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RECORDS

WORLD RECORDS

The National Aeronautic Association. which represents the United States in the Federation Aeronautique
Internationale, sanctions, certifies and registers all record attempts within the U.S. in order that thev may

be officially recognized by other nations. NAA’s Contest Board compiled this list of records completed in
the U.S. durmo 1966.

CLASS DATE AIRCRAFT PILOT RECORD DESCRIPTION RECORD

WORLD RECORDS (Absolute)
MANNED SPACECRAFT

_—— 9/13-15/66 Gemini 1) Cdr Charles Conrad, USN Greatest altitude in earth orbit
LCdr Richard P. Gordon, Jr., USN 850.65 miles
WORLD CLASS RECORDS
MANNED SPACECRAFT
K 7/1/66 Gemini 10 Cdr John Young, USN Precision of landing 3.85 miles
K 11/11-15/686 Gemini 7/12 Cdr James A. Lovell, Jr., USN Total time in space 425 hrs. 20 mins.
JET AIRCRAFT (Unrestricted Weight)
Speed over recognized courses:
C—1 8/15-16/66 Douglas DC-8-61 A. G, Heimerdinger Los Angeles/Tokyo 487.8 mph
C-1 8/18/66 Douglas DC-8-61 A. G. Heimerdinger Tokyo/Winnipeg 510.12 mph
BUSINESS JET AIRCRAFT
Class C-1.f (13,227-17,636 Ibs.)
C—1.f 5/23-26/66 Lear Jet Model 24 Henry G. Beaird Speed around the world 350.11 mph
Speed over recognized courses:
C—1.f 5/26/66 Lear Jet Model 24 Henry G. Beaird Anchorage/Seattle 468.25 mph
C-1.f 5/24/66 Lear Jet Model 24 Henry G. Beaird Barcelona/1istanbul 455.07 mph
C-1.f 5/25/66 Lear Jet Model 24 Henry G. Beaird Colombo/Singapore 417.88 mph
C-1.f 5/24/66 Lear Jet Model 24 Henry G. Beaird Istanbul/Teheran 442.69 mph
C-1.f 5/24-25/66 Lear Jet Model 24 Henry G. Beaird Karachi/Columbo 423.03 mph
C-1¢ 5/26/66 Lear Jet Model 24 Henry G. Beaird Los Angeles/Wichita 520.09 mph
C-1.¢f 5/25/66 Lear jet Model 24 Henry G. Beaird Manila/Osaka 543.49 mph
C-1.f 5/25/66 Lear Jet Model 24 Henry G. Beaird Osaka/Sapporo 411.73 mph
C-1.f 5/24/66 Lear Jet Model 24 Henry G. Beaird St. Johns/Santa Maria 458.49 mph
C--1.f 5/24/66 Lear Jet Model 24 Henry G. Beaird Santa Maria/Barcelona 449.02 mph
C-1.f 5/26/66 Lear Jet Mode! 24 Henry G. Beaird Scattle/Los Angeles 471.31 mph
Cc-1.f 5/25/66 Lear Jet Model 24 Henry G. Beaird Singapore/Manila 376.20 mph
C-1.f 5/24/66 Lear Jet Model 24 Henry G. Beaird Teheran/Karachi 453,45 mph
C-1.g (17,636-26,455 Ibs.)
C-l.g 6/4—7/66 Jet Commander Arthur Godfrey, Richard Merrill, Speed around the world 267.33 mph
Fred Austin, Karl Keller
Speed over recognized courses:
C-l.g &/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Anchorage/Seattle 460.09 mph
Fred Austin, Karl Keller
C-l.g 6/5/66 Jet Commander Arthur Godfrey, Richard Merrill, Athens/Teheran 395.64 mph
Fred Austin, Karl Keller
C—-l.g 6/6/66 Jet Commander Arthur Godfrey, Richard Merrill, Bombay/Colombo 484.09 mph
Fred Austin, Karl Keller
C-lg 6/6/66 Jet Commander Arthur Godfrey, Richard Merrill, Colombo/Manila 263.84 mph
Fred Austin, Karl Keller
