executive committee.

Arthur E. Smith, former executive vice president,
succeeded Mr. Gwinn as president. Mr. Smith also
is chief administrative officer of the corporation.
Before becoming executive vice president on Jan-
uary 1, 1968, Mr. Smith was division president of
Pratt & Whitney Aircraft.

Bernard A. Schmickrath succeeded Mr. Smith
as division president of Pratt & Whitney Aircraft.
At the Sikorsky Aircraft division, Wesley A. Kuhrt
became division president, succeeding Lee S. John-
son, who retired after having served as division
president for 11 years.

United Aircraft’s work force leveled off in 1968
at about 78,000 employees at manufacturing sites in
4 states: Connecticut, Florida, California and Penn-
sylvania.

' During the year Pratt & Whitney Aircraft de-
livered the first of its JT9D turbofan engines for
such_HGW—generation jetliners as the Boeing 747.
Versions of the JT9D produce up to 45,500 pounds
of thrust.

_B'y autumn of 1968, more than 120 of the world’s
airlines were operating or had ordered jet transports
powered by Pratt & Whitney Aircraft gas turbine

engines and equipped with Hamilton Standard fuel
controls.

Pratt & Whitney Aircraft gas turbines modified
for industrial and marine use gained even wider
acceptance in such mnon-aviation applications as
electrical power generation, natural gas pumping
and ship propulsion. ’

United’s solid-propellant boosters and liquid-
propellant rocket engines operated successfully in
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such programs as Titan I11-C and Centaur/Sur-
veyor, while development continll("cl on other rocket
programs, including work on hvbrids.

United continued its contribution to the Apollo
program. Pratt & Whitney Aircraft fucl cells, fo(g
example, flew successfully in the first manne
Apollo missions in October and December. _

United Aircraft continued to broaden its diversi-
fication in 1968. A new 60.000-squarc-foot plant
was opened in Riverside, California. for .lurge—scalc
production of Techite® pipe by the United Tech-
nology Center division. _

Techite is a light, high-strength fluid conveyance
pipe of reinforced plastic mortar developed by UTC
from knowledge gained in the research and produc-
tion of glass fiber rocket motor cases. .

Among other 1968 high]igl.lts, TurboTraU}s dc(i
signed and built by Sikorsky Aircraft were delivere
to the U.S. Dcpartment of Transportatlon' and to
Canadian National Railways. The DOT trains were
for service between Boston and New York, and the
CNR trains for the Montreal-to-Toronto route.

United Aircraft established and began operating
a training center in Hartford Connecticut, to help
unemployed and so-called uncmployub]g persons
prepare for jobs in Greater Hartford business and
industry. N

Through its 6 operating divmo.ns and Research
Laboratories, the corporation continued to advance
the state of the art in the broad arcas of power con-
version, metallurgy, lasers, advanced vcrhc'al and
short take-off and landing aircraft, clectronics and
communications. .

Because cach division has its own product lines
and technical interests, detailed activitics of Fhe
company are reported separately in the following
columns under the names of cach. '

They are: Pratt & Whitney Aircraft, gas turb'me
engines for aviation, industrial and marine apphc?—
tions, rocket engines, fuel cell power plants; Hamil-
ton Standard, jet engine fuel controls, space apd
life-support systems, space ground support equip-
ment, biomedical equipment, pr_opcllers and other
accessories for spacecraft and aircraft, elect_romc:‘s;
Sikorsky Aircraft, helicopters, advanced vertical-lift
aircraft, surface transportation S)_/stems; Norden,
radar, tclemetry and other electronic systems; Elec-
tronic Components, microelectronics, l.nglvpower
transistors, semiconductor devices; United Tecl;-
nology Center, solid-propellant boosters, hybrid
rockets, advanced space propu151on systems, Tech-

ite pipe.

PRATT & WHITNEY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION

Deliveries of the first versions of the 43,500-
pound-thrust, advanced technology JT9D turbof'an
engine, power plant for the Boeing 747 superjet
and the McDonnell Douglas DC-10 Series 20 trijet,

e €



and the expansion of facilities for development and
production of the engine highlighted 1968 at Pratt &
Whitnev Aireratt. The JT9D was scheduled to grow
to 45,500 pounds by Scptember 19710 with higher-
thrust models planned beyond that.

Bv the end of September 1968, 3 ground test and
10 flight engines had been delivered to Boceing. All
told. 872 engines had been ordered for the 747 as of
September 30. the day the huge plane was rolled
out.

In East Hartford 11 engines were to be utilized in
the P&WA JTID development program. Ten of
these were in operation by mid-October and had
accumulated more than 2,000 hours of test time.
This program included a JTID installed on a modi-
fied B-32, test flights of which began in mid-June
and had totaled more than 70 hours during the
4 months through mid-October. These flichts dem-
onstrated that the JTID virtuallv climinates smoke.
Also, extensive noise measurcments of the engine
showed that despite the fact that it is more than
twice as powerful as the largest engines in commer-
cial service, it is quicter. An improvement in fuel
consumption of more than 20 percent over current
commercial aireraft engines is another outstanding
feature of the JTOD.

As part of the JT9D engine development pro-
gram. P&WA completed in 1968 a major expansion
of its Willgoos Turbine Laboratory in East Hart-
ford. A 15-foot-diameter altitude chamber was built
to accommodate the new generation of high bypass
ratio engines with their large-diameter fans.

Production of the JTID was to be centered in a
500,000-square-foot manufacturing and assembly
building completed in the spring of 1968 as an addi-
tion to the P&WA Middletown, Connecticut, plant.

The 4,000th JT8D engine came off the Pratt &
Whitney Aircraft East Hartford assembly line on
August 25, 5% years after the first JTSD delivery.
By the end of Scptembor, this popular 14,000-
15,000-pound-thrust turbofan, versions of which
power the Boeing 727 and 737. Douglas DC-9 and
Sud Aviation Super Caravelle, had accumulated
13,500,000 flight hours. An afterburning version,
built under license by Svenska Flygmotor, is used
in the Swedish Air Force Mach 2.5 Viggen fighter
aircraft.

Pratt & Whitney Aircraft announced in June 1968
the development of a modificd combustion chamber
for the JT8D which significantly reduces smoke.
Six airlines in the U.S. and Europe are conducting
service evaluations of 50 sets of these chambers in
Boeing 727 and 737 and Douglas DC-9 scries air-
craft.

Another principal P&WA commercial engine, the
JT3D turbofan with up to 19,000 pounds thrust,
powers most Boeing 707 and Douglas DC-8 series
aircraft. The ]JT3D had accumulated more than
42,000,000 flight hours by the end of October, ex-
actly a decade after the inaugural commercial jet
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flight bv a P&WA-powered Pan American Boeing
707 from New York to Paris on October 26, 1938.

The JT12 turbojet, with up to 3.300 pounds thrust,
continued to perform satisfactorily in the twin-
engine North American Sabreliner and the 4-engine
Lockheed JetStar. A free turbine version of this
engine. the JF'TD12, is power plant for the Sikorsky
S-64 Skycranc, the free world’s largest helicopter.
The engine had more than 2,000.000 flight hours by
October 1, 1968.

At the end of September, P&WA commercial gas
turbine engines of all types had accumulated over
76,400,000 flicht hours and were in use or on order
by 117 airlines throughout the world.

Major military aircraft P&\WA gas turbine engines
include the TF33 turbofan, with up to 21,000
pounds of thrust, for the Lockheed C-141A Star-
Lifter, versions of the Boeing C-135 and the B-52H:
the J52 turbojet (up to 9,300 pounds of thrust) for7
the Douglas A-4 Skyhawk and the Grumman A-6
Intruder; the J57 turbojet (up to 18,500 pounds of
thrust) for versions of the Boeing B-52 Strato-
fortress, Douglas A-3 Skywarrior, LTV Aerospace
Corporation F-8 Crusader, North American Rock-
well F-100 Super Sabre, McDomnell F-101 Voodoo
and General Dynamics/Convair F-102 Delta Dag.
ger; the J75 turbojet (up to 26,500 pounds of thrusto)
for the Republic Aviation F-105 Thunderchief, Gen.
eral Dynamics/Convair F-106 Delta Dart and Lock-
heed U-2.

The Pratt & Whitney Aircraft TF30 turbofan
powers the Navy’s highly successful LTV Aerospace
Corporation A-7 Corsair II, a subsonic, multipurPOSe
attack plane which entered service in late 1967, B
October 1, more than 90,000 flight hours had been
accumulated on the cngine. The afterburning ver.
sion of the TF30, the world’s first afterbgrninq
turbofan, is the power plant for the Air Force Genc_'
eral Dynamics twin-engine supersonic F-111. This
engine is in the 20,000-pound-thrust class. Another
version of it, the TF306, was developed b
SNECMA of France for use in versions of the s Y
gle-engine French Dassault Mirage, m-

All told, nearly 72,000,000 hours had beep 1
mulated on P&WA military aircraft engin .
October 1968. gines by

Major growth occurred during 1968 ; .
tion zlpplbications for P&WA gags turbil:]leng:}E-WI
More than 400 units had been delivereq or \ 1gmes.
order, as of October 1, for use in clectrica] YV‘eIe on
ing, pctrochemical, gas transmission, zn}d%ltn'e{at-
arcas since the company entered the field 611n111ne
earlier with the formation of its Turbg Poy yoars
Marine Department. ver and

More than 150 P&WA gas turbine upits o
of producing more than 4,000,000 kilow-‘{ttzapable
in service for electric utilities. They ranged Were
single gas turbine driven generator Iiowerb)'l kfl'Om
to an installation of 2 160,000-kilowatt ﬁglzeer ages

g

stations for a large castern utility, Thege o ﬂ.tm 5
R < StatloHS
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will be powered by 16 Pratt & Whitney Aircraft
FT4 units coupled directly to generators and will
be ready for service in mid-1970.

During the second half of the ycar P&WA de-
livered 3 gas turbine powered 15,000-kilowatt mo-
bile electric generating stations, each installed in a
pair of large truck trailers. The first of their kind in
the U.S., these tractor-trailer generating  stations
were designed and developed by P&WA., The units
can move over paved highways at speeds up to
60 miles per hour to serve in emergencies and
otherwise function as a highly mobile and flexible
source of power.

More than a dozen leading natural gas trans-
mission companies were operating Pratt & Whitney
Aircraft gas turbine engines as prime movers for
gas pipelines. These engines range in size from
2.500 to 16,500 horsepower and had accumulated
by mid-October 1968 more than 700,000 in-scrvice
hours.

In the marine field, P&WA gas turbine engines
rated at 20,000 horsepower supply boost power for
a fleet of 9 2,800-ton Coast Guard Hamilton Class
high-endurance cutters. Seven of these vesscls were
in _commission by October. The 694-foot roll-on,
roll-off merchant ship Admiral William F. Callaghan
is powered by 2 P&WA FT4 gas turbinc engines,
each developing 25,000 horsepower. In service with
the Navy’s Military Sea Transportation Service
(MSTS), the Callaghan sct a speed record for
merchant ships ecarly in 1968 when it made a 3,371-
mile transatlantic crossing at an average speed of
nearly 26 knots. By the end of September 1968, the
Callaghan had made 14 round trips between the
U.S. and Europe since its maiden voyage in Decem-
ber 1967.

Other marine applications of P&WA engines in-
cluded boost power for ‘2 Royal Danish Nav
frigates, and a new series of destroyers and a hydro-
foil vessel for the Royal Canadian Navy.

At Pratt & Whitney Aircraft’s Florida Research
and Development Center, in West Palm Beach, de-
velopment of a new high-performance turbofan
engine for advanced military aircraft began. This
engine, the JTF22, will be built and tested under an
18-month program funded by the Air Force and
Navy. If sel.ected for further development at the
end of t}-le initial development program, which is
competitive, the JTF22 will power a new Air Force
air superiority fighter and a carrier-based Navy
fighter. Performance details of the JTF22 are classi-
fied.

The Florida Research and Development Center
also received a contract from the Air Force Rocket
Propulsion Laboratory to build and test a powerful
new quuid—hydrogen/liquid—oxygcn rocket engine.
The XLR129 will produce up to 250,000 pounds of
thrust through use of high pressure and will have a
2-position nozzle that permits a single engine to
obtain high performance for both sea-level and
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outer space missions. Tests of a fll]l:sczll,c thrust
chamber have already proved the ‘\I,I\IZQS.sta.god
combustion design in which h'\'dr().gvn fuel is ignited
in a preburner chamber before it passes into the
main combustion chamber. Thrust of the XLLRI29
can be varied over a wide range.

Work continued on a small, advanced tochno]og:v
power plant for V/STOL aireraft, incluging h.(“h-
copters, with component t’(*slingrf‘()r th'c (1,000—110150—
power ST9 turboshaft engine. I'he 'ST.)_, fv;}t.mn?g
improved performance and casy nunnt;n)nub111ty in
the field, was being developed under a 2-vear pro-
gram sponsorcd by the Army. - . o

Engincering evaluation of a lichtweight '\\ z]u[(-]](t
propulsion system for high—spc(:d 1)'()zlts moved from
the static test stand at the Florida plant into a
32-foot cxperimental boat. This new m.ul'inc p.ropul‘—'
sion svstem consists of a Pratt & \V]lltn(‘_\’ Aireraft
S|6 \\;at'm'j(\t pump powered by a 40()-]101:5(\1;0\;"(‘1'
ST6 gas turbine engine prodnc('d 1)’\"Umt(‘( Air-
craft of Canada. Limited. The vxp(‘rlmont;}l boat
test program for the SJ6 waterjet will p}‘owdo 0}).-
erational experience under actual seagoing 001111.( 1-r
tions to verify performance, .(1111‘111)111ty,' h;m'( 1111.%
and mancuvering characteristics, and will explore
the feasibility of much larger units—up to 4.0,000
horsepower “for large Navy u_nd morchzmt 5111]11)?‘. .

Product improvement continued at the F(.)ll( a
center on the J58 turbojet, 2 of which power the
Air Foree’s Lockheed Mach 3 YI-12A m’t'orccpto.r
and SR-71 reconnaissance aircraft. The \'F—1.2A is
the holder of 9 speed records. The 158 is m.thc
30,000-pound-thrust class. Work was ulsiz ‘contn_m-
ing on the 15,000-pound-thrust RL10 roc [\(t nglm?
that powers the sccond stage of NASA’s as-
Centaur space vehicle. . | .

Pratt & Whitney Aircraft continued to )cla ma]oz
industry factor in fuel cell rescarch, dlc‘éeé)/{)me.n
and production. Three P&WA Powercels ‘ p}(;-
vide on-hoard electricity for the Apollo spacecraft
command and service modulcs..Pcrform?mce of
these Powercels was successful in the ﬂ.lghts ?f
Apollo 4 in November 1967, APO]IIO-]G /1;1 f1\1p1181
1968, Apollo 7 in October 1968 anc <t 1c Apollo
lunar mission in December 1968.' Pure wate‘r is 3
byproduct of the fuel cell. ORGI'HtI()l(]l {fmddwa‘s Lfrcq_
by the 3 astronauts for drinking and food prepare
tlor?ilc design life requirement .for the PO\verEell ?A
is 400 hours. In a NASA—Superwscd t(‘s:’)t, O]HC 9 tusl(i
fuel cells completed a test run of 1,5_'6j hours, we
over 3 times the original design requnem?nli. .

In the largest research effort ever un%\ell/ta eg og
the gas industry, Project TARGET, 'P& \ and 2
gas utilities throughout the U.S. were .Sponfsour_lg.al
3-year, $20,000,000 study of the feasibility od nau}l af
gas fuel cells for consumer use. The second year o
the cffort, 1968, continued with intensive tcchmc(?l
rescarch, and a large amount of detailed economic
data was obtained and analyzed. In a onc-wecek
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that fires high-speed electrons to weld, bond or
braze different metals was delivered to the Air
Force for testing as a multipurpose metalworking
tool for astronauts. Under contract to the American
Gas Association, Hamilton Standard was building a
machine that will automate the welding of gas trans-
mission pipelines.

Hamilton Standard’s computer-controlled heart-
assist pump, which was under clinical evaluation,
was used in Montreal and Des Moines hospitals to
save the lives of 3 heart attack patients during the
year. A new multipatient cardiac monitor using
telemetry techniques was introduced by Hamilton
Standard for hospital intensive care and coronary
carc units. Contracts were received for continued
research into advanced heart-assist devices and
artificial kidney equipment for the National Insti-
tutes of Health.

Hamilton Standard’s composite materials group
received an order for 3,000 pounds of boron fila-
ment from the Air Force. Boron filament was pur-
chased by many aerospace firms for the fabrication
of a variety of airframe sections and engine com-
ponents. The division began production of boron
filament and Borsic®, boron filament coated with
silicon carbide for use in metal composites, in a
newly equipped facility.

Ground support equipment developed by Hamil-
ton Standard included computerized test equipment
that automates and speeds up the testing of armored
tank engines and transmissions for the U.S. Army
and a portable test unit designed for diagnostic
analysis of gas turbine engines in the field. The
Federal Aviation Administration approved airport
approach lights developed by the division for in-
stallation at both commercial and private airficlds.

Hamilton Standard combined its overhaul and
repair and ground support equipment departments
into a single aerospace services department to build
equipment and provide overhaul and modification
services that support products made by the division
and other customers. In midyear, a mew 56,800-
square-foot plant was opened in Long Beach, Cali-
fornia, to service West Coast customers. United Air-
craft transferred the components department of its
Norden division to Hamilton Standard in August.
The department builds tachometers and pressure
ratio indicating systems for aircraft jet engines.

STKORSKY AIRCRAFT
DIVISION GF UNITED ATRCRAFT CORPORATION

Sikorsky Aircraft in 1968 continued as a leader in
the production and development of large heli-
copters.

A U.S. Marine Corps CH-53A helicopter built by
Sikorsky flew at a gross weight of 51,900 pounds in
February, a record for free world production heli-
copters.

Sikorsky’s S-64 Skycranc hclicopter, flown by the
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U.S. Army as the CIH-54A, underwent changes to
increase its lifting capacity. A growth version of the
Skycrane was prepared for tests.

The HH-53C, a more powerful version of the
HH-53B used by the Acrospace Rescue and Re-
covery Service, was delivered to the U.S. Air Force
to enhance the service’s rescue capability. Sikorsky’s
medium-size S-61 series also was improved to pro-
vide greater speed and power.

Development of surface vehicles, an addition to
Sikorsky’s overall program in 1967, continued in
1968. The division’s surface transportation systems
section guided the TurboTrain, a high-speed carrier
capable of speeds above 170 miles an hour, into its
final test period. Two 3-car TurboTrains were
formally delivered to the U.S. Department of Trans-
portation for operation between Boston and New
York. Five 7-car TurboTrains were placed in ser-
vice by Canadian National Railways between Mon-
treal and Toronto. Designs and mock-up were com-
pleted for a fast, turbine-powered gunboat for the
U.S. Navy.

Helicopters and VTOL (vertical takc-off and
landing) aircraft, however, were the mainstays of
Sikorsky assembly and research. Varicty was the
key to helicopter production ficurcs. Five basic air-
craft, the S-58, S-61, S-62, S-64 and S-65, were built
in a dozen different configurations to meet military
and commercial commitments. The S-61 series in-
cluded, for instance, the U.S. Navy’s SH-3D, the
US. Air Force’s HH-3E and CH-3E, the U.S. Coast
Guard’s HII-3F and the commercial S-61L and
S-61N. Heclicopters were delivered to all U.S, mili-
tary services, foreign military services (many pro-
duced by Sikorsky licensees ), and commercial op-
erators both in the U.S. and abroad.

The S-65, newest and largest of the Sikorsky heli-
copters, continued to gain favor as a fast, tough,
dependable aircraft. CH-53A and HH-33B versions
of this twin-turbine workhorse won respect in Viet-
pam. Marine CH-53As arrived in the Asian war
sonc late in 1966 to form HMIH-463 at Marble
Mountain Air Facility necar Danang. They were used
as troop and supply carriers and as heavy lifters.
HMH-463 flew as many as 1,252 sortics in a week,
and recovered 450 downed aircraft in a year. One
CH-53A carricd 75 combat troops on a single
mission; another carried 169,000 pounds of cargo
in a single day. CH-53As were vital to the resupply
of troops in the besieged cities of Hue and Khesan.
Air Force HII-53Bs helped the 3rd Acrospace
Rescue and Recovery Group record its 1,000th
combat save. Two HI-53Bs rescucd 8 downed air-
men in a single day. More than 100 rescues were
reported in less than a year. The HH-53B, like the
medium helicopter, the HH-3E, relied on a probe
for acrial refueling to allow closc coverage of fighter
and bomber attacks.

Sikorsky delivered its 100th CH-53A to the
Marines in carly 1968. Growth cengines, responsible



for increased power in the HH-53C. were being
installed in both Marine and German CH-33As.
The CIH-33A was selected for procurement by the
German government in Julv. An initial order for
2 CI1-53As was reccived by Sikorsky through the
U.S. Naval Air Svstems Command. Funding by the
German govermnent was expected to assure pro-
duction of 133 additional aircraft.

Sikorsky S-64 Skverane helicopters made inroads
into both the military and the commercial markets.
Armyv CH-54As. used by the U.S. Army in Vietnam
in in—(-r(‘asing munbers. 'trnnsportcd fuel, bulldozers,
road graders, howitzers. other aireraft and a variety
of supplies needed by combat troops. These seconsi-
generation cranes followed an initial Army order in
1964: thev carry improvements suggested by field
reports. such as engine air pnrticle separators to
protect the twin-turbine power plants from.sand
and other debris (similar separators are used in the
CI1-33A). The Army also ordered portablc vans
from Sikorsky to carry troops and weapons and-to
serve as combat hosbitals. command posts. main-
tenance quarters and communications centers. 'Tl'le
first van approved by the Federal Aviation Adminis-
tration to carry troops was delivered in 1968.. .

S-64Es. dcsi'gncd by Sikorsky for commercial lift-
ing projects, were earmarked for a number of pur-
poscs. Two were sold to a Texas drilling company.
Others were used by Sikorsky to demonstrate the
cranc’s ability to serve the construction, drilling,
utility, and Cz{rqo transportation industries. )

Both the HH-53C and CH-54A were plnced high
in the list of aircraft supporting the Apollo space
program. Both were tested and found suitable for
lifting an Apollo module. Other APOHO:Ol'iel}te_d
helicopters included the SH-3D, the Navy's princi-
pal vehicle for fast pickup at the end of splaSlldOWH,
and the HH-3E, scheduled for launching site guard
duty along with the HH-53B.

Even larger versions of the 5-64 and 565 the
present giants of the Sikorskv line, were envisioned
for the near future. The CH-54B, an improved
CH-54A, will be able to lift more than 12 tons
instead of the CH-54A’s 10. The S-64B, with 3
engines instead of 2, was expected to lift nea.rly 18
tons. Hardware for the S-64B was already dehvercd
to Sikorsky. Crane helicopters able to lift 30, 40
and even 50 tons are clearly possible if the nee
should arise, according to Sikorsky engineers. A
commercial, compound version of the 5-65 was de-
signed for a gross weight of 63,600 ponnds, a
passenger capacity of 86, and lower operating cost
than present airline helicopters.

S-61-type helicopters went to a number of ser-
vices and a number of countries in 1968. The SH-3D,
uprated version of the U.S. Navy submarine hunter,
the SH-3A, went into service here and abroad.
More and more, the Navy relied on SH-3As and
SH-3Ds in Vietnamese waters to fly long overwater
and over-jungle missions to rescue downed fliers.
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Refueling was accomplished from surface vessels.
HH-3Es, the Jolly Green Giants of the Air Force’s
Acrospace Rescue and Recovery Service, added to
their rescue totals in Vietnam. The number now
stands at more than 600. Captain Gerald O. Young,
HH-3E pilot, received the Congressional Medal of
Honor in 1968 for one of his exploits west of
Danang. The addition of refueling probes to the
HH-3Es, as well as to the HH-33Bs, reduced the
time between emergency call and pickup. CH-3Es,
cargo versions of the Air Force S-61, continued
their Pony Express roles in Vietnam, lifting men
and supplies between recovery flights. The Coast
Guard HH-3F. with a sophisticated collection
of navigational and communications equipment,
neared the end of its test period at Sikorsky’s Strat-
ford plant. First delivery was scheduled for the end
of 1968. HH-3Fs were expected to supplement the
search and rescue activities of the single-turbine
HH-52As, mainstays of the Coast Guard air arm
since 1963.

The S-58 helicopter, an aircraft with seemingly
endless life, rolled off Sikorsky’s assembly line again
in 1968 in limited quantities. The S-58 first flew in
1954. All those built in 1968 were marked for de-
livery overseas under the U.S. government’s military
assistance program.

Foreign military orders and deliveries were sig-
nificant. In addition to the CH-53As marked for
Germany, SH-3Ds were in production in England
for the British Navy and in Italy for the Italian
Navy. The Brazilian Navy ordered SH-3Ds directly
from Sikorsky.

Sikorsky licensees will produce many of the
helicopters ordered by foreign nations. These li-
censces include Westland Aircraft Ltd.. of England,
Gruppo Fratelli Agusta of Italy, Mitsubishi Heavy
Industries Ltd., of Japan, and Sud Aviation of
France. Technical assistance agreements continued
with Vereinigte Flugtechnische Werke GmBH of
Germany and Royal Netherlands Aircraft Factories
Fokker of Holland.

Commercial sales of S-61 models remained steady
in 1968. Helicopter airlines in 5 different countries
were using Sikorsky helicopters as passenger and
cargo carricrs. These included the United States,
Greenland, England, Ttaly and Australia. In addi-
tion, S-61s were being used as offshore oil and gas
rig supply ships.

Sikorsky continued its study of the commercial
market in 1968. Beyond the present S-611. and
S-61N, it was indicated, are the compound S-65,
available in 3 to 5 years, and the stowed rotor,
available in 10. An S-61F experimental compound
continued to gather data for future designs.

Research at Sikorsky centered on growth versions
of existing aircraft and new designs that may revo-
Iutionize VTOL travel. The latter include an ABC
(for “advancing blade concept™) helicopter, with
2 counterrotating main lifting rotors on a single axis












United Aircraft Research Laboratories scientists
r(*portcd several signiﬁc:mt events in laser research
during the vear. These included the development of
a laser device potentially useful in the simulation,
design and calibration of radars and in clectronic
countermeasures. Called LATREC, for laser-acous-
tic time reversal, expansion. and compression, it
can record. store. play back and reverse electro-
magnetic signals just as a tape recorder does with
sound.

Scientists also discovered that an ultrashort burst
of laser light “chirps.” or changes in frequency from
onc cnd of the pulse to the other. In subsequent
experiments. the scientists devised a technique to
compress the laser pulse while eliminating the
frequency chirp.

Using the new technique, the scientists were able
to generate a laser pulse 4 ten-trillions of a second
in duration. This was the shortest laser pulse ever
generated.
~ Ultrashort laser pulses are applicable to such
fields as radar and ranging, controlled thermo-
nuclear studies, optical information processing and
high-speed photography and are extremely useful
in laboratory work where precise measurement is
demanded.

The laboratories also built and delivered to the
Ajr Force the first available commercial version of
a high-powered, single, ultrashort laser pulse gen-
crating svstem,

In the field of metallurgy, work continued in
composite materials studies, and researchers fabri-
cated the first full-scale parts from a cutectic alloy
which had been unidirectionally solidified in a
patented United Aircraft process. Through such
solidification, one member of the alloy becomes a
reinforcement in a matrix of the other member, and
provides much higher strength than conventionally
cast allovs.

Materials scientists continued experiments with
Borsic, a silicon-carbide coated boron filament de-
veloped by the laboratories. Composites containing
Borsic as a reinforcement were studied for a variety
of applications which demand high strength, high
modulus of clasticity, and high témperature resist-
ance.

As the central research organization for United
Aircraft Corporation, the laboratories provided such
support to the divisions as a central computer lab-
oratory and test facilities including several wind
tunnels,

In a move reflecting the Corporation’s growing
interest in ocean science and engineering, the
laboratories undertook a 10-month study of mineral
deposits under water in Long Island Sound under
a grant from the State of Connccticut.

In other programs, research scientists continued
work in fluid mechanics, physical chemistry, low-
temperature physics, solid-state electronics, plasma
physics, and systems analysis.
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UNIVERSAL OIL PRODUCTS COMPANY

The year 1968 for Universal Oil Products Com-
pany saw the corporation more closely identified
with the airline and aerospace industries. Both new
and follow-on contracts contributed to an increase
in all areas of involvement covered by its Aero-
therm, Instruments and REF Dynamics divisions.

Of significant importance in the overall growth
picture of UOP was the merging of Calumet &
Hecla Corporation into the UOP organization. This
merger presented the opportunity for UOP to ex-
pand its capabilities in the highly important field of
nuclear energy and to enter the exciting areas of
desalination and thermal water pollution control.
Calumet & Hecla corporate headquarters are in
Evanston, Illinois, with plants in Decatur, Alabama;
Detroit, Michigan; Dearborn Heights, Michigan;
Bartlett, Illinois; and Ontario, Canada. The com-
pany is also engaged in copper mining and refining
in upper Michigan and operates forest and timber
holdings in Wisconsin and northern Michigan for
the production of hardwood veneers. The Flexonics
Division provides flexible couplings and conduits
for the aerospace and aircraft industries.

In mid-1968, Lester B. Knight & Associates, man-
agement and engineering consultants, were en-
gaged by UOP to assist in the planning of new
corporate headquarters, to be located on the north-
west corner of Mt. Prospect and Algonquin Roads
in Des Plaines. The company’s rapid growth and
diversification increased the need for these facilities.
As recently as 1959, when UOP became publicly
owned, it had a total of 1.500 emplovees. Through
mergers, acquisitions and normal growth, UOP at
year-end 1968 had more than 12,000 cmployees.
New building construction was started in the fall
and occupancy was expected in late 1969.

In August, UOP announced the acquisition of the
business and assets of Mace Industries, Inec., in
Jacksonville and Miami, Florida. Mace Industries
serves the airline and airframe industry by provid-
ing equipment for food and passenger service to
airline passengers. The primary line of products
consists of ovens, tray carricrs, liquor kits and
refrigerators. Redesignated the Mace Unit and re-
porting to the company’s REF Dynamics Division
which is a major supplier of inflight feeding and
ground support equipment, the Florida operation
offers good growth potential in providing additional
capabilities and geographical representation to
REF.

Recognizing the importance of in-depth studies
of materials ceramics, polymers, rubber, reinforced
plastics and other composites and their effect upon
production and entire industries, UOP anmounced
the appointment of Dr. Robert D. Carnahan as
director of a new Material Science Laboratory
which was expected to establish UOP as a leading
center for materials research. A few anticipated






was highlighted by the decision to assemble aircraft
galley units in the Bellevue 12.000-foot facility. By
mid-196S parts were being shipped from the main
plant in Mincola. New York, and assembled into
complete units at Bellevue. This facility also pro-
vided a depot where repair work and modifications
could be executed without having to return galley
units to the East Coast.

Sales and engineering representatives were serv-
ing the Lockheed and MeDonnell Douglas com-
panies and airlines in the Southwest through the
new Westminster office. The addition of Mace
Industries also provided REF with a Southcast
capability in serving the Lockheed-Georgia Com-
pany and airlines of the Southeast. The Mace prod-
uct line enhanced REF's capabilities because of the
specialized nature of its manufacture of inserts. and
it provided a repair capability for its geographical
arca. The Mace facility is located in ]acksom'ille,
Florida. and the group maintains a sales-engineering
office in Miami. The total REF complex. therefore.
provides sales and engineering services to the air-
frame manufacturers and airlines in the geographic
arcas where the primaryv aircraft market has been
established, ’

REF in 1968 established an internal product sup-
port department and initiated a scheduled customer
service program. Along with these steps, it estab-
lished a new service policy that met with great
aceeptance.

New products introduced in 1968 included a 40-
cup coffee brewer designated as the “Q-Brew”
svstem. designed to fit into existing galley cavities
in which 12-cup brewers had previously operated.
Another major innovation in food service facilities
was the do\'olopm('nt of a freczer/oven which offers
greater utilization of space by climinating the need
of transferring frozen entrees from a freezer/refrig-
crator into a warming oven for reconstituting. .

REF continued to provide aircraft galley equip-
ment to Western Airlines and in midvear introduced
the quuid-nitrog(‘,n refrigeration s’\ﬂ"stcm on \West-
ern’s 737 galleys. Crew “galleys for the Lockheed
military C-5A " transport “were delivered in - carly
1968. New and follow-on orders from Amcrican,
P.zm American, Eastern, Piedmont and United air-
lines and from the military contributed greatly to
REF’s growth and production of galleys and auxil-
1arv units,

In the latter part of 1968, greater emphasis was
placed on REF’s capabilities in providing ground
support test equipment for clectrical, hydraulic and
Pncumatic systems. REF continued to grow in the
manufacture of airframe assemblics primnrily as a
subcontractor for Grumman Aircraft Engincering
Corporation in providing pylons, extensible work
platforms and electrical pallet assemblies for mili-
tary aireraft. Trailing edges, tab assemblics, dive
brakes, main wheel doors, cargo hatches, cte., con-
tinued in high-volume production.
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High-priority design efforts were directed to the
development of new concepts for inflight passenger
feeding as associated with the Boeing 747, McDon-
nell Douglas DC-10 and Lockheed L-1011 air-
plancs. Creative efforts were directed not onlv to
the airlines interested in the conventional gallev
structures and systems but also to those interested
in the lower lobe galleys.

To meet the demands of accelerated growth,
arrangements were made in late 1968 to move the
Mineola Plant IT to larger quarters for expansion of
its molded reinforced fiberglass and fabricating
departments. REF also established agreements for
representation in countries outside the continental
United States. Although REF has experienced a
rapid growth since joining UOP in August 1967,
prospects for additional growth were high and con-
tracts in hand in late 1968 reflected increasing
acceptance of REF products.

UOP INSTRUMENTS DIVISION

The UOP Instruments Division experienced over-
all growth during 1968. The largest growth area was
in the nuclear instrumentation department where
large contracts for instruments to be used on the
nuélenr-powercd aircraft carrier were received from
the Westinghouse Plant Apparatus Department.
Large contracts were also involved in providing
instrumentation for 2 nuclear-powered destroyers.

The Instruments Division’s aerospace department
showed a substantial growth over the previous year
which was due primarily to the division’s entrance
into the field of emergency oxvgen supply equip-
ment and of individual passenger oxygen supplies
with contracts from McDonnell Douglas Corpora-
tion. It was in this area also that new products were
introduced, including 10 separate versions of oxygen
manifolds for use in the overhead pods, emergency
oxygen control valves and small manifolds for use
on the C-9A aero-med litter stations.

New and repeat orders, primarily from the Na-
tional Water Lift Company, The Boeing Company,
Bell Helicopter and Ling-Temco-Vought, contrib-
uted to a solid rate of growth for the division.

The Instruments Division also experienced several
new arcas of operation in conjunction with other
UOP divisions. A considerable amount of produc-
tion was involved in the manufacture of radiation
level detectors, UOP Monirex octane analyzers,
valve position detectors used in the Molex process
and boiling point monitors, all for the UOP Process
Division. Additional product capabilities were dem-
onstrated in the assembly of ovens and coffee
brewers used in aircraft galleys for the REF Dy-
namics Division.

Increasing research and development activities
were responsible for the introduction of new oxygen
cquipment, and greater emphasis was slated for
rescarch activities.












vertical motion to simulate the heaving of a ship
was provided at the same time that wire cables
attached to a mobile crane provided horizontal
motion. The motion equaled the maximum swing
and heave the landing and positioning  svstem
would be subjected to in operation.

The development of a new tvpe of thermoclectric
power generation svstems component brought re-
mote power svstem toclmo]om much closer to the
practical .1pp11cat10n stage. Combmmg its power
systems  experience, such as the nuclear rocket
reactor and SNAP-23 work., with its newly perfected
thermoclectric generator, the W (*\tmﬂhonco Astro-
nuclear 1 uhomton developed Conccpts and designs
for a wide variety of remote power sources to mcct
nearly anv need. (SNAP stands for Space Nuclear
Auxiliary Power. )

Remote power systems are part of a class of ad-

vanced tvc]molom “products” that must be de-
signed specific: 111\ for cach application. Although
thvw svstems mav have manv features in common,
virtuallv all are tailored for pamcu] ir applications.
The l)uulkllnouﬂl in development of such svstems
occurs when l\(\v subsystems or components ev olve
as standardized hardware available for a wide
variety of npphcnhom The tubular thermoelectric
ae nerator is one such subsystem development. It
(nal)h d the Westinghouse Astronuclear Laboratory
to bring more Comm(mdhty to remote power systcm
technology.

Some of the remote power svstem appllmtlom

the Woestinghouse laboratory  examined included
signal source, battery charger, backpack. buoy
power, spacceratt power, terrestrial station, under-

sea remote power, space systems power and marine
apphcatlons. Combmatlons of types of heat sources
and power requirements were considered. The types
of heat sources investigated were nuclear reactors,
radioisotopes, and fossil fuel burners. The power
1oqun< ments mn(r(‘d from 1 to 50,000 watts.

“By grouping our tubular thermoclectric genera-
tors and by applving the power systems know-how
we've obtained hom work on the nuclear rocket
reactor and other power system programs, we can
develop a practical remote power system for nearly
any application,” said Joseph Kenney, manager of
the Westinghouse laboratorv’s tubular module de-
velopment program.

The heat source for lightweight terrestrial or
marine .1pphcdtlons such as }mcl\pacl\ and buoy
power supplies, is the fossil-fucled burner. For
deep sea or space applications, the heat source is a
nuclear reactor or a radioisotope.

Using the new tubular thermoclectric module,
Sy sloms for use in spuce, at remote land locations,
on the surface of oceans or lakes or ceven under
water will be more readily attainable. The module
is the first thermoclectric device developed that can
be manufactured as a standard system component
or as a subsystem. Because of its highly compact
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and rugged tubular design and construction. it has
high wlmblht» and a hfetlmc long enough to outlast
1emotc mcdmmcal or electronic Cqmpment it would
power. such as a pump or a transmitter. Units had
been in test status at the Westinghouse laboratory
for well over 2 vears by the end of 1968.

The tubular thermoelectric generator module can
operate in air or inert gas, or even submemed in
liquids. Tests in Westinghouse and gov ernment
laboratories have shown that the monohthlc mod-
ules can resist impacts as great as 10,000 ¢g's and
arc not sensitive to ther mal cyveling or nommql
overheating.

The tubuhl module was the result of 8 vears of
development and testing work at the \Vostuwhouse
laboratory. Total testm" time on dev clopmental
modules exceeded 180, 000 hours at vear-end. Some
individual units had been on test for over 20,000
hours.

An inert gas autoclave for heating long specimens
to high temperatures became available for contract
work. Installed by the Astronuclear Labor atory, the
autoclave can be’ pressurized with helium to 30.000
pounds per square inch. It will accommodate speci-
mens up to 6 inches in diameter and 36 inches long.
Its resistance furnace heats uniformly up to 1, OOO
degrees Centigrade throughout the entire lenﬁth of
a ‘36 inch zone. Nearly anv combination of time,
empemtmc and pressure can be made with the
autoclave’s exceptional control system. Some tvpical
applications of the autoclave are material compac-
tion. pressure bonding. diffusion bonding. and de-
vice fabrication.

A series of cold-flow tests of an experimental nu-
clear rocket engine was successfully completed
the Nuclear Rocket Development Station in Jackass
Flats. Nevada. The test series was a continuation of
the technology effort of the Joint Atomic Energy
C01mmss1on/1\atlonal Aeronautics and Space Ad-
ministration nuclear rocket project.

The cold-flow test series began April 2, 1968.
This was the first of a series of engine tests to be
conducted at the engine test stand (ETS-1). The
experimental engine Cold flow tests were conducted
by the NERVA (\Tucleal Engine for Rocket Vehicle
Application) test 01gdmmt10n of Acrojet-General
Corporation and \Westinghouse Astronuclear Lab-
oratory, designers and dcvelopm@ of the engine.

In a cold-flow test, expouments are conducted
using an experimental engine assembly identical to
the domqn used in hot tests except that the engine’s
nuclear reactor does not contain any fissionable ma-
terial nor produce a nuclear reaction. Therefore no
fission power was generated in the reactor core of
the experimental engine during the test.

Functionally the design of the e\peumcntal en-
gine was similar to the bloadbomd engine system
tostcd in 1966. The primary difference bet\\ ‘cen the
2 was in the physical arrangements of components.
This experimental engine more closely approached






























solution to the Canal Zone’s power shortage prob-
lem. The increase in water usage for operating the
canal locks required curtailment of some water
supply for hvdroclectric generation of power. The
floating nuclear power plant is capable of gencrat-
ing full power of 10,000 electrical kilowatts for one
vear without refueling.

A radioisotope-fucled heater developed by the
Atomic Encragy Commission for wetsuits worn by
divers was I)(-'ing occan tested by the Navy. The
device. for which the AEC was granted a patent.
uses plutonium-238 to heat water which is circu-
lated through tiny plastic tubes woven into the
diver's undergarment. Two fucl capsules provide
about 105 watts of heat each. The battery, pump
and fucl capsule assemblies are attached to the
outside of the suit. The heater, being tried out at
depths up to 600 feet, allows the diver to perform
working assignments for longer periods than other-
wise possible in deep and (‘hill}' ocean waters.

Rescarch and development ot a strong and versa-
tile concrete and plastic material was under way at
AEC’s Brookhaven National Laboratory on Long
[sland. New York. and at the Burcau of Reclama-
tion’s Engincering and Research Center in Denver.
The Office of Saline Waters was also cooperating in
the project. The new concrete polyvmer is produced
by irradiating concrete impregnated with  liquid
p]nstic. Characteristics of the new material include
resistance to extreme temperatures and also to cor-
rosion, abrasion and water absorption. Applications
under study include flash distillation units in water
desalination plants and other construction projects.

Three nuclear cratering experiments were con-
ducted as part of AEC’s program to develop the
technology of using nuclear explosions in large-
scale excavation projects.

Project Cabriolet took place January 26 at the
Nevada Test Site. The nuclear explosive used in
Cﬂn‘io]vt had a vicld of al)out 2.5 kilotons and was
emplaced at zl.depth of 170 fcet‘ undcrgroupd_ De-
signc‘d to provldo dat.u on cratering effects in hard,
dryv rock, the explosion produced a crater about
360 feet in diameter and 120 fect decp.

The first nuclear row-charge experiment in the
Commission’s Plowshare Program was conducted at
the Nevada Test Site on March 12. Tt consisted of
the simultaneous detonation at 135 feet deep in
hard rock of 5 nuclear explosives, cach having a
yicld of about 1 kiloton. The ditch-like crater has a
smooth bottom and sides and is 254 feet wide, 70
teet deep and 865 feet long. The success of Project
Buggy is particularly significant because of the
critical relationship between a simple, effective
ditching technique and the feasibility of using
nuclear cxplosions for construction projects.

Project Schooner took place at the Nevada Test
Site on December 12. It consisted of the under-
ground detonation of a 35-kiloton nuclear explosive
cmplaced at a depth of 350 feet below the surface
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of the ground. Designed to provide data on crater-
ing cffects in hard rock using higher-vield explo-
sives. Schooner produced a crater about 800 feet in
diameter and about 290 feet deep.

Collection and analysis of data from Project Gas-
buggv—the first joint government-industry experi-
ment to study the use of nuclear explosions to
stimulate the production and economic recovery of
natural gas—continued during the year. The nu-
clear explosion for the project took place December
10, 1967. near F armington, New Mexico. Analysis of
limited initial data obtained by the participants—
the AEC, the Department of the Interior. and El
Paso Natural Gas Companv—indicated that radio-
active contamination of the gas was below the pre-
dicted levels.

The Atomic Energy Commission and the Depart-
ment of the Interior announced on May 31 that they
had agreed to join with the State of Arizona in a
detailed study of the possible use of peaceful nu-
clear explosions to help meet Arizona’s increasing
need for water. General indications from previous
studies were that the chimney of broken rock formed
by an underground nuclear explosion might be
used to channel water underground to depleted
aquifers (naturally formed underground reser-
voirs). Also of interest was the possibility of using
peaceful nuclear explosions to construct dams to
retard the runoff of surface water; this water then
could be diverted to other uses.

AEC made available on January 6 a report from
a 10-member panel on a proposed Omnitron accel-
crator. Total cost of the machine. proposed to be
located at the Lawrence Radiation Laboratory,
Berkeley. California, was estimated at $26,500,000.
It would be designed to accelerate ions of any ele-
ment in continuously variable energics up to 300-
500,000,000 electron volts per nucleon. It would
make possible new research in nuclear chemistry,
biology, medicine and physics by providing quan-
tities of energetic ions of elements over the entire
mass range.

A progress report released in October revealed
that the huge Stanford Lincar Accelerator had
achieved a beam of 21 billion electron volts during
a test run and had operated routinely at its peak de-
sign energy of 20 bev during regular experimental
operations. Higher energy means cach accelerated
electron has greater probing power when it meets
its target, the nucleus of the atom; thus it can pro-
vide finer measurements of nuclear structure and
can reveal more about the atom’s core.

Chairman Glenn T. Seaborg announced on Octo-
ber 22 that the AEC was making available for sale
for the first time a limited amount of californium-
252, one of the world’s rarest materials. He pointed
out that the radioisotope will sce its greatest use in
minute quantities. It was being sold for $100 for
one-tenth of a microgram (one ten-millionth of a
gram), which is equivalent to $450 billion per
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pound, if a pound were available. Dr. Seaborg em-
phasized that the applications of californium-252
could have a far-reaching effect in improving per-
sonal health, the quality of products from the in-
dustrial complex and increasing energy resources.

In the area of civilian nuclear power, a 10-volume
comprehensive plan for development of fast breeder
reactors was issued by the AEC after a 2-year con-
ceptual study. (A breeder reactor produces more
nuclear fuel than it uses while gencrating power.)
The plan outlined a development program for a
safe, reliable, and economical liquid metal-cooled
fast breeder reactor.

AEC was also conducting a technology develop-
ment program for a thermal breeder reactor desig-
nated the molten salt reactor. (A thermal breeder
reactor usually converts or “breeds” atoms of non-
fissionable thorium-232 into fissionable atoms of
uranium-233. A fast reactor converts atoms of non-
fissionable uranium-238 into fissionable atoms of
plutonium-239. )

The number of nuclear plants announced and
ordered in 1968 dropped in comparison with the
previous year. As of December 31, 1968, electric
utilities made known plans for 16 nuclear power
plants and placed orders for 17, with a total capacity
of about 15,550,000 kilowatts. In 1967, 32 plants
were announced and 31 were ordered, with a total
capacity of 25,570,000 kilowatts.

As of December 31, there were 13 operable nu-
clear power plants, 44 being built and 34 planned
for which reactors had been ordered, and 11
planned for which reactors had-not been ordered,
representing a total of about 72,842,100 kilowatts.

While AEC was working on liquid metal-cooled
fast breeder reactor and thermal breeder reactor
concepts, it was cooperating with industry in the
development of a high-temperature, gas-cooled
reactor for use in a nuclear power plant being built
near Platteville, Colorado. The 300,000-kilowatt
plant will be owned and operated by Public Service
Company of Denver and will be designed and built
by (,_ulf General Atomic. The AEC was funding
certain developmental features of the plant. Many
of the majo'r components of the type to be used in
EET });:riigl(lll provide technology that could be use-

> development of gas-cooled fast breeder
reactors.
an/(} raegzrgn%rlllil{cllear energy centers for industrial
AEC’SBOak i r(laaN;.‘gmpllexes was issued by the
odenh g iona Laboratory. The report
concludes that such centers have potential for bol-
stering the'economies of arid regions of the world
A typical industrial complex might include inter-
related industrial processes for the production of
fertilizers, aluminum, phosphorus and ammonia
The complex would be located on the seacoast and
include large-scale desalting of scawater for highl
intensified irrigated agriculture. Nuclear reactor};
producing low-cost power would serve as the energy
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source for the electrical and other energy require-
ments.

In the field of defense operations, AEC had an-
nounced, as of December 31, 1968, 27 underground
nuclear weapons-related tests and one nuclear test
detection rescarch experiment at the Nevada Test
Site in 1968. In addition, a calibration test was con-
ducted in the Hot Creek Valley of central Nevada to
help determine suitability of the arca for later test-
ing at yiclds higher than are feasible at the Nevada
Test Site.

Investigation and development of probable test
locations in central Nevada continued during the

car, as similar preparations were being made on

Amchitka Island, Alaska. The 2 arcas were expected
to be ready for use by mid-1969, but no tests had
received final authorization.

DEPARTMENT OF DEFENSE

Total fiscal 1969 funding for rescarch, develop-
ment, test and evaluation in the Department of De-
fense budget was pegged at $7.1 billion in new
obligational authority (this was the figure for the
basic budget and was cxclusive of any supple-
mental R&D appropriation for the particular re-
quirements of the Vietnam war). The figure com-
pared with $7.045 billion in the previous year.

As in previous ycars, the Air Force got the largest
share of the RDT&E funds. The USAF’s Y 1969
allocation was $3.28 billion, up from $3.13 billion in
the previous year. The Navy figure was $1.86 bil-
lion, a slight decrease from 1968’s $1.87 billion. The
Army budget called for $1.53 billion, down from
$1.55 billion.

Also included in the DoD budget was $464,-
000,000 for programs of the Advanced Research
Projects Agency. Primary aerospace project in this
category was Defender, a broad program of research
and exploratory development in the field of ballistic
missile defense, penetration aids and defense against
satellites.

Highlights of the major DoD research al:ld do-
velopment programs are contained in the résumés
of the individual services which follow.

AIR FORCE

Military requirements continued to pace the na-
tion’s scicentific and technology programs during
1968 and the Air Force Systems Command (AFSC)
played a major role in meeting those requirements.

“Research and development,” explained General
James Ferguson, commander of the Air Force Sys-
tems Command, “is charged today with the respon-
sibility of being in 2 places at once—at the frontier




of future oppor tunities and on the doorstep of pres-
ent problems.”

In 196S. AFFSC resecarch activities were directed
in 5 major arcas: limited war support for operations
in Sonutheast Asia (SEA), management of Air Force
scientific and technical resources. the national space
cffort. new aeronautical developments and tech-
nological advancements.

.\'v;u']_\' every new svstem, weapon or item of
acrospace cquipment entering the Air Foree's op-
crational inventory during 1968 was a product of
Svstems  Command's usv‘nch and  development.
modification or acquisition cfforts. These front lines
of technological ability extended to Southeast Asian
combat arcas, where a Systems Command liaison
team was identifving ploblc‘ms which technology
can help solve.

Night-time battlefield illumination may be more
reliable and practical when the Air Force Acro
Propulsion Laboratory’s (AFAPL). Wright-Patter-
son AFB, Ohio, “Pxo]ect Brilliant™ is Complcted In
the test program a lightweight device was fitted
onto an -4 aircraft and succossfull\ beamed a light
500 times brighter than moon]mht over a lmlf
squarc-mile arca from an dltltlld(‘ of 1.000 feet.

In June came the announcement of a “fast-fix”
cement which in tests hardened sufHClentIv in only
30 minutes to support the weight of a ]ct fighter.
The mixture was tested in South Victnam. Dexcl
ope 'd by AFAPL, it was designed to repair mortar-
and rocket- dama(red runwayvs and may also find

1pp]IC‘1thIl \\hmv quickly built hardstands are
needed as helicopter landing sites.

At the Air Force Flmht Dsynamics Laboratory
(AF FDL). Wright- Patter son AFB, Ohio, tests be-
gan on a new onc-man rotor-glider. When attached
to the parachute, the device would permit an
](\thd pllot to maneuver himself away from hostile
glound clements into a more favorable rescue
pickup location.

A flare firing intervalometer. developed by Rome
Alir Dc‘\elopmcnt Center (RADC), Griffiss AFB,
New York, in August, will give Southeast Asia air
crews a self- (ontdmed unit for (hoppmur flares which
is expected to increase safety in handling and pro-
vide firing on command.

Airer dft in Southeast Asia can now be weighed
out-of-doors using a new mobile electronic weigh-
ing system (MEWS) developed for the Aero-
nautical Svstems Division (ASD), Wright-Patter-
son AFB, Ohio. It determines the gross w elg,ht and
the center of gravity on 4 types of loads, replacing
the former systcm of jacking the aircraft inside a
hangar.

Missile reentry tests in the Pacific arca came
under a centralized scheduling and coordinating
facility in May. Known as the Joint Pacific Area
Scheduling Office, it was organized under the di-
rection of thc command(‘x of the Air Force Western

Test Range (AFWTR), Vandenberg AFB, Cali-
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fornia. and consisted of personnel from the Army,
Navy. Air Force and other agencies.

Ground- breaking exercises 1t AEDC on May 17
marked the start of construction on airfield facilities
which will provide support for that Svstems Com-
mand unit.

The Air Force Human Resources Laboratorv
(AFHRL) began operations at Brooks AFB. Texas.
on Julv 1. One of the organizations under AFSC’s
director of laboratories. AFHRL will be the focal
point for Air Force efforts to satisfv technologv
needs in human resources, education. training fmd
management.

A new eclement of the Air Force Svstems Com-
mand, the Armament Development and Test Center
(ADTC), began operations at Eglin AFB, Florida,
on August 1. At the same time the Air Proving
Ground Center (APGC) at Eglin was discontinued.
ADTC was assigned re@pomlblht\ for non-nuclear
munitions programs. including acquisition. dev elop-
ment. test and evaluation.

Fuchu. Japan. is the site of a new Svstems Com-
mand liaison office aimed at promotnw quick re-
sponse to the technical problems of U.S. forces in
Northeast Asia. It will provide a link between
operational elements of the 5th Air Force and the
rescarch and technical facilities of AFSC.

At RADC, a new laboratorv was dedicated. It
will provide the center’s engineering division with
modern facilities to carry out e\plomtory develop-
ment in reliability and l’ﬂdlntdlndblllt\’ of various
surveillance and intrusion detection devices.

In November, USAF Headquarters awarded the
Space and Missile Svstems Organization (SAMSO),
Los Angcles, Cahfomm the Outst”mdmor I\hna(re-
ment Improvement Plogrdm Award for an out—
standing cost reduction program.” The unit had a
validated savings of over $68.000.000.

At the Air Force Eastern Test Range (AFETR),
Patrick AFB, Florida, an Atlas-Centaur vehicle
boosted a NASA Surveyor spacecraft to a soft land-
ing on the moon for the fifth time. The Surveyor G
mission completed all of the program objectives in
support of the Apollo program.

At AFETR an Atlas-Agena booster launched the
fifth and final Orbiting Geophysical Observatory in
the series which carried a record number of experi-
ments for a United States satellite. The experiments
studied the earth’s space environment and its rela-
tionship to the sun.

At Vandenberg AFB, a major milestone was
passed April 27 with the launching of the 200th
Atlas ICBM by the 6595th AC10spaCC Test Wing of
SAMSO.

A SAMSO-developed Titan III-C  standard
launch vehicle successfully orbited 8 communica-
tions satellites from Capc Kennedy on June 13 to
augment the Initial Detense Satellite Communica-
tions System.

In a launch of the Space Experiments Support



GOVERNMENT RESEARCH & DEVELOPMENT

program, managed for Department of Defense
(DoD) by SAMSO, a Titan III-C placed 4 satellites
into precision orbit during September. They in-
cluded an experimental tactical communications
satellite, one to monitor radiation around the carth,
one to study heat transfer, and a 475-pound physics
research laboratory.

Both the Eastern and Western Test Ranges sup-
ported the Apollo 7 mission in October when 3
astronauts spent 11 days in carth orbit. The Saturn
IB rocket was launched from facilitics at the East-
crn Test Range, while the Western Test Range
provided communications, weather information,
and its entire complement of instrumentation ships
on station in the Pacific Occan. Similar support
was provided for the Apollo 8 lunar mission in
December.

A joint NASA-AEC-AF study resulted in the
development of a distillation, vapor-filtered water
recovery system which may prove important in
future decp space penetration cfforts. In 2 30-day
tests, the device produced bacteria-free, potable
water.

Roll-out of the world’s largest aircraft, the Lock-
heed-built C-5, in carly March brought together
national and military leaders, including President
Johnson, to commemorate the event. Three months
later the giant cargo aircraft made its first fight
from the Lockheed plant site in Georgia.

At the Air Force Flight Test Center (AFFTC),
Edwards AFB, California, a modified HI.-10 lifting
body made its first flight, piloted by Major Jerauld
R. Gentry. It marked another milestone in the joint
NASA-Air Force lifting body effort.

The first 2 of 127 A-37B attack aircraft were
rolled out of the Cessna Aircraft Company plant at
Wichita, Kansas, in late May. Developed by ASD
for.the Tactical Air Command, the plane was
designed to meet specific close air support require-
ments of counterinsurgency opcrations.

The XV-4B Hummingbird 11 aircraft was rolled
out of the Lockhecd-Ccorgia Company plant at
Marietta, Georgia, on June 4. Devceloped under the
supervision of ASD, the 2-place jet with 4 lift
engines and 2 lift-cruise engines will be used by
AF I*.DL'to study vertical and short take-off and
lzmdmg ntegrated flight control systems. The craft
made its first flight on Scptember 28

Another important roll-out in ]un.c was that of
the first of 8 new C-9A Nichtineale aj (,lf Y 1
McDonnell Douglas C ° -: -'é’a ¢ urerait af the
Beach, CaliformiaEj Esscotr'[')?lmmn plant at L01.1g
aireraft, its intcrio'r \\;'.m r;elS y ra Il)C-Q comm(n"cml
cvacuation  fights; it(‘ can (5.1'&?1.@( for aeromechcal

_ S; an - carry 30 to 40 litter

puh‘ents or more than 40 zlnﬂ)u]atory patients.
. .(f()ntmcts were announced in- September  for
initial development phases for o high-performance
afterburning turbofan engine suitable for the new
Air Force aircraft F-15,

In September the Australian Minister for Defence
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accepted the first F-111C aircraft for the Roval
Australian Air Force dnrin‘gr turnover ceremonies at
General Dynamics, Fort Worth, Texas.

Transfer of the data reduction process on reentry

trajectories from Kirtland AFB. New Mexico, to
Holloman AFB. New Mexico, was completed in
January, Known as the Airborne  Astrographic
Camera System. it consists of 2 KC-135 aircraft,
cach instrumented with 17 special cameras to record
trajectory information to 11(-11) determine weapons
svstem effectiveness.
" The world’s largest Xeray machines. part of the
Air Force TRELES facility that measures the
Transient Radiation Effects on Electronic Svstems,
became  operational  at  the  Air - Foree Special
Weapons Center (AFSWC), Kirtland AFB, New
Mexico, in November. The 2 machines weigh more
than 600 tons. The facility simulates the radiation
from a nuclear detonation and studies its effects on
clectronic systems.

Use of a new transonic wind tunnel at AEDC
began in January, culminating construction begun
in 1966. It is usced to test articles designed to serve
SIEA needs. In 6 months of use, 10 air munitions
tests were conducted in the new -ixd-foot tunnel.

An unofficial world record for a single parachute
delivery was claimed by the 6511th Test Group at
El Centro, California. The pallet, dropped from a
C-130 Iercules aireraft at an altitude of 1.200 feet,
weighed over 50,000 pounds.

Testing of Walleye, a television-guided, stand-off
glide bomb, was completed in February, Walleye
is programmed for use with the F-4C and F-4D
fighter aircraft.

At Electronic Systems Division a contract was
awarded during February for a tactical clectronic
switching center in connection with the Air Foree's
4071, Tactical Air Control System. It will provide
up to 475 programmable 4-wire line and trunk
terminals and is compatible with other types of
tclcphon(% systems now in opcmtion.

At AEDC a pulsed laser was used for the ﬁr.st
time as a light source for photographing models in
flight at vclocitics of 20,000 feet per .S(‘C().nd. It
provided heretofore unavailable examination of
model integrity, surface crosion and degree of nose
recession.

Contracts totaling necarly $500,000 were awarded
to 2 firms for sensor analysis studies concerned with
the control and surveillance of friendly forces on
the ground and in the air. Monitored by ESD at
.. G. Hanscom Tield, Massachusetts, the study is
aimed at improved command and control com-
munications.

Work began in April at AFMDC on a new rain
crosion facility. It will permit study of the effects of
rain upon various types of artillery shells {111(1 vari-
ous aircraft or space systems. It consists of a 2,000-
foot-long. double line of shower heads separated by
a 24-foot-wide asphalt strip.









NAVY

The Naval Air Svstems Command, as the largest
of 6 Material Systems Commands, has the responsi-
bilitv for managing the development. production
and technical support of all air weapon systems
for the Navy and the Marine Corps. The command
supports the activities of more than 130,000 person-
nel engaged in air systems work throughout the
world. Additionally, it has responsibility for 7 Naval
Air Rework Facilities where major aircraft overhaul
and repair work is accomplished.

In fulfilling the command’s mission to provide the
Navy and Marine Corps with the best air weapon
svstems available from current techuology, signifi-
cant achievements were made during 1968.

The vear saw the Naval Air Systems Command in-
volved in extensive studies on contractor proposals
for the Navy’s newest carrier-based supersonic
fighter aircraft. An evaluation group of approxi-
mately 350 officers and civilians looked into specific
technical areas, including airframe characteristics,
propulsion. avionics and costs.

At vear-end, competition for the VFN-1 had been
narrowed to 2 major contractors. The new aircraft,
designated the F-I4A, will be a 2-place fighter with
tandem scating, cquipped with Pratt & Whitney
Aireraft TF30-P-12 afterburning turbofan engines.
It is designed with an optimized combination of
speed, acceleration, maneuverabilitv and radius of
action. including a fire control system with multiple
weapon options. Plans called for the first flight of
tl_w F-14A in carlv 1971 and introduction to opera-
honﬂ service with the fleet in 1973.

First operational deplovment of the Navy A-4F
Skyhawk took place in January. Improvements over
carlier models include a zero-zero escape system,
nose-wheel steering, improvcd avionics, wing lift
spoilers to provide better crosswind performance
and shorter landing roll, and a more powerful en-
gine. The A-4F is p;oduced for the Navy by McDon-
nell Douglas Corporation.

Early in 1968, the Naval Air Systems Command
awarded a contract to Grumman Aireraft Engincer-
ing Corporation to modify its E-2A Hawkeye air-
craft with an improved general-purpose computer.
Known as the Mod AX. the program will provide
the Navy with a new microelectronic progrmmnal?le
computer having  greater tactical flexibility, in-
creased memory capacity, and improved reliability
and muintuinnlﬁlity. First flcet delivery of the modi-
fied aircraft was scheduled for January 1970. The
modified aireraft is designated the IE-2B.

An extension of the kopomtional E-2A airborne
carly warning and command/control concept is the
incorporation of the APS-111 radar which greatly
enlarges the operational capability of the aircraft

by permitting it to operate successfully in an over-
land environment. The requirement for a radar with
an overland capability stems from the inherent
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limitations of previous radars which had only a
“blue water” capability. The Naval Air Systems
Command began developing the overland radar in
1962 and successfully demonstrated the APS-111 in
the summer of 1967. In addition to the improved
radar capability of the APS-111, the use of micro-
clectronics and state-of-the-art improvements will
greatly improve the reliability and maintainability
of the weapons system. ’

Schedules called for the first production of the
E-2A/APS-111 in fiscal vear 1971 with fleet deliv-
eries and first deplovment of the aircraft to follow
in calendar vear 1973.

The first Grumman TC-4C Gulfstream aircraft
was delivered to Naval Air Station Oceana, Virginia
Beach, Virginia, in January, approximately one
month ahead of schedule. An initial outfitting of
spares and special support equipment was also de-
livered to the squadron in advance of scheduled
delivery date. This aircraft provides a “flying class-
room” for use in training A-6A replacement Navy
;md. Marine aircrews, primarilv the bombardier/
navigator, in operation of the highly sophisticated
:}-6:\ avionic system under realistic flying condi-
tions.

The TC-4C is a twin-turboprop aircraft, con-
figured with a complete A-6A avionic system. The
cabin area contains an A-6A training coékpit which
accommodates a student pilot and student bom-
bardier/ navigator, an adjacent instructor’s seat, and
4 student bombardier/nuvigator repeater stations.
It can climb to an altitude of 30.000 feet and has a
cruising range of 2,081 nautical miles. The aircraft
were to be distributed equally to NAS Oceana;
Marine Corps Air Station, Cherry Point, North
Carolina; and Naval Air Station. \Vhidbey Island,
Oak Harbor, W ashington.

Final delivery of A-5A to RA-5C conversion air-
craft was made to the fleet in the spring of 1968.
In 1964 a contract was awarded to commence con-
version of the A-5A aircraft to the RA-5C. Forty-
three of the 44 A-5A aircraft produced were con-
verted to the RA-5C configuration. The remaining
one is a test aircraft being used at Naval Air Test
Center, Patuxent River, Maryland.

The RA-5C is a carrier-based, long-range, super-
sonic, all-weather, multisensor reconnaissance air-
craft. All major airborne systems of the A-5A were
used in the newly converted aircraft. This recon-
naissance configuration has a wing with improved
lift characteristics, additional fuel capacity, and a
strcamlined pod along the bottom of the fuselage
to house the various reconnaissance equipment.
Outwardly, the appearance of the aircraft remains
the same as the A-5.

The conversion of the 43 aircraft was completed
in 3 years, the first converted aircraft joining the
fleet in April 1965 and the last one delivered in
April 1968.

Newest addition to the Grumman A-6A Intruder
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family, built under the direction of the Naval Air
Systems Command, is the 4-place EA-6B aircraft,
which successfully completed its first flight in May
1968. The flight lasted for 1 hour 45 minutes and
was declared a complete success. The EA-6B is a
twin-turbojet, electronic warfare aircraft designed
for carrier and advanced base operations. It com-
bines an improved version of the proven A-6A air-
frame with highly advanced electronic systems.

Carrier suitability tests for North American Rock-
well Corporation’s OV-10A Bronco light, armed re-
connaissance aircraft were conducted in the fall of
1968.

The trials were conducted by the Flight Test
Division of the Naval Air Test Center at Patuxent
River, an activity of the Naval Air Systems Com-
mand. The aircraft completed 6 touch-and-go land-
ings, 2 tull stop landings and 2 free deck launches.
The OV-10A performed its full stop landings with
approximately 25 knots of wind over the deck, com-
ing to a stop in less than 200 feet. The OV-10A is
not equipped with a tail hook or catapult fittings
and was completely dependent upon its own re-
versible-pitch propellers and brakes to bring it to a
halt. To afford the Bronco maximum braking action,
the cross-deck pendants of the ship’s arresting gear
were removed for the tests.

Developed and built for joint service use under
Naval Air Systems Command management, the
OV-10A was operational in 1968 with the Air Force
as well as the Marine Corps in Southeast Asia.

The Navy’s newest land-based antisubmarine
weapon system, which will provide the fleet with a
search and detection capability never before avail-
able in airbornec ASW, had its first public showing
in October.

The new aircraft, the Lockheed YP-3C Orion, is
the product of a multimillion-dollar research and
development program which had its beginnings in
1969. The YP-3C ushers in a new era in antisub-
marine warfare techniques and equipment which
will provide the Navy ‘with an advanced weapon
system to more cffectively detect, classify, localize
and attack undersea targets through the use of auto-
matic datu—proccssing Cquipment.

. The ?osearch and deve]opment on the new avion-

ics (:qmpment for the YP-3C was done under Project

ﬁ;&fvz;iihlﬁir})rﬂfd was dczsigned to provide the

an integrated airborne ASW  system

,C]f}pab]f. of.}mnd]mg the enemy submarine threat.

Ofuzo?]z](;;;r):*a;); i\xsl\\l)g\?’ \}x]/qs to optimize t}lc use

through the e oflq r‘(,c niques and equipment

s¢ oF a general-purpose digital com-

puter and an mtegrated tuctical displuy installed
on board the aircraft. l

The performance of the YP-3C will be sulystan.
tially enhanced by improved ASW sensor capabili-
ties, improved human  factors through  systems
int(\gmtion and dzlt'a—pr()ccssing ('nginocring, in-
creased reliability, and improved maintainability.

o
1o

Avionics cequipments are designed in modular
form to facilitate rapid replacement aloft or on the
ground. The maintainability goal is to be able to fix
95 percent of all YP-3C mission equipment failures
within 30 minutes. Computer-initiated svstems and
diagnostic tests, plus the installation of built-in test-
ing devices, will afford complete fault isolation at
the replaceable module Tevel

The YP-3C differs little in outward appearance
from its predecessors, the P-3A and the P-3B. The
interior of the YP-3C, however, bears little resem-
blance to the carlier models in that it houses more
than 300 picces of avionics cquipment, some 200 of
which were not incorporated in the A and B models.
The interior has been designed to provide access
to most cquipment from 3 sides of the console
mount.

In February a contract was awarded to Bell Heli-
copter Compz-m'v for procurement of 40 light helicop-
ter day/night trainers. These aircraft will be an
cquipment-modified version of the Bell 206A - Jet-
Ranger and will be used for training Navy helicop-
ter pilots. The new trainer was designated TH-57A.
Production of all 40 helicopters was completed in
calendar vear 1968,

The TH-57A is a 5-place, single-engine, turbine-
powered helicopter with fixed landing skids. The
main and tail rotor blades are cach 2-bladed, the
main rotor blade incorporating tip weights for high
rotor incrtia in order to insure good autorotational
characteristics. Tt carries a crew of 3 and is pow-
ered by an Allison 950-C18 cngine. It will elimb
to 20,000 fect, have a mission range of 250 nautical
miles at a speed of 100 knots and a useful load of
1,387 pounds.

These new primary helicopter trainers were to be
assigned to the Naval Air Training Command at
Pensacola, Florida, where they replace Bell TH-
13Ms which have served in this role for the past 12

cars.

Under a Naval Air Systems Command contract,
the Sikorsky NH-3A (S-61F) compound helicopter
completed an integrated controls flight test program
in September 1968, The 19,000-pound  hclicopter
was fully integrated with fixed-wing -Controls. Tl']e
goals of the program were to determine t1.1e merits
of complementing rotor flight controls with fixed-
wing flight controls at spceds up to 200 knots.
Thirty-six flights totaling more than 3'0.3 flight hours
were completed during the evaluation. The fixed-
wing controls were dccoupled from th.c rotor con-
trols for 8.4 hours of flight to detcrmme. the base
line for comparison. It was found that the integrated
controls provided 50 percent more responsc than
the bascline aircraft at high speeds and that the
compound responded  like a fixed-wing aircraft.
During mancuvering flight the fixed-wing controls
provided cnough of the total control power and
response to reduce the stress levels in the rotary
flight controls system. Additional testing of the NH-
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The Crew Systems Division of the Naval Air
Systems Command, a division concerned with air-
crew safety, was engaged in several significant proj-
ects during 1968.

Considerable progress was made to improve air-
craft inflight escape systems. (1) A tractor rocket
aircrew extraction escape system was demonstrated
to be feasible for A-3B and EKA-3B aircraft, which
do not have an ejection system at present. (2) A
modification to improve the performance of the
ejection seat in A-4 aircraft was qualified. This sys-
tem provides zero-altitude/zero-speed escape capa-
bility and improved performance under aircraft
high-sink-rate/adverse-attitude conditions. (3) De-
sign and test of escape system improvements for
A-T series aircraft were initiated. A ballistically
spread parachute will open faster and afford re-
covery of the pilot under adverse circumstances.
(4) A rocket-assisted propulsion unit was developed
to improve the inflight escape system of TF/AF-9J
aircraft. (5) A program was initiated to develop an
automated aircrew escape system for T-28 aircraft
presently having only bail-out capability. Service
experience of the cockpit capsular escape system in
emergency situations demonstrated its reliability.
In 5 successive escapes, a total of 10 capsule occu-
pants were saved without injury. (6) Planning con-
tinued for advanced development of the helicopter
capsular escape and survival system. (7) A compre-
hensive search and rescue system development pro-
gram was initiated for improved methods of saving
pilots forced to cject from aircraft in hostile areas.
Effort under way ranged from high-speed rescue
hoists to self-rescue ejection seats embodying lift
and propulsion that enable an ejected aircrewman
to fly to safety. (8) Evaluation of parafoils, para-
wings and sailwings was initiated to develop ma-
neuverable/gliding personnel delivery systems for
specialized use. (9) A new automatic parachute
actuator was developed to increase the reliability
of operation of this lifesaving device. The new
actuator is designed to prevent maintenance person-
nel from assembling it incorrectly.

A dual .ejection on take-off from a crippled F-4
Phantom in the spring turned out to be an un-
planned but successful test of a new rocket-pro-
pelled escape system. P
; SI:C('E)EE’] Smrigle";phtl)(lge aircrewmaq cjected 1(.3ss than
A T:he i]ot‘c'e:zedat e}m estimated altltll(']e of
5 000- focs I\)/vith t]he °d scconds ]atc?r at an algtude

2 : se of the aircraft pointing
ncarly straight up. The 2 men landed safely as the
aircraft fell to the runway and burst into ﬂamels

The new system, developed under NavaluAir
Systems direction, replaces the old Martin-Baker
MK H-5 escape system which lacked a low-speed
low-altitude escape system. Optimum capability was
set at zero speed and zero altitude. The MK H-5
escape system required a speed of 130 knots to
provide a successful ground-level ejection.
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The new system, designated the MK H-7, has an
escape capability ranging from zcro speed at zero
altitude to 600 knots at ground level. Tt will provide
safe escape with the aireraft in a 20—(1(‘grov nosc-
down attitude and at a speed of 90 knots. This
condition is representative of an unsuccessful cata-
pult off the bow of an aireraft carrier. The MK H-7
escape system is a fully scquvnc(‘d svstem which,
upon activation by the pilot. will complete the es-
cape  sequence of rear-canopy jettison. rear-scat
cjection, front-canopy jettison and front-scat cjec-
tion in uppro,\'inmtv]y 1.39 seconds.

Installation of the Martin-Baker MK -7 escape
system started In pr()ducti()n F-4 aircraft in Decem-
her 1967. In 1968 the system was being incorporated
on a retrofit basis in all Navy and Air Force air-
craft,

The Naval Air Systems Command adopted a new
jungle rescue system that will protect a downed
aviator from injury while he is being hoisted aboard
a hovering helicopter.