C-1l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Los Angeles/New York 357.48 mph
Fred Austin, Karl Keller
C—l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Los Angeles/Oklahoma City 461.52 mph
Fred Austin, Karl Keller
C-l.g 6/5/66 Jet Commander Arthur Godfrey, Richard Merrill, Madrid/Athens 436.68 mph
' Fred Austin, Karl Keller
_ Jet C d Arthur Godfrey, Richard Merrill, Manila/Taipei 416.16
C-lg 6/6/66 et Lommander Fred Austin, Karl Keller mph
C-1l.9 6/6/66 Jet Commander Arthur Godfrey, Richard Merrill, Manila/Tokyo 294.84 mph
' Fred Austin, Karl Keller
C-l.g 6/4—5/66 let Commander Arthur Godfrey, Richard Merrill, New York/Madrid 325.62 mph
’ Fred Austin, Karl Keller
C-l.g 6/4/66 Jet Commander Arthur Godfrey, Richard Merrill, New York/St. Johns 462.24 mph
) Fred Austin, Karl Keller
37
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CLASS DATE AIRCRAFT PILOT RECORD DESCRIPTION RECORD
Speed over recognized courses:
C-l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Oklahoma City/New York 455.43 mph
Fred Austin, Karl Keller
C-l.9 6/4/66 Jet Commander Arthur Godfrey, Richard Merrill, St. Johns/Santa Moria 385.16 mph
Fred Austin, Karl Keller
C-l.g 6/4/66 Jet Commander Arthur Godfrey, Richard Merrill, Santa Maria/Madrid 390.96 mph
Fred Austin, Karl Keller
C-l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Sapporo/Anchorage 325.44 mph
Fred Austin, Karl Keller
C-l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Seottle/Los Angeles 455.25 mph
Fred Austin, Karl Keller
C-1l.g 6/6/66 Jet Commander Arthur “Godfrey, Richard Merrill, Taipei/Tokyo 477.57 mph
Fred Austin, Karl Keller
C-l.9 6/5/66 Jet Commander Arthur Godfrey, Richord Merrill, Teheran/Bombay 266.87 mph
Fred Austin, Karl Keller
Cc-1.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Tokyo/Anchorage 294.44 mph
Fred Austin, Karl Keller b
c-l.g 6/7/66 Jet Commander Arthur Godfrey, Richard Merrill, Tokyo/Sapporo 389.12 mph
Fred Austin, Karl Keller
C-l.g 9/25/66 Jet Falcon M. B. Burton Boston/Gander 639.75 mph
C-l.g 9/26/66 Jet Falcon George Eremea Lajes/Lisbon 515.62 mph
C-l.g 9/27/66 Jet Falcon George Eremea Lisbon/Paris 534.06 mph
C-l.g 9/25/66 Jet Falecon H. B. Burton New York/Boston 550.62 mph
C-1l.g 9/25/66 Jet Falcon H. B. Burton New York/Gander 622.44 mph
C—1l.g 9/26/66 Jet Falcon George Eremea St, Johns/Lajes 514.15 mph
C-l.g ?/26/66 Jet Falcon George Eremea St. Johns/Lisbon 484.81 mph
C—-l.g 9/16/66 Jet Falcon George Eremea Seattle/Los Angeles 539.28 mph
HELICOPTERS ln
E-1 (Unrestricted Weight) l
E—1 4/6-7/66 Hughes YOH-6A Robert G. Ferry Distance in a straight line 2,213.04 miles
E—1 3/26/66 Hughes YOH-6A Jack Schweibold Distance in a closed circuit 1,739.96 miles
E-1 3/27/66 Hughes YOH-6A Jack L. Zimmerman Altitude in horizontal flight 26,448 feet
E-1 3/20/66 Hughes YOH-6A CWO Richard D. Szczepanski, USA Speed in a 2000 km closed circuit 141.523 mph

E-1.b (1102-2204 Ibs.)

E-1.b 3/21/66
E-1b 3/27/66
E-1.b 3/24/66
E-1.b 3/24/66
E-1.b 3/13/66
E-1.b 3/13/66
E-1b 3/13/66
E-1.b 3/27/66
E-1.b 3/27/66

Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A

Jack L. Zimmerman

Jack L. Zimmerman

LtCol Richard T. Heard, USA
LtCol Richard T. Heard, USA
Mai A. L. Darling, USA

Maij A. L. Darling, USA

Maj A. L. Darling, USA
Jack L. Zimmerman

Jack L. Zimmerman

Distance in closed circuit
Altitude in horizontal flight
Speed over a 3 km course

Speed over a 15/25 km course
Speed in a 100 km closed circuit
Speed in a 500 km closed circuit
Speed in a 1000 km closed circuit
Time to climb to 3000 meters
Time to climb to 6000 meters

1,056.408 miles
26,448 feet
170.70 mph
171.85 mph
161.22 mph
155.19 mph
158.19 mph

4 mins. 1.5 secs. ‘

7 mins, 12 secs. i

E-1.c (2204-3858 Ibs.)

E—-1.c 4/6—7/66
E—1.c 3/26/66
E-1.c 3/27/66
E—l.c 3/23/66
E—-T.c 3/12/66
E-Tl.c 3/12/66
E-l.c 3/12/66
E-1.c 3/20/66
E-T.c 3/27/66

Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A
Hughes YOH-6A

Robert G. Ferry

Juack Schweibold

Jack L. Zimmerman

Col Joseph L. Gude, USA
Col David M. Kyle, USA
Col David M. Kyle, USA
Col David M. Kyle, USA

Distance in a straight line
Distance in a closed circuit
Altitude in horizontal flight
Speed over a 3 km course

Speed in a 100 km closed circuit
Speed in a 500 km closed circuit
Speed in a 1000 km closed circuit

CWO Richard D. Szczpanski, USA Speed in a 2000 km closed circuit

Jack L. Zimmerman

Time to climb to 3000 meters

2,213.04 miles
1,739.96 miles
18,055 feet
172.41 mph
156.28 mph
155.24 mph
153.09 mph
141.523 mph

5 mins, 36.2 secs.

Turboprop Aircraft
C-1.f (13,227-17,636 Ibs.)

C—1.f 7/17/66

Grumman OV-1 Mohawk LCol J. J. Collins, USA
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Distance in a straight line

2,385.12 miles
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CLASS DATE
C-1.f 6717766
C—-1.¢ &/16/66
C—1.f 6/16/66
C-1.f 6716766

Grumman OV-1 Mohawk LCol E. L. Nielsen, USA
Grumman OV-1 Mchawk James F. Peters
Grumman OV-1 Mohawk James F. Peters
Grumman OV-1 Mohawk James F. Peters

Speed in a 100 km closed circuit
Time to climb to 3000 meters
Time to climb to 6000 meters

Altitude in horizontal flight

293.41 mph
3 mins. 45.6 secs.
Q mins. 9.4 secs.
32,000 feet

Piston Engine Aircraft
C-1 (Unrestricted Weight)
Cc—1 6,/1-7/66

Beech Baron C55

Robert Wallick

Speed around the world

186.53 mph

C-1.b (1102-2204 Ibs.)
C-1.b 773/66

Acro Commender 200

William Brodbeck

Speed over a 3 km course

227.488 mph

C-l.c (2204-3858 Ibs.)

C-l.c 1/11/66
C-l.c 7/13/66

Cessna 210

Aero Commander 200

Walter D. Cable
Donald E. Washburn

Altitude

Speed over a 3 km course

39,334 feet
239.44 mph

C-1.d (3858—6614 Ibs.)