The new jungle penetrator is a compact, bullet-
shaped device which has a “pop-out” umbrella and
9 seats for dual rescue. The umbrella acts as a shield
to ward off heavy jungle foliage on the way up to
the rescue helicopter. The 2 scats will enable a heli-
(.'()pt(’l' crewman to (1CSC(,‘1](1 Zlnd Pi(‘k llp an il]1~
mobilized airman.

A study of rescue operations in Southeast Asian
combat zones clearly ostablished the need for a de-
vice with a protective canopy. Downed airmen
faced the havzard of collision or entanglement with
branches and vines of the junglc canopy during
lift-off operations. Reports of personnel fatality. at-
tributable in part to the lack of a protective shield
prompted the Naval Air Systems Command to cs-
tablish the requirement for a protective device as a
component of any jungle penctrator dcvel{)pod for
scarch and rescue operations. Further rcquu‘om'c.nts
called for a positive jungle penctration g‘ﬂpablhty,
casy handling and operation by the survivor, com-
pactness for case of stowage in the rescuc helicopter,
and a capability for a dual pickup in the casc of an
injured airman. .

Responding to these requirements, the Billy Pugh
Company of Corpus Christi, Texas, d_evcloped :}nd
demonstrated a jungle penetrator/pickup device.
The Navy conducted evaluations of this unit in
simulated jungle environments at Lal_\'ehurst, N.cw
Jersey, and Warner Springs, Caliform'a. Following
stateside tests, combat—experienced helicopter crews
conducted tests at the Naval Air Station, Cubi POil-]t,
Philippines. This site was selected because of its
similarity to the jungle environment of Southeast
Asia.

When the jungle penetrator is Jlowered to a
downed airman, the compact capsule measures 2%
feet in length and 8% inches in diameter. After
actuating the “pop-out” mechanism, the dual-scated
capsule expands to a length of about 5 feet with the



protective canopy extending to 3 feet in diameter.
The capsule weighs 48 pounds.

Downed naval aviators in Vietnam will stand a
better survival chance because of a new safety fea-
ture which will change the colors of their inflatable
lifesaving  cquipment.  Instead of the standard
bright vellow or international orange, the color of
the aviator’s life preserver and raft will change to
blue.

The old colors proved to be a handicap to the
downed pilot in Vietnam who sought concealment
from the enemy while awaiting rescue. To alleviate
the problem. the Naval Air Systems Command used
a tested and approved blue marking ink. The ink
and appropriate instructions for use have been sent
to the combat arca to permit rapid dveing of in-
flatables now in use. The new blue inflatables will
not reduce the pilot’s odds of being rescued. The
downed aviator still has other locator devices such
as transceivers. radio beacons. strobe lights. flares,
mirrors and dve markers.

The Naval Air Systems Command purchased a
limited quantity of a new type anti-exposure suit
which is expected to improve survivability chances
of Navy aircrewmen forced to abandon their air-
craft in cold water, '

Based on the skin diver’s “wet suit” principle, the
air ventilated wet suit (VWS) introduces a new
concept in constant wear, cold water anti-exposure
protection for Navy aircrewmen. The VIVS has been
designed specifically for pilot-cockpit compatibility
and uses an integrated air ventilation svstem as part
of the suit. The VIS is made from *is-inch uni-
cellular neoprene foam and is lined with a knitted
nyvlon stretch fabric to increase the life expectancy
of the garment and to facilitate easier donning and
doffing. The suits were evaluated by both the At-
lantic and Pacific fleets.

Naval Air Systems Command activities, not re-
stricted to hardware only, moved ahead in several
other major areas. These areas included avionics,
fire ﬁghting. ordnance, radar, photography, crash
locators, and astronautics.

In a long-range effort to halt the proliferation of
special-purpose avionic test equipment, the Naval
Air Systems Command embarked upon a program
tor introducing the general purpose VAST (Versa-
tile Avionic Shop Test) system to the fleet. Its pri-
mary objectives were reduction of avionic shop
space requirements aboard aircraft carriers, redue-
tion of the requirement for highly skilled avionics
technicians, and reduction of costs of sophisticnted
avionic test equipment.

The first carrier aircraft to be supported by the
VAST system will be the A-7E, with such support
to commence in 1970. Plans called for the support
of other aircraft and cquipments as they are intro-
duced. It is expected that by the late 1970s VAST
system test stations will be able to support over 75
percent of the avionic equipments installed in car-
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rier aircraft. By that time. avionic shops are ex-
pected to occupy approximately one-half the space
required in 1968.

The Naval Air Svstems Command developed a
new fire extinguishing agent to combat aircraft fires
at shore stations and aboard ships. Called “Light
Water,” the new technique uses a noncorrosive,
nontoxic liquid foaming concentrate which mixes
with water. can be aerated into foam. and will
smother aviation fuel fires in seconds. It then forms
a liquid which spreads a vapor seal cover on the
fuel surface to prevent further flash fires.

An illuminating flare candle producing a luminous
intensity of about 25,000,000 candles was tested in
1968 at the Naval Ammunition Depot, Crane, In-
diana, under joint Navy-Air Force sponsorship. The
Navy portion of this program is managed by the
Naval Air Svstems Command. The flare candle pro-
vides a means of achieving wide area illumination
with a single flare candle instead of area saturation
with a large number of smaller candles. The amount
of light generated by the candle is equivalent to
about 20 MK 24 Mod 4 Aircraft Parachute Flares.

In 1968 an X-band phased array antenna, de-
signed and fabricated for the Naval Air Systems
Command by Hughes Aircraft Company, under-
went contractor evaluation. The assembled antenna
array, which is comprised of 2400 waveguide ele-
ments, was evaluated both as an antenna unit and
as an integral part of an operational radar svstem.
Lightweight power supplies were being designed
and it was anticipated that a flyable model of the
phased array system would be available early in
1969.

A significant featurc of this phased array antenna
is its ability to meet the tactical requirements of an
airborne intercept mission. The phased array pro-
vides for multiple target track capability with high
data rates utilizing beam steering by nonmechanical
means.

The scanning pattern and the data rate in Navy
aircraft are restricted by the mechanical scanning
antenna system. The need for higher data rates is
greatly increased for the multiple mission radar
system. The phased array antenna system provides
the capability of providing the desired beam shape
plus required data rate.

In 1968 the Naval Air Systems Command devel-
oped a mobile, aerial reconnaissance color film
laboratory which will provide the Navy and Marine
Corps with a field processing capability for aerial
reconnaissance color film when it becomes opera-
tional in the summer of 1969,

Designated ES-81A, the new air-mobile photo
labs are fitted in 2 20-foot vans, measuring 8 feet
wide and 7 feet high, equipped with removable
running gear to provide stability once the units are
set in place. With a combined weight of nearly 6
tons, the 2-unit complex can be airlifted by heli-
copter or transport to remote locations from which
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Navy and Marine Corps photographic reconnais-
sance squadron detachments are operating.

With service introduction of the ES-81A slated
for 1969, it was anticipated that the 5-man service
crew would be able to process 200 feet of aerial
color film within 50 minutes, thus enabling photo-
graphic interpreters and intelligence officers to view
the film more quickly than was heretofore possible.
The ES-81As are fully equipped and contain their
own internal water supply, air-conditioning units
and portable generators.

In 1968 the command began flight test and service
evaluation of a crash-survivable, cjectable, airfoil
package containing a flight data recorder and a
location beacon to facilitate crash location. The sys-
tem was installed on a P-3 Orion for testing at the
Naval Air Test Center, Patuxent River.

Referred to as CPI/FDR, for Crash Position Indi-
cator/Flight Data Recorder, the system is designed
to provide a reliable means of recording aircraft
flight data, to safely deploy this data automatically
from the airplane in a crash situation, and to trans-
mit automatically a distress signal from the accident
location.

Specific aircraft and aircraft systems performance
data, together with voice data from both the pilot
and copilot crew stations and the cockpit area, can
be monitored and recorded. The location beacon
will transmit on 243 MHz, the standard interna-
tional distress frequency which automatically initi-
ates search and rescue operation. Upon location
of the accident, the recorded data may be easily
removed from the airfoil and played back to deter-
mine the cause. The system, which is small in size
and light in weight, is designed for flush-mounting
in the port side of the aircraft’s vertical stabilizer,

The Navy continued to support efforts to apply
space technology to the areas of navigation, geodesy,
communications, meteorology, oceanography and
science. During 1968 particularly significant achieve-
ments were made in the scientific field.

The major Navy effort in the science area was
the Solar Radiation (SOLRAD) Monitoring Satel-
lite Project. Since 1960 7 SOLRAD monitoring
satellites developed by the Naval Research Labora.
tory have been placed into orbit as part of an
exploratnry development program sponsored by the
IS\TS\I’Jaég\Il)r S};Zt_?ms Command. The objective of the

. project is to perform continuous moni-
toring of solar X-ray and ultraviolet emissions of
the solar nreball to provide indices of solar activity
upon which a system of ionospheric disturbance
forecasting can be based. The latest SOLRAD
satellite (SR-IX), launched March 5, 1968, provides
data which are reduced and encoded in a’ standard
format and distributed within 15 minutes of recep-
tion. Acquisition and analysis of these data on the
solar environment are basic to understanding sun-
induced natural phenomena in the near-earth region
which affect military operations, particularly HF
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communications. Prime Navy operational interest is
to utilize the data to forecast the onset of HF com-
munication disturbances. The satellite data are also
distributed to the Air Force SOFNET (Solar Ob-
serving and Forecasting Network), to ESSA (En-
vironmental Science Services Administration), to
NASA and to the scientific community.

The sccond experiment in 1968 through which
knowledge of the space environment was increased
was the Department of Defense Gravity Experiment
(DODGE). The DODGE satellite was developed
to investigate the military potential of 3-axis gravity-
gradient stabilization at near synchronous altitude.
The gravity-gradient scheme is a system of booms
and masses that utilizes the gravity force differential
between 2 or more masses coupled by the booms to
achicve the desired stabilization in space. At syn-
chronous altitude (19,323 nautical miles), the satel-
lite remains in the same position relative to a point
on carth. DODGE is at an altitude of 18,161 nautical
miles, which provides a 929-hour orbit; therefore,
it crosses the same point on the equator every 12
days.

Major accomplishments achieved by the satellite
were the first 3-axis gravity-gradient stabilized satel-
lite at any altitude; first color pictures of the full
carth disc to be transmitted from an unmanncd
spacccraft; first satellite to be launched with multi-
ple and variable damping systems (a total of 4);
direct measurement capability (TV camera) of the
thermal bending of booms; capability of combining
an active angular momentum flywheel \Vit}'l the
passive gravity-gradient booms to obtain 3-axis sta-
bilization.

The project was sponsored by the Department
of Defense, Office of the Deputy Director of Stra-
tegic and Spacc Systems. Development  of Fhe
DODGE satellite was accomplished by the Applied
Physics Laboratory, Johns Hopkins University,
under assignment from Astronautics Division of
the Naval Air Systems Command.

FEDERAL AVIATION ADMINISTRATION

Research and development programs assist the
Federal Aviation Administration in carrying out its
primary responsibilities of improving air safety and
advancing civil aviation. These programs are man-
aged by the agency’s Systems Research and De-
velopment Service, Aircraft Development Serw.ce,
Office of Noisec Abatement, and Office of Aviation
Medicine. ‘

Since industry conducts a large part of the FAA-
sponsored research and development on a Contrac’t)
basis, the agency holds annual “Report to Industry
meetings to inform representatives of the aviation
community of progress, goals, results and trends of
current projects.
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of a shoe box. The pilot, however, remains in com-
mand at all times and may override the automatic
system at his discretion and cither clect to land
manually or execute a missed approach.

The flight tests at the FAA’s National Aviation
Facilities Experimental Center (NAFEC) marked
the first attempt by agency pilots to cvaluate a
completely integrated AWLS under field condi-
tions. FAA will use the data accumulated during
the C-141 flights, along with that from other pl‘(;—
grams, to write criteria for Category III landings,
that is, landings when the cciling is zero and run-
way visibility ranges from 700 feet down to zero.

FAA was investigating improved mecthods and
devices for measuring weather criteria, such as
runway and taxiway visual range and slant range
visibility as well as cloud height and ceiling deter-
mination. A need also exists for an airportksurfacc
traffic system that will permit opcrations on the
ground under all visibility conditions.

FAA continued its investigation of wake turbu-
lence, the twin tornado-like, horizontal vortices
which an aircraft in flight leaves in its wake. Energy
contained in these trailing vortices can cause struc-
tural damage, loss of control and passenger discom-
fort when encountered by another aircraft. By using
actual aircraft, FAA researchers were at work deter-
mining the characteristics of vortex flow, its effect
on encountering aircraft and practical applications
of facts learned.

Two turbine engine fire test programs were con-
ducted to provide additional information on the
inflight firc protection requirements for pod-
mounted turbofan and rear fusclage side-mounted
turbojet power plant installations. The tests pro-
vided engineering and design data which were
being used in the design of new high compression
ratio turbine engines.

FAA’s program for investigating the use of thick-
ened fuels for reduction of survivable crash fire
hazards continued. The agency supported research
to obtain a more stable and compatible thickened
fuel and to compare fire reduction qualities of
various fuels already developed. Following the
selection of the optimum thickened fuel, the agency
planpgd to support tests to determine the extent of
modification an aircraft engine will need to utilize
the new fuel. ’

The FAA was s i - ;
flight characterist;g: rf]cjxc') rxlng rg(l)vpldog‘ra}n? 'tO establish
trol of modern, high- If) . nhty and con-

! of m , performance, light general
aviation airplanes when operated under instrument
conditions by an average pilot. Tests showed that
the stability and control characteristics of light air-
craft were adequate throughout  their CCrtiﬁca(ted
range but could be improved during the landing
approzlch when the pilot load is heaviest. &

With the expanded use of short take-off and
landing (STOL) aircraft, the FAA was focusing
attention on ()pemtional safcty aspeets of this type
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of aircraft. Flight test programs to determine safe
landing distances and how steep a glide slope can
be used and to establish obstacle clearance stan-
dards for instrument approach procedures were
under way at the agency’s National Aviation Facili-
tics Experimental Center. The ageney was also con-
sidering requirements for STOLport design and
location.

Other programs under way concerned use of
grooved runways to provide better traction for air-
craft using wet runwavs and use of improved
aireraft interior materials to reduce cemission of
heat, smoke and toxic gases during survivable
crashes.

FAA initiated a program to cstablish a methodol-
ogy whereby a computer can be used to determine
analytically means for improving the crashworthi-
ness of an aircraft fusclage. Results obtained by
vear-end showed that the computer analytical pro-
:grrum does permit a good assessment of the crash-
worthiness of fusclage structures and docs provide
4 tool which can be used to evaluate the effective-
ness of crashworthy design.

FAA acromedical resecarch teams were ongagcd
in cvaluating aircraft cvacuation techniques and
cabin designs to make sure passengers receive
maximum protection in cvent of an emergency.
Medical experts and engincers coopcratcd in testing
seat structures, safety belts and various aireraft
interiors to provide passengcers the maximum pro-
tection. They also studied  the cffects of drugs,
alcohol and toxic materials, such as pesticides ap-
plied by agricultural aireraft, on flight safety.
Studics also were being run to devise improved
cvacuation procedures for the high-capacity jets
which will be entering airline service in the early
1970s.

FAA was participating in a number of aireraft
noise studics. In one, total aircraft noise exposure
was being measured at 29 representative airports
in a 3-phase study which will lead to a computer-
ized method of determining present and future
noise levels at all airports. Another phase of the
study will be an analysis of various alternatives for
reducing noise and the effect of these procedures.

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

The highlight of the year for the National A§3ro~
nautics and Space Administration, also the high-
light of the Space Age and possibly man’s greatest
adventure of all time, was the December 21-27
mission of Apollo 8 which took 3 astronauts into
Junar orbit.

The nission clearly established the U.S. as the
world leader in space flight and paved the way for
a 1969 manned lunar landing. Crewed by Frank



Borman (spacecraft commander). James Lovell
( Commmand  Module pilot and navigator) and
William Aunders (svstems engineer). Apollo cov-
cred 370.000 miles in 147 hours and included 10
orbits of the moon. In addition to man’s first visit
to the vicinity of the moon. the flight marked man’s
first operations in a gravity field other than earth’s
and the fastest velocity ever attained by a manned
vehicle (24600 miles per hour during carth re-
entrv).

The flight was also the first manned mission
launched by the Saturn 'V superbooster. which
pvrf'ornwd p(‘rfcctly. The Apollo 8§ mission was a
“textbook™ flight. right on  the planned  mission
yrofile from start to splashdown. The 28th manned
flicht in history and the 18th by a U.S. crew. it gave
the U.S. 3.215 man-hours of space experience, com-
pared with 629 for the Soviet Union.

Apollo § was the fourth Apollo mission of the
vear. following one mamned and 2 unmanned flights.
" The precise reentry and splashdown on October
92 of the 11-day Apollo 7 flight ended what was
called a 101 percent successtul mission. Manned
by astronauts Walter Schirra. Donn Eisele and
Walter Canningham, the Apollo 7 performed flaw-
lesslv for more than 260 hours in space. including
firin:gs of the spacecraft’s primary propulsion system
and the first live TV from a U.S. manned vehicle.

Shortly after launch, with the Saturn IB rocket
socond stage still attached to the spacecraft, the
astronauts exercised manual control of the com-
bined vehicle from the spaceeraft. Following space
vchicle separation. the astronauts flew thebspnCe_
craft around the sccond stage and simulated a
Jdocking, using ’f.he Lunar Module Adapter as the
target. Later, with the second stage in a different
orbit, the spacecraft “found” the vehicle and ren-
dezvoused with it. demonstratingr the ability of the
Command Module to maneuver to the Lunar
Module if the latter should become disabled on a
manned lunar landing mission.

Most of the critical tests necessary to “wring out”
the spacocmft cquipment took place early in the
flight. Crew performance, prime and badkup sys-
tems, and mission support facilities were checked.

The astronauts used hand-held movie and still
cameras to photograph both ecarth and stars. The
astronauts had colds during the flight.

The flight not only accomplished all mission
objectives but also completed some tests not in-
cluded in the original flight plan. Apollo 7 flew
some 4,500,000 miles on the first manned Apollo
flight.

The April 4 flight of Apollo 6 was the second
unmanned Saturn V mission to demonstrate launch
vehicle and spacecraft systems performance. Two
problems were experienced with the rocket systems
—vertical oscillations, or “pogo” effect, in the first
stage and rupture of small propellant lines in the
upper stages.
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Through a determined post-mission analysis and
an aggressive ground testing and evaluation pro-
gram. these Saturn V problems were corrected.

During the January 22-23 Apollo 5 mission,
Lunar Module systems and structural performance
met all objectives, including 2 firings of both the
ascent and descent propulsion systems.

The unmanned Lunar Module was boosted into
earth orbit by a Saturn IB. Post-flight analysis de-
termined the Lunar Module ready for manned
earth orbital missions.

During 1968 scientist-astronauts John A. Llewel-
Iyn and Brian T. O’Leary withdrew from the train-
ing program, Air Force Lieutenant Colonel Michael
Collins underwent surgery for removal of an
arthritic bone growth, and Navy Lieutenant John S.
Bull withdrew due to pulmonary disease.

Where the mighty engines of Saturn V, the free
world’s largest and most powerful booster, demon-
strated their ability to orbit heavy pavloads, NASA
also successfully operated a very different type of
power plant in 1968. Two ion, or electrical, engines
were tested on a spacecraft, producing a thrust
equivalent to the weight of one-half of an office
staple.

Instead of 2% minutes of operation, the ion
engines fired for a total of 23 hours in 5 separate
tests. And where Saturn V’s great F-1 engines gulp
15 tons of chemical propellants per second during
their brief firing, only one-tenth of a pound of
cesium was required to fuel each of the ion power
plants. This supply is enough to keep a satellite in
stationary orbit above the earth for more than 3
years.

Because satellites placed in synchronous or sta-
tionary orbit tend to drift slowly, ion power plants
are ideal for countering the gravitational forces
acting on the spacecraft. Only very-low-thrust,
lightweight engines are required to nudge the
satellite from time to time to keep it at a precise
point above the earth.

The 2 NASA ion engines were tested aboard
Applications Technology Satellite 4, launched
August 10. Two more were scheduled for testing on
the ATS-E to be launched in August 1969. Each
unit weighs but 10.2 pounds and measures 12x10x4
inches.

A decade of operations was only beginning to
reveal the great variety and value of potential space
vehicle operations, both manned and unmanned.
The space program’s intensive scientific and tech-
nological effort brought great advancements in
knowledge about the moon, the solar system and
earth-sun relationships in 1968.

Among the objectives desired in developing space
science and applications for 1968 were:

» To obtain a detailed understanding of the
physical interactions and dynamic processes which
control the earth’s space environment.

* To explore new regions of space in order to
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increase understanding of the nature and evolution
of the solar system and the universe.

* To define the space environment and assess the
hazards to men and machines.

* To exploit space as a laboratory for investiga-
tions and experiments not feasible on carth.

The space agency used a number of different
vehicles designed to obtain data in achieving these
objectives. The Explorer series, the first of which
discovered the Van Allen Radiation Belts in Feb-
ruary 1958, continued in 1968.

Explorer 38, called Radio Astronomy Explorer I,
opened a new window to the universe in July. To
accomplish its mission, the spacccraft deployed 4
antennas, each 750 feet long (1,500 feet tip to tip),
and a damper hoom extending 315 feet (630 fect
tip to tip). Explorer 38 was monitoring low-
frequency natural radio signals from space which
the atmosphere cuts off from ground stations.

Explorer 36, together with the carlier Explorer
29, was measuring the small variations of the
earth’s gravity field, fixing more precisely locations
‘of points on carth.

Generally, Explorers are relatively small satellites
placed into differing orbits serving a particular
purpose. Some provide data on the composition,
density, pressure and other propertics of the upper
atmosphere.  Others provide information on the
physics of interplanetary space and the moon. Their
findings arc added to  the accumulating fund of
knowledge about the earth’s space environment and
will be useful in dcve]oping better communications
systems as well as in gaining a better undcrstanding
of factors involved in weather forccasting.

Related to activities of the Explorers are NASA’s
Orbiting Geophysical Observatorics. These are de-
signed to provide more knowledge about the earth
and space, and how the sun influences and affeets
both. OGOs are generally several hundred pounds
heavier than the Explorers and carry many more
experiments. For example, OGO V. launched in
March 1968, carried 24 different experiments;
Explorers usually carry about 8.

Principal advantage of the OGOs is that they
n'mke it possible to observe numerous phenomena
snﬁultancously for long periods of time. This per-
mits study in depth of the relationships between
phenomena. For example, some OGO experiments
report on the erratic behavior of the sun. Others
may describe concurrent fluctuations in carth and
mterplanetary magnetic fields, space radiation, and
properties of the carth’s atmosphere, ’

I\ASA openeq a new series of Pioncer spacecraft
experiments with the launch of Pioneer VI on
December 16, 1965. The ninth of the series sent
aloft November 6, 1968, was to acquire additional
data on solar plasma and cnergetic particles, and
magnetic fields propagated by the sun towur;l the
carth. These data, combined with information from
previous Pioncer spacccraft still operating, were
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being used in the continuing study to understand
solar processes. the interplanctary medium, and
cffeets of solar activity on the carth’s environment.
The data were also providing an additional basis
for forccusting solar weather. imp()rl;ml n protcct—
ing Apollo astronauts on the way to the moon. The
Pioncers can give up to 15 davs™ warning of storms
on the sun.

Solar weather also affects radio communications
and power transmission. Some scientists suggest
that solar weather (particle bombardment)  has
long-term effects on carth weather and climate.

Pioncer IX, joining 3 other Pioneers spotted
around the sun. was traveling in solar orbit, sched-
uled to pass behind the sun 770 davs after launch.
At this point, Pioncer IXs focused radio beam must
travel 180.000.000 miles across the solar svstem
back to the deep space network on carth. More
than 6 billion data bits had been returned to earth
from Pioncers VI, VII and VII1. which had re-
ceived some 20,000 commands from the ground.
The spacecraft measure onlv 35 inches high and 37
inches in diameter and weigh but 140 pounds.

NASA’s Applications Technology Satellites pro-
gram is dosigncd to test promising new t(‘Clmiqucs
and cquipment in space which may be used in
future meteorological, navigation, and communica-
tions satellite systems.

During the first half of 1968, ATS I was used
in the task of gathering new clues about the forma-
tion of tornadoes. It may have helped pinpoint a
possible new origin for the tornadocs that period-
ically dévastate the American Midwest. ATS 111
was in stationary orbit about 22,240 miles high a'nd
had taken color photographs of the earth covering
morc than half the globe. An attempt to put ATS IV
in a similar orbit failed in August.

The last of the Surveyor scrics, VII, was landed
on the moon in January 1968, close to the Crater
Tycho. It had 3 major experiments to perform: TV
photographs (2,274 on the first day.), lunar surface
material analysis (43 hours’ analytical time), and
surface sampling. -

It was found that the chemical composition of
the highland surface material differs from that of
the lunar “seas,” which was cxamined similarly by
previous Surveyor craft in other locations. ThCl.‘e
scems to be a smaller amount of iron clements in
the highland samples, which could be t}w reason
for the brighter appearance of the moon’s uplands
compared with the maria. .

A new indication of the weight of moon material
was obtained when the Surveyor’s claw picked up
and “weighed” a lunar rock. ]

Altogether, Surveyor VII and 3 preceding soft-
landers returned some 70,000 pictures of 4 different
locations on the moon. These have given scientists
extremely detailed and close-up views of the lunar
surface impossible to obtain with the finest tele-
scope.
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dynamics of supersonic and hypersonic aircraft,
lifting bodies and vertical/short take-off and landing
(V/STOL) craft. NASA also was giving more atten-
tion to general aviation and the problems of the
private pilot, especially in areas of safety and ease
of operation.

In structures research, a new supercritical airfoil
was developed which permits thicker wing sections
without increasing cruise drag, compared with
former designs. This means a higher lift-drag ratio
and increased payload and range.

In addition to applying new techniques in older
disciplines, NASA was expanding its program in the
newer sciences important in advancing aeronautics:
avionics, human factors, flight dynamics and opera-
tional environment.

A quiet engine program was started with the goal
of producing a turbofan engine which would op-
erate at a noise level of at least 15-20 decibels
below power plants used by commercial aircraft
such as the 707 and DC-8,

More and more, NASA was moving into activities
for improving general aviation and commercial air-
craft formerly fulfilled by military research and
development. Because there is an increasing diver-
gence between military and civil aircraft require-
ments, there is a growing gap between research
and prototype flight equipment or aircraft, and
NASA was moving to fill that gap.

NASA scientists and engineers, working with
university and industry groups, pushed ahead in
the fields of space power, electric, nuclear and
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chemical propulsion to enhance the capability of
already-proven launch vehicles.

NASA continued to transfer to industry, small
business and the scientific community the new
technology coming out of spacc-related rescarch
and development activity. Most of this technology
comes from NASA field centers where specialists
continuously review rescarch and  development
projects  for promising new ideas. In addition,
NASA contractors are required to report inventions,
discoveries, innovations and improved techniques
they develop in work for NASA.

Three basic tracking networks were keeping tabs
on NASA’s orbiting satellites: Manned Space Flight
Network (MSEN), Deep Space Network (DSN)
and the Space Tracking and Data Acquisition
Network (STADAN).

At ycar-end, there were 26 sites in the 3 net-
works, some single, some of multiple purpose, lo-
cated in 15 countries around the world. Each net-
work is designed to support specific types of mis-
sions, depending on whether it is near carth,
manned or probing deep space.

These networks are constantly being  strength-
ened to handle the demands of the newer and
increasingly sophisticatcd satellites. In 196:() 1\‘:AS.A
plans to add a 210-foot-diameter antenna in Spain
and in Australia to beef up the DSN for future
missions into decep space. The 210s provide 6%
times increased performance over existing 85-foot
antennas, making it possible to return usctul scien-
tific data from 3.5 billion miles from earth.
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uniforms for its stewardesses in late 1967. In 1968,
4,000 passenger and freight scrvice cmployces
donned their colorful new wardrobe. Bright new
red and blue dresses blossomed by year’s end be-
hind ticket counters and at air terminals served by
the airline in the U.S., Mexico and Canada. In this
new wardrobe change, part of the company’s “Amer-
ican Way” campaign, the men of American were
presenting a more dapper appearance, too. Pas-
senger and freight agents were wearing dark blue
suits, a choice of white or blue shirts and red or
blue ties and pocket squares. Passenger service
managers, who provide personal assistance to travel-
ers with personal problems or nceds, are casy to
identify in their dark red-and-blue striped blazers,
white or blue shirts, blue ties and dark blue slacks.
The new styles were the result of more than a year’s
planning and rescarch.

Fun was again in store for top U.S. business lead-
ers when they teamed up with stars of professional
baseball and football in the unique second annual
golf tournament sponsored by American Airlines
February 14-16. The American Astrojet Golf Clas-
sic, a $30,000, 54-hole event, was held at the
LaCosta Country Club near San Diego, California.
Proceeds of the 3-day tournament went to the
American Cancer Society.

Recognizing the need for the exchange of infor-
mation on modern airline managerial techniques
provided by electronic data processing with its
international interline partners, American Airlines
in 1968 initiated a series of seminars for foreign air-
line executives. Two technical and 2 nontechnical
seminars were held during the year near American’s
main SABRE installation in Briarclif Manor, New
York, with airlines from all parts of the world par-
ticipating. No secrets were withheld; the seminars
were work sessions designed to instruct the partici-
pating executives in the nontechnical seminars on
the basics of EDP and how such systems may be
applied to airline management and in the technical
seminars on the latest EDP techniques applicable.

During the school year that ended in 1968, Amer-
ican Airlines sponsored 133 “American Youth Per-
forr'ns” concerts in 50 major areas throughout the
United States. The American Airlines-sponsored
AYP organization is dedicated to the recognition of
young singers and musicians who compete through-
out the nation. The most outstanding of these young
performers participated in national concerts in
Washington’s 'Constitution Hall and New York’s
famed Carnegie Hall in May. The program began
its fourth year in September.

Again working with American youth, the airline
sent a specially trained team of stewardesscs during
1968 to disadvantaged neighborhoods in major
U.S. cities to teach good grooming and makeup
techniques to girls between the ages of 14 and 18,
and joined with Cessna Aircraft Company in pro-
ducing Air Age Education Kits to be used in teach-
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ing young people about both commercial and gen-
eral aviation in classrooms throughout the country.

Among other long-range facilities planning for the
1970s, American announced plans to construct revo-
lutionary “super bay” maintenance hangars at New
York's Kennedy Airport, Boston, Chicago, Newark,
Los Angeles and San Francisco and at a new super-
sonic airport between Dallas and Fort \\'()rth’._ With
a floor arca covcring about the same space as i foot-
ball fields, the 5-story-high “super bay” hangar was
designed by American for 3 different operations
(light maintenance, heavy maintenance and over-
haul) for at least 6 different airplances, including the
2 subsonic jumbo jets, the DC-10 and the 747, and
the U.S. and British-French supersonic transports.

A new freight terminal, longer than 3 football
ficlds, was one of the highlights announced rcgard—_
ing new freight facilities for the 1970s. T}?c cost ot
this terminal, to be built at Kennedy Airport by
mid-1970, was estimated at $11,700,000. Amcric;.m
expected to spend more than $50,000,000 on its
nationwide program of new and expanded freight
facilitics by 1975.

To serve more cffectively the heavily traveled
commuter-type scgments on American’s systogl, t'hc
airline started the Jet Express concept in 1967 with
hourly departures from New York to Boston, Wash-
ington and Chicago. The program met with such
success that in 1968 the company started half-hourly
service from the New York metropolitan arca to
Chicago and maintained the hpurly service to
Boston and Washington. The half-hourly schvdulcj
provided Newark Airport with flights every hqux
on the half hour to Chicago, and La(j;uardla with
flights every hour on the hour. All flights on the
New York-Chicago Jet Express were moved from
heavily congested Kennedy Airport. .

Before American started the Jet Express service
between New York and Boston, its participation
the market was minimal. By year—cnd, \\jith a st‘ro'ng
pattern between the 2 cities, it was again providing
a marketing threat to its competitors as it overcam_e‘
the competitive inroads of the last few years. This
was also true in the New York-Washington market.

In the New York-Chicago market, Ameri_can was
carrying approximately one-half of the industry
passengers, providing 37,670 jet seats weekly. '

American’s pattern of service contlhnued to glo\xf.
Examples of nonstop, round-trip scrvice added (}(1;1—
ing the year were Hartford-Los Angecles and.O a-
homa City-San Francisco. The nonstop scrvice on
heavily traveled segments was also increased.

In the highly competitive New York-Los Angqles
market, American retained its dominant position
and its passenger market share ran well above' its
scat-mile share. In the New York-San Francisco
market, its market share continued to improve and
was cqual to the seat-mile share. .

In the spring American announced that 1.t had
become the world’s first commercial carrier to



achicve operational approval to use an automatic
inertial navigation svstem. The Litton Industries’
svstem. known as the LTN-310 replaces complex
navigational procedures requiring fixes and caleu-
lations. which take navigators approximately 20
minutes to ('omplvtv. Pinpoint navigation is accom-
plished automatically in 1/20 second by the LTN-31.

I the summer American anmounced completion
of the first major phase of a $1.200.000 program
that promises to lift much of the burden off the
nation’s busv air traffic controllers and at the same
time improve air satety and help to relieve airport
congestion. American completed fitting its entire
fleet of Bocing 727 Astrojets with “automatic alti-
tude reporters.” or the aireraft portion of what is
sometimes referred to as the “alphanumeric” radar
svstem. When  coupled  with ground  equipment
being prepared by the Federal Aviation Administra-
tion. data will ;iutomuticall_\f flash on radar con-
trollers™ sereens at ground stations, instantly giving
aircraft altitude and identitv; thus much of the
routine conversation that now accounts for up to
40 pereent of the controllers” work load will be elim-
inated.

An clegant addition to Mexico's impressive array
of tourist facilities was announced in the fall in the
form of a towering new hotel for Acapulco. The
$13.000,000, 21-storv hotel, to be operated by
American Airlines, will overlook the shimmering
sands of Condesa Beach. a sctting of extraordinary
natural beauty, Construction started on the hotel,
the Condesa  del Mar, and completion was  ex-
pected in November 1970. The building was being
constructed and will be owned by a group of
prominent Mexican businessmen. It will open with
500 guest rooms and a complete range of conven-
tion, recreation and shopping facilitics. American
will operate the hotel through its hotel, restaurant
and  airline catering  subsidiary, Skyv Chets. Inc.
Skv Chefs in 1968 was opcmt'ing 3 hotels in the
U.S.. at Rochester, New York, Fort Worth, Texas,
and Cincinnati, Ohio. A sccond hotel was under
construction at Rochester and one was planned for
Boston. American was participating in the construc-
tion of a 500-room luxury hotel in downtown Scoul,
Korea, which Sky Chefs was also to operate.

American entered even more uggrvssiv('ly into
the region of sports in 1968 as a means of reaching
th('.(*o‘nsmning public and, again, of supporting the
nation's youth. This included advertising in con-
junction with the New York Yankees, San Francisco
Giants, New York Mets and St Louis Cardinals
televised  baseball games, the National Hockey
League games and ‘the National Foothall League
games, including the Super Bowl In addition,
American became the only airline to show the NFL
Game of the Week every week on its unique inflight
movice system, Astro-Color. Bascball clinies in the
New York metropolitan arca were held for Little
Leaguers, with players from the Yankees and Mets
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as instructors. American again served as a travel
consultant to the United States Youth Games, an
annual competition for youths, ages 10 to 15, from
cities across the nation.

“Music 'Til Dawn,” an all-night semiclassical,
popular and classical music program sponsored by
American Airlines in 10 cities throughout the coun-
try, including 5 CBS-owned stations, celebrated its
15th anniversary in 1968 with cverything from
special music programs, salutes from officials and
cultural leaders. and exchanges of greetings be-
tween the 10 program hosts, to on-the-air birthday
parties (including birthday cakes). Coinciding with
the anniversary, The National Federation of Music
Clubs awarded Special Three Star Awards of Merit
to Amecrican Airlines and CBS Radio for “Music
"Til Dawn.” The awards, the highest form of recog-
nition given by the national federation. recognized
both the program’s continuing promotion of Ameri-
can music and a special “Music "Til Dawn” program
of music by American composers which was broad-
cast Febru'ar_v 22, 1968.

AMERICAN FLYERS AIRLINE

The year 1968 was the most significant in the his-
torv of American Flvers Airline as the supplemental
carrier achicved important progress in all areas of
its operations and simultaneously laid the founda-
tion for future cxpansion and growth.