C-1.d 7/1-2/66
C-1d 7/16/66
C-1d 6/1-7/66

Cessna P-206
Piper PA-250
Beech Baron C55

Geraldine L. Mock
Frances Bera

Robert Wallick

Distance in a closed circuit
Altitude
Speed around the world

3,778 miles
40,154 feet
186.53 mph

Hot Air Balloons

AX-4 (600-900 Cubic Meters)

AX—4 10/11/66
AX—4 10/11/66
AX—4 10/11/66

Piccard Balloon
Piccard Balloon

Piccard Balloon

Deke Sonnichsen
Deke Sonnichsen

Deke Sonnichsen

Duration
Distance
Altitude

1 hr. 17 min. 50 secs.
21.0 miles
21,250 feet

AX-7 (1600-2200 Cubic Meters)

AX-7 7/10/66

Raven 5-50 Balloon

William R. Berry

Altitude

18,980 feet

AX-8 (2200-3000 Cubic Meters)

AX-—-8 8/25/66

Barnes Balloon

Tracy L. Barnes

Altitude

28,585 feet

AX-9 (3000-4000 Cubic Meters)

AX--9 8/25/66

Barnes Balloon

Tracy L. Barnes

Altitude

28,585 feet

AX-10 (Over 4000 Cubic Meters)

AX--10 8/25/66

Barnes Balloon

Tracy L. Barnes

Altiiude

28,585 feet

FEMININE RECORDS
Piston Engine Aircraft

c-1 4/10/66
c-1 7/1-2/66

Cessna P-206
Cessna P-206

Geraldine L. Mock
Geraldine L. Mock

Distance in a straight line

Distance in a closed circuit

4,515.93 miles
3,778 miles

U.S. NATIONAL RECORDS
Commercial Airlines

—_ 1/11/66

—— 1/16/66

—— 1/1/66

—_ 1/11/66

——— 1/1/66

—— 10/5/66

Lockheed Electra
Lockheed Electra
Boeing 727
Lockheed Electra
Boeing 707
Boeing 727

Capt William B. Moody
American Airlines

Capt William B. Moody
American-Airlines

Capt William F. Butela
American Airlines

Capt William B. Moody
American Airlines

Capt W. H. Sumrall
American Airlines

Capt Harold Sevigny
American Airlines
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Albany/Boston
Boston/Albany
Buffalo/New York
Detroit/Buffalo
Phoenix/Chicago

Washington, D.C./Boston

325.00 mph
330.37 mph
374.94 mph
378.18 mph
653.12 mph
564.37 mph




































In 1966, the aerospace industry achieved new
records in such categories as sales, backlog, deliv-
eries and capital expenditures while continuing to
make broad technological gains in defense. space,
civil aviation and non-aerospace fields. Total sales
amounted to more than $23.8 billion, up over 15
percent from 1965’s $20.7 billion, with the demand
for commercial zircraft one of the primary contrib-
utors to the sales growth.

Among other key economic indicators of the
vitality of the industry during 1966 were these:_

Earnings, as a percentage of sales, were 3.0 per-
cent, one of the highest in recent years.

Backlog of orders by the end of the third quarter
of the year reached $27.1 billion, up from over $18.7
billion for the same quarter of 1965,

Exports reached a postwar record of $1.512 bil.
lion, an increase of nearly 3 percent above the
$1.474 billion in aerospace products exported in
1965. This was the ninth year since World War 11
that aerospace exports exceeded $1 billion.

Employment was expected to reach 1,349,000 by
the end of 1966, an increase of almost 11 percent
above that at the end of 1965. Scientists. engineers
and technicians accounted for a substantial part of
the gain. .