During 1968 American Flyers accepted delivery
of 2 Bocing 727-100C fanjet aircraft, increasing the
airline’s charter capacity by 80 percent. During the
latter part of 1968 American Flyers ﬂlmounc@a’ the
addition of 2 McDonnell Douglas DC-8 Super 63
jet airliners to its c.harter fleet, inCl‘ﬁ“dsing the ai
line's charter capacity by another 70 percent. The
950-seat DC-8s enabled American Flvers to offer
nonstop service on such routes as New York to
Rome or Chicago to Hawaii and the airlipe begar
hooking charter ﬂights on t.he DC-8 equipmentb to
Jiurope and Huw‘au beginning in June 1969,

\Vith the addition of the new DC-8s, AFA .
operating a feet of 125-passenger Bocillg 7275 m;lc;
89-passenger Lockheed Els‘ctm‘ IIs, offering th
widest choice of charter aireraft inp the indbust.e
This equipment was cnpable‘of lmndling, Virtu-wjly'
any size charter group and of operating It‘l'om );.1 y
tic'nlly any size airport. prac-

American Flyers was actively partic
the grmtly expanding inclusive tour ¢k
ket sanctioned by Congress in 1968,
had been known in the industry as the predomin,
domestic and Caribbean group charter il {?;}nt
the addition of the new long-range jots, the 1 .i_lth
was moving aggressively into the intol‘nntiolmi 1(}111.“.0
ter markets. ar-

American Flyers holds all requisite pe

ipatine s
. Pdtlllg m
arter mar-
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couver International Airport at the beginning of
November when a sleck new Boeing 737 twin-jet
flew in from the Bocing plant at Scattle, resplendent
in the bright new colors.

It was the first of 7 of the $35,000,000 short/
medium-range airliners CP Air had on order. Five
were to be delivered by the end of the year to
operate on routes covering British Columbia, Al-
berta and the Yukon. The DC-6B propeller-driven
fleet was to be phased out.

The sixth and seventh 737s, slightly heavier ver-
sions, were scheduled for delivery in March 1969
for use on the Vancouver-San Francisco route and
in transcontinental service. Those deliveries would
make CP Air an all-jet airline, with the exception of
92 small feeder routes in central British Columbia
to be operated with DC-3s.

Sharing the remarkable global growth of air
traffic, the company was cxpanding its routes and
increasing frequencies on cstablished routes, with
commensurate additions to the jet fleet.

But all was not as bright as the new orange color
indicated; CP Air continued to face the challenge
of economic crisis. Said CP Air President J. C.
Gilmer: “We have come to the end of the time
when steadily rising costs of almost all goods and
services are offset by the progressively greater
efficiency and productivity of successive aircraft
and cngine types. With revenue yields declining
and expenscs still climbing, the airlines are in
trouble.”

Though CP Air’s transportation revenue for the
first half of 1968 was up 9 percent over the first half
of 1967, net income was substantially down. The
same situation was expected for the second half of
1968.

First-half transportation revenues totaled $48.-
200,000 compared with $44,100,000 in the first half
of 1967. The first-half net income was not an-
nounced. CP Air carried almost 15 percent more
passengers in the first half of 1968 than in the same
period the previous year and passenger mile total
was up over 1012 percent.

“In general terms, we are preparced for the fact
that 1968 revenues will be substantially below fore-
cast and the year’s profit will not be a healthy one,”
said Mr. Gilmer. “However, the airlines have suc-
cessfully weathered more difficult periods and we
see the long-term outlook as reassuring.”

Underlining this statement, he detailed recent
and upcoming developments:

* Delivery of 4 DC-8-63 Spacemaster jets during
the first half of 1968 cnabled the airline to procced
with its p]armed expansion of routes and frequen~
cies. Unavoidable delays in delivery of these air-
craft had forced CP Air to mark time for a year
or so.

* A sccond daily cross-Canada flight linking
Montreal and Vancouver, with stops at Toronto
and Winnipeg and adding Edmonton and Calgary

]

to the route, was introduced in February, This was
the first step in further servicing of this route under
the Canadian government’s aviation policy which
provides for CP Air to increase its transcontinental
flichts so that by 1970 it will he operating 25 pereent
of the total capacity, and to maintain that pereent-
age thereafter.

* An important new destination was added to
Canadian air routes September 9 with the inaugural
flight to Athens. extending  the long-established
castern Canada-Rome route, \

* Beyond Athens, CP Air was actively interested
in extending its services into the Middle Fast and
Africa. A number of Middle East destinations were
lively prospects, but extension of the route pattern
there depended on the results of cconomic studies
and diplomatic overtures in progress at vear-end
1968. ‘ )

* As a result of the signing of a bilateral air
agreement between Canada and Panama. CP - Air
was planming to land at Panama on one or possibly
2 flights per week en route from Mexico City to
P("ru. Chile and Argentina, subject to the npprc;va]s
of the governments concernced.,

. In the South Pacific the airline doubled its
frequency to Sydney from fortnightly to wecekly,
with a separate Hight ('(mt'innin(i the I"()rtnightiv
service to Auckland, ) C

* Taking shape at Vancouver International Air-
por_t _\Vas a ]ill'gC new maintenance, overhaul and
training base to be known as the CP Air Opecrations
Centre. This $24,000.000 facility was to include the
largest hangar in Canada and was to be capable of
handling all aireraft flying or on the drawing
boards. It was expected to mecet the airline’s re-
quirements for the next 20 vears.

. _In the summer of 1969 CP Air was to rcenter
the international charter program which had been
sharply curtailed in 1967 and 1968 because of delays
in delivery of new equipment and priority demands
of scheduled services. From May 1 to October 31 a
DC-8-63 Spacemaster jet will provide charter ser-

vice between Canada and Europe in a 240-seat con-

figuration. The high capacity of this charter jet will
cnable the airline to offer $plit charters (2 affinity
groups on the same aireraf P ( ices

€ aft) at new low prices.

'In the ‘]‘onger perspective, Mr. Gilmer noted, CP
An’ was “alert to the significance of the air bus,
jumbo apd the supersonic era of the next decade.”

He said that though CP Air holds delivery posi-
tions for 3 Boeing supersonic transports, the com-
pany was concerned over the delays the program
hud_ fzncountcrcd which could affect CP Air’s com-
petitive  position in the 1970s. Progress of the
Anglo-French Concorde supersonic transport was
being monitored.

On jumbo jets, CP Air was keeping abreast of
developments but could not foresce sufficient traffic
density on the company’s routes to justify ordering
these large aircraft.




CAPITOL INTERNATIONAL AIRWAYS

Capitol International Airwavs continued its rec-
ord of leadership in the supplemental airlines in-
dustry during 1965 with advances in several de-
p;n'hm-nts:

« Capitol became the first supplemental airline
to put stretched DC-8-63 airceraft into operation
when it accepted delivery of 2 of the 250-passenger
craft in Angust,

e The airline p;lid more than $1.000,000 in com-
mission to travel agents who hooked charter flights.

 Capitol flights carricd more than 90,000 com-
mercial passengers overseas.

« The company’s gross revenue inercased by 35
pereent to $14.4.000.000 in 196S.

+ Capitol moved into the inclusive tour charter
ficld with several tour operators taking advantage
of the authority granted by the Congress and signed
into law by the President.

« Capitol generated 68 pereent of its gross rev-
cenue from connnercial charters with an inerease in
revenue from those charters ot 90 pereent.

« The company operated a DC-S on a jet lease
arrangement to Air Congo throughout the vear on
flights from the Congo to Brussels, Paris and Rome.

« Capitol flights carried many educational
groups, including students of the world’s greatest
international school organization, again in 196S as
it had done for the previous 4 vears.

« A significant number of the airline’s flights (40
pereent) originated in foreign countrices, thus help-
ing a favorable balance of pavments situation for
the U.S. government.

Capitol looked forward to another record-setting
vear in 1969 with an all-jet flect of 7 DC-8 aircraft to
be increased by 2 more of the Super 63s during the
summer. Aireraft bookings for 1969 were at an all-
time high.

CARIBAIR

For Caribair, 1968 was a year of transition into
the jet cra and of route development. Caribair’s
Convair fleet of both turboprop 640s and 340 equip-
ment was inereased with the arrival of 3 DC-9
Series 30 115-passenger jets.

The airline concentrated on improving the on-
time performance factor and by midyear it ranked
among the top 3 of all trunk carricrs operating on
the mainland.

The short San Juan-St. Thomas market began
receiving jet service and by October 15 most daily
flights on that segment were performed with Carib-
air’s new DC-9 equipment.

Caribair established its popular island-hopping
flight 621/620 which departs San Juan at 8:00 a.m.
and arrives at Port of Spain, Trinidad, at 5:20 p.m.

CIVIL AVIATION

after stopping at 12 American. English. Dutch,
French and independent islands along the wav.

In addition to these flights. Caribair added daily
DC-9 jet service to Trinidad via the Virgin Islands,
Saint Maarten, Antigua, Martinique and Barbados.
The combination of multistop turboprop service
with the skip-stop DC-9 eastern Caribbean service
is proving to be a verv attractive incentive for
visitors to discover the different and lesser-known
islands of the region.

Caribair cxpected to receive major route awards
from the final decision in the Cuaribbean/South
America Route Case Investigation. This case had
been in process for 7 years.

Caribair was recommended late in 1967 by a CAB
examiner for permanent certification on the routes
the airline was operating. In addition. Caribair was
recommended for routes into Haiti, Kingston and
Montego Bay, Jamaica. and Miami, Florida. South-
bound. Caribair was recommended into Caracas,
Venezuela. This recommendation would  provide
Caribair with the most complete route system in the
entire Caribbean with strong anchors at Miami.
San Juan and Venezuela.

While it was costly to the company to equip.
train. pioncer and develop operations geared to the
existing route system, Caribair expected and looked
forward to an extremely bright 1969 with the new
routes and a full vear of jet experience accom-
plished.

CONTINENTAL AIRLINES

During 1966 the “Proud Birds” of Continental
Airlines displaved their golden tails along o domes-
tic route mileage which, at the end of the year,
totaled 9,008 miles. Revenue passenger miles in-
creased sharply in 1968: during the month of
August, for example, passenger traiﬁc was up 39
percent over the same month in 1967.

Flying an all-fanjet fleet, Continental inaugurated
hew service in Texas, Colorado and Washington.
Nonstop Chicago—Colorndo Springs flights began in
May; service was recestablished to Austin, Texas, in
:\pl"il after an interruption of several years; and
new nonstop  daily flights between Houston and
Seattle were started in July.

All present-generation aircraft outstanding  on
Continental’s order book were delivered in 1968.
Continental’s 3 Boeing 747 superjets were to arrive
n 1970. and its 3 Concorde SSTs were scheduled
for delivery in 1972. The company also held delivery
sositions on 3 Bocing SSTs, with probable delivcr'y
in 1978. Togcthcr with spare parts, the aircraft re-
ceived during 1968 were valued at over $87,000,000.

Continental’s short-range DC-9C passenger/cargo
convertible fleet was rounded out at a total of 19,
and the long-range fleet was increased by 5 more
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Boeing intercontinental 320Cs to a total of 13.
During the late summer a complete flect of 13 long-
bodied 727s was delivered from Boeing and imme-
diately began operations on the majority of the net-
work, including the new nonstop Houston-Seattle
service, Continental’s longest domestic flight.

In 1968 Continental became the first and only
airline to do away with 6-abreast scating on all of
its aircraft operated within the U.S., a unique pas-
senger service feature. The passenger is offered a
choice of 3 classes of service (economy being about
15 percent less expensive than coach class). Spa-
cious 5-abreast scating is provided for both econ-
omy- and coach-class passengers in a single cabin
on the Bocing jets operating on Continental’s longer
route segments. This allows the line a flexibility of
seat allocation between coach and ecconomy class
on each flight segment.

Eight Boeing 720Bs were reengincered during
1968 to match the interiors of the new aircraft. The
design of the interiors is complementary with the
“New Look™ and redesigned corporate image intro-
duced in October 1967. The new corporate colors—
red, orange and gold—touched almost cverything
used by the line, and the new corporate symbol re-
placed the old Continental thunderbird.

A milestone along the road of airline efficiency
was established when Continental went “on-line”
in June with SONIC 360, the world’s first third-
generation, real-time passenger-name-record reser-
vations system. Based on IBM’s PARS system, the
Continental complex includes a unique seat reserva-
tion capability that enables the agent to display the
aircraft seating plan on SONIC’s TV-like screens
for seat selection. Reservations offices in Los
Angeles, Denver, Houston and Chicago have in-
stant access to the vast storage of the 2 IBM System
360 computers that are the hcart of the SONIC
complex, which is located in the line’s general office
building in Los Angeles. Immediate confirmation
of reservations is possible because of the system’s
instantaneous reaction to all demands.

Continental’s president, Robert F. Six, opened the
world’s largest air cargo building at Chicago’s
O’Hare International Airport in June. Containing
320,000 square feet on 3 levels, the building houses
11 tenant airlines in addition to Continental’s cargo
operation, regional offices and regional SONIC 360
reservations facility.

During.1968 Continental continued as a con-
tractor with the government for Military Airlift
Command (MAC) flights. An average of § Boeing
{32OC§ were allocated to this service, mostly orginat-
ing flights in California for Southeast Asian destina-
tions. Co_ntmental marked its fourth anniversary of
transpacific operations in September 1968.

On May 16, 1968, a Boeing 727-100C took off
westbound from Hawaii to inaugurate the sched-
uled operations of Continental’s new airline in the
Central Pacific, Air Micronesia. Under a contract

from the government of the Trust Territory of the
Pacific Islands. Continental was flving a route net-
work of 6377 miles to. from and within Micronesia,
as the Trust Territory is more frequently called. The
t\\'icc-\\'cckl_v Air Micronesia services from Saipan
through  Guam. Truk, Ponape. Kwajalein  and
Majuro to Honolulu and down to Palau forged a
completely new link between the Trust Territory
Islands and the outside world. Once weekly, the
Continental 727 also linked Guam and Saipan (the
Trust Territory capital) with Okinawa. Air Micro-
nesia is one of the world’s most unusual airlines,
providing jet service to tiny primitive islands from
short, palm-fringed coral runways.

During the first 9 months of 1968. net carnings
after taxes were $4.819.000. or 48 cents per share.
For the same period of the previous year, carnings
amounted to $13,716,000, or $1.37 per share. Total
revenues rose to a record high of $155.400.000 for
the first 9 months of the year, up from $141,705,000
in the same period of 1967. Passenger revenues in-
creased by 30 percent, while revenue miles flown
were up 46.5 percent.

DELTA AIR LINES

Delta Air Lines during fiscal 1968 sct new records
in opcrating revenues and traffic statistics, substan-
tially increased its available scat miles by continued
expansion of its DC-8 and DC-9 flects, pursued a
vigorous program of building cxpansion and an-
nounced the largest aireraft purchase agreement in
its history for additional jet aircraft in the fut%lre.

Highlights from the 1968 fiscal year financial re-

ort were: earnings after taxes (including surtz}x)
of $1.89 per share, or $36,134,000; record operating
revenues of $431,600,000; opcrating cxpenscs of
$363,000,000; revenue passenger miles up 11 per-
cent to a new high of 7.1 billion; and a total capacity
of 12 billion available seat miles operated, an in-
crease of 24 percent. '

By comparison, 1967 fiscal year earnings were
$2.57 per share on present shares outstanding. But
the profits for 1967 were enhanced by 3 ex'ternal
influences: the July-August 1966 .?trike aga}nst 5
major competitors, major delays in new aircraft
deliveries beginning in Decemb.er 196@, and t'he
special item profit on the disposition of flight equip-
ment. Each of these influences inflated short-term
profits and camouflaged the continuir.lg growth
trend in traffic, revenues, and even earnings.

Delta carried 10,368,831 revenue passengers on
its domestic and international routes. This total,
too, was a record and a gain of 10 percent over the
9,422 422 rcvenue passengers carried in fiscal 1967.

Revenue cargo ton-miles increased 14% percent,
from 118,832,000 in fiscal 1967 to 136,018,000 in
fiscal 1968.
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areas at the Atlanta Airport. The rotundas, part of
Delta’s $7.000.000 Atlanta Airport expansion pro-
gram, feature restaurant and beverage facilities,
Delta’s patented standard sequential scating in all
passenger interval arcas, huge tinted-glass pan-
oramic window walls, 200 tons of high-vclocity
fresh air cooling cquipment, and cabin-level pas-
senger boarding.

A ncw Computer Center was constructed on
property ncar the Greenbriar Shopping Center in
Atlanta. Containing 51,000 square feet, the center
provided for consolidation of all system-wide data-
processing activitics, including Deltamatic Reserva-
tions System, Material Inventory Control, Revenue
Accounting, and Cost Distribution.

By 1969 Dclta was to be operating a new Ground
Training Center containing more than 50.000 square
feet for classrooms, faculty offices, conference rooms
and stewardcess trainees’ housing. The facilitics will
be used for many functions of Dclta’s training pro-
gram, including orientation of new cmployees, tariff
classes, Deltamatic instruction and training for per-
sonncl in Maintenance, Inspection, Stores and other
departments, as well as flight crews.

In October 1968, Delta stockholders approved a
proposal made by the company’s hoard of directors
to amend Delta’s Certificate of Incorporation and
increase the number of directors from 14 to 16. The
newly clected directors were company officers.

Also in October, Delta’s exccutive base was
broadened with the appointment of 12 new officers
as assistant vice presidents. All Delta veterans, the
new officers represented a total of 274 years” experi-
ence with the company.

EASTERN AIRLINES

For Eastern Airlines, 1968 was the “Year of Com-
mitment”—total commitment to honor the passenger
ticket and the freight airbill not only as legal con-
tracts to perform certain specified services but also
as unwri.tten moral contracts to live up to the full
expectations of every customer. Extensive training
was undertaken throughout the system to implant
this precept.

It was a year also of some slowing down in rate of
growth, of unprecedented problems in air traffic,
and of increasing revenues offset by constantly rising
costs of operation. But it was also a year of con-
tinuing modernization of equipment on the ground
as well as in the air and of great expectations for the
future.

At year-end, the Civil Aeronautics Board issucd
decisions of importance to Eastern. In the Trans-
pacific Service Investigation, the board bypassed
the examiner’s recommendations that Eastern be
awarded new nonstop routes to Ifawaii. In the
Bermuda Service Investigation, however, the board
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granted Eastern the routes for which it had applied.
linking Chicago and Detroit with Bermuda.

Importzmt new nonstop routes authorized carlier
in the vear were inaugurated on June 13 hetween
both Philadelphia and Baltimore and the Bahamas.

On November 27 the CAB announced the award
to Eastern, with concurrence of President Johnson.,
of new nonstop routes linking both New York and
Washington/Baltimore with Kingston and Montego
Bay, Jamaica; and Miami with the Virgin Islands.

New route applications filed by Eastern in 1968
included one for New Orleans-Miami-TLondon ser-
vice and a proposed new pattern of flights across the
southern transcontinental U.S., linking Miami, At-
lanta, Dallas/Fort Worth and Houston with Los
Angeles and San Francisco.

Eastern continued to hold its place as the free

world’s second largest carrier of air passengers. with
18.798.796 carried in the first 11 months. an increase
of 6.2 pereent over the 17.693.411 carried in the
comparable period of 1967. In terms of revenue
passenger miles, Eastern had flown over 10.9 billion
during the year’s first 11 months, 11.2 percent more
than the previous year, placing the carrier in fifth
place among the airlines of the free world. With
available scat miles rising 18.6 percent over 1967.
Eastern’s average load factor for the January-
November period was 56.3 pereent as compared
with 60 pereent for these months in the previous
year.
Important gains, however, were recorded by
Eastern in air cargo, with a 27.7 pereent jump in
volume to 148,703,000 revenue ton-miles flown in
the 11 months ended November 30, 1968. Air
frcight, contributing 102,725,000 ton-miles, was up
34.3 percent, and mail, with 37,520,000 ton-miles,
was up 17.9 percent, while air cexpress, with
8,458,000 ton-miles, up 4.2 percent, showed neg-
ligible change from 1967. '

Earnings in the first 10 months of 1968 were dis-
appointing, with a nct after-tax loss of $4,010,QOO as
against $23,580,000 profit for the same period of
1967.

On December 10 Eastern filed with the CAB a
proposed fare adjustment which it hopc.‘d could take
effect on February 1, 1969. This would increasc first-
class fares by $3, coach and military standby. fares
by $2, and promotional fares by a proportlor.late
amount on flights within the U.S., to its possessions
and to Canada. It would also provide a new lower
level promotional fare applicable during the same
periods and under the same terms as present “Dis-
cover America” excursion fares.

Sixty-eight new aircraft were expected to be
added to Eastern’s fleet in 1968, bringing its jet fleet
total to 205, with 83 more on order for delivery dur-
ing 1969 and the early 1970s. Principal types ac-
quired during the year were medium-range, large-
capacity 4-engine McDonnell Douglas DC-8-61s,
short-range DC-9-30s and “quick change” 3-engine









Primaryv objective of the new arrangement was to
achicve a more favorable svstem-wide traffic bal-
ance: initial results indicated a 36 percent improve-
ment in this area over 1967, with a traffic balance
toward vear-end of 532 percent westbound and
48 pereent castbound.

The new terminals, established on a regional
basis. are better able to shape their operations in-
dependently to the overall service requirements of
their areas.

In April. Civil Acronautics Board Examiner Rob-
ert L. Park made his recommendations in the
board’s Transpacific Route Investigation. and con-
cluded that “the relevant facts clearly point to the
IFlving Tiger Line as the logical choice to operate
. .. transpacific all-cargo service.”

During the ensuing final hearings in the case, an
indication of FTL’s favorable position emerged
when 12 of the 16 airlines involved in the case filed
no opposition to Park’s recommendation of FTL.
Of the remaining 4, 2 abandoned earlier exceptions
by not including them in the final briefs and the 2
“imcumbent” carriers that did choose to comment
went only so far as to assert they could handle the
transpacific all-cargo nceds together. thus obviating
the need for additional service.

Additionally, the carrier filed for expansion of its
domestic sysiom to 20 morce terminal areas. If
granted. this would enable Flying Tiger to serve
almost every major domestic market in the United
States and would greatly expand its scope for pro-
posed transpacific scrvice.

Important revisions in air-freight pricing concepts
were sought by FTL in a major tariff filing with the
Civil Aeronautics Board in August. The hoard ap-
proved the new tariff in its entirety, with the excep-
tion of 'TL’s proposal to increase minimum rates.

Calling attention to a “tangled confusion of rates
which have evolved in random, haphazard fashion
during the formative years of the industry,” the
carrier advocated, and was permitted. such broad
rate structure reforms as price incentives to volume
users of air freight, whether direct shippers or for-
warders, through new pricing concepts for both
single and multicontainerized shipments; new rate
incentives for shippers of heavy, dense freight; and
elimination of special level-of-service tariffs such as
cconomy, deferred, parcel post and the controversial
blocked space, all of which have proved unprofitable
for the carrier.

The CAB deferred ruling on FTL’s proposal to
introduce new minimum and under-1,000-pound
rates for short-haul shipments, bringing them in
line with the break-even costs incurred by the
carrier.

The net effect of the new tariff, the airline said,
would be to return a realistic profit for the carrier
without creating any increase in its average rate
yicld of 13%% cents per ton-mile, already the lowest
level in the industry.
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FRONTIER AIRLINES

Further expansion of major long-haul nonstop
routes and the consolidation of route gains and the
resulting expansion through merger acquisitions
made during the year were the major themes of
Frontier Airlines’ activities in 1968.

Following the successful assimilation of a major
nonstop route of 780 miles between St. Louis and
Denver, awarded to Frontier in the initial Pacific
Northwest-Southwest Area Investigation in 1967,
the Denver-based carrier added a 720-mile nonstop
route between Denver and Las Vegas with service
beginning in March 1968. This provided a one-stop
operating authority over a 1,500-mile route between
St. Louis and Las Vegas, which was being flown
with Frontier’s Super Arrow-Jet Boeing 727-200 air-
craft. These stretched versions of the 727 carry up
to 134 passengers in first-class and coach configura-
tion. In the first part of 1968 the carrier acquired 3 of
the $6.000.000 aircraft. They were being utilized
primarily between St. Louis and Las Vegas via
Denver and on a north/south route betwween Fron-
tier-served points in the Dakotas and Arizona via
Denver.

At year-end Frontier was operating 5 daily round-
trip jet flights between Denver and St. Louis, 2 of
them nonstop and 3 via intermediate cities. With
the inauguration of Frontier’s new route to Las
Vegas. the carrier began service with 2 daily round-
trip jet flights operated with Boeing 727 equipment,
and in October added a third round-trip in this
market.

As the first carrier to receive nonstop authority
under a Subpart M of the Civil Aeronautics Board’s
Rules of Practice. the carrier was allowed to lift
restrictions on its service between Denver and the
winter resort of Phoenix, Arizona, to begin nonstop
service. The carrier at year-end operated 2 daily
round-trip flights between these cities with continu-
ing services into the Dakotas and. dire(,jt connecting
jet services into Nebraska and Missouri.

Further route expansion was worked into Fron-
tier's schedules with the October 27 schedule
change extending the carrier’s. routes across the
Mississippi River into Memphis. Tennessee, from
Frontier-served cities in Arkansas, Oklahoma and
Texas, With the addition of Memphis to the roster
of Frontier-served communities, Frontier numbered
116 cities in 16 states of the Rocky Mountain West,
Southwest, Midwest and Midsouth air linked by
over 14,000 unduplicated route miles.

In the Route 81 Case decision, the Civil Aero-
nautics Board, in addition to giving Frontier an
extension into Memphis, granted the carrier author-
ity to realign certain route segments on the carrier’s
system in the states of Kansas, Oklahoma and
Arkansas. In the major schedule change in the fall
of 1968, the carrier incorporated more direct service
between many of the cities in this area and pro-






routes between the West Coast and Hawaii as a
result of the transpacific route decisions.

Hawaiian Airlines” revenues for 1968 from total
passenger. cargo, ground services contracts and
incidentals were estimated at over $19.000,000.

Hawaiian. which transports over 96 percent of
all inter-island  air freight traffic. totaled nearly
27.000.000 pounds in 1968. Though freight volume
ton-miles decrcased approximately 24 percent dur-
ing 1968 because of the inauguration of direct Hilo-
mainland service by the trunk carriers, total freight
revenue deercased only 3 percent from 1967 par-
tiallv - because commodities lost to the overscas
carriers were  extremely  low-vield and  partially
because of a freight-rate adjustment that became
cffective in April 1968.

LOS ANGELES AIRWAYS. INC.

Los Angeles Airways passenger traffic continued
to grow at the rate of 35 percent per vear as the
company entered its 2Ist vear of scheduled heli-
copter operations in southern California. Similar
increases were recorded in the mail and express
poundage carried. By mid-1968 the company had
carricd  more  than  2.000.000 passengers  over
60,000,000 passenger miles. Mail and express totals
reached the 90.000,000- and 40.000,000-pound mark,
respectively.,

On February 22, 1968. Los Angeles Airwavs com-
pleted Phase II in the development of a Mixed-
Mode Transportation Center in the heart of the
City of Pomona. On that date. scheduled operations
were switched to the new downtown site from a
temporary heliport 1% miles west, where LAA’s
service to the Pomona Valley began carly in 1948.
Phase 111 contemplated transfer of service from the
ground to the elevated facility, which will accommo-
date other modes of transportation and transporta-
tion-related activitics at lower levels.

Following the loss of 2 aircraft during the sum-
mer of 1968, Los Angeles Airways leased 2 de
Havilland Twin Otter aireraft to augment its fleet.
These aireraft went into service on September 20,
1968. on the San Bernardino scgment of the system.
Purchase of 4 Series 300 advanced versions of the
Twin Otter was being contemplated for integration
mto service carly in 1969.

MODERN AIR TRANSPORT, INC.

During 1968 the aireraft of Modern Air Trans-
port, Inc., were scen throughout the world. In
addition to the normal domestic charters for Gulf
American Corporation, Modern’s parent company,
and Military CAM flights throughout the United
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States, Modern flew transatlantic for Military Air-
lift Command to Europe, flew transatlantic and to
the Caribbean on contract with Nordair of Canada,
and flew 615 charters from Berlin. Germany, to 30
European cities on contract with 2 major tour
operators in Berlin. The most significant journey for
Modern was a transpolar flight across both poles
flving longitudinally; the flight carried passengers
for the Admiral Richard E. Byrd Polar Center.

Early in 1968 Modern received 2 additional Con-
vair 990A aircraft bringing its fleet to 5. Three of
the aircraft were modified to a new seating capacity
from 134 to 139 seats. At vear-end Modern was
awaiting certification for an additional modification
to bring the seating configuration to 149. In the
spring of 1968, Modern began to build a new sales
staff headed by Ralph Sacks as vice president of
sales. Mr. Sacks joined Modern with over 20 vears’
experience with charter and supplemental airlines.
Shortlv after he joined Modern, he brought with
him Ben Topfer, another veteran of airline sales,
to be director of sales.

With this highly qualified sales staff joining the
new management group organized in 1967 and
headed by Morten Beyer, executive vice president,
Modern intended in 1969 to become a major con-
tender in the supplemental carrier passenger mar-
ket. The team was marketing outstanding IL.T.
programs to Mexico, and Modern was to operate
again in Europe for a Berlin tour operator. During
1968 the company operated 1,437 charters and
expected to double this figure in 1969. It carried
296.727 passengers of which 90.000 were carried
to Florida for the Gulf American Corporation.

Modern’s Berlin base at Tegel Airport is com-
pletely self-sustaining with a complete maintenance
facility capable of performing all types of mainte-
nance work except overhaul, a passenger-handling
and operations headquarters which handled 615
charters during the year, and a kitchen facility
which prepared all of the meals for Modern’s ﬂights
and for other carriers utilizing Tegel.

At Miami International Airport, Modern per-
forms its own maintenance, including aircraft in-
terior modifications, and during the year designed
and manufactured an auxiliary engine-starting unit
installation capable of providing air and electrical
power to start its CV 990A engines. The prototype
unit was to be installed early in 1969 after which 4
additional units were to be manufactured. During
1968 Modern performed outside maintenance on
numerous large piston and jet aircraft for other
carriers and during 1969 planned to increase its
outside maintenance contracts to include minor
overhauls.

At its Miami base, Modern established its own
ground school for flight crews and cabin attendants
and during the year performed pilot training on
contract with NASA for CV 990 crews. Ten flight
crews perform all of Modern’s flying. All of these
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ing 2 supersonic transports, 2 Boeing 747s or 3 or
more smaller aircraft. The circular cantilevered
steel structure was to be supported from a central
multistory core with 160,000 square feet of finished
space for shop and administrative arcas.

Other improvements included an inflight kitchen
and additions to the existing general office and
flight simulator buildings.

In addition to facilitics improvements and cx-
pansion at sales offices and airports throughout the
carrier’s system, National opened 2 new offices: a
governmental affairs office in Washington, D.C,,
and a regional sales center in Germany to cenlarge
its European sales cfforts.

Construction continued throughout the year on
the carrier’s new $16,000,000 terminal at New
York’s John F. Kennedy Airport. Occupancey of the
structure was estimated for mid-1969.

On July 1, 1968, National introduced a new in-
flight magazine, Aloft, which covers activities and
attractions not only in National’s home state of
Florida but also over its entire system.

National, which at year-end was serving 42 cities
in 15 states and the District of Columbia, sought
authority to fly to 32 additional citics, 18 more states
and 13 European countries and the Bahamas.

In 1968 National applied for links between the
North Carolina Piedmont region and New York,
Chicago and Miami and between the Twin Cities
and the southeastern portion of the nation.

In October the airline’s international route de-
velopment efforts received a boost when National
was cndorsed by the Civil Aecronautics Board’s
Bureau of Operating Rights as the logical .carrier to
provide nonstop service between Miami and Lon-
don.

National also was awaiting an impending final
decision in the U.S.-Caribbean-South Amecrica In-
vestigation, in which it had been recommended for
extension of its southern transcontinental routes
into the Bahamas.

NEW YORK AIRWAYS

New York Airways introduced the first regularly
scheduled STOL operation in the metropolitan New
York area in November 1968,

Two STOL aircraft, twin-motored de Havilland
Qtters .Vv'lth their higher speeds and greater operat-
ing efficiency, will enable New York Airways to
accomm.odatc the increasing public demand for its
connecting services. Plans called for the operation
of 2 Twin Otter STOIL s daily starting at 7:00 a.m.
and continuing through 11.20 p-m. linking the 3
major airports on a high-frequcncy shuttle basis.
From 3:00 p.m. to 7:00 p.m. additional helicopter
service will be available to link the downtown Wall
Street heliport and the major airports. STOL air-
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craft will operate in the special New York Airwavs
FAA-approved helicopter corridors, which make
use of air space that is below the intermediate
approach altitudes for fixed-wing airceraft vet high
cnough to reduce noise nuisances and attain safe
terrain clearance.

Service from the Pan Am rooftop to Teterboro
Airport was suspended on February 15, 1968,

As of December 1. for the vear 1968, New York
Airways carried 383.974 revenue passengers. Rev-
cnues for 1968 as of October 31, 196S. were
$.1.089.584.

Grover Lovning, one of the nation’s senior avia-
tion consultants, was clected chairman of the board
of New York Airways, Inc.. on August 28, 1968.
John E. Gallagher, exccutive vice president. was
clected president and chief executive officer. He
started with New York Airwavs as chicf pilot when
it was founded in 1952. Gallagher was graduated
from St. Louis University in 1943 with a buachelor
of science degree in acronautical engineering,

NORTH CENTRAL AIRLINES

North Central Airlines began 1968 by celebrating

its 20th anniversary, on February 24, in a unique
way.
IFive types of aircraft, representing the history of
the airline since its beginning in 1948, were flown
in formation for newsmen and photographers. Each
of the planes was being used in 1968, or had been
at onc time, in the airlinc’s flect.

Leading the “stepped-up cchelon” formation was
onc of the company’s original Lockheed 10As, fol-
lowed by a DC-3, Convair 440, Convair 580 and
DC-9. Veteran North Central captains with forma-
tion expericnce flew the 5 aircraft. Although the
plancs varicd greatly in speed and size, the pilots
encountered little difficulty in holding the forma-
tion. Photographs of the event appearcd in almost
cvery major aviation publication in the United
States and several others throughout the world.

Recapping North Central’s 20-year history, the
company began operation with 3 9-passenger Lock-
heed 10As, and at year-end 1968 had a flect of
Convair 580 propjets and 100-passenger DC-9 fan-
jets. The airline’s original route system of 1,028
miles grew in 20 years to 7,500 miles; the cities
served, from 19 to 90. North Central in 1968
carried almost as many passengers in one day as in
its entire first year. :

Morce than 2,500,000 passengers boarded NCA
“Northliners” in the first 10 months of 1968, an
increase of 30 percent over 1967. Passenger miles
increased 35 percent in the first 10 months, to
430,236,000, A record 5,842,000 cargo ton-miles
were flown for a 39 percent gain.

Recognized as the greatest achicvement in its 20
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cost. At the end of the first 6 months. available seat
miles had been incrcased 82.5 percent over 1967.
The efficiency of the new equipment, combined
with rigid attention to cost control, viclded a 22
ercent decline in cost per available scat mile.

To fill the expandcd capacity, the line heavily
increased advertising and developed an “all-steak”
menu for both coach and first-class passengers to
Florida and the Bahamas. The hallinark of the line’s
1968 marketing effort was a new emphasis on de-
termining  customer preferences and  responding
with an entire new cabin environment. During the
year the airline replaced normal airline mini-silver-
ware with full-size silver, replaced wool blankets
with fur-like lap robes and replaced common maga-
zines with unusual and interesting new  publica-
tions.

For the first 6 months of 1968 Northeast re-
ported a $5,000,000 profit improvement over 1967
adjusted to exclude subsidy. The air congestion
crisis in late summer, combined with the normal
seasonal deterioration, brought a marked decline
in the company’s full-year performance. When
weighed against the prior ycar, however, the air-
line’s economic improvement was among the best
in the industry.

The commitment of the airline and its owners to
the future of Northeast Airlines was scen in the
action taken in March 1968 when the company be-
came the first of the world’s smaller airlines to
order the new Lockheed 1-1011 luxury trijets for
delivery in 1972, During the vear the airline or-
dered an additional 5 Bocing 727-200 trijets for
delivery in late 1968 and 1969. The aircraft orders
were accompanied by a commitment to the IBM
PARS reservations system and to the construction
of new facilities including a reservations building, a
new hangar and new terminal facilities at Boston,
Newark, Philadelphia, Tampa, -Jacksonville and
Miami.

To expand its sales opportunity, the airline
opened a European sales office in London to en-
courage the use of “Yellowbird” services by the
growing number of Europeans traveling to the
United States.

In other organizational developments during the
year, North'east combined its reservations and sta-
t1op operations under a single airline executive.
This new customer services de
tured to sharpen the effectiven
new concepts in p

partment was struc-
ess of efforts to apply
' : assenger handling and services
consistent with the needs of the future, In another
change, Northeast brought its stewardess activit
under the marketing vice president. This change
recognized the public contact role of the stewardess
and placed this activity in the same organizationﬂ
framework as advertising, public relations and
sales.

Throughout the year the search for profitable
new routes continued. As pointed out by North-
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cast’s president, Northeast’s future is more heavilv
dependent on winning new route authority than any
other trunkline’s future. The route gap separating
Northeast from its competition widened (‘ontim.l—
ously during the carly 1960s and the airline is
committed to closing the gap in the vears imme-
diately ahead.

Major routes being sought included an applica-
tion to flv across the southern United States from
Miami and Tampa to Los Angeles and San Fran-
cisco with intermediate stops at New Orleans,
[Houston and Dallas. In another cast-west thrust,
the line applied to fly from the East Coast to
Milwaukee,  Minneapolis/St. Paul. I’()rtl;m(.l and
Scattle. Other applications involve new services to
Omaha, Salt Lake Citv, North Carolina and IFlorida
from the Twin Cities and Milwaukee, and to the
Caribbean from major East Coast cities. A CAB
examiner recommended that the airline be given a
route from Boston to Bermuda. Another route from
northern New England to Cleveland, Detroit and
Chicago was approved for Northeast by the full
CAB. '

A major transition in leadership occurru.l in t.h(‘
fall when James O. Leet, formerly senior vice
president, was named president to succv_(‘d . C.
Wiser, who moved to a senior position with Trans
World Airlines. Earlier in the vear George B.
Storer, Sr., was named chairman of the board of
dircctors, succeeding  long-time Northeast official
James \W. Austin. In other personnel changes (11.11--
ing the year, G. Ward Hobbs was named vice
president of public affairs; Dan A.. Colussy was
appointed vice president of marketing; N. Ralph
Tipaldi was named vice president-customer  ser-
vices; Major General Lewis E. Lyle was olec:ted
senior vice president-operations; Robert E. Griffin
was named vice president-planning; Edward E.
Swofford was appointed vice president of su-les; and
T. Bernard Slattery was clected vice president of
the Mid-Atlantic Region.

NORTHWEST ORIENT AIRLINES

During 1968 Northwest Orient Airlines experi-
enced growth and expansion in all phases of its
operations. '

The airline’s fleet of fanjet aircraft increased to
85 by October, when the first of 16 Boeing 727-200
stretch-jets was  delivered. The balance of the
797-200s were scheduled for delivery during the
remainder of 1968 and 1969.

During October, Northwest Airlines placed an
order for 14 new long-range McDonnell Douglas
DC-10-20 luxury trijet transports and took options
for another 14. Northwest was the first buyer of the
intercontinental DC-10-20, which is capable of non-
stop flights of up to 4,900 statute miles with a full









providing terminal operations and cargo handling at
the Navy’s Quicktrans bases. The latter contract
was being performed by a second new ONA sub-
sidiarv. Automated Terminal Services, which pro-
'-;idvs'c;n'g() handling services for both militarv and
commercial customers. ’

OZARK AIR LINES

Repeating a common situation of the recent past.
Nnew pl;mvs. new routes and greater traffic were the
story for Ozark Air Lines during 1968. It was the
vear that traffie continued to increase until 2 mile-
stones were passed in one month. It was also the
vear that Ozark received new route authorities, and
'ﬁnull_\', it was a vear highlighted by Ozark’s phase-
out of all piston-engine aireraft and the start of all-
turbine operation.

From a trafic standpoint, Ozark again broke
records. and then broke them again and again
during the year. For example. with 174,690 pas-
sengers during March, a monthly all-time high was
set. and a 25 pereent increase was shown for the
first quarter compared to the prior vear.

This record. however, was quickly topped in
April with 184,640 passengers, only to be topped
again by a new milestone in June with 202.878
passengers. June was the first 200.000-plus month
in the company’s historv. and with that total, Ozark
carricd more than 1.000.000 passengers in 6 months
for the first time. It had been only 3 years carlier,
in 1965, that 1.000.000 passengers in a vear was
reached.

In August, 3 new passenger traffic records were
set. First, there was a new monthly high of 208.080;
second. Ozark reached 2,000,000 passengers during
a 12-month period for the first time; and third, a
new daily boarding high was reached as §,171
passengers boarded on August 30, beating the
previous high set only weeks carlier, on June 28,
with 8,168 passengers boarded.

The company’s equipment story for 1968 started
in February with delivery of the first McDonnell
Douglas DC-9 Series 30. This was followed by 2
additional big jets in April and May, bringing
OzarK’s jet flect to 9 (6 Series 10 DC-9 jets and the
3 new Series 30 models). In October the fleet was
increased in size again as 2 more DC-9-10 jets were
leased and immediately put into service.

Word of an even bigger fleet was announced
during September, as 3 more Series 30 DC-9s were
ordered for delivery in early 1969.

Highlighting the equipment program was Ozark’s
changeover to an all-turbine flcet with only its DC-9
jets and its FH-227B propjets in operation through-
out the system. The last DC-3 was removed from
schedule on October 26 when the final airport re-
stricted to DC-3 traflic was replaced by a new
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facility, and,the “Grand Old Lady” was retired
quictly.

Routes—new, applied for, and favorably recom-
mended—oplaved a big part in the company’s activi-
ties during the year.

Two new nonstop authorities were approved by
the Civil Acronautics Board. and service was
inaugurated immediately. This included authority
to serve between St. Louis and Chicago. recom-
mended by the examiner in Julv. given final ap-
proval in September and put into schedule in
October with 3 round trips daily. The trips were
increased to 7 in November.

Inaugurated on the same day was new nonstop
service between Kansas City and Springfield, Mis-
souri. This had been recommended by the examiner
in April and approved by the CAB in August.

Several favorable examiner recommendations
were received on route requests pending before
the CAB. This included Ozark’s request to serve
New York and Washington, D.C.. from Peoria,
which reccived the examiner’s nod in August after
hearings were held in June. This route had been
granted to Ozark in November 1967 on a show
cause order, but opposition put the proceedings
into an expedited hearing.

Other favorable recommendations included routes
from St. Louis to Memphis and from St. Louis to
Dallas. both awaiting final CAB approval. and
realignment of Ozark’s system to change the pattern
from 18 segments to 7.

Ozark also filed more route applications. These
included a request to serve such cities as Columbus,
Davton. Cincinnati, Indianapolis and Louisville
from Milwaukee, filed in March. In December 1967
the company had filed for mnew routes from
Minneapolis/St. Paul to Boston. New York, Phila-
delphia, Baltimore, Portland and Secattle/Tacoma,
which followed other requests for service to cities
on both coasts, Canada and Alaska.

Ozark also introduced several new or expanded
service programs during 1968. i

Early in the year the company’s cargo schedule
was moved from day to night in order to provide
convenient service for shippers. In May a new
cargo facility was opened in St. Louis.

Following these changes, in Augl_lst a new “Mini”
cargo rate was introduced, allowing shipment of
cargo weighing less than 10 pounds anywhere on
Ozark’s system for only $4. Then, as the company
phased out the last of its piston-engine aircraft, an
all-new, original plan was inaugurated to change
over the company’s Fairchild Hiller FH-227B prop-
jets for all-cargo use during the night. Working
with a plan developed by Ozark’s director of cargo,
one of the propjets is changed to the cargo configu-
ration in less than 4 man-hours as all the seats are
removed and interior protective bulkheads, a floor
covering and cargo tie-downs arc added.

Ozark went to a dual configuration on its jets in
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May when first-class and coach scating was offered
on the DC-9. This changed the scating capacity of
the planes to 74 scats in the Series 10 and 99 scats
in the Series 30. This includes 14 first-class scats in
each.

In September, 2 new credit cards—Bankmark
and BankAmericard—were added to those Ozark
accepts, and in November new city ticket offices
were added in Kansas City and Chicago.

Earlicr in the year Ozark inaugurated service to
Midway Airport again, thus providing flights to both
Chicago airports and returning to a facility that
had been abandoned several years before by almost
all carriers.

Another innovation, a specially made Ozark cock-
tail, was introduced in April. With the “Go-Getter,”
as it is called, Ozark became the second carrier to
offer its own original drink.

Finally, to top off another highly successful year
for the carrier, the National Safety Council again
presented Ozark its top safety award, the Award of
Honor. One of 8 scheduled carriers to get the award
during 1968, Ozark has received a safety citation
from the council every year since its bcgixming in

1950.

PAN AMERICAN WORLD AIRWAYS

During 1968, its 41st anniversary, Pan American
World Airways, Inc., marked 2 milestones in the
history of aviation. The airline celebrated the 10th
anniversary of its introduction of commercial jets
and prepared for the introduction of the first 747
superjet service in late 1969.

On October 26, 1958, a Pan Am Bocing 707 took
off from New York’s Idlewild International Airport
tor Paris, the first transatlantic jet flight under the
American flag.

During 1958-68 Pan Am’s average revenue, or
vield, per passenger mile on the New York-Paris
run dropped from 7.25 cents a mile to just over 5
cents a mile. Lower rates and the speed and ca-
pacity of the jets served to broaden the market for
international air travel. Pan Am carried an esti-
mated 9,500,000 passengers in 1968, more than 3
times the 2,900,000 it carried in 1958.

More spectacular than the growth of passenger

travel was the growth of Pan Am’s air cargo. The
jet decade led to an increase of 450 percent in
tonnage carried by Pan Am; revenue ton-miles
jumped nearly 600 pereent to an  estimated
678,720,009 revenue ton-miles in 1968,
. Pan Am’s fleet grew from 6 tq 150 Jet Clippers
in the decade. In the same time span, the number
of Pan Am employees increased fr(;m 24700 to
48,000. ’

Juan T. Trippe, dean of airline executives in the
United States, retired as chairman and chief execu-

tive of Pan Ani In 1927, when Pan Am made its
first flight under Mr. Trippe’s direction. it had
$300,000 in assets and a2 90-mile route between
Key West, IFlorida, and Havana, Cuba.

At year-end 1968, Pan Am had assets of more
than SI billion and a route svstem of some 80,000
miles linking the United States with some $4 lands
and 122 cities.

Pan Am had on order 42 more subsonic jet trans-
ports including 25 Bocing 747 superjets. The airline
also had on order 8 Concorde supersonic transports
and 15 U.S. SSTs.

On July 15, 1968, Pan Am inaugurated the first
scheduled service between New York and Moscow.
This service was the result of a bilateral air agree-
ment between the ULS. and the U.S.S.R. Pan Am's
4,907-mile weekly flight to Moscow leaves Monday
and returns Tuesday.

The airline provided the largest commercial air-
lift for U.S. Military Airlift Command operations.
In 1968 Pan Am added 7 long-range jet freighters
to its air fleet in military support service. The addi-
tional aircraft brought to 18 the number of Pan Am
jets committed to MAC service.

Twenty of these were Bocing 707-321C et
freighters capable of transporting up to 90,000
pounds of military mail, goods and cquipment. The
other 4 Jet Clippers, also 707s, are used in the gov-
ernment’s  rest-and-rehabilitation  program, which
provides American servicemen with 5-day furloughs
after some 6 months of Vietnam duty.

R and R, started by Pan Am in March 1966 as a
one-planc service, has grown into a major military
support cffort. The airline has carricd more than
1,000,000 military passengers between Vietnam and

Hawaii and other points in the Pacific.

Twice during 1968 Pan Am rushed medical equip-
ment and supplies to disaster victims abroad. I}l
July, 2,000 pounds aided victims of Costa Rica’s
volcanic cruption. In August ncarly 6,000 pounds
were flown to Iran for carthquake victims.

During 1968 Pan Am became the first U.S. airline
to have its entire fleet of aircraft equipped and
certified by the Federal Aviation Administration for
Category II landings, a standard which permits
planes to land when visibility along the runway is as
low as 1,200 fect, 800 feet less than the previous
visibility minimum.

During 1968 Inter-Continental Hotels, a wholly
owned Pan Am subsidiary, opened 3 new hotels,
9 in Zambia and one in New Zealand; 10 more were
under construction. When completed, the number
of Inter-Continental hotels around the world will
total 51.

A prime contractor for the U.S. Air Force, Pan
Am’s Acrospace Services Division was cited by the
Society of American Value Engineers for modifica-
tions in a communications system that resultcdiin a
saving of about $100,000 to the government of the
United States.



The City of New York approved Pan Am'’s estab-
lishinent and operation of a midtown waterfront
heliport at the foot of ast 60th Street in Manhattan.
This new facility provides for convenient helicopter
connections from midtown to the smaller airports
surrounding the citv. Mavor John V. Lindsav called
it “an important step in the reliet of the city’s air
congestion problems.”

The Basiness Jets Division of Pan Am announced
slans for construction of a new FFan Jet Faleon
model, the Faleon 700 an airplane with increased
ranve and more operational features than carlier
models.

The Falcon 70 was in final design stages in mid-
196S and was scheduled to go into production in
1969 and be available for delivery to customers in
1970. The Business Jets Division also placed orders
for 100 new Faleons bringing to 250 the number of
twin-engine business aireraft put on order or option
since 1964, The Business Jets Division sold 25
Falcons to corporate customers in the U.S. and
Cunada during the first 11 months of 1968 to bring
total sales since 1964 to 104 aireraft.

PURDUE AIRLINES

Operating from Purdue University Airport. West
Lafavette, Indiana, as onc of the 13 U.S. supple-
mental  air carriers, Purdue  Airlines, Inc.. was
oflicially activated on May 1, 196S. The new com-
pany took over the DC-3 and DC-6B fleet and
operations of Purdue Acronautics Corporation.

Purdue University retained an interest in the new
corporation and its operation, and ties with the
Aviation T(‘Clmo]og_v Department continued.

At vear-end, Purdue Airlines was awaiting arrival
of new MceDonnell Douglas DC-9-30 aircraft, First
delivery was expected in February 1969 with addi-
tional deliveries to follow in succeeding months.
The planes were to replace Purdue’s 74-passenger
DC-6Bs.

Certificated for operations throughout the U.S,
and Canada. Purdue Airlines (then PAC) flew more
than 15,000,000 passenger miles in 1967; 1968 fig-
ures were not available at press time,

SATURN AIRWAYS

The year 1968 was one of great achievement for
Saturn Airways and was perhaps the most signif-
icant year in the airline’s 23 years of operation.

Saturn was one of the first supplemental carriers
to add 250-passenger jet aircraft to its fleet. In late
December 1967 the airline took delivery of its first
Douglas  DC-8-61F  stretch-jet and then added
another of these sky giants to its fleet in January
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1968. These convertible superjets, each capable of
carrving up to 250 passengers or 30.000 pounds of
cargo, were being utilized in Military Airlift Com-
mand service and in Saturn’s intercontinental com-
mercial charter operations.

Continuing its program to standardize in the op-
cration of onc type jet aircraft, Saturn during 1968
acquired 2 DC-8-50 series jets on a lease/purchase
arrangement. One of the 50 series jets was delivered
to Saturn in November with the second scheduled
for delivery in April 1969. Capable of carrving up
to 180 passengers or 90.000 pounds of cargo. these
50 series jets plus the 2 stretch-jets will provide the
fleet versatility necessary to compete favorably in
the expanding commercial charter markets. Saturn’s
1968 comimercial charter operations with all-jet air-
craft were highly successful, particularly in the
prime transatlantic market.

In addition to the 4 convertible jets, Saturn was
operating a fleet of 12 DC-6A cargo aircraft, used in
commercial cargo operations and Logair service for
the military. Logair is a daily scheduled cargo
service operated for the Air Force through which
supply requirements of all tvpes are transported be-
tween Air Foree bases in the continental United
States. Saturn is one of the oldest and the largest
operators in Logair. and on April 22,1968, logged its
100,000,000th mile in domestic Logair service. The
milestone was reached during a scheduled Logair
flight between Hill Air Force Base, Utah, and Kelly
Air Force Basc. Texas.

Legislation authorizing forcign inclusive tour
charter authority for supplemental carriers was
signed into law by the President on September 26,
1968. Through these tours (both domestic and inter-
national), Americans of modest and medium in-
come will have the opportunity to travel to foreign
lands and resort areas which they might never visit
except for the low-cost type of transportation that
will be provided by Saturn and other supplemental
carriers in their inclusive tour programs. Saturn ex-
sected to be operating a sizable number of such
tours in 1969, pzu‘ticularly in the Hawaiian, Carib-
bean and European areas.

Personnel promotions during 1968 included the
appointment of Harvey P. Barnard to the position
of vice prcsidcnt and general manager; George M.
Kamats was named treasurer-assistant secretary re-
placing E. P. Odenwalder,‘ retired§ Howard K.
Howard was ;1ppointcd assistant vice president-
planning. )

In the first 9 months of 1968 Saturn operated
more than 669.000,000 passenger miles and over
118,500,000 cargo ton-miles. Opcrating revenues for
the 9 months rcached $25.898,582, representing a
43 percent increase over the same 1967 period.
Saturn’s expanding jet flect and increased mer-
chandising cfforts in the commercial sales area were
expected to substantially increase revenue during
1969.
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STANDARD AIRWAYS

Standard Airways continued to be onc of the lead-
ing innovators in the supplemental airline ficld.
With the introduction of new selling techniques,
packages and other marketing vehicles, substantial
sales increases were realized in 1968 over the pre-
ceding year. Increased frequency of flight patterns
along with computerized programming that lessened
ferry mileage costs were also key factors in Stan-
dard’s growth.

In 1968 Standard marked a major growth year
with increased inclusive tour charter penctration
into the Pacific. Standard, cighth in size of the na-
tion’s 11 active supplemental airlines in terms of
seats available, received gross revenue increases of
14 percent in 1968 over 1967. Standard ranked ap-
proximately third among supplementals in terms of
ITC revenues, first in charter travel to Las Vegas
and first in sales incentive revenue. In addition,
Standard was very active between major U.S. mar-
kets and Caribbean destinations.

Hawaii flights, departing from 20 continental
points, terminate at Honolulu with a pattern of
regularity allowing travel groups to come and go at
most convenient times. This, combined with the
sccuring of large blocks of excellent hotel accom-
modations, aids travel agents and group travelers in
obtaining quick reservations.

A similar program to Las Vegas, the “Fare Deal,”
was initiated. Under this flexible program, Standard
was able to minimize positioning costs and achieve
maximum cfficiency of operations in delivering
DC-9 and 707 fanjet charter flights at a minimum
per passenger air fare. This continuing program
offers round-trip group fares that often run less
than 50 percent per passenger compared with jet
cconomy fares on most scheduled airlines. This,
coupled with frequent departures from the castern
seaboard and midwestern points, made Standard a
leader in Las Vegas service. A colorful “Fare Deal”
sales kit providing details was made available.

New Caribbean plans encompassed availability of
charter flights between East Coast cities and the
Bahama Islands. These plans offer new group sales
appeal, open up new markets and make available
10\\‘7 pro rata jet fare combinations.

Standard Airways, one of the nation’s oldest and
most expericnced permanently certificated U.S. sup-
plemental airlines, has a history spanning more
thfm 20 years and millions of safely flown passenger
miles around the world, Although small in size,
Standard ranked high in arranging inclusive group
charters.

Standard’:s all-fanjet fleet included 3 160-pas-
senger Boeing T07s. As certificated by the CAB
Standard Airwaysﬂwas authorized to fly charter’
ngh.ts between all 50 ?tiltCS and to points in Canada,
Mexico and thcj Caribbean. Because of rapid ex-
pansion in 4 major markets and year-round business

()pporlunitics, Standard concentrated putlorncd op-
crations to Hawaii, Mexico, Las Vegas and the
Bahamas.

Standard Airwavs maintains headquarters in the
Tower Building, Scattle. Washington. Fullv staffed
sales offices are located in Seattle, Los Angeles.
Detroit, Chicago, Philadelphia and New York.

TRANS INTERNATIONAL AIRLINES

Trans International Airlines, the first all-jet sup-
plemental air carrier, enjoved another record vear
during 1968.

Early in the year the sharcholders of TIA ap-
proved the merger of the company into Trans-
america Corporation. The transaction called for the
exchange of one share of Transamerica common
stock for cach 2 outstanding shares of Trans Inter-
national Airlines common stock. On the basis of
6.300.000 sharcs of stock outstanding. the transac-
tion was valued at upproximat(‘ly $143.000,000. On
March 8, 1968, TIA became a wholly owned sub-
sidiary of Transamerica Corporation with Glenn A.
Cramer, president and chief exceutive officer of
TIA, being clected to the board of Transamerica
Corporation.

During its first year of operation a 250-passenger
DC-8 operated by TIA flew more passenger miles
than the total of all U.S. commercial planes com-
bined 30 years carlier.

The jumbo-sized plane, almost two-thirds the
size of a football field, flew a record-breaking
450,000,000 passenger miles in the 12-month pcri‘od
following its maiden flight on June 19, 1967. Flyn‘]g
an average of 15 hours a day, the DC-8 ~s:tr(ztch—]ct
carricd approximately 100,000 passengers n its first
year, including several thousand military personnel
to and from Victnam.

Later in the year TIA completed proving flights
required by the Federal Avintiqn {\dmini_stration
rior to placing its Boeing 727 trijet in scrvice. Use
of the 125-passenger planc on the 2,400-mile hop
between the mainland and Hawaii enabled  the
company to reduce charter air fares up to '25 percent
for smaller groups. The fare reduction significantly
broadened the travel market and made vacation air
travel economically feasible for many small groups
for the first time.

Passage by the U.S. Congress on Octol?cr. 4, 1968,
of an Administration-backed bill permitting sup-
plemental airlines to fly low-cost pzlckage tours
abroad marked the beginning of a new ecra in Amer-
ican travel, Glenn Cramer stated. Hc‘prc'dicted that
the congressional action will be a “major spur to
travel both to and from Europe.” The measure em-
powered the Civil Aecronautics Board to permit
charter airlines such as TIA to fly “inclusive tours”
conducted by tour operators to foreign countries.









Meanwhile, TWA was moving forward on office,
passenger and  cargo terminal  construction pro-
agrms at many locations along its 48.105-mile, 4-
continent svstem.

In mid-1969 TWA planned to throw the switch
activating the world’s largest multiprocessing com-
puter svstem at the airline’s new data-processing
center in Rockleigh, New Jersev. The center will be
the “brain”™ for TWA's centralized. fullv automated
reservations service, which ultimately will tie in the
Hilton hotels. ’

TWA in 1968 introduced various technological
and training advances. including utilization of 2
Lockheed JetStars as inflight simulators assigned to
the TWA Jack Frye International Training Center
in Kansas City. The cockpit of onc was modified to
simulate Boceing 707 instrumentation. the other the
727, TWA hoped to be first, in the summer of 1969,
with a Boeing 747 simulator.

TWA’s New York Pilot Training Center was in
full operation. It provides recurrent training for all
East Coast-based pilots. both domestic and inter-
national.

TWA will also be first with the Dalto Wide-Angle
Virtual-Tmage Visual Svstem for pilot training simu-
lators. The DEC-4000 svstem will give TWA pilots
a horizontal ficld view of 230 degrees, compared to
the current 60 degrees.

The airline in 1969 will evaluate an experimental
flight direction system, a color “head-up” display
unit. which will give pilots instrument readings on
a transparent glass sereen mounted on the aireraft’s
windshicld. It will afford pilots ability to fly on
mstruments while simultancously looking out the
windshield.

In carly 1969 TWA’s new Sales Training Center
in New York was to shift into full gear. The center
features the latest educational systems, such as
closed-circuit TV, clectronic responders and rear-
screen projection. TWA expects to provide initial
and refresher training for 10.000 to 12,000 persons
a year at the Center.

In the spring of 1968 TWA reorganized world-
wide from top to bottom. A key to the new organiza-
tion was the consolidation of all customer sales and
scrvices functions within an expanded marketing
department. On the regional level TWA divided its
worldwide system into 8 geographical arcas. each
headed by a regional vice présidcnt-sales and ser-
vices. A “"Mister TWA” was installed at major cities
in the world with broad authority for both sales
and services. At the top was Blaine Cooke, senior
vice president-marketing, who joined TWA in March
1968 from United Air Lines. where he was vice
pr(*sidont—markoting services.

Mr. Cooke’s appointment was the first in a serics
of major appointments in 1968. In July, Wayne G.
English, former vice president of finance for Pull-
man, Inc., was named senior vice prcsidcnt—ﬁnancc.
In October, F. C. Wiser, Jr., former president of
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Northeast Airlines. joined TWA in the newly
created position of executive vice president.

Other actions taken in 1968 by TWA in its build-
ing-for-the-future program included:

« Wells. Rich, Greene. Inc., was named on
August 15 as TWA’s agency for passenger adver-
tising, with programs to unfold in early 1969.

« On October 1. TW2A’s 4,000 hostesses doffed
the uniform look and donned new winter ensembles
in their choice of sun gold. poppy orange or jungle
green. (Summer outfits of blue. brown or green
jackets with matching plaid skirts were to be in-
troduced Mayv 13, 1969.)

The Manila Hilton. opened in 1968, brought to 42
the number of hotels operated by Hilton Interna-
tional in 39 cities in 28 countries. The TWA sub-
sidiarv had 21 additional hotels either under con-
struction or in the developmental stage.

By vear-end 1968 TWA had conducted nearly
1,500,000 persons on its guided tours of the Ken-
nedy Space Center and adjoining Cape Kennedy
since the airline started its Visitor Services Program
in mid-1966. T\WA’s contract for this program with
the National Aeronautics and Space Administration
was extended in March 1968 for 10 vears. The air-
line since carly 1964 has performed the base-support
operations at the Space Center and also provides its
medical services, both under NASA contracts.

Civil Aecronautics Board hearing examiners in
1968 recommended new route authority for TWA
in 3 scparate board cases. With authority recom-
mended in the Transpacific Route Investigation,
TWA would fly the Pacific via Hawaii. Japan, Tai-
warn. Guam and Korca between the airline’s western
termini of Los Angeles-San Francisco and its east-
ern terminus of Hong Kong (and thus bring the
airline full circle around the world).

TWA also was recommended in the Reopened
Pacific Northwest-Southwest Service Investigation
to operate between Kansas City and Seattle/
Tacoma-Portland, and in the Gulf States-Midwest
Service Investigation to provide service between
Houston and St. Louis.

In addition, TWA in 1968 applied for new inter-
national and domestic routes in a dozen other CAB
cases. Cities which would be added to TWA’s US.
system through authority in these cases included
Ontario, San Jose, San Diego. Salt Lake City,
Omaha, Des Moines, Huntsville, Orlando, Cocoa
Beach and Titusville.

TWA also asked the board in separate applica-
tions for authority to serve Johanmesburg, South
Africa, and to operate nonstop between Miami and
London.

Also pending were TWA requests to operate
nonstop between Boston, Hartford, Philadelphia,
Baltimore and Washington on the one hand, and
Norway, Sweden, Finland, Denmark, Belgium,
Netherlands, Luxembourg, Switzerland,  Austria,
Yugoslavia, Greece and Turkey on the other hand.






The  company  started  commercial  passenger
service with the DC-Ss in the latter part of the vear.
Under its supplemental certificate. Universal was
authorized to provide such service throughout the
30 states and to Mexico and Canada. Both inclusive
tour programs and single-trip charters were being
operated. Sales offices were maintained in New
York. Chicago and Detroit.

Cargo carriage continued to be Universal's largest
source of revenue in 1968, During the 12 months
ended  June 30, 1968, appm\nn.ltol\ 142.000,000
cargo ton-miles were flown. The company operated
cargo airlift service during the vear for the Depart-
ment of Defense, mclu(lmtr the U.S. Navy Quick-
trans svstem and a pmllon of the U.S. Air Force
Logair svstem.

])unn" the year the company continued to pro-
vide a substantial parts distribution service for the
automotive manufacturers General Motors, Ford
and Chrysler. Universal's facility at Willow Run
Airport near Detroit was the tocal point of the auto-
motive operation, but service was also provided
between several other points in the castern half
of the U.S.

The company’s modernization program progressed
with delivery of Eleetra frei ghters in addition to
the DC-8-61CFs. Complvhon of the Electra pro-
gram in mid-1969 was to give Universal 13 of the
p]lm( s in nnlltan and commercial service. The com-
pany was also acquum(f 2 additional Argosy AMW-
650 turboprop aircraft for a total of § in its flect. At
vear-end approximately 1,500 Universal cmplovccs
were stationed at 14 locations from coast to coast in
the United States.

WESTERN AIR LINES. INC.

A major expansion in Western's jet fleet broad-
ened the base of the airline’s service throughout its
44-city system which covers 12 western  states,
Alaska, Canada and Mexico.

The Compnnys expansion was slowed somewhat
by a delay in the delivery date of the Bocing 737
twin- -jets and the 707-347C intercontinentals or-
dered by the company. By the end of 1968, however,
IV twin-jets and all 5 707s were in operation. Thir-
teen more 737s were scheduled for 1969 dclivery,
along with 6 Boeing 727-200s.

Delivery of the new planes allowed Western to
retire the remaining DC-6Bs and Lockheed Con-
stellations. Three of the companv’s 12 Lockheed
Electras were converted to all-cargo and 5 to dual
cargo-passenger configuration for use on Alaskan
routes, replacing the Comnies.

Net cffeet of these equipment clmngvs was im-
provement in service and schedules throughout the
system. This, in turn, allowed greater flexibility in
aireraft maintenance scheduling,
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Most of the new aircraft were delivered in time to
handle adequately the big volume of passengers
Western carried to Mexico for the Olvmpic Games.
During the 24-day Olympic period. the airline car-
ried more than 18.600 passengers on its Mexican
routes. This included carrying the entire U.S. Olvm-
pic team. as well as members from many other na-
tional teams.

Another improvement in Western's service was
on the Denver-Calgary route. As a result of a Civil
Acronautics Board recommendation. approved by
the White House, Western was given authority to
fly nonstop between the 2 c1t10s Previously these
fhghts were required to stop en route at Great
Falls.

Removal of this restriction and the inauguration
of nonstop service with 4-engine 720B aircraft on
December 1 were welcomed particularly by the oil
industry, which constantly flies personnel between
oil centers in Canada and the southwestern region
of the United States.

In other route case developments. the CAB exam-
iner in the Transpacific case reccommended Hawaii
routes for Western from most of the ma]or U.S.
cities served bv the airline. A final decision in the
case from the White House was pending.

A board examiner in the service to Albuquerque
case recommended Western for Albuquerque routes
from San Francisco and Las Vegas. That case was
under consideration by the board.

An cxemption authontv was granted Western to
fly nonstop between \Imneapolls/St Paul and Las
Vomw and Twin Cities-Phoenix-San Diego.

Western was awaiting the outcome of the South-
ern Tier case, in w lnch it was seeking routes from
California to Florida across the southun states.

The airline was participating in numerous other
route cases, the most important being the Northern
TIC‘I case and the Omaha-Des I\Iomes case. In the

Northern Tier case, Western was seeking East
Codst West Coast route authority via the Twin
Cities. The Omaha-Des Moines case also involved
routes to eastern cities.

Changes in \V estern’s board of directors included
the Oloctlon of Arthur F. Kelly as the airline’s senior
vice president of sales. He succeeded Alexander
\Warden. who retired as an active board member for
reasons of health but remained as director emeritus.

On the financial side, Western earned a net profit
of $10,721.000, or $2.19 a share, for the first 9
months of 1968. This compared with $10,959,000,
or $2.24 a share, for the like period in 1967

Operating revenues were $167,553.000, com-
pared with $144,230,000. Expenses were up  at
$144,323,000, from $121,748,000. Load factor for
the per jod was 57.1 percent, compared to 58.6
percent. The break-cven point was 499 percent,
versus 49.6 percent.

The number of Western employees increased to
8,781 from 7,188 a ycar earlicr.
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Western’s fleet at year-end numbered 64 aircraft.
This included 27 Boeing 720Bs, 3 720s, 5 707-347Cs,
17 Boeing 737-200 twin-jets and 12 Lockheed Elec-
tra IIs.

WORLD AIRWAYS, INC.

World Airways made noteworthy advances in all
phases of its operations in 1968 and laid the ground-
work for significant accomplishments in the ycars
ahead.

In October the company announced plans for an
exchange of the outstanding stock of World for
stock in INA Corporation (Insurance Company of
North America). World offers INA a unique oppor-
tunity to capture a prime position in the burgeoning
travel market. World, on the other hand, will have
access to the financial resources of the long-estab-
lished and highly respected Philadelphia-based
company for building and broadening the market
potential for commercial services.

Earlier in the year World acquired First Western
Bank and Trust Company, which has headquarters
in Los Angeles. The bank has more than 80 branches
throughout California and assets of approximately
$900,000,000.

The future of inclusive tour charters was placed
on a firm course when President Johnson signed into
law legislation reaffirming the Civil Aeronautics
Board’s authority to sanction international inclusive
tour charter flights by World and other U.S. sup-
plemental airlines.

World and Berry World Travel of Kansas City,
Missouri, signed a contract for the third consecu-
tive year covering a 1969 program of inclusive tour
charter flights to Hawaii, California and Las Vegas
valued at approximately $9,000,000 in total tour
revenues. :

The schedule involved 113 round-trip tours with
all flights to be operated with World’s flect of 707
intercontinental fanjet aircraft. It was more than
double the first program of 1967.

In one of the largest programs of its kind ever
undertaken, World took more than 2,000 vacationers
to South America in February and March. Each
flight transp(_)rted participants on 2-week visits to
Ecuadpr, Chile, Argentina and Brazil. An even more
extensive program was planned for 1969 and be-
yond.

Another important step in World’s jet flcet de-
velopment plans took place during the third quarter.
The Bocing Compagy rolled out the first 747 super-
jet, capable of carrying up to 490 passengers. Three
of the 747s will be delivered to the company in the
spring of 1971 and an option was taken on a fourth.
World accelerated its planning and organizational
activities in preparation for the 747 deliveries. A
special dcpartment was established and jts per-
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sonnmel were working closelyv with manufacturers and
Sllpp]i(‘l‘s ()1‘ f_’;]'()ll]](] Sllp])()]'t ]'(‘(lllil'(‘ln(‘nt.\'.

World served as a Military Airlift Command con-
tractor, receiving a guaranteed minimum award for
international MAC operations and domestic Logair
operations of $29.700.000. Of this total, $27.000.000
represented the amount for international MAC op-
crations.

World again received the National Safety Coun-
cil’s highest safety award for airlines. the Award of
Honor. World also had reccived the award for flight
safety for the vears 1964, 1965 and 1966. This out-
standing safety record enabled World not only to
enjoy the respecet and compliments of the industry
but also to realize reduced insurance rates.

New offices were opened for further development
of commercial sales. The company opened its first
Canadian office, in Toronto, in midyecar. An office
was also opened in Atlanta, Georgia. in November.
Addition of these offices expanded World’s inter-
national network of sales offices and representation
to 7 nations plus Hawaii and coast to coast in the
continental United States.

As part of its rcsponsibilitics to the community,
World has long engaged in its own programs aimed
at hiring underemployed minorities. Thus. when the
National Alliance of Businessmen was formed at the
urging of President Johnson to attack the problem
nationwide, World accepted an active role. World’s
president, Edward J. Daly, was appointed metro-
politan chairman for the Oakland/East Bay area.
Substantial programs were made in the scctor of
JOBS (Job Opportunities in the Business Scctor) as
an increasing number of Oakland/East Bay firms
joined NAB’s continuing effort. o ‘

An Affirmative Action program was 1mt1atec.1 in
the third quarter. This program seeks to achicve
equal employment opportunity in all aspects of em-
ployment with World, for both present an.d pro-
spective employees. Purpose of the program is two-
fold: to provide maximum opportunlty.f'or present
employecs, and long-term job opportunities fgr the
hard-core unemployed or undermnploycd residents
of the Oakland/East Bay area.

In August 1968 President Johnson nar}]ed Mr.
Daly an incorporator of the National Housing Part-
nership. The partnership, authorized under a 1968
Act, provides a means for companies to shﬁare risks
and gain tax benefits in investing in publicly sup-
ported housing efforts. It is designed esp'ecmlly to
pump badly needed mortgage moncy into low-
income projects and blighted areas in the cities.

In 1969 World begins its 21st year of growth and
devclopment. Under its present management for the
past 18 years, World’s fleet has grown from 2 war-
surplus piston aircraft to 15 of the most advz}nc.ed
type of commercial jets. In the pending association
with INA Corporation, the company fully expected
to move ahead in the next 20 ycars with cven
greater achievements.



VERTICAL LIFT AIRCRAFT

Use of helicopters by the military and by indus-
trv. law enforcement agencies and foreign govern-
ments and operators increased markedly in 1968,

Helicopters have become an integral part of the
Armyve Navy, Marines and Air Force in Vietnam
combat zones, and on the home front they continue
as versatile resene vehiceles for the Coast Guard.

The armed helicopter proved itself on the combat
team. Carrier based, the armed helicopters (Kaman
Seasprite) were  performing search and  rescue
flights for downed Navy airmen and. equipped with
200-foot hoist cables. were making rescue pickups
in jungle arcas.

The strike gunship (Bell HuevCobra) in one
vear of operation proved itself under heavy combat
conditions. Also in one vear. the light-observation
turbine-powered Ilugh(‘:s' Cavuse flew more than
125.000 combat hours. '

In 1968 the Army’s more than 3300 rotarv-wing
aircraft continued to provide the mobility to move
troops across rivers and over mountains, jungles and
wasteland, and to provide fire support, reinforce-
ment, resupply. evacuation. command and control.
communications and intelligence information.

The Army's medical helicopters continued to set
new records. From January to August 1968 the 100-
plus helicopters accomplished over 140,000 medical
evacuations. Since 1962 there have bheen over
322,000 medical evacnations.

To demonstrate the possible civilian application
of the Army Medical Department’s use of heli-
copters. in 1968 the Army Medical Department,
with the cooperation of Vertical Lift Aireraft Coun-
cil member companies, propnrcd a graphic exhibit
of the Army’'s rescue helicopters in Vietnam and the
civilian models of these Army helicopters as air
ambulances, or medicopters, 'patrolling the U.S.
highways and transferring accident victims to hos-
pital heliports. This exhibit was first displayed at
the 1968 American Hospital Association convention
and Tater at other medical and trade association
conventions. :

Test demonstrations of the civilian application
of the military medical rescue helicopters author-
ized under the Highway Safety Act of 1966 were
being implemented with matcln:ng federal and state
funds.

In 1967 Pennsylvania was the first state to con-
duct a helicopter highway test under the National
Highway Safety Act. In 1968, there were these new
funded programs:

* The City of Detroit and the University of
Michigan had a $317.000 grant to increase the effec-
tiveness of the Emergeney Medical Serviee system
through implementation of new and on-going tech-
nologies, which were to include TV surveillance of
prime expresswayvs, citizen band radio reporting,
modified ground ambulance services, initiating use
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of the helicopter for accident reporting and medical
services. paramedic training and computers for
data storage.

* The State of California and the University of
California at Los Angeles had a grant of $995.500.
funded for 4 vears. to develop a flexible. compre-
hensive methodology for evaluating and improving
emergency medical service svstems and to demon-
strate its utility by examination of the existing svs-
tem in the Los Angeles region.

* The State of Nebraska, with a grant of
$315.000. through the cooperation of the Army
National Guard and the university’s College of
\Medicine, was secking to expedite treatment by
bringing the hospital’s expertise to the helicopter
and victim as soon as he is loaded aboard. The key
is telemetering signals of the patient’s vital func-
tions and bodily conditions. via transducers and
radio. to a central computer in Omaha. Nebraska.
The computer reduces the data into meaningful
form for the monitoring physicians. who then radio
treatment instructions to the helicopter attendant.

* In other developments. a test was proposed to
patrol the rural highways around Phoenix. Arizona;
the New Jersey Highway Patrol ordered helicopters
for highway patrol: and North Carolina was pro-
posing a helicopter program to transport patients
from outlving communities to the Durham Medical
Center.

Other test programs without federal fuqu were in
operation. In San Diego County. California, the
American Oil Company was cooperating, as a pub-
lic service. with county agencics in providing a heli-
copter highway patrol. In Indianapolis, Indiana,
there was a unique combine of city. county and
metropolitan governmental agencies providing what
mav be the first multi-office public service heli-
coﬁtcr operation. And in Januarv 1968 the Illinois
State Toll Highway, financed by revenue L)onFI, be-
gan operating a helicopter to patrol the 187 ll]llﬁjS of
3 separate tollways. Almost 115,000,000 vehicles
uscd this major commuter route for Metropolitan
Chicago in 1968. Operating night and day, the
helicopter, in addition to traffic survey and patrol,
demonstrated the towing of a burning vehicle from
an accident area, d(‘plano(l a policeman and dog
to scarch for a lost child and controlled crowds using
the helicopter’s loudspeaker. Plans were being made
to cquip the helicopter as an ambulance.

In 1965, based on a Vertical Lift Aircraft Council
survev. there were 34 hospital heliports in the
country. At vear-end 1968 there were 186 estab-
lished ‘and 38 proposed landing facilitics for this
modern aerial ambulance, the medicopter, to trans-
port highway accident victin?s to t!\o hospital,
cmergency cases from community hospitals to med-
ical centers for specialized treatment and doctors
and nurses to hospitals during heavy snows or when
disaster strikes.

The 1968 Directory of Heliports/Helistops in the
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United States, Canada and Puerto Rico, compiled
by the Vertical Lift Aircraft Council, revealed that
the number of established heliports had increased
fivefold since 1960. The directory listed 1,892 heli-
ports, of which 158 were proposed. Three new
major city-center heliports were listed in the 1968
dircctory, at New York City, Seattle, Washington,
and San Francisco, California. More than half of
the heliports listed in the 1968 directory were pri-
vately owned, a fact which points to the nced for
more city-center, public heliports and the require-
ment for designation and marking of heliports on
publicly owned airports. Progress in those 2 areas,
VLAC said, can greatly increase utilization of the
helicopter as a short-haul and intrametropolitan
VTOL transport, as well as help alleviate current
airport congestion.

Michigan’s Superior Ambulance Service, serving
a 75-mile radius of Detroit, was the first land am-
bulance service in the country to add a helicopter to
its fleet. Superior found the ambulance helicopter
excellent for the transport of persons with back or
head injuries, for cardiac cases and for the transfer
of patients from suburban or community hospitals
to a medical center where specialized treatment is
available.

The year marked the 20th anniversary of the New
York Police Department’s use of helicopters. At
year-end more than 40 city police departments were
operating helicopters. The crime ‘copter, pioneered
by the City of Lakewood, California, was providing
24-hour-a-day crime preventive patrol in more than
35 cities. Equipped with high-intensity searchlights,
helicopters. were used during the 1968 political
campaigns {o help provide maximum security for
candidates during night parades.

Nearly 500 U.S. industries were operating heli-
copters. These companies represented a wide vari-
cty of American businesses including oil companies,
manufacturers, construction firms, banks, radio and
TV stations, automobile dealers, public utility com-
panies, ranches and even such enterprises as bak-
cries and music stores, The corporate ‘copter was
also serving as a “good neighbor” in the community
by assisting the police and fire departments in time
of emergency, giving flight demonstrations to high
school aviation classes, helping track down crimi-
nals and providing emergency transportation for
doctors.

With this increased industry use and the con-
tinuing military requirement for ]1(>1icoptcrs, the
Census Burcau reported that for the first 8 monthg
of 1968 the number of units of helicopters exported
was up 30.2 percent over 1967 and the dollar vol-
ume was up 79.7 percent.

Twelve of the 14 member companies of the
Vertical Lift Aircraft Council had 83 models in
production, ranging in size fl‘()m onc to 72 places.
In addition, there were 21 flight test, rescarch and
development models.
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Since 1965 the Chinook transport helicopter in
Vietnam has recovered more than $1 billion worth
of downed aircraft and the Sea Knight helicopter
has airlifted Navy jets from repair bases back to
their home bases. The Skverane heavy-lift heli-
copter was  credited \\'ilh'hu\'ing retrieved 384
downed aircraft valued at $210,000,000.

The civilian application of these military heavy-
lift helicopters was again demonstrated in ﬂhvu\"\'
construction work in such operations as airlifting a
complete ski lodge to a mountaintop, installing
power-line poles and offshore unloading of cargo.

Fire chiefs reported that the average hook-and-
ladder equipment can only reach 8 stories z.md l_hut
the helicopter offers potential in combating f1.1'(-s
and rescuing tenants from modern high-rise build-
ings. The helicopter performed successfully in tests
of these operations. o

Following issuance of the August 31, 1966. Civil
Acronautics Board order to investigate and deter-
mine requirements for a pr()poso(l \\Q}Shiﬂé{l(}ﬂ/
Baltimore service, 9 applications were ﬁl.('(_l. After
hearings, on November 21, 1968,‘ th(.‘ Civil A}(‘ro-
nautics Board approved the upphcutl().n of Wash-
ington Airways, Inc., to provide service l)ct\vvgn
downtown Washington, D.C., and the 3 arca air-
ports—Iriendship International, Dul]c.s Int'orn.n-
tional and Washington National. Washington .An--
ways, Inc. (a consortium of Allegheny, Amorfcun,
Eastern, United, Trans World, I’zu? .Am(‘rlcnn‘
Northwest, Mohawk and Northeast airlines), was
directed to inaugurate service January 21, 1969.

GENERAL AVIATION

The year 1968 was onc of particular Si'gniﬁczln?c}e
to the diverse general aviation'Commumty, '\;7]11C1.
comprises all aviation in the Umtcd. Stutcs \Vl.t’1 the
exception of the airlines and military ZlVl;lIthI?.
During the year, manufacturers showed an 18.4 per-
cent increase over 1967 in dollar vo]ume;. use cat.e-
gorics became increasingly uppa.rc'n.t, partlcular‘ly .m
the air taxi-commuter area; ab initio student starts
were down slightly but 20,000 licensed pllo}?lkcg?n
upgrading their ratings undel: the G.I Bill; t]((il
number of flights and total flying 110111:9 lllcl.LJ.st
over the previous ycar but safety rutcs. .COEUT’“‘IC-
to improve; manufacturers increased their cfforts in
air-age education in the school system; and ?OEnmi)n
problems facing air transportation '1'Csultec' 1‘n t_1e
general aviation community’s becoming more active
in aviation affairs.

In 1968 general aviation aireraft manufacturers
produced 13,698 aircraft with a value of $425,682,0QO
(manufacturers’ net billings), an 184 perccnt' in-
crease over the previous year. Net profits declu?ed
slightly as the result of expanded manufacturing
facilitics and increased model lines. The labor force

A J‘



increased to more than 25,000 workers, up 1.3 per-
cent over 1967, Of the aireraft produced, more than
2.000 were twin-engine tvpes.

Iixport sales continued strong in 1968 with retail
sales of $91.000.000 for 2.807 aircraft. The reason for
continuing high exports was brought out in a state-
ment by the Office of Aviation of the Department of
State: “The competitiveness of  American aireraft,
their case of operation and maintenance, their versa-
tile and  their reliability is made  evident
thronghout the world. constituting at least 85 per-
cent of the world's general aviation fleet.”

Even with normal attrition and  aireraft  tem-
porarilv ineligible, the general aviation fleet con-
tinued to grow. At the end of 1967, it was estimated
at well over 110,000 by both the FAA and industry
spokesmen. Industry: estimate of the fleet at the end
of T968 was nearly 126.000 aircraft. More than 100
models were being offered, ranging from specialized
agricultural aireraft to highly sophisticated recipro-
cating and turbine-powered aireraft.

General aviation continued to develop clearly de-
fined arcas in the use of aireraft. These were brought
into focus in September 1968 when the FAA re-
leased data compiled for 1967 on use categories and
number of hours flown by cach. It also showed an
increase in the total number of flight hours over
what the FAA had previously estimated for 1967.
The report showed business and executive flving at
5.000.000 hours: personal flving. 6.800,000; agricul-
tural, 1,100,000: flight instruction, 5.700.000; air
taxi-commuter,  1.700,000; industrial, special and
others, 1,600,000, for a revised total of nearly
22 000.000 hours. '

At the bvginning of the vear, there were some 200
air taxi or commuter orgu-nimtions but the number
grew to more than 270 by the end of the year.
Many airlines increased their recommendation of
such service to their own customers and several had
wm'king agreements with air taxi companics. More
than 70 air taxi companics were offering scheduled
servicee,

One reason for the rapid growth of the air taxi-
commuter market was the availability of newly de-
signed aireraft with high-density scating and low
operating costs. Several such models were  intro-
duced in 1968 and acceptance was excellent.

During 1967, 159,399 student starts were recorded
by the FAA. While for the first 11 months of 1968,
only 140,000 student starts were recorded, 20,000
veterans who already were licensed hegan training
under the GI Bill. Under the bill, veterans who al-
rcady possess valid private pilot licenses may use
their benefits to go on to commercial, multi-engine,
instrument and AT ratings. This was proving a
benefit to flight training schools since a veteran may
need from 180 to 200 howrs training while the
average aby initio student needs from 40 to 60. Flight

LSS,
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training hours were up sharply although vear-end
data was not available at press time.

The midvear FAA traffic count at airports where
control towers are maintained showed that for the
second consecutive vear an airport without airline
service headed the list as the busiest civil airport in
the world. Traffic movements are recorded by the
FAA at only 515 of the nearly 10,000 airports in the
United States. Three of the 4 busiest airports. ac-
cording to tower traffic count. cither have no airline
service or average fewer than 7 scheduled depar-
tures a day.

General aviation hours flown in 1968 were esti-
mated to be 25.000,000. a 14 percent increase over
1967, which showed a 26 percent increase over the
previous vear. Again, industry obscrvers contended
that this cstimate, which carried general aviation
aireraft more than 3 billion miles. is “conservative.”

Manufacturers continued to emphasize air-age
education in the nation’s school svstem. While the
number of schools offering some form of aviation
cducation. ranging from actual flight training to
information courses on aviation and acrospace, con-
tinued to increase. industry leaders made a greater
cffort to provide support material. Most major
manufacturers had an education specialist on their
staff, some having developed operating departments
to work with the schools in the development of
programs.

Not generally understood by the rank and file of
the public is the essential nature of general aviation
to the nation’s total air transportation economy.
Whereas the airlines provide scheduled service to
about 550 places in the continental United States,
there are more than 10.000 airports. The FAA has
estimated that in intercity travel alone, general avia-
tion carries at least 50 percent as many passengers
as the airlines. General aviation is the connecting
link between major air traffic hubs and the hun-
dreds of other places which have infrequent sched-
uled airline service and the thousands of places
which are completely dependent on general avia-
tion to connect them by air with every other place
in the nation where there are airports.

The year brought special problems to aviation,
particularly that of congestion at hub airports. The
continuing growth in the number of people travel-
ing by air, cither in their own aircraft or as fare-
paying passengers, increased the strain during peak
hours at some airports. Because of the public’s lack
of knowledge about the air trausportation structure,
certain segments of the aviation Community were
increasingly singled out as causing the congestion.
As a result, every segment of the aviation commu-
nity made a strong cftort to get the true picture to
the American public. While the problems still ex-
isted at year-end, equitable solutions appeared to be
closer than during the crisis period in July.






















































































































































































































































































































































































































































































































































APOLLO COMMAND AND
SERVICE MODULES

Prime Contractor: North American Rockwell Cor-
poration’s Space Division

Major Subcontractors: Aerojet-General Corporation
(service module propulsion engine); Aeronca Manu-
facturing Company (honeyvcomb panels); Aveo Cor-
poration (ablative heat shield); Beech Aircraft Cor-
poration (super critical gas storage svstem); Bell
Acrosystems Company (positive expulsion tanks for
reaction control system); Beckman Instruments,
Inc. (data acquisition equipment); Collins Radio
Compzmy (communications and data): Control Data
Corporation (digital test command syvstem): Dalmo
Victor Company (main communications antenna
systems); Electro-Optical Systems. Inc., Micro Sys-
tems, Inc. subsidiary (temperature and pressure
trz_msducer instrumentation); Garrett Corporation,
AiResearch Manufacturing Division (environmental
control system); General Motors Corporation (fuel
anc.l oxidizer tanks); Singer—Ceneral Precision, Inc.
(mlssi01l simulator trainer): General Time Corpora-
t%on (central timing system): Honeywell (stabiliza-
tion and control); Lockheed Propulsion Company
(launch escape and pitch control motors): Micro
Systems, Inc., Electro-Optical Systems (pressure
and temperature transducers); Motorola, Inc. (up-
data link digital); The Marquardt Corporation (re-
action control motors service module); Northrop
Corporation (earth landing system); Remanco, Inc.
(rocket engine test set); Sciaky Brothers, Inc. (tool-
Ing, welding and machinery); Simmonds Precision
Products (propellant gaging mixture ratio control);
Thiokol Chemical Corporaﬁon (escape system jetti-
Son motors); Transco Products, Inc. (telemetry an-
tenqa system); United Aircraft Corporation, Pratt &
Whltney Aircraft Division (fuel cell); Westinghouse
Electric, Aerospace Electrical Division (static in-
verter conversion unit); Weber Aircraft (spacecraft
couches)

Remarks

Project Apollo is the United States” program to
Rlace Americans on the moon for scientific explora-
tion and safe return to carth. The Apollo program
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is directed by the National Aeronautics and Space
Administration. Technical management of the
Apollo spacecraft is under NASA’s Manned Space-
craft Center, Houston, Texas. The Apollo spacecraft
comprises 3 separable major parts, called “modules,”
which are fastened together in tandem. North
American Rockwell’s Space Division is producing
the Apollo spacecraft Command and Service Mod-
ules. The Lunar Module is being built by Grum-
man Aircraft Engineering Corporation. The Com-
mand Module is the Apollo spacecraft’s control
center for the moon flight. It provides combination
living, working and leisure-time quarters for the
3-man crew. The Command Module consists of 2
shells—an inner crew compartment and an outer
heat shield. Ablative materials are applied to the
outer structure after it has been assembled and fit-
checked to the crew compartment. The Service
Module houses the main propulsion engine and its
propellants for return from the moon and for mid-
course corrections. It contains the electrical system,
reaction control engines and part of the environ-
mental control system. Propellants and various
systems are housed in pie-shaped sections surround-
ing the main engine. Attached to the Command
Module during the flight to the moon, the Service
Module is jettisoned prior to earth reentry.

Command Module Specifications

Shape conical; height 10 feet 7 inches; diameter (at
the base) 13 feet; launch weight 13,000 pounds (ap-
proximately); outer structure stainless steel honey-
comb bonded between stainless steel alloy sheets;
inner compartment primarily alaminum honeycomb
bonded between aluminum alloy sheets; insulation:
a 2-layer microquartz fiber insulation separates the
walls of the inner and outer structures; environment
shirt-sleeve temperature of about 75 degrees, 100
percent oxygen.

Service Module Specifications

Shape cylindrical; height 22 feet (including engine);
diameter 13 feet; construction mostly aluminum
alloy; outside skin is honeycomb bonded between
aluminum sheets; launch weight 55,000 pounds (ap-
proximately).




















































































































































































































































































































































































































































































































































































































































SOUNDING ROCKETS

Sounding rockets are listed under system contractor,

giving manufacturer’s nomenclature, type, stages and

thrust, launch weight and overall length, perform-
ance, remarks and using organizations.

AEROJET-GENERAL CORPORATION,
SPACE DIVISION

AEROBEE 150 & 150A

Boosted single-stage sounding rocket; sustainer—
liquid IRFNA and aniline-furfuryl-alcohol mixture;
engine (4,100 pounds thrust for 51.8 seconds),
booster—Aerojet 2.5KS-18,000 solid motor; weight
(150) 1,943 pounds; length (150) 29.67 feet; weight
(150A) 1,941 pounds; length (150A) 30 feet; 150-
pound payload to altitude of 152 miles; maximum
acceleration 10.3 g; tower-launched; 150 version has
3 ﬁ?s, 150A ?a§14 fins; attitude control and recovery
systems available in both vehicles:

Kitt Peak Observatory. i NASA, AF, Navy,

AEROBEE 300 & 300A

Two-stage sounding rocket; Ist—Aerobee 150 or
lSQA, 2nd—solid Aerojet Sparrow 1.8KS-7800;
weight 2,103 pounds; length (300) 33 feet, ( 300A)
33.3 feet; 35-pound payload to altitude of 300 miles;

maximum acceleration 63.8 o- ;
Nash e g; 300A has 4 fins;

AEROBEE 350

Nike M-5 boosted, single-stage, liquid soundin
rocket; 4 Aerobee 150g thrusgt ’chaqmbers, 18,84%
founds of vacuum thrust; payload weights from 150
o 500 Jpounds to altitudes of 294 and 207 miles,
;:zgeitl\éely; peak acceleration 15.2 g tower-
> hC .e d1 overall length including booster 603

ches; diameter 22 inches; developed for NASA.

NIRO

Two-stage, unguided, solid soundin

Nike M-5 45,000, Iroquois second sélgrg-cﬁ((a)t,tol s{80
pounds to altitudes of 180 to 85 miles, res ectively:;
boom-launched, under development A’FCII{)L- r:llz .
mum acceleration 36 g; length 336.2 inches: ’wei )gt
at lift-off without payload 1,591 pounds; pa load
area 79 inches by 7.75 inches diameter, P
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ATLANTIC RESEARCH CORPORATION,
A DIVISION OF THE SUSQUEHANNA
CORPORATION

ARCAS

Single-stage solid sounding rocket; over 6,000 flown;
ARC 29KS-336; wcight 65 pounds; length 7.5 feet;
10-pound payload to altitude of 44 miles; all ser-
vices and NASA, Germany, France, Argentina, Can-
ada, Brazil.

BOOSTED-ARCAS 1

Two-stage solid sounding rocket; 1st—ARC MARC
14 Al (0.8KS-2700), 2nd—ARC ARCAS (29KS-
324); weight 102 pounds plus payload; length 10
fcet 7 inches; 12-pound payload to 54 miles; NASA.

BOOSTED-ARCAS 11

Two-stage solid sounding rocket; 1st—ARC MARC
42 Al (3KS-2740), 2nd—ARC HV ARCAS (29KS-
324); weight 135.3 pounds plus payload; length 13
feet 3 inches; 12-pound payload to 86 miles; tube
or rail launch; Army, NASA, ESSA, ESRO.

ARGO A-2 (PERCHERON)

Boosted single-stage solid rescarch rocket; Thiokol
Castor TX-33 with 2 Thiokol Recruit TE-29s (122,-
000 pounds total thrust); weight 10,000 pounds;
length 21 feet; 500-pound payload to altitude of 200
nautical miles; first stage Shotput; NASA.

ARGO B-1 (NIKE-CAJUN)

Two-stage solid sounding rocket; 1st—Hercules M-5
Nike (48,700 pounds thrust), 2nd—Thiokol Cajun
TE-82 (9,600 pounds thrust); weight 1,550 pounds;
length 23 feet; 50-pound payload to altitude of 94
miles; all services and NASA.

ARGO B-2 (NIKE-APACHE)

Two-stage solid sounding rocket; 1st—Hercules M-5
Nike (48,700 pounds thrust), 20d—Thiokol Apache
TE-307 (5,900 pounds thrust); weight 1,550 pounds;
length 23 feet; 50-pound payload to altitude of 163
miles; all services and NASA.

ARGO B-7 (HONEST JOHN-NIKE)

Two-stage solid sounding rocket; 1st—Hercules M-6
Honest John (86,000 pounds thrust), 2nd—Hercules
M-5 Nike (48,700 pounds thrust); weight 5464
pounds; length 40 feet; 250-pound payload to alti-
tude of 57 miles; Army, Air Force, NASA.



ARGO B-10 (SWIK)

Two-stage solid research rocket: 1st—Thiokol Cas-
tor TX-33 (55.000 pounds thrust), 2nd—Hercules
X254 (14,100 pounds thrust); weight 13.200 pounds;
length 35 feet; 300-pound pavload to altitude of
750 miles; Army, AF.

ARGO C-22 (HONEST JOHN-NIKE-NIKE)

Three-stage solid sounding rocket; lst—Hercules
M-6 Honest John (86,000 pounds thrust). 2nd and
3rd—Hercules M-5 Nike (48,700 pounds thrust);
weight 6.784 pounds; length 47 feet: 250-pound pay-
load to altitude of 118 miles; Army, AF, NASA.

ARGO C.23

Three-stage solid sounding or rescarch rocket; 1st—
Thiokol TX-33 with 2 Thiokol TX ?’75 (147,000
pounds total thrust), 2nd—Thiokol TX-261 (57,000
pounds thrust), 3rd—Thiokol TX-306 (111\5-13430)(;
weight 14,300 pounds: length 41.3 fect: 150-pou{1}1l
pavload to altitude of 2,000 nautical miles, Mach 21.

ARGO D-4 (JAVELIN)

Four-stage solid research rocket: lst—-Hvrcu(lieg :;I-G
Honest John (86.000 ponnds thrust). 2nd an : ‘4’;}—1
Hercules M-5 Nike (48,700 pounds thrust eac 1),' :

—Hercules X-248 (3,000 pounds thrust); \"'3llg 1;
7,400 pounds; length 48.7 fect: 100-pound pa);\(gdAC
to altitude of 550 nautical miles; NASA, AF, D .

ARGO D-8 (JOURNEYMAN A)

Four-stage solid research rocket; ISt”rIjh‘Ol‘i)}) 1;\5\010
20 with 2 Thiokol 1.5KS-3500 Becn]l\_llts‘ g L
pounds total thrust), 2nd and 3rd—L.oc K]Ce 5 \:.‘748
(47,000 pounds thrust cach), 4th——Hercuds. 1; ndth
(3,000 pounds thrust); weight 14,000 pot(;n ,f ) §60
62 feet; 135-pound payload to altitu F Oh' i; X
nautical miles, Mach 24; holds record or 3dlg esr
altitude (1,269 nautical miles) for recovered pay-
load; NASA, Sandia.

HYDRA-IRIS ) P
i -ocket with laun

Single-stz solid soundmg roc o“ ,

b;nogst? Slsi-gf:} clustered Aerojet Sparrow MK6 Mod

3 onc’l——ARC 52Kk S-3850; weight 1,720 pounds plu.s

p,a;load- length 27 fect; 10()—pound payload to a.ltl-

tude of ’.‘200 miles; launch from submerged, floating

launch rail; Navy.

METARC lowical .

; stage low-altitude metcorological rocket; re-
ﬁi‘;%tﬁ%cc 0.72KS-177; weight 6.7 pounds with
né} u’yload and parachute; 3 feet 8% inches long;
altitude 5,000 feet; Army.
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NIKE-ARCHER

Two-stage solid sounding rocket; 1st—Hercules M-5
Nike (48,700 pounds thrust), 2nd—ARC Archer
35KS-1375; weight 1,650 pounds; length 25 feet;
40-pound payload to altitude of 230 miles; all ser-
vices and NASA.

SIDEWINDER-ARCAS

Two-stage sounding rocket; 1st—Sidewinder Mk 17
Mod 1A, 2nd—ARC HV ARCAS (29KS-324);
weight 166.4 pounds plus payload; length 14 feet
2 inches; 12-pound payload to 72 miles; all services,
NASA and Norway.

SPARROW-ARCAS

Two-stage sounding rocket; Ist—Aerojet Sparrow
Mk 6 Mod 3, 2nd—HV ARCAS (29KS-324); weight
206 pounds plus payload; length 12 feet 6 inches;
12-pound payload to 109 miles; all services and
ESRO.

TRAILBLAZER 1

Six-stage (including 3 downward-thrust packaged
in reverse in 3rd stage) solid research rocket; 1st—
Hercules M-6 Honest John (86,000 pounds thrust),
2nd—Hercules M-5 Nike (48,700 pounds thrust),
3rd—either Lockheed Lance (47,000 pounds thrust)
or Thiokol TX-77 (46,000 pounds thrust), 4th—
Thiokol T-40, Sth—Thiokol T-55 (4,650 pounds
thrust), 6th—NASA/Langley 5-inch spherical motor;
weight 7.500 pounds; length 56 feet; 3 stages up to
altitude of 200 nautical miles; 3 stages down attain
24,000 feet per second (a “gun-fired” pellet fired
downward has reached 35000 feet per second)
NASA.

3

TRAILBLAZER 11

Four-stage solid research rocket; 1st—Thiokol Cas-
tor TX-33 with 2 Thiokol Recruit TE-29s (122,000
pounds total thrust), 2nd—Lockheed Lance (47,000
pounds thrust), 3rd—Hercules Altair X-248
(3,000 pounds thrust), 4th—ARC/NASA 15-inch
spherical (5,000 pounds thrust); weight 13,344
pounds; length 50 feet; 2 stages up, 2 stages down-
ward to achieve reentry velocity of 22,000 feet per
second; NASA, Army, AF.

ARCTURUS

Single-stage meteorological and research rocket with
separable payload; 9-pound payload to 300,000
feet; burnout altitude approximately 66,000 fect;
thrust, boost phase 485 pounds, sustainer phase 350
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pounds; weights with standard payload 85.8 pounds
at launch, 38 pounds at burnout; company-spon-
sored program.

SUPER ARCAS

Simple, versatile vehicle for probing the mesosphere
and ionosphere; single-stage system with separable
payload; employs a MARC 60A rocket motor of 370
pounds thrust, burning time 32.6 seconds; payloads
trom 8 to 25 pounds; vchicle weight 95.8 pounds at
launch, 40.5 pounds at burnout.

HERCULES INCORPORATED

DEACON (POGO-HI)

Single-stage Hercules X-220 solid motor (6,400
pounds thrust); weight 200 pounds; length 9.7 feet;
payload weight versus altitude varies with each pro-
gram; Army, Navy, NASA, ARPA.

LANGLEY RESEARCH CENTER, NASA

METEOR SIMULATION VEHICLE (1)

(Modified Trailblazer II); 6-stage solid research
rocket; 1st—Thiokol Castor XM33ES8 with 2 Thiokol
Recruit XM-19s (122,000 pounds thrust total), 2nd
—Thiokol TX-77 (47,000 pounds thrust), 3rd—Her-
cules Altair X-248 A-10 (3,000 pounds thrust), 4th—
NASA Cygnus-15 (3,200 pounds thrust, 15-inch di-
ameter spherical), 5th—Cygnus-5 (550 pounds
thrust, 5-inch diameter spherical), 6th—Firestone
Tire and Rubber Company shaped-charge accel-
erator and reentry pellet; ARC spin-stabilized veloc-
ity package contains last 4 stages; 13,500 pounds;
5L.5 feet; 2 stages up to 300-kilometer altitude, re-
maining stages packaged in reverse to achieve 20-
kilometer-per-second reentry velocity, 15 degrees
off vertical at 75-kilometer altitude; NASA.

METEOR SIMULATION VEHICLE (2)

(Modified Nike-Cajun); 4-stage solid research
rocket; 1st—Nike-Ajax (53,000 pounds thrust), 2nd
—Thiokol Cajun TE-82 (8,600 pounds thrust), 3rd
—NASA Cygnus-5 (550 pounds thrust, 5-inch diam-
eter spherical), 4th—Army Ballistics Research Lab-
oratory shaped-charge accelerator and reentry pel-
let; Zimmey Corporation spin-stabilized velocity
package which contains 2 sets of the 3rd and 4th
stages mounted in reverse; 1,575 pounds; 27.5 feet;
2 stages up to 120-kilometer altitude, 2 separate re-
entries of different pellet materials each with 11-
kilometer-per-second reentry velocity, 15 degrees off
vertical at 75-kilometer altitude; NASA.

R-370

NAVAL MISSILE CENTER,
POINT MUGU, CALIFORNIA

TERRIER/551C

Ground-launched 2-stage rescarch rocket; Ist—
A.B.L. Terrier Mk 12 booster. 2nd—NWC Mod
351C; launch weight 2,750 pounds plus pavload;
250-pound payload to 250 nautical miles; in flight
test.

HYDRA-IRIS

Two-stage research rocket capable of remote water-
launch from free-floating launcher; 1st—NavMis-
Cen-designed cluster of 3 Acrojet Sparrow III mo-
tors, 2nd—Atlantic Research Corporation Iris; 200-
pound payload to 100 nautical miles; booster and
launcher being modified. (See also Atlantic Re-
search.)

SANDIA CORPORATION

NITEHAWK 9

Two-stage solid propulsion sounding rocket; lst—
Nike M-5 (48,700 pounds thrust), 2nd—Thiokol TE-
416 Tomahawk (10,500 pounds thrust); 9-inch di-
ameter; 125-175-pound payloads to altitudes be-
tween 165 and 200 miles; Mach 8.5; Atomic Energy
Commission.

NITEHAWK 12

Two-stage solid propulsion sounding rocket; Ist—
Nike M-5 (48,700 pounds thrust), 2nd—Thiokol TE-
416 Tomahawk (10,500 pounds thrust); 12-inch di-
ameter; 200-260-pound payloads to altitudes be-
tween 95 and 110 miles; Mach 6; Atomic Energy
Commission.

ADVANCED TERRIER TOMAHAWK 9

Two-stage solid propulsion sounding rocket; lst—
Hercules BT-3 Advanced Terrier (66,800 pounds
thrust), 2nd—Thiokol TE-416 Tomahawk (10,500
pounds thrust); 9-inch diameter; 175-pound payload
to 255-mile altitude; Mach 9; Atomic Energy Com-
mission.

NIKE CAJUN

Two-stage solid propulsion sounding rocket; lst—
Nike M-5 (48,700 pounds thrust), 2nd—Thiokol TE-
M-82-1 Cajun Mod 1 (8,800 pounds thrust); 6%-
inch diameter; 70-pound gross payload to 98 miles
altitude; Mach 6; Atomic Energy Commission.



NIKE APACHE

Two-stage solid propulsion sounding rocket; 1st—
Nike M-5 (48.700 pounds thrust), 2nd—Thiokol TE-
M-307-2 Apache (3,300 pounds thrust): 61/2-inch
diameter: 100-pound gross payload to 85 miles alti-
tude; Mach 3.5; Atomic Energy Commission.

SANDHAWK

Single-stage solid propulsion sounding rocket; Thio-
kol TE-M-473 Sandhawk (24500 pounds thrust);
13-inch diameter; length 24.1 feet: 200-pound gross
pavload to 110 miles altitude; Mach 6.2; Atomic
Energy Commission.

ADVANCED TERRIER-SANDHAWK
Two-stage solid propulsion sounding rocket; lst—
Advanced Terrier (66,800 ounds thrust), 2nd—
Thiokol TE-M-473 Sandhawk (24.500 pounds
thrust); 13-inch diameter; length 87.4 feet; 20(;
pound gross payload to 263 miles altitude; Mac
8.9: Atomic Energy Commission.

DUAL HAWK -
Two-stage solid propulsion sounding rocket; lst—
TIliOkOlgTE-\’I~F73P Gandhawk (24,500 pounds
thrust), 2nd—Thiokol TE-416 Tomahawk (1()f,50(?
pounds thrust); g-inch diameter:; leng'th‘SS.IZ.t e(ftf
135-pound gross payload to 380.111.1105 altitude;
Mach 10.9; Atomic Energy Commission.

TALLEY INDUSTRIES, INC.

HOPI CHAFF DART y t

TOPI-II solid motor;
Single-stage RPI 2.4-5600 HO ;
\\:eigght 95gpounds; length 11 feet; 11.5-pound pay
load to altitude of 380,000 feet; NASA.

JUDI BALLOON DART

i -2 UDI-I solid motor;
Single-stage RPI 1.9KS 2150 ]
\\tei%ght 33.7 pounds; length 9 feet; lO-pounod pay-
load (standard AF Mylar Robin Sphere) to 200,000

feet; all services and foreign governments.

JUDI CHAFF (OR PARACHUTE) DART

Single-stage RPI 1.9KS-2150 JUDI-I solid motor;
wcfght 33.7 pounds; length 8.6 feet; IO—Pound pay-
loaci to altitude of 240,000 feet; all services, NASA

and foreign governments.

JUDI INSTRUMENTED DART

- -I solid motor;
Single-stage RPI 1.9KS 2150 JUDI :
wne]igght 33%7 pounds; length 9 feet; 1()—poqnd pay-
load to altitude of 220,000 feet; all services and

- \. a8y M » S.
foreign government
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PHOENIX-I

Two-stage solid sounding rocket; 1st—RPI 5.5KS-
6100 KIVA-I, 2nd—RPI 3.0KS-4000 HOPI-II;
weight 320 pounds; length 18 feet; 10-pound pay-
load to altitude of 225 miles; all services.

RAVEN

Single-stage RPI 7.8KS-1945 HOPI-IV solid motor;
weight 107 pounds; length 10.8 feet; 10-pound pay-
load to altitude of 225,000 feet; under development
for meteorological use by all services and NASA.

SIDEWINDER-RAVEN

Two-stage solid sounding rocket; 1st—Naval Pro-
pellant Plant, Sidewinder 1A, 2nd—RPI 7.8KS-
1945 HOPI-IV; weight 208 pounds; length 17 feet;
20-pound payload to altitude of 400,000 feet; all
services.

THIOKOL CHEMICAL CORPORATION,
ASTRO-MET DIVISION

NIKE-TOMAHAWK

Two-stage solid sounding rocket; 1st—Hercules
M-5. M-5E1 or M-88 Nike (48,700 pounds thrust),
2nd—Thiokol TE-416 Tomahawk (10,500 pounds
thrust); weight 1,850 pounds; length 23.83 feet;
80 to 290 pounds, 6%-12-inch-diameter payloads to
altitudes between 95 and 300 miles; NASA, AF,
USN, Sandia, University of Michigan, McDonnell
Douglas Corporation.

TOMAHAWK

Single-stage solid sounding rocket; Thiokol TE-416
Tomahawk (10,500 pounds thrust); weight 531
pounds; length 11.75 feet; 125-pound payload to
altitude of 60 miles (low-drag configuration with
60-pound payload to altitude of 130 miles and high-
drag configuration with 80-pound payload to alti-
tude of 74 miles); NASA, Sandia, Navy.

TOMAHAWK-DART

Single-stage solid sounding rocket; Thiokol TE-416
Tomahawk (10,500 pounds thrust); weight 671
pounds; length 14.75 feet; 140-pound (Dart) pay-
load to altitude of 57 miles; NASA, Sandia.

ADVANCED TERRIER TOMAHAWK

Two-stage solid sounding rocket; 1st—Hercules
Mark 12 Mod 1 Terrier (17,000 pounds thrust): 2nd
—Thiokol TE-473 Sandhawk ( 24,500 pounds thrust);
weight 3,899 pounds; length 41.5 feet; 100-pound
payload to 350 miles or 350-pound payload to 225
miles; approximately 500 seconds flight time above
300,000 feet.
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Stabilized platform system for Sat-
umn vehicles, R-194
13A5410 electronics system test set,
R-195
Berlin Doman Helicopters, Inc., R-27
AModel BD-68 commercial utility
helicopter, R-27
Bikini drone surveillance system, R-146
Biosatellite, R-166
Bird Dog (O-1E), R-43
BIRDIE (Battery Integration and Radar
Display Equipment), R-239
Boeing Company, The, 2, 7, 9, 10, 13,
14, 70-71, R-27 to R-34, R-93, R-121,
R-135, R-137, R-153, R-161, R-184,
R-196, R-338
B-47E medium bomber, R-27
B-52H missile platform bomber,
R-28
Bomarc B missile, R-135
Burner II, R-161
EC-135N Apollo range instrumented
aircraft, R-93
KC/C-135 tanker/transport
R-31
Lunar Orbiter spacecraft, 2, R-184
Minuteman ICBM, 9, R-121
S-IC stage, R-153
Saturn V launch vehicle, 7, R-153
707-120 scries jetliners, R-28
707-320 series jetliners, R-29
720/720B jetliner, R-29
797 medium-range jetliner, R-30
737 short-range jetliner, 14, R-30
747 jetliner, 13, R-31
SRAM (Short-Range Attack Missile),
10, R-137
Supersonic transport, 13, R-32
T50 military turboshaft engine,
R-338
Commercial Airplane Division, R-196
Precision approach and landing sys-
tem, R-196
Vertol Division, R-32 to R-34
CH-46D Sea Knight helicopter,
R-32
CH-47C Chinook helicopter, R-33
107 military transport helicopter,
R-34
107 twin-turbine transport helicop-
ter, R-33
UH-46D medium transport helicop-
ter, R-34
Boeing 707-120 series jetliners, R-28
Boeing 707-320 series jetliners, R-29
Boeing 720/720B jetliner, R-29
Bocing 727 medium-range jetliner, R-30
Bocing 737 short-range jetliner, 14, R-30
Boeing 747 aircraft, 13, R-31; (air tur-
bine drive), R-211; (environmental
control system), R-269; (flight simula-
tor), 31
Bocing supersonic transport, 13, R-32
Boeing-Vertol 107 military transport heli-
copter, R-34

series,

R-379

Boeing-Vertol 107 twin-turbine transport
helicopter, R-33

Bomarc B missile, R-135

Bonanza aircraft (Aerobatic), R-12;
(E33), R-11; (E33A), R-11; (36), R-12;
(Turbo), R-10; (V35A), R-10

Boosted-Arcas I sounding rocket, R-368

Boosted-Arcas 1I sounding rocket, R-368

BQM-34A jet target drone (Firebee),
R-151

BQM-34E. supersonic jet drone (Firebee
1), 12, R-152

Braniff International, 224-225

Brewer Trophy, 37

Bronco (OV-104), R-98

Buckeye (T-24), R-99; (T-2B), R-100

Buffet/lavatory unit, R-275

Bullpup missiles (AGM-12B, AGM-12C),
R-140

Bunker-Ramo Corporation, The, Amphe-
nol Connector Division, 71, R-202

Sea Sparrow interconnecting cable
assembly, R-202
Bumner II launch vehicle, R-161

Cc

C-1 radiamic engine, R-303
C-1A Trader, R-59
C-2A Greyhound, R-59
C-5A Galaxy aircraft, 13, R-79; (attitude
director indicator), R-198; (inertial
navigation system), R-244; (multimode
radar system), R-271
C-9A Nightingale, 15, R-92
C-118 Liftmaster, R-90
C-123K assault transport, 17
C-124 Globemaster, R-89
C-130E Hercules transport, R-76
C-133 heavy cargo transport, R-89
C-140 JetStar transport, R-76
C-141A StarLifter cargo-troop carrier,
R-79
Cadet, R-96
Calibration tracker, R-226
California Institute of Technology, Jet
Propulsion Laboratory, R-184, "R-185,
R-186
Mariner IV spacecraft, R-185
Mariner V spacecraft, R-186
Mariner Mars 1969  spacecraft,
R-186
Surveyor spacecraft, R-184
Cannon system (25-millimeter), R-268
Capitol International Airwavs, 227
CAPRI radar, R-250 '
Cardinal, R-36
Cargo pallet, R-273
Caribair, 227
Centaur launch vehicle, R-157
Centurion (Model 210), R-38
Cessna Aireraft Company, 16, 18, 71-73,
R-35 to R-44
A-37 strike aireraft, 18, R-41
Cardinal, Model 177, R-36
Fanjet 500, 16
Model 150, R-35
Model 172, R-35
Model 180, R-37
Model 182 and Skylane, R-39
Model 185, R-37
Model 210 Centurion, R-38




Model 230 and 300 Agwagon, R-44
Model 310N, R-38
Models 401/402, R-42
Model 421, R-43
O-1E Bird Dog, R-43
0-2, R-44
Skyhawk, R-36
Super Skylane, R-39
Super Skymaster, R-40
Super Skywagon, R-40
T-37B military trainer, R-41
T-41 military trainer, R-42
Cessna Model 150, R-35
Cessna Model 172, R-35
Cessna Model 177, R-36
Cessna Model 180, R-37
Cessna Model 182, R-39
Cessna Model 185, R-37
Cessna Model 210 Centurion, R-38
Cessna Model 310N, R-38
Cessna Models 401/402, R-42
Cessna Model 421, R-43
CF6 turbofan engine, 23, R-350
CF700 turbofan engine, R-348
CH-46D Sea Knight helicopter, R-32
CH-47C Chinook helicopter, R-33
Chandler Evans Control Systems, 73
Chaparral aircraft, R-96
Chaparral missile system, 11, R-136
Cherokee aircraft (Arrow), R-113; (D),
R-111; (Six), R-112; (140B), R-111;
(235C), R-112
Cheyenne compound helicopter (AH-
56A), 19, R-75
Chinook transport helicopter (CH-470),
R-33
Chrysler Corporation, R-126, R-155
Missile Division, R-126
Redstone missile, R-126
Space Division, R-155
Saturn IB, R-155
CJ610 turbojet engine, R-348
CJ805-3 turbojet engine, R-351
CJ805-23 turbofan engine, R-351
Code matrix block reader, R-207
Collier Trophy, 36
Comanche C, R-114; (Twin), R-115
Communications central, R-200
Communications satellite antenna, R-255
Condor missile, R-140
Continental Airlines, 207-228
Continental Motors Corporation, 73-74,
R-319 to R-326, R-339 to R-342
GTSI10-520-C piston engine, R-326
GTSIO-520-D piston engine, R-326
10-346 piston engine, R-320
10-360-C, -D piston engines, R-320
10-470-K, -1 piston engines, R-322
}g-ggg-x piston engine, R-322
-520-A, -D, -E, -F, -] pi ]
gines, R.303 J piston en
10-520-B piston engine, R-323
10-520-C piston engine, R-324
8-388-: piston engine, R-319
-300-A, -B, -C, -D pist i
Soa1o piston engines,
0-470-R piston engine, R-321

TSIO-360-A, -B  piston engines,
R-321
TSIO-520-B, -E  piston engines,
R-324
TSIO-520-C, -H piston engines,
R-325

TSIO-520-D piston engine, R-325

Continental Aviation and Enginecring
Corporation, R-339 to R-342
J69-T-6 turbojet engine, R-340
]69-T-25 turbojet engine, R-339
J69-T-29 turbojet engine, R-339
J69-T-41A turbojet engine, R-340
J100-CA-100 turbojet engine, R-341
T65-T-1 turboshaft engine, R-342
T-67-T-1 twin turboshaft engine,

R-341
TS120-G6 turboshaft engine, R-342

Continuous nonequilibrium MHD gen-

crator, R-214
Convair 600/640, R-50
Convair 880 and 880-M, R-51
Convair 9904, R-51
Cougar (TF-9J), R-60
Countermeasure system, R-247
Courser Commander, R-104
CP Air, 225-226
Crusader (F-8), R-68
Cryogenic storage system, 27
CT58 turboshaft engine, R-352

CT64 turboshaft/turboprop engine,
R-352
Cubic Corporation, R-174
Geodetic SECOR, R-174
Curtiss-Wright Corporation, 74-76,

R-327 to R-329, R-343

J65-W-7 turbine engine, R-343

J65-W-16A turbine engine, R-343

R1300 reciprocating engine (C7BA),
R-327

R-1820-82A
(C9), R-327

R3350-26WD reciprocating engine,
R-328

R3350-32W  reciprocating
(TC18), R-328

YRC-180-2 rotating combustion en-
gine, R-329

rcciprocating cngine

engine

D

Dacor forward error
R-222

Darter Commander, R-102

DASH drone helicopters (QH-50), R-147

Davy Crockett missile, R-128 ,

DC static control panel, R-231

DC-6 airliner, R-90

DC-7 commercial transport, R-90

DC-8 jet transport, 15, R-91

DC-9 jet transport, 15, R-91

DC-10 jet transport, 14, R-92

Deacon rocket motor, R-286

Deacon sounding rocket, R-370

De-icing systems, R-216

Delta Air Lines, 228-230

control  system,

Delta launch wvehicle, R-158; (Thrust
Augmented), R-159; (Thrust Aug-
mented Improved), R-159; (Thrust

Augmented Long Tank), 7, R-160
Delta second-stage engine, R-283
Demand mode ‘integral rocket ramjet,

R-293
Department of Defense, 196-206
Digital modem, R-221
DODGE satellite, R-181
Douglas Aircraft Company, sce McDon-

nell Douglas Corporation
Dragon antitank weanon, 11, R-129

R-380

Drones and Targets, 12, R-145 to R-152
Dual Hawk sounding rocket, R-371
Ducting, R-273

Duke, Model 60, R-7

E

E-1B Tracer, R-G1
L-2A Hawkeye, R-54
I--4 helicopter (OH-23F), R-48
ICA-6A Intruder, R-36
EA-6GB, 17, R-56
Early Bird satellite, R-169
Eastern Airlines, 230-232
EC-130E IHercules, R-77
EC-135N Apollo range instrumented air-
craft, R-93
Ejectable recording system, R-236
Ejector ramjet engine, R-335
Electronics system test set, R-195
Emerson Electric Company, Electronics
and Space Division, R-128, R-203 to
R-205
AN/APM-277 radar test set, R-205
AN/TPS-50 radar, R-205
AN/TPS-54 radar, R-203
Honest John missile, R-128
Integrated Radome, Antenna
RF (RARF) circuitry, R-204
Moving target fire control radar,
R-203
XM-28 armament system, R-204
Engines (piston), R-312 to R-332; (ram-
jet), R-333 to R-335; (rocket), 23, 24,
R-279 to R-311; (turbine), 22, 23,
R-336 to R-367
Environmental Research Satellites, R-178
ESRO spacecraft, 6
ESSA satellite, 4, R-168
European Space Research Organization,

and

ESRO spacecraft, 6

HEOS spacecraft, 6
Executive 21, R-95
Explorer satellites, 6, R-177

F

F-1 rocket engine, 23, R-298

F-4B Phantom, R-82

F-4C Phantom, R-82

F-4D Phantom, R-84

F-4F Phantom aircraft, R-84; (weapons
control system), R-278

F-4] Phantom aircraft, R-85; (weapons
control radar), R-278

F-4K Phantom, 18, R-85

F-4M Phantom, 18, R-86

F-5 tactical fighter, R-108

F-8 Crusader, R-68

F-27] propjet transport, R-45

F-100 Super Sabre, R-100

F-101B Voodoo interceptor, R-86

F-102A interceptor, R-49

F-104S Super Starfighter, R-69

F-105 Thunderchief fighter
R-49; (radar system), R-242

F-106A interceptor, R-50

F-111 air data computer, R-197

F-111 air inlet control, R-270

bomber,



F-111 avionics, R-242
I-111 clectric power generating system,
R-276
F-111A tactical fighter-bomber, R-52
I-111C strike aircraft, 18, R-33
IFairchild Hiller Corporation, 17, 20, 28,
76-77, R-45 to R-49, R-146, R-179,
R-206 to R-212
C-123K assault transport, 17
Metro airliner, 17
Aircraft Division, 20, R-45 to R-48
Armed Porter, R-46
E-4 helicopter (OH-23F), R-48
F-277 propjet transport, R-45
IFH-2278 propjet transport, R-45
IFEH-1100 air ambulance, 20, R-47
I'H-1100 helicopter, R-47
Heli-Porter, R-46
SL-1 }wlicoptcr, R-48
Republic  Aviation  Division, R-49,
R-146, R-210
Bikini surveillance system, R-146
F-105 Thunderchiet fighter bomber,
R-49
MICRO-VULE, R-210
Space & Electronics Systems Division,
29, R-179, R-206 to R-210
AN/TPS-41 mobile weather radar,
R-209
Auxiliary data annotation system,
R-206
Code matrix block reader, R-207
Continuous enlarger, R-207
Pegasus satellite, R-179
Receiver test  bench  subsystem,
R-210
Refractive Index Sounding System
(RISS), R-206
Solar panels, R-208
Space support unit, 29 _
Stores management set Mark I1 avi-
onics, R-209
Tubular Extendible Elements (TEE),
R-208
Stratos Division, R-211, R-212 N
A/M32C-10 ground air conditioner,
R-211
Boecing 747 air turbine drive, R-211
Total Environment Facility (TEF),
R-212
Falcon missiles, R-143
Fanjet 500 aircraft, 16
Fast Fourier analyzer, R-223
FB-111 controls and displays, 30
FB-111A strategic bomber, 18, R-53
Federal Aviation Administration, 206~
208
FH-227B propjct transport, R-45
FII-1100 air ambulance, 20, R-47
FH-1100 helicopter, R-47
Film reader/recorder, R-221
Firchee jet target drone (MQM-34D,
BQM—34A), R-151
Firebee IT supersonic jet drone (BOQM-
34F), 12, R-152
501-D13D turboprop engine, R-_E}SG
501-D22 turboprop engine, R-357
Flight instrument systems, R-Q(ISQ
Flight simulator (Boeing 747), 31
Flioht simulator visual system, R-259
Fli;ht suit pressure regulator, R-259
Flite-Path display, R-227
Flow switch, R-274
Fly-by-wire study system, R-263

Flying Tiger Line, 232-233
Freezer/oven, R-275
Frontier Airlines, 233-234
FW-4 rocket motor, R-308

G

Galaxy aircraft (C-54), 13, R-79; (Lock-
heed 500-114M), R-80
Garrett Corporation, The, 77-81, R-212,
R-213, R-344
AiResearch Industrial Division, R-213
Aircraft engine and cabin turbo-
charging system, R-213
AiResearch Manufacturing Company
of Arizona, R-344
T76 military turboprop engine,
R-344
AiResearch  Manufacturing  Division,
Los Angeles, R-212, R-213
Aircroft  Integrated Data System
(AIDS), R-213
Apollo environmental control sys-
tem, R-212
GE1 turbojet engine, R-347
GE1/10 turbofan engine, R-355
GE4 turbojet engine, 22, R-347
Gemini spacecraft, R-165; (attitude con-
trol thrusters), R-300
General aviation, 254-235
General Dynamics Corporation, 6, 11, 18,
81-86, R-49 to R-54, R-123, R-130,
R-133, R-134, R-135, R-136, R-138,
R-156, R-157, R-179
ASROC/Terrier missile  system,
R-130
Convair Division, 6, R-49 to R-51,
R-123, R-156, R-157, R-179
Atlas ICBM, R-123
Centaur, R-157
Convair 600/640, R-50
Convair 880 and 880-M, R-51
Convair 9904, R-51
F-102A interceptor, R-49
F-106A interceptor, R-50
OV1 satellite, 6, R-179
SL.V-3, R-156
SLV-3A and SLV-3C, R-157
Fort Worth Division, 18, R-52 to R-54
B-58 Hustler bomber, R-54
F-111A tactical fighter-bomber, R-52
F-111C strike aircraft, 18, R-53
FB-111A strategic bomber, 18, R-53
RF-111A rcconnaissance aircraft,

GE1/10 augmented turbofan en-
gine, R-355

GE4 turbojet engine, 22, R-347

J79 turbojet engine, R-345

J85 afterburning turbojet engine,
R-345

J85 non-afterbuming turbojet en-
gine, R-346

LF1 “Turbotip” lift fan propulsion
svstem, R-355

LAMI00 gas turbine engine, R-353

L.M300 gas turbine engine, R-354

LM13500 gas turbine engine, R-353

LM2500 gas turbine engine, R-354

T58 turboshaft engine, R-349

T64 turboshaft/turboprop engine,
R-349

TF34 turbofan engine, 23, R-350

TF39 turbofan engine, 23, R-346

Y]J93 turbojet engine, R-344

Missile and Space Division, R-1686,

R-214
Manned Orbiting Laboratory, R-166
SNAP-27 power system, R-214

Re-Entry Systems Department, R-166

Biosatellite, R-166

Space Sciences Laboratory, R-214

Continuous nonequilibrium MHD
power generator, R-214

General Laboratory Associates, Inc.,
R-215, R-216

Jet aircraft engine ignition systems,
R-215

Jet engine temperature sensing sys-
tems, R-216

Rocket engine ignition systems,
R-215

General Motors Corporation, 22, 51-52,
R-155, R-156, R-356 to R-360
AC Electronics Division, R-155, R-156

Titan 111, R-155
Titan III transtage, R-156

Allison Division, 22, 51-52, R-358 to

R-360

250-B15 turboprop engine, R-357
250-B17 turboprop engine, R-357
250-C18 turboshaft engine, R-356
250-C20 turboshaft engine, R-356
501-D13D turboprop engine, R-356
501-D22 turboprop engine, R-357
T56-A-7 turboprop engine, R-358
T56-A-14 turboprop engine, R-358
T56-A-15 turboprop engine, R-359
T63-A-5A turboshaft engine, R-359
TF41 turbofan engine, 22, R-360

R-52

Pomona Division, 11, R-133, R-134,

R-135, R-136, R-138

Advanced Terrier missile, R-134
Redeye missile, 11, R-135

Standard ARM missile system, R-138
Standard shipboard missile, R-136
Tartar missile, R-133

General Electric Company, 22, 23, 86-
93, R-166, R-214, R-344 to R-355

CF6 turbofan engine, 23, R-350
CF700 turbofan engine, R-348
C]610 turbojet engine, R-348
C)805-3 turbojet engine, R-351
C]805-23 turbofan engine, R-351
CT58 turboshaft engine, R-352
CT64 turboshaft/turboprop engine,
R-352
GE1 turhojet engine, R-347

R-381

General Precision Systems Inc., see
Singer-General Precision, Inc.
Genic missile, R-144
Genie rocket motor, R-304
Geodetic SECOR satellite system, R-174
GEOS satellites (1), R-174; (I1), R-175
Clobemaster (C-124), R-89
Goddard experiment package, R-229
Goodrich, B. T, Aerospace and Defense
Products, 93, R-216
Lightweight pneumatic de-icing sys-
tem, electrical propeller de-icing
system, R-216 )
Goodyear Aerospace Corporation, 27,
093-95, R-129
Baggage container, 27
Subroc missile, R-129
Goodyear Tire & Rubber Company, 26
Terra-Tires, 26



GPK-33 digital computer, 31
Grand Commander, R-103
Gravity meter, R-193
Greyhound (C-2A), R-59
Ground air conditioner, R-211
Ground control approach
R-227
Grumman Aircraft Engineering Corpora-
tion, 1, 3, 17, 95-96, R-54 to R-61,
R-165, R-183
A-6A Intruder, R-55
Ag-Cat, R-61
C-1A Trader, R-59
C-2A Greyhound, R-59
E-1B Tracer, R-61
E-2A Hawkeye, R-54
EA-6A Intruder, R-56
EA-6B, 17, R-56
Gulfstream I, R-58
Gulfstream II, R-58
HU-16B Albatross, R-57
Lunar Module, 1, R-165
-Orbiting Astronomical Observatory,
3, R-183
OV-1 Mohawk, R-57
S-2E Tracker, R-55
TC-4C, R-60
TF-9] Cougar, R-60
GTSIO-520-C piston engine, R-326
GTSIO-520-D piston engine, R-326
Gulfstream 1, R-58
Gulfstream II, R-58
Gunfire control system, 32
Gun-Jaunched rockets, R-289
Guppy aircraft, R-2 to R-4
Cyrodyne Company of America, 96,
R-147
QH-50 DASH drone helicopters,
R-147

quadradar,

H

H-1 rocket engine, R-297
H-63 piston engines, R-329
" Hamilton Standard, see United Aircraft
Corporation
Hand-held radar, R-250
Hag;non International Aviator’s Trophy,
Harr, Karl G, Jr., v, 33
Harvey Aluminum, 96-97
Hawaiian Airlines, 234-235
Hawkeye (E-24), R-54
Hawk missile, R-132
HC-130H/pP Hercules, R-77
geii.d-up display system, R-199
elicopter rotor-
R~2.’£)7 r-blade radar
Heli-Porter, R-46
Helmet sight system, R-217
HEOS spacecraft, 6
Hercules aircraft (C-130E), R-76. -
130E), R-77; (HC-13())H/P;16’ IglEFIC7
(Lockheed-100), R-78; (Lockheed-100.
20), R-78
Hercules Incorporated, 97-98, R-286
R-370 ’
Antares rocket motor, R-286
Deacon rocket motor, R-286
Deacon sounding rocket, R-370
Ranger retro rocket motor, R-286
X248 Altair rocket motor, R-286

system,

X258 Advanced Altair rocket motor,
R-286
X259 Advanced Antares rocket mo-
tor, R-286
HH-3F helicopter, 19, R-118
HH-43B, HH-43FF helicopter (Huskic),
R-64
HL-10 lifting body vehicle, 21, R-188
Honest John missile, R-128

Honeywell Inc., 25, 98-100, R-130,
R-182, R-217, R-218
ASROC/Terrier  missile  system,
R-130

IFine sun sensor, R-218
Helmet sight system, R-217
Mk 46 Mod 1 antisubmarine tor-
pedo, R-130
Orbital Scanner satellite, R-182
Satellitec navigation system, R-217
Systems and Rescarch Center, 25
Carbon dioxide laser, 25
Hopi Chaff Dart sounding rocket, R-371
Hornet missile, R-141
Hound Doy missile (AGM-28), R-139
HU-16B Albatross, R-57
HucyCobra (AH-1G), R-24; (AH-1]), 20,
R-24
HueyTug helicopter (UH-1QC), R-23
Hughes Aircraft Company, 2, 4, 10, 31,
100-103, R-128, R-141, R-143, R-144,
R-169, R-170, R-171, R-177, R-184,
R-218 to R-220
ADAR (Advanced Design Array Ra-
dar), 31
Air Defense Ground Environment
(ADGE) systems, R-220
Applications Technology = Satellite,
R-177
Early Bird satellite, R-169
Falcon missiles, R-143
Intelsat 1I satellite, R-170
Intelsat 1V satellite, 4
Manpack transceiver, R-219
Maverick missile, 10, R-141
Missile Mentor fire coordination sys-
tem, R-219
Naval tactical data system, R-218
Phoenix missile, R-144
Satellite communications earth sta-
tions, R-220
Surveyor spacecraft, 2, R-184
Syncom satellite, R-169
TACCOMSAT satellite, R-171
TOW missile, R-128
Hughes heavy-lift helicopter, 21
Hughes Model 300 helicopter, R-62
Hughes Models 500, 500S, 500M heli-
copters, R-63
Hughes Tool Company, 21, 103-105,
R-62, R-63
Aircraft Division, 21, R-62, R-63
Heavy-lift helicopter, 21
Model 300 helicopter, R-62
Models 500, 500S, 500M helicopters,
R-63
OH-6A helicopter, R-63
TH-55A helicopter trainer, R-62
Hummingbird (XV-4B), 21, R-75
Hu;{kiei helicopter (HH-43B, HH-43F),
Hustler bomber (B-58), R-54
Hydac rocket motor, R-287
Hydra-Iris sounding rockets, R-369,
R-370

R-382

Hydraulic components test stand, R-276

Hydraulic power unit (missile), 32

Hydraulic pump (half head), R-268; (low
inlet), R-189

IBM System/4 Pi computers, R-223
Ignition  systems  (jet aircraft cngine),
R-215; (rocket engine), R-215
1GSO-480 reciprocating engine, R-314
1GSO-540 reciprocating engine, R-318
Inertial measurement set, R-256
Initial Defense Satellite Communications
System, 4, R-171
Instrument landing system, R-193
Integrated command  display
R-243
Integrated drive generator, R-266
Intelsat I position and orientation pro-
pulsion system, R-307
Intelsat satellites (I11), R-170; (I1I), 4,
R-170; (1V), 4
International Business Machines Corpora-
tion, Federal Systems Division, 7, 105~
106, R-153, R-221 to R-223
Automatic computcr-a)ntrollvd film
reader/recorder system, R-221
Dacor forward crror control system,
R-222
Fast Fouricer analyzer, R-223
Saturn V launch vehicle, 7, R-153
Saturn instrument unit, R-222
System/4 Pi computers, R-223
Two-speed digital modem, R-221
International Telephone and Telegraph
Company, ITT Defense-Space Group,
29, 106-113, R-224 to R-227
ITT Avionics, 29, R-224
AN/ARN-90 airbornec TACAN bea-
con system, R-224
Loran-C/D aircraft navigation sys-
tem, 29
TACAN
R-224
ITT Defense Communications, R-225
Satellite communication earth ter-
minal, R-225
ITTFL-Aecrospace, R-225, R-226
Portable automatic calibration
tracker, R-226
Satellite navigation shipboard re-
ceiving equipment, R-225
ITT Gilfllan Inc., R-226, R-227

systems,

Minibeacon = BN1-107,

AN/SPS-48 3-dimensional radar,
R-226

Ground control approach quadradar,
R-227

Intruder (A-6A), R-55; (EA-6A), R-56;
(EA-6B), 17, R-56

10-320 reciprocating engine, R-312

10-346 piston cngine, R-320

10-360-A1A reciprocating engine, R-316

10-360-C, -D piston engines, R-320

10-470-K, -L piston engines, R-322

10-470-V piston engine, R-322

10-520-A, -D, -E, -F, -] piston engines,
R-323

10-520-B piston engine, R-323

10-520-C piston engine, R-324

10-540-K reciprocating engine, R-316

10-720 reciprocating engine, R-315



ion engine, R-308

Iroquois  helicopters  (UH-1C/UH-1E),
R-23; (UH-1¥F), R-23; (UH-1H), R-24;
(UH-1N), 20, R-24

J

J-2 rocket engine, R-297
J52 turbojet engine, R-363
J57 turbojet engine, R-362
]38 turbojet engine, R-361
J65-W-T turbine engine, R-343
J65-\W-16A turbine engine, R-343
J69-T-6 turbojet engine, R-340
J69-T-25 turbojet engine, R-339
]69-T-29 turbojet engine, R-339
J69-T-41A turbojet engine, R-340
J75 turbojet engine, R-362
]79 turbojet engine, R-345 _
185 turbojet engine (afterburning). R-345;
(non-afterburning), R-346
J100-CA-100 turbojet engine, R-341 .
Javelin rocket motors (1T and 1IT), R-287
Jeep (remote-controlled), 28
Jet Commander, R-103
Jet engine temperature sensing systems,
R-216
Jet flving belt, R-192 .
Jet Propulsion Laboratory, see California
Institute of Technology
JetRanger (206A), R-22
JetStar (C-140), R-76
JFTDI2 turboshaft engine, R-361
Johns Hopkins University, Applicd Phys-
T cs Laboratory, 5, R-136, R-173,
R-174, R-175, R-176, R-181
ANNA I-B satellite, R-176
DODGE satellite, R-181
GEOS T satellite, R-174
GEOS 11 satcllite, R-175 3
Navy Navigation Satellite, 5, R-173
Standard shipboard missile, R-136
JT3 turbojet engine, R-363
JT3D turbofan engine, R-365
JT4 turbojet engine, R-364
JT8D turbofan engine, R-365
JT9D turbofan engine, 22, R-367
JT12/]60 turbojet engine, R-364 -
Judi Balloon Dart sounding rocket, B-3
Judi Chaff Dart sounding rocket, R-371_
Judi Instrumented Dart sounding rocket,
R-371

K

Kaiser Aerospace & Electronics Corpora-
tion, 113, R-227 -
Flite-Path display, R-22
Kaman Corporutioil, 114-115, R-64, R-65
Aircraft Division, R-64, R-65 N
HH-43B, HH-43F rescue/utility
helicopter, R-64 -
UH-2A/B utility/rescue helicopter,
R-64
UH-2C
R-65
KC/C-135 tanker/transport scrics, R-31
Kerr, James R., 33
King Air, R-4

rescuc/utility  helicopter,

Kollsman air data
R-228
Kollsman Instrument Corporation, 115~
116, R-228, R-229
AN/USQ-28 aerial surveying and
mapping system, R-228
Apollo optical unit assembly and
Lunar Module alignment tele-
scope, R-229
Central air data computer system,
R-228
Goddard experiment package, R-229

computer system,

L

L-23D Seminole, R-15
L-23F Seminole, R-16
L-1011 jet transport, 14, R-80; (avionics
flight control system), 26
LA-4 amphibian, R-65
Lake Aircraft Corporation, R-65
LA-4 amphibian, R-65
Lance missile, R-127
Land combat support system, R-252
Landing gear (air cushion), 30, R-191
Lark Commander, R-102
Laser (carbon dioxide), 25
Laser tracking and ranging system, R-251
Launch vehicles, 7, R-153 to R-162
Lear Jet Industries, Inc., 16, 116-118,
R-66
Learjet 24, 16, R-66
Learjet 25, 16, R-66
Learjet aircraft (24), 16, R-66; (25), 16,
R-66
Lear Siegler, Inc., 26, 118-121, R-230 to
R-233
L-1011 avionics flight control sys-

tem, 26
Astronics Division, R-231
Automatic {light control system,
R-231
Data and Controls Division, R-230,
R-232
AN/TPQ-11 cloud height radar,
R-232

Radar meteorological set AN/FPS-
77(V), R-230
Electronic  Instrumentation
R-230, R-233
Telemetry decommutation and dis-
play system, R-233
Telemetry station, R-230
Power Equipment Division,
R-232
DC static control panel, R-231
Variable speed constant frequency
generating system, R-232
L¥1 lift fan propulsion system, R-355
Liftmaster (C-118), R-90
Lincoln calibration sphere, R-175
Lincoln experimental satellites, 5, R-172
Lincoln Laboratory, sce Massachusetts
Institute of Technology
Ling-Temco-Vought, Inc., 121-124, R-67,
R.68, R-127, R-160, R-233 to R-233
LTV Acrospace Corporation, R-67,
R-68, R-127, R-160, R-233, R-234
A-7 Corsair IT (Navy), R-67
A-7TD (Air Force), R-67
Astronaut mancuvering unit, R-233

R-383

Division,

R-231,

F-8 Crusader, R-68
Lance missile, R-127
Maneuvering work platform and
space taxi, R-234
Scout launch vehicle, R-160
Space environment simulator, R-234
XC-142A V/STOL aircraft, R-68
LTV Electrosystems, Inc., R-235
AGIL I and AGIL II, R-235
Airborne Battlefield Command and
Control Center (ABCCC), R-235
LM100 gas turbine engine, R-353
LM300 gas turbine engine, R-354
LM1500 gas turbine engine, R-353
LM2500 gas turbine engine, R-354
LOCAT air target, R-150
Lockheed Aircraft Corporation, 9, 13, 14,
19, 21, 32, 124-127, R-69 to R-80,
R-124, R-161, R-236 to R-238, R-287
to R-290
Lockheed Aircraft Service Company,
R-236
Airborme data
R-236
Ejectable recording system, R-236
Lockheed-California Company, 14, 19,
R-69 to R-75, R-80
AH-56A Cheyenne compound heli-
copter, 19, R-75
F-104S Super Starfighter, R-69
L-1011 jet transport, 14, R-80
Model 286 utility helicopter, R-74
P-2 Neptune, R-69
P-3 Orion, 14, R-70
SR-71 strategic reconnaissance air-
craft, R-70
T-33A jet trainer, R-71
U-2, R-74
WV-2/RC-121 early ivarning air-
craft, R-72
XH-51A compound rotorcraft, R-73
XH-51A helicopter, R-72
XH-51N rescarch helicopter, R-73
YF-12A advanced interceptor, R-71
Lockheed Electronics Company, 32,
R-237
Gunfire control system, 32
Multifunction helicopter rotor-blade
radar system, R-237
Radar set AN/VPS-2, R-237
Lockheed-Georgia  Company, 13, 21,
R-75 to R-80
C-5A Galaxy cargo/personnel car-
rier, 13, R-79
C-130E Hercules transport, R-76
C-140 JetStar transport, R-76
C-141A StarLifter cargo-troop car-
rier, R-79
EC-130E Hercules, R-77
HC-130H/P Hercules, R-77
Lockheed-100 Hercules air freighter,
R-78
Lockheed-100-20
treighter, R-78
Lockheed 500-114M Galaxy, R-80
XV-4B Hummingbird, 21, R-75
Lockheed Industrial Products, R-238
Visual approach  path
R-238
Lockheed Missiles & Space Company,
9, R-124, R-161 '
Agena launch vehicle, R-161
Polaris missile, R-124
Poscidon missile, 9, R-124

acquisition system,
)

Hercules air

indicator,



Lockheed Propulsion Company, R-287
to R-290
Air augmented hybrid rocket, R-290
Apollo launch escape motor, R-287
Gun-launched rockets, R-289
Hydac rocket motor, R-287
Javelin II rocket motor, R-287
Javelin 1II rocket motor, R-287
Lockheed 156-inch  solid
motor, R-288
RSVP rocket motors, R-290
Sirocco rocket motor, R-287
SRAM pulse motor, R-288
VIP rocket motors, R-289
Lockheed Model 286 utility helicopter,
R-74
Lockheed-100 Hercules air
R-78
Lockheed-100-20 Hercules air freighter,
R-78
Lockheed 156-inch solid rocket motor,
R-288
Lockheed 500-114M Galaxy, R-80
Loran navigation systems, 29, R-261
Los Angeles Airways, Inc., 235
LR62-RM-2/4 rocket engine, R-303
Lunar Module, 1, R-165; (alignment tcle-
scope), R-229; (ascent engine), 1, 24,
R-285; (descent engine), 1, 24, R-306;
(range indicator), R-195; (systems),
R-248
Lunar Orbiter spacecraft, 2, R-184

rocket

freighter,

M

M2-F2 lifting body vehicle, R-188
MAT74-ZAB ramjet engine, R-334
MA150-XAA ramjet engine, R-334
Mace missile, R-126
Magnetic heading reference system, R-261
Maneuvering work platform and space
taxi, R-234
Manned Orbiting Laboratory, R-166
Manpack transceiver, R-219
Mariner 1969 propulsion system, R-307
Mariner spacecraft (IV), R-185; (V), R-
186; (Mars 1969), R-186
Mark 30 mobile ASW target, R-149
Mark 46 antisubmarine torpedo, R-130
Marquardt Corporation, The, 127, R-291
to R-294, R-333 to R-335
De'mand mode integral rocket ram-
jet, R-293
Ejector ramjet en ine, R-33
MAT74-ZAB ramjegé engine, 3-334
MA150-XAA ramjet engine, R-334
R-1E rocket engine, R-992
R-4D rocket engine, R-291
R-5B rocket engine, R-261
R-6C rocket engine, R-292
R-13C rocket engine, R-293
R]_43-MA-3 ramjet engine, R-333
RJ-43-MA-11 ramjet engine, R-333
SCP/LASRM integral ramjet rocket
R-294 ’
Scramjet engine, R-335
Martin 4-0-4 airliner, R-81
Martin Marietta Corporation, 2, 7, 8,
127-132, R-81, R-122, R-125, R-126,
R-131, R-142, R-155, R-156, R-187,
R-238, R-239
Apollo Applications Program, 2
Sprint antimissile missile, 8, R-131

Baltimore Division, R-81, R-126, R-

187, R-239

B-57 bomber, R-81

Mace missile, R-126

Maurtin 4-0-4 airliner, R-81

SNAP-9A radivisotope thermoclectric
generator, R-239

SV-5D PRIME lifting body vchicle,

R-187
X-24A PILOT lifting body vehidle,

R-187
Denver Division, 7, R-122, R-153,

R-156
Titan II ICBM, R-122
Titan 111, 7, R-155
Titan III transtage, R-156
Orlando Division, R-125, R-142, R-238,
R-239
BIRDIE (Battery Integration and
Radar Display Equipment), R-239
Pershing weapon system, R-123
RADA (Random Access Discrete Ad-
dress), R-238
Walleye glide bomb, R-142
Massachusetts  Institute of Technology,
Lincoln Laboratory, 5, R-172, R-175
Lincoln calibration sphere, R-175
Lincoln cxperimental satellites, 5,
R-172
Maverick missile, 10, R-141
Maxson Electronics Corporation, RR-140
Bullpup missiles (AGM-12B, AGM-
12C), R-140
McDonnell Douglas Corporation, 2, 7, 8,
11, 14, 15, 16, 18, 132-136, R-82 to
R-93, R-129, R-131, R-139, R-144, R-
153, R-154, R-155, R-158, R-159,
R-160, R-165, R-166
Apollo Applications Program, 2
Douglas Aircraft Company, 14, 15, R-
87 to R-93
A-3 Skywarrior, R-87
A-4F and TA-4F Skyhawk trainer-
attack bomber, R-88
B-66 destroyer bomber, R-88
C-9A Nightingale, 15, R-92
C-124 Globcmaster, R-89
C-133 heavy cargo transport, R-89
DC-6 (C-118 Liftmaster), R-90
DC-7 commercial transport, R-80
DC-8 jet transport, 15, R-91
DC-9 jet transport, 15, R-91
DC-10 jet transport, 14, R-92
EC-135N Apollo range instrumented
aircraft, R-93
McDonnell Aircraft Company, 16, 18,
R-82 to R-87
F-4B Phantom, R-82
F-4C Phantom, R-82
F-4D Phantom, R-84
F-4E Phantom, R-84
F-4] Phantom, R-85
F-4K Phantom, 18, R-85
F-4M Phantom, 18, R-86
F-101B Voodoo interceptor, R-86
188E STOL transport, 16, R-87
RF-4B Phantom, R-83
RF-4C Phantom, R-83
McDonnell Douglas Astronautics Com-
pany, 7, 8, 11, R-129, R-131, R-139,
R-144, R-153, R-154, R-155, R-158,
R-159, R-160, R-165, R-166
Ale:\319—20C Quail decoy missile, R-

R-384

Delta launch vchicle, R-158
Dragon antitank weapon, 11, R-129
Gemini spacecraft, B-165
Genice rocket, R-144
Manned Orbiting Laboratory, R-166
S-1VDB stage, R-154
Saturn 1B, R-155
Saturn V launch vehicle, 7, R-153
Spartan antimissile missile, 8, R-131
Thor, Long Tank Thor, R-158
Thrust Augmented Delta, R-139
Thrust Augmented Improved Delta,
R-139
Thrust  Augmented
Delta, 7, R-160
Menasco Munufacturing Company, 136-
137, R-240
Minesweeper liquid springs, R-240
-3 Orion landing gear system, R-
240
Mentor (Model 45), R-14
Merlin 1B (SA-26AT), 17, R-120
Metare sounding rocket, R-369
Meteor simulation vehicle (1), R-370; (2),
R-370
Metro airliner, 17
Microfilm aperture card updating system,
R-258
Microfilm plotter, R-258
Microvision landing aid, R-196
MICRO-VUE information system, R-210
Minesweeper liquid springs, R-240
Mini Guppy aircraft (B-377MG), R-4;
(Turboprop), R-3
Minuteman ICBM, 9, R-121
Minuteman Stage I motor (M55A1), R-
304
Minuteman 1T second-stage engine, R-281
Minuteman 11 and 11T guidance and con-
trol system, R-241
Minuteman IIT Stage IIT motor, R-282
Missile loading and positioning system, 27
Missile Mentor fire coordination system,
R-219
Missiles, 8-11, R-121 to R-144
MK 46 Mod 1 antisubmarine torpedo,
R-130
Modern Air Transport, Inc., 235-236
Mohawk (OV-1), R-57
Mohawk Airlines, 236-237
Mooney Corporation, R-93 to R-96
Cadet, R-96
Chaparral, R-96
Executive 21, R-95
MU-2, R-95
Mustang, R-94
Ranger, R-93
Statesman, R-94
Moving target fire control radar, R-203
MQM-33/MQM-36 target drone, R-150
MQM-34D jet target drone (Firebee),
R-151
MQM-42A target missile, R-147
MOQM-74A target drone, R-148
MU-2 aircraft, R-95
Multisensor display, R-254
Musketeer  aircraft  (Custom),
(Sport), R-14; (Super), R-13
Mustang, R-94

Long Tauk

R-13;

N

National Aeronautic Association, 34, 35,
36, 37



National Aeronautics and Space Adminis-
tration, 3, 6, 208-212, R-153, R-153,
R-167, R-177, R-178, R-370

Explorer satellites, 6, R-177
Goddard Space Flight Center, 3
167, R-178
Nimbus satellite, R-167
Radio Astronomy Explorer satellite,
3, R-178
Langley Research Center, R-370
Meteor simulation vehicle (1), R-370
Meteor simulation vehicle (2), R-370
Marshall Space Flight Center, R-133,
R-1535
Saturn IB, R-153
Saturn V launch vehicle, R-133

National Acrospace Education Council,
37

National Airlines, 237-238

Navajo (PA-31), R-116

Naval tactical data system, R-218

Nm‘ig;lti()n/lunding system, 26

Navy, 201-206, R-142, R-370
Naval Missile Center, R-370

Hydra-Iris sounding rocket, R-370

Terrier/551C  sounding  rocket, R-

370
Naval Weapons Center, R-142

Zuni missile, R-142
Navy Navigation Satellite, 5, R-173
Nelson Aireraft Corporation, R-329

H-63 piston engines, R-329

Neptune (P-2), R-69

NERVA nuclear rocket engine, 24, R-280

New York Airnwvays, 238

Nightingale (C-94), 15, R-92

Nike Apache sounding rocket, R-371

Nike-Archer sounding rocket, R-369

Nike Cajun sounding rocket, R-370

Nike Hercules missile, R-132

Nike-Tomahawk sounding rocket, R-371

Nimbus satellite, R-167

Niro sounding rocket, R-368 _

Nitchawk sounding  rockets (9), R-370;
(12), R-370 .

Norden, see United Aircraft Corporation

North American Rockwell Corporation,
1,7, 23, 24, 137-140, R-97 to R-108,
R-139, R-140, R-141, R-147, R-153,
R-154, R-155, R-163, R-164, R-24L.
R-242, R-295 to R-301 ~
Acrospace & Systems Group, R-97. R-

98, R-100

F-100 Super Sabre, R-100

T-39 Sabreliner, R-97

X-15 research aircraft, R-98

XB-70A rescarch aireraft, R-97 _

Acrospace & Systems Group, Autonetics

Division, R-241, R-242

F-105/R14A multimode, monopulsc
radar, R-242

F-111 advanced avionics, R-242

Minuteman II and 111 guidance and
control system, R-241 e

Polaris-Poseidon Ship’s Inertial Navi-
gation Systems (SINS), R-241

Aerospace & Systems Group, (,olun}—

bus Division, R-98 to R-100, R-140,

R-141, R-147

Condor missile, R-140

Hornet missile, R-141

MOQM-42A target missile, 'R—147 )

OV-10A Bronco reconnalssance air-
craft, R-98

R-

RA-3C  attack/tactical
sance vchicle, R-99

T-2A basic jet trainer, R-99

T-2B basic jet trainer, R-100
Acrospace & Systems Group, Rocket-

dyvne Division, 1, 7, 23, 24, R-147,

R-153, R-135, R-295 to R-301

AR2-3 rocket engine, R-299

Atlas MA-3 propulsion system, R-

reconnais-

298
F-1 rocket engine, 23, R-298
Gemini, Apollo attitude control

thrusters, R-300

H-1 rocket engine, R-297

J-2 rocket engine, R-297

Lunar Module ascent engine, 1, 24

MQM-42A target missile, R-147

P4-1 drone engine, R-300

Phoenix rocket motor (AIM-54A),
R-301

Rocketdyne solid motors, R-296

Saturn 1B, R-155

Saturn V launch vehicle, 7, R-153

Shrike rocket motor (AGM-43A), R-
296

Sidewinder IC rocket motor (AIM-
9C/D), R-295

Sparrow 111 6-b rocket motor (AIM-
7E), R-295

Thor MB-3 rocket engine, R-299

Acrospace & Systems Group, Space

Division, 1, 7, R-139, R-133, R-154,

R-163, R-164

Apollo command and service mod-
ules, 1, R-163, R-164

Hound Dog missile (AGM-28), R-
139

S-11 stage, R-154

Saturn V launch vehicle, 7, R-153

Commercial  Products  Group, Aero
Commander Division, R-101 to R-
108

Aero Commander-100, R-101
Acro Commander-200, R-101
Acro Commander 500U, R-105
Ag Commander A-9, A-9 Super,
R-106
Ag Commander B1A, R-108
Ag Commander 52D, R-106
Courser Commander, R-104
Darter Commander, R-102
Grand Commander, R-103
Jet Commander, R-103
Lark Commander, R-102
Quail and Sparrow Commanders,
R-107
Shrike Commander, R-104
Thrush Commander, R-107
Turbo Il Commander, R-105
North Central Airlines, 238239
Northeast Airlines, 239-240
Northrop airborne digital computers, R-
244
Northrop Corporation, 6, 21, 32, 140~
141, R-108, R-109, R-148 to R-150,
R-180, R-188, R-243 to R-245
Airborne digital computers, R-244
Apollo earth landing system, R-245
AQM-38 target aircraft, R-149
C-5 inertial navigation system, R-
244
¥-5 tactical fighter, R-108
HL-10 lifting body vehicle, 21, R-
188

R-385

Integrated command display systems,
R-243
M2-F2 lifting body vehicle, R-188
Mark 30 mobile ASW target, R-149
MQM-33/MOQM-36 target drone, R-
150
MQM-74A target drone, R-148
NORVIPS (Voice Interruption Pri-
ority System), 32
OV2 satellite, 6, R-180
SD-1 surveillance drone, R-148
T-38 Talon trainer, R-109
Test evaluation and monitoring sys-
tem, R-243
Northwest Orient Airlines, 240-241
NORVIPS (Voice Interruption Priority
System), 32 ’
NU-8F, R-16

o)

O-1E Bird Dog, R-43

0-2, R-44

0O-200-A piston engine, R-319

0-233 series reciprocating engine, R-312

0-300-A, -B, -C, -D piston engines, R-
319

0O-470-R piston engine, R-321

0O-540-B reciprocating engine, R-315

OH-6A light observation helicopter, R-63

OH-13S Sioux helicopter, R-25

OH-23F helicopter (E-4), R-48

OH-38A obscrvation helicopter, 19, R-25

18SE STOL transport, 16, R-87

Orbital Scanner satellite, R-182

Orbiting Astronomical Observatory, 3,
R-183

Orbiting
R-183

Orbiting Solar Observatories, R-182

Orion (P-3), R-70

Oscar satellites, R-173

OV-1 Mohawk, R-57

OV1 satellite, 6, R-179

OV2 satellite, 6, R-180

0OV3 satellite, R-180

OV35 satellite, 6, R-178

OV-10 Bronco recomnaissance aircraft,
R-98

Overseas National Airways, 242-243

Ozark Air Lines, 243-244

Geophysical Observatory, 3,

P

P-2 Neptune, R-69

P-3 Orion, 14, R-70

P-3 Orion landing gear system, R-240

P4-1 drone engine, R-300

Pacific Airmotive Corporation, 141-143

PA-18 Super Cub, R-113

PA-25 Pawnee C, R-110

PA-31 Navajo, R-116

Pan American World Airways, 244-945

Pathfinder 11 (L6H-1B), R-109

Pathfinder Executive (16H-37), R-110

Pawnee C (PA-25), R-110

Pegasus satellite, R-179

Pershing weapon system, R-125

Phautom aircraft (F-4B), R-82; (F-4C),
R-82; (F-4D), R-84; (F-4E), R-84; (F-
4]), R-85; (F-4K), 18, R-85: (F-4M)
18, R-86; (RF-4B), R-83;
R-83

H]

(RF-4C),




Philco-Ford Corporation, 4, 11, 143-145,
R-127, R-136, R-143, R-150, R-171,
R-245, R-246
Aeronutronic Division, 11, 143-145,

R-127, R-136, R-143, R-150, R-2453,

R-246

Chaparral missile system, 11, R-136

LOCAT air target, R-150

Shillelagh missile system, R-127

Sidewinder LAP missile system
(AIM-9E), R-143

XM129 grenade launcher, R-245

XM140 automatic gun, R-246

Spuce and Re-Entry Systems Division,

4, R-171

Initial Defense Satellite Communica-
tions System, 4, R-171

Phoebus-2 nuclear rocket nozzle, R-282

Phoebus 2A reactor, 24

Phoenix-I sounding rocket, R-371

Phoenix missile, R-144

Phoenix rocket motor (AIM-54A), R-301

Photographic enlarger, R-207

Piasccki Aircraft Corporation, R-109, R-
110

16H-1B Pathfinder 11, R-109
16H-3] Pathfinder Executive, R-110

PILOT lifting body vehicle (X-24A), R-
187

Pioneer spacecraft, 3, R-185

Piper Aircraft Corporation, 17, 145, R-
110 to R-116

Aztec D and Turbo Aztec D, R-115
Cherokee Arrow, R-113
Cherokee D, R-111
Cherokee Six, R-112
Cherokee 140B, R-111
Cherokee 235C, R-112
Comanche C, R-114
PA-18 Super Cub, R-113
PA-25 Pawnee C, R-110
PA-31 Navajo, R-116
Pocono, 17, R-114

Twin Comanche C, R-115

Piston engines, R-312 to R-332

Pneumo Dynamics Corporation, 145-147,
R-246
National Water Lift Company Divi-

sion, R-246
Integral weight and balance system,
R-246

Pocono, 17, R-114

Pogo flying vehicle, 25

Polaris missile, R-124

Polaris motors, R-289,

Polaris-Poseidon Ship’s Inert; i
tion Systems (SINSI;, R-Q,z;{hal Naviga-

Poseidon missile, 9, R-124

Pratt & Whitney Aircraft, see United Ajr.
craft Corporation

Precision approach and landing sy
R196 g System,

Pregnant Guppy (B-377PG), R-2

Pressure switch, R-274

PRIME lifting body vehicle (SV-5D),
R-187

Programmer comparator, R-200

Purdue Airlines, 245

Q

QH-50 DASH drone helicopters, R-147
Quail Commander, R-107

Quail decoy missile (ADM-20C), R-139
Queen  Air aireraft (AG3), R-7; (B80),
R-5; (88), R-6

R

R-1E rocket engine, R-292
R-4D rocket engine, R-291
R-5B rocket engine, R-291
R-6C rocket engine, R-292
R-13C rocket engine, R-293
RI4A radar system for F-105 aircraft,
R-242
R1300 reciprocating cengine (CTBA), R-
327
R1340 reciprocating engine, R-330
R1820-82A reciprocating  cngine
R-327
R1830 reciprocating engine, R-330
R2000 reciprocating engine, R-331
R2180 reciprocating engine, R-331
R2800 reciprocating engine, R-332
R3350-26WD  reciprocating  engine, R-
328
R3350-32W reciprocating engine (TCI18),
R-328
R4360 reciprocating engine, R-332
RA-5C attack/tactical reconnaissance air-
craft, R-99
RADA (Random Access
dress), R-238
Radar meteorological sct, R-230
Radar receiver test bench  subsystem,
R-210
Radar test evaluation and monitoring sys-
tem, R-243
Radar test set, R-205
Radio Astronomy Explorer satellite, 5,
R-178
Radio relay terminal, R-251
Radio repeater set, R-201
Radio set, R-202
Ramijct engines, R-333 to R-335
Ranger, R-93
Ranger retro rocket motor, R-286 -
RARF radar subsystem, R-204
Raven sounding rocket, R-371
Raythcon Company, 10, R-132, R-133,
R-137, R-142, R-143, R-151
BMTS (Ballistic Missile Target Sys-
tem), R-151
Hawk missile, R-132
SAM-D air defense system, 10, R-
133
Sea Sparrow missile, R-137
Sidewinder missile, R-143
Sparrow missile, R-142
RC-121 early warning aircraft, R-72
RCA, Defense Electronic Products, 2, 4,
5, 25, 26, 147-154, R-167, R-168, R-
172, R-173, R-184, R-247 to R-254
Acrospace Systems Division, R-248,
R-252 to R-254
Air traffic control central AN/TSW-
7, R-253
Land combat support system, R-252
Lunar Module systems, R-248
i\;UI.tilSTnsor display, R-254
ariable Instruction -
R.osn on Computer (VIC),
Astro-Electronics Division, 2, 4, 5, 25
R-167, R-168, R-172, R-173, R.184,
R-251 ’

(CE))Y

Discrete  Ad-

3

R-386

FSSA satellite, 1, R-168
Laser tracking and ranging system,
R-251
Lunar Orbiter spacecraft, 2, R-184
Navy Navigation Satellite, 5, R-173
Relay satellite, R-172
Space television camera, 25
Tiros satellite, R-167
Tiros M satellite, R-168
Defense Communications Systems Di-
vision, R-248, R-251, R-252
AN/TRC-9T tropospheric scatter ra-
dio relay equipment, R-251
Lunar Module systems, R-248
SHF Tactical Communications Satel-
lite terminals, R-252
Elcctromagnetic und Aviation Systems
Division, R-247, R-2:48
Saturn gr()\md computer system, R-
247
Transportable countermeasure  sys-
tem, R-247
Video data display terminals, R-248
Electromagnetic and Aviation Systems
Division, Aviation Equipment De-
partment, 26
Navigation/landing system, 26
Missile & Surface Radar Division, R-
249, R-250
AN/FPQ-6 precision instrumentation
radar, R-249
CAPRI radar, R-250
Hand-held tactical radar, R-250
Real-time  telemetry  data system,
R-249
Records (world flight), 34, 35
Redeye missile, 11, R-135
Redstone missile, R-126
Refractive Index Sounding System (RISS),
R-206 :
Relay satellite, R-172

Resistojet spacecraft control  system,
R-190

RF-4B Phantom rcconnaissance fighter,
R-83

RFF-4C Phantom rcconnaissance aircraft,
R-83
RF-111A rcconnaissance aircraft, R-52
RJ-43-MA-3 ramjet engine, R-333
RJ-43-MA-11 ramjet engine, R-333
RLI10 rocket engine, R-294
Rocketdyne, see North American Rock-
well Corporation
Rocketdyne solid rocket motors, R-296
Rocket engines, R-279 to R-311
Rohr Corporation, 154-155, R-254, R-255
Communications satellite antenna,
R-255
Sabreliner thrust reverser, R-254
RSVP rocket motors, R-290
Ryan Acronautical Company, 12, 21, 28,
155-157, R-116, R-151, R-152
Firebee jet target drone (MQM-34D,
BQM-34A), R-151
Firebce II supersonic jet
(BOQM-34E), 12, R-152
Robot jeep, 28
XV-5B Vertifan V/STOL aircraft,
21, R-116

drone

S

S-IC stage, R-153
S-II stage, R-154



S-2E Tracker, R-55
S-IVB stage, R-154
$-58 transport helicopter, R-117
S-611.-N helicopter airliner, R-118
S-G1R helicopter, R-118
5-62 scarch, rescue helicopter, R-119
5-64 Skyverane, R-119
5-65 heavy assault transport helicopter,
R-120
SA-26AT aircraft (Merlin 11B), 17, R-120
Sabreliner (T-39), R-97
Sabreliner thrust reverser, R-254
SAM-D air defense system, 10, R-133
Sandhawk sounding rocket, R-371
Sandia C()rp(n'uti()x;, R-370, R-371
Advanced Terrier-Sundhawk sound-
ing rocket, R-371
Advanced  Terrier Tomahawk 9
sounding rocket, R-370
Dual Hawk sounding rocket, R-371
Nike Apache sounding rocket, R-371
Nike Cajun sounding rocket, R-370
Nitehawk 9 sounding rocket, R-370
Nitchawk 12 soun}h’ng rocket, R-
370
Sandhawk sounding rocket, R-371
Sandpiper target missile Model 1069, 12,
R-146; (propulsion system), R-311
Satellite communications carth terminals,
R-220, R-225
Satellite navigation shipboard receiving
cquipment, R-225
Satellite navigation system, R-217
Saturn IB launch vehicle, R-155
Saturn V launch vehicle, 7, R-153
Saturn Airways, 245
Saturn ground computer system, R-247
Saturn instrument unit, R-222
Saturn stabilized platform system, R-194
Scout launch vehicle, R-160
SCP/LASRM ramjet  rocket pl"’l’“]sm"
system, R-294
Scramjet engine, R-335
SD-1 surveillance drone, R-148
Sea Knight helicopter (CH-46D), R-32
Sea Sparrow missile, R-137; (cable as-
sembly), R-202
Seminole (L-23D, U-8D), R-15; (L-23F,
U-8F), R-16
Sentinel missile system, 8, R-131
Sergeant missile, R-125
5H1-513:'/\/D antisubmarine helicopter, R-
SHF Tactical Communications Satellite
terminals, R-252
Shillelagh missile system, R-127
Shrike Commander aireraft, R-104
Shrike missile, R-138
Shrike rocket motor, R-296
Sidewinder IC rocket motor, R-295
Sidewinder-Arcas sounding rocket, R-369
Sidewinder LAP missile system (AIM-
9E), R-143
Sidewinder missile, R-143
Sidewinder-Raven  sounding rocket,
371
Sikorsky Aircraft, sce United Aireraft
Corporation
Singer-General Precision, Inc., 30, 31,
157-160, R-255 to R-260
Kearfott Group, 30, 31, R-255 to
R-257
Analog and digital converter (AN/
ASN 58), R-255

R-

AN/ASN-24(G) airborne/aerospace
computer set, R-256
FB-111 controls and displays, 30
GPK-33 digital computer, 31
Inertial measurement set, R-256
SD-510 inertial guidance system
(Subroc), R-257
Librascope Group, R-257
Woven plated wire memory, R-257
Link Group, 31, R-238, R-259
APD-5000 microfilm plotter, R-258
Automated microfilm aperture card
updating system, R-258
Boeing 747 flight simulator, 31
Variable Anamorphic Motion Picture
(VAMP) visual system, R-259
Vapor Corporation, Vap-Air Division,
R-259, R-260
Anti-ice and
R-260
Flight suit pressure regulator, R-259
Sioux helicopter (OH-13S), R-25
Sirocco rocket motor, R-287
Situation display, R-272
16H-1B Pathfinder 11, R-109
16H-3] Pathfinder Executive, R-110
SK-5 (Army), R-18; (Navy), R-18
SK-10, R-17
Skverane (S-64), R-119
Skyhawk, R-36
Skvhawk (A-4F, TA-4F), R-88
Sk:v]une, R-39
Skywarrior (A-3), R-87
SL-4 helicopter, R-48
SLV-3 launch vehicle, R-156
SLV-3A, SLV-3C launch vehicles, R-157
SNAP-8 nuclear power system, R-189
SNAP-9A nuclear power system, R-239
SNAP 23-A nuclear power system, R-277
SNAP-27 nuclear power system, R-214
Solar Division of International Harvester
Company, 160-161, R-367
T62T gas turbine engine, R-367
Solar panels, R-208
Sounding rockets, R-368 to R-371
Spilcccrnft, 1-6, R-163 to R-188
Spaceeraft control system (cold gas am-
monia), R-191
Spncccraft sterilization unit, 29 .
Spacecraft environment simulator, R-234
Space manecuvering unit, R-192
Space support unit, 29
Space television camera, 25
SPARM rocket motor, R-305
Sparrow 111 6-b rocket motor, R-295
Spm'rmv-Arcas sounding rocket, R-369
Sparrow Commander, R-107
Sparrow missile, R-142
Spartan antimissile missile, 8, R-131
Sperry Rand Corporation, 28, 161-165,
R-125. R-138, R-152, R-260 to R-266
Sperry Farragut Company, R-138
Shrike missile, R-138
Sperry Flight Systems Division, R-261
to R-264
Automatic landing autopilot system,
R-262
Flight instrument systems, R-262
Fly-by-wire study system, R-263
Integrated autopilot/flight  director
system, R-263
Magnetic heading reference system,
R-261
UHF ranging beacon system, R-264

R-387

rain removal valve,

Sperry Gyroscope Division, R-260,
R-261

Loran-D radio navigation system,
R-261
Terrier missile fire control system
modermnization, R-260 ’
UNIVAC Division, 28, R-125, R-152,
R-264 to R-266
Alir traffic unified display, 28
Sergeant missile, R-125
TDU-9B Bandito target, R-152
UNIVAC 1824 aerospace computer,
R-266
UNIVAC 1830A avionics computer,
R-263
UNIVAC CP-642B military com-
uter, R-2635
UNIVAC CP-890 computer, R-264
Sprint antimissile missile, 8, R-131
SR-71 strategic reconnaissance aircraft,
R-70
SRAM missile (AGM-694), 10, R-137
SRAM pulse motor, R-288
Standard Ainways, 246
Standard ARM missile system, R-138
Standard shipboard missile, R-136
Starfighter (F-104S), R-69
StarLifter (C-1414), R-79
Statesman, R-94
Stores management set Mark II avionics,
R-209
Submersibles (propulsion system), R-277
Subroc missile, R-129; (inertial guidance
system), R-257
Sun sensor, R-218
Sundstrand Aviation, 32, 165, R-266 to
R-268
Accessory drive systems, R-267
Axial gear differential-constant speed
drive, R-267
Hydraulic power unit (missile), 32
Hydraulic pumps, R-268
Integrated drive generator, R-266
Super Arcas sounding rocket, R-370
Super Cub (PA-18), R-113
Super Guppy (B-377SG), R-2; (Commer-
cial), R-3
Super H18 aircraft, R-6
Super Sabre (F-100), R-100
Super Skylane, R-39
Super Skymaster, R-40
Super Skywagon, R-40
Supersonic transport, 13, R-32
Super Starfighter (F-104S), R-69
Surveyor main retro motor, R-305
Surveyor spacecraft, 2, R-184
Surveyor vernier engine, R-302
S\’l-g';) PRIME lifting body vehicle, R-
SVM-2 apogee motor, R-283
Swearingen Aireraft, 17, R-120
Metro airliner, 17
SA-26AT aircraft (Merlin IIB), 17
R-120 ’
Syncom satellite, R-169
Systems, 25-32, R-189 to R-278

T

T-2A basic jet trainer, R-99
T-2B basic jet trainer, R-100
T-33A jet trainer, R-71



T34 turboprop engine, R-360
T-34A, T-34B (Becchcraft
Mentor), R-14
T-37B military trainer, R-41
T-38 Talon trainer, R-109
T-39 Sabreliner, R-97
T-41 military trainer, R-42
T-42A instrument traincer, R-15
T50 turboshaft engine, R-338
T53 turboprop gas turbine engine, R-336
T53 turboshaft gas turbine engine, R-337
T55 turboprop gas turbine cngine, R-
338
T55 turboshaft gas turbine ¢ngine, R-337
T56-A-7 turboprop engine, R-358
T56-A-14 turboprop engine, R-358
T56-A-15 turboprop engine, R-359
T58 turboshaft engine, R-349
T62T gas turbine engine, R-367
T63-A-5A turboshaft engine, R-359
T64 turboshaft/turboprop engine, R-349
T65-T-1 turboshaft engine, R-342
T67-T-1 twin turboshaft engine, R-341
T76 turboprop engine, R-344
TA-4F Skyhawk, R-88
TACAN (AN/ARN-90 airborne beacon
system), R-224; (Minibeacon BN1-107),
R-224
TACCOMSAT satellite, R-171
Talley Industries, Inc., R-371
Hopi Chaff Dart sounding rocket,

Model 45

R-371

Judi Balloon Dart sounding rocket,
R-371

Judi Chaff Dart sounding rocket,
R-371

Judi Instrumented Dart sounding
rocket, R-371 )
Phoenix-I sounding rocket, R-371
Raven sounding rocket, R-371
Sidewinder-Raven sounding rocket,
R-371
Talon trainer (T-38), R-109
Talos missile, R-134
Tartar missile, R-133
TC-4C aircraft, R-60
TDU-9B Bandito target, R-152
Telemetry data system, R-249
Telemetry decommutation and display
system, R-233
Telemetry station, R-230
Telstar satellite, R-173
Terra-Tires, 26
Terr%er/S?lC sounding rocket, R-370
Terrier missile fire control system, R-260
Texas Instruments Inc., R-138
Shrike missile, R-138
TF-9] Cougar, R-60
TF30 turbofan engine, R-366
TF33 turbofan engine, R-366
TF34 turbofan engine, 23, R-350
TF39 turbofan engine, 23, R-346
TF41 turbofan engine, 22, R-360
TH-13T helicopter trainer, R-26
TH-55A helicopter trainer, R-62
TH-57A helicopter trainer, 19, R-26
Thiokol Chemical Corporation, 24, 165-
166, R-301 to R-305, R-371
AIR-2A Genie motor, R-304
C-1 radiamic engine, R-303
LR62-RM-2/4 rocket engine, R-303
M55A1 Minuteman Stage I motor,
R-304
SPARM rocket motor, R-305

TD-339 Surveyor vernier
R-302
TE-M-364  Surveyor
motor, R-305
Thiokol 156-inch solid rocket motor,
24, R-302
YLR99-BM-1 turborocket, R-301
Astro-Mect Division, R-371
Advanced Terrier Tomahawk sound-
ing rocket, R-371

engine,

main  retro

Nike-Tomahawk soundiug  rocket,
R-371
Tomahawk-Dart  sounding  rocket,
R-371

Tomahawk sounding rocket, R-371
Thiokol 156-inch solid rocket motor, 24,
R-302
Thor, Long Tank Thor launch vehicle,
R-158
Thor MB-3 rocket engine, R-299
Thrush Commander, R-107
Thrust Augmented Delta launch vehicle,
R-159
Thrust  Augmented
launch vehicle, R-159
Thrust Augmented Long Tank Delta
launch vehicle, 7, R-160
Thrust reverser, R-254
Thunderchief fighter bomber (F-105),
R-49
TIGO-541 piston engine, R-318
TIO-360 reciprocating engine, R-313
TIO-540-A1A reciprocating engine, R-
317
T10-541 piston engine, R-317
Tiros satellite, R-167; (Tiros M), R-168
Titan II ICBM, R-122
Titan 1I translation rocket, R-310
Titan II and I1I first-stage engine, R-279
Titan II and III second-stage engine,
R-279
Titan 111 launch vehicle, 7, R-155
Titan III transtage, R-156; (propulsion
system), R-283
Titan I1I-C hooster rocket, R-309
Titan III-C staging rocket, R-310
Tomahawk-Dart sounding rocket, R-371
Tomahawk sounding rocket, R-371
Total Environment Facility (TEF), R-212
Towl, E. Clinton, 33
TOW missile, R-128
Tracer (E-1B), R-61
Tracker (S-2E), R-55
Trader (C-1A), R-59
Trailblazer sounding rockets (I), R-369;
(I1), R-369
Trans International Airlines, 246-247
Trans-Texas Airways, 247-248
Trans World Airlines, 248-249
Travel Air, R-9
TRW Inc., 1, 3, 4, 6, 24, 166-169, R-121,
R-170, R-176, R-178, R-183, R-185,
R-268, R-306 to R-308
TRW Equipment Group, R-268
6425 25-millimeter cannon system,
R-268
TRW Systems Group, 1, 3, 4, 6, 24,
R-121, R-170, R-176, R-178, R-183,
R-185, R-306 to R-308 ’
Environmental rescarch satellites, R-
178
Intelsat 11T POPS propulsion system,
R-307 prop Y
Intelsat III satellite system, 4, R-170

R-388

Improved  Delta

Lunar Module descent engine, 1, 24,
R-306
Mariner
R-307
Minuteman ICBMN, R-121
Orbiting Geophysical Observatory, 3,
R-183
OV5 satellite, 6, R-178
Pioneer spacecraft, 3, R-185
TRW ion engine, R-308
URSA 100 R rocket engine, R-306
Vela nuclear  detection  satellites,
R-176
TS120-G6 turboshaft engine, R-342
TSIO-360-A, -B piston engines, R-321
TS10-520-B, -E piston engines, R-324
TSI0-520-C, -H piston engines, R-325
TSIO-520-D piston engines, R-325
Tubular  Extendible  Elements (TEE),
R-208
Turbine engines, R-336 to R-367
Turbo Aztec D, R-115
Turbo II Commander, R-105
TV0-435 helicopter engine, R-314
Twin Comanche C, R-115
Twin Industries Corporation, 169-170
250-B15 turboprop engine, R-357
250-B17 turboprop engine, R-357
250-C18 turboshaft engine, R-356
250-C20 turboshaft engine, R-356

"G9 pr()pulsion system,

U

U-2 aircraft, R-74
U-8D Sceminole, R-15
U-8F Seminole, R-16
U-21A aircraft, R-17
UH-1C/UH-1E  Iroquois
R-23
UH-1F Iroquois helicopter, R-23
UH-1H Iroquois helicopter, R-24
UH-1N Iroquois helicopter, 20, R-24
UH-2A/B utility/rescue helicopter, R-64
UH-2C rescue/utility helicopter, R-65
UH-46D medium transport helicopter,
R-34
UHF ranging beacon system, R-264
United Aircraft Corporation, 7, 19, 22,
170-179, R-117 to R-120, R-146,
R-155, R-269 to R-272, R-294, R-308
to R-311, R-330 to R-332, R-360 to
R-367
Hamilton Standard Division, R-269 to
R-271
AH-56A pusher propeller, R-270
Boeing 747 environmental control
system, R-26G
F-111 air inlet control, R-270
Navy Plainview hydrofoil autopilot,
R-269
Portable life-support system for
Apollo space suit, R-271
Norden Division, R-271, R-272
C-5A multimode radar
R-271
Vertical situation display, R-272
Pratt & Whitney Aircraft Division, 22,
R-294, R-330 to R-332, R-360 to
R-367
52 turbojet engine, R-363
J57 turbojet engine, R-362
158 turbojet engine, R-361

helicopters,

system,



Ty

]75 turbojet engine, R-362
JFTDI12 turboshaft engine, R-361
JT3 turbojet engine, R-363
JT3D turbofan engine, R-365
J T+ turbojet engine, R-364
1T8D turbofan engine, R-365
JT9D turbofan engine, 22, R-367
JT12/]60 turbojet engine, R-364
R1340 reciprocating engine, R-330
R1830 reciprocating engine, R-330
R2000 reciprocating engine, R-331
R2180 reciprocating engine, R-331
R2800 reciprocating engine, R-332
R4360 reciprocating engine, R-332
RL10 rocket engine, R-294
T34 turboprop engine, R-360
TF30 turbofan engine, R-366
TF33 turbofan engine, R-366
Sikorsky Aircraft Division, 19, R-117
to R-120
HH-3I helicopter, 19, R-118
S-58 transport helicopter, R-117
S-G1L/N helicopter airliner, R-118
S-G1R helicopter, R-118
S-62 scarch/rescue helicopter, R-119
S-64 Skycrane, R-119
S-65 heavy assault transport helicop-
ter, R-120
SH-3A/D antisubmarine helicopter,
R-117
United Technology Center, 7, R-146,
R-155, R-308 to R-311
F\W-4 upper-stage rocket, R-308
High-performance, upper-stage lig-
uid rockets, R-309
High-thrust, high- performance hy-
brid rocket, R-311
Sandpiper propulsion system, R-311
Sandpiper  target missile Model
1069, R-146
Titan IT translation rocket, R-310
Titan III, 7, R-155
Titan III-C booster rocket, R-309
Titan I1I-C staging rocket, R-310
United Air Lines, 250
United Technology Center, sce United
Aircraft Corporation
United Technology Center hybrid rocket
engine, R-311 ’
United Technology Center liquid rocket
engines, R-309
UNIVAC computers (CP-642B military),
R-265; (CP-890), R-264: (1824 aero-
space), R-266; (1830A avionics), R-265
Universal Airlines, 250-251
Universal Oil Products Company, 179~
181, R-272 to R-276

Calumet & Hecla Corporation, R-273
Flexible ducting, R-273

Instruments Division, R-274
Liquid coolant flow switch, R-274
M-71  miniature pressure switch,

R-274

REF Dynamics Division, R-275, R-276
Buffet/lavatory unit, R-275
Freezer/oven, R-275
Hydraulic components test stand,

R-276
UOP Aerotherm Division, R-272,
R-273

Aircraft cargo pallet, R-273
Airline passenger seats, R-272
URIPS (Underseca Radioisotope Power
Supply), R-190
URSA 100 R rocket engine, R-306

\Y

VAMP visual system, R-259

Vapor Corporation, see Singer-General
Precision, Inc.

Variable Instruction Computer (VIC),
R-253

Variable spced constant frequency gen-
erating system, R-232

Variable-thrust  liquid rocket engine,
R-284

Vela nuclear detection satellites, R-176

Vertical lift aircraft, 253-254

Vertifan (XV-5B), 21, R-116

Video data display terminals, R-248

Vigilante (RA-5C), R-99

VIP rocket motors, R-289

Voodoo (F-101B), R-86

w

Walleye glide bomb, R-142
\Western Air Lines, Inc., 251-252
Western Electric Company, R-131, R-132
Nike Hercules missile, R-132
Spartan missile, R-131
Sprint missile, R-131
Westinghouse Electric Corporation, 27,
182-186, R-181, R-276 to R-278
Aerospace Electrical Division, R-276,
R-277
Decp submergence propulsion  sys-
tem, R-277

R-389

Electric power generating system,
R-276
Astronuclear Laboratory, R-277
SNAP 23-A electric power gener-
ating system, R-277
Defense and Space Center, R-181,
R-278
AN/APQ-120 advanced weapons
control systems, R-278
Anchored IMP satellite, R-181
AWG-10 radar for F-4] aircraft,
R-278
Missile Launching & Handling Depart-
ment, 27
Missile loading and positioning svs-
tem, 27 ’
World Airways, Inc., 252
World flight records, 34, 35
Woven plated wire memory, R-257
Wright Brothers Memorial Trophy, 36
WV-2 early waming aircraft, R-72

X

X-14B VTOL research aircraft, R-19

X-15 research aircraft, R-98

X-22A V/STOL research aircraft, R-19

X-24A PILOT lifting body vehicle, R-187

XB-70A research aircraft, R-97

XC-142A V/STOL aircraft, R-68

XH-51A compound rotorcraft, R-73

XH-51A helicopter, R-72

XH-51N research helicopter, R-73

NM-28 armament system, R-204

XM129 grenade launcher, R-245

AM140 automatic gun, R-246

\V-4B Hummingbird, 21, R-75

XV-5B Vertifan V/STOL aircraft, 21,
R-116

Y

YF-12A advanced interceptor, R-71
YJ93 turbojet engine, R-344
YLR99-RM-1 turborocket engine, R-301

YRC-180-2 rotating combustion engine,
R-329

z

Zuni missile, R-142
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