Capital expenditures increased sharply to $730.-
000,000 in 1966 compared to $410.000.000 in the
previous year. ' N ‘

Aircraft sales—commermql and mlhta.r).’—lncreased
to nearly $11.8 billion, up from $9.7 billion in 1965,

Total civil aircraft shipments approximated $2.4

billion in 1966 compared to $1.7 billion in 1965,
Shipments of general aviation aircraft durn?g 1966
reached 15,700 compared with about 12,000 in 1965,
The dollar value of these aircraft rose $318,000,000
in 1965 to more than $410,000,000 in 1966.

Sales of space exploration equipment during the
ear ;11)1)1'oximated $5.8 billion, an increase over the
$5.3 billion sold in 1965. N

Missile sales gained from $3.6‘b1lhon to more
than $3.8 billion in 1966. Gaps left by the phasing
out of some missile projects were filled by increased
activity on more advanced types.

51

Sales of non-aerospace preducts and services by
aerospace companies increased to about $2.5 billion
in 1966 from $2.0 billion in 1965. This is a rapidly
growing area of acrospace industry activity which
includes commercial and military clectronics, sub-
marine construction, water purification, oceano-
graphic activities and various other applications of
aerospace technology to non-aerospace problems.

Despite record sales in 1966, however, profits in
the industry remained at a relativelv low level in
comparison with those of all manufacturing indus-
try. The 8.0 percent of profit to sales was consider-
ably lower than the 5.6 percent average for all
manufacturing in the United States.

The postwar record in exports recorded in 1966
largelv resulted from the demand for commercial
air transporters. Expanded foreign sales programs
by U. S. manufacturers stimulated buyers abroad
as well as improved export financing programs by
U. S. banking and government agencies, which pro-
vided necessary credit arrangements for foreign
nations in the purchase of aerospace products.

Payrolls in 1966 increased by 18 percent above
1965 to $10.7 billion. This reflected not only the
rising level of employment but the increased wage
scales for aerospace employees.

The number of scientists and engineers within
the industry rose from 203,000 in December 1965,
to an estimated 230,000 in December 1966. Much
of this increase was reported by aircraft manufac-
turers. At year-end, scientists and engineers consti-
tuted 17 percent of the total aerospace work force
and made up nearly Y5 of all scientists and engi-
neers engaged in U. S. industrial research and
development. '

Looking toward 1967, Karl G. Harr, Jr., president
of Aerospace Industries Association, predicted a
turther rise in sales to approximately $25.3 billion,
an increase of more than 6 percent. He anticipated
that sales of aircraft would increase to nearly $13.4
billion and that non-aerospace sales would climh to
about $2.7 billion. Missile sales were expected to
remain fairly stable while sales of Spacecraft and
space equipment were expected to decline to $5.4

billion.
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ABEX (FORMERLY AMERICAN
BRAKE SHOE CO.)

In 1966 the Aerospace Division of Abex Corpora-
tion was heavily engaged in the manufacture of
hydraulic pumps, motors, servovalves and com-
ponents for a wide variety of military aircraft
operating in Southeast Asia. The increasing de-
mands of military agencies for these products
resulted in an expansion of the facilities of the
Oxnard, California, plant. Abex hydraulic com-
ponents were being used on helicopters, fighter
bombers and interceptors assigned to the Air Force,
the Marine Corps, the Navy and the Army.

In addition to these military applications, Aero-
space Division products were receiving wide ac-
ceptance by commercial and foreign airline oper-
ators of jet transports because of their high relia-
bility and low overhaul cost. Over 40 different
airlines were using these Abex products. The
Aerospace Division was delivering equipment to
airframe manufacturers of business and executive
jet aircraft. The “Falcon” executive jet manufac-
tured by Marcel Dassault of France and distributed
in the North American continent by Pan American
is equipped with Aerospace pumps. The new “Gulf-
stream II” being manufactured by Grumman Air-
craft Engineering Company is completely equipped
with Aerospace hydraulic pumps.

The West German subsidiary of Aerospace Divi-
sion, Aerohydraul Gmbh, was making shipments to
European aircraft customers of the hydraulic pumps
and servovalves that were designed in the main
plant in California. These products were being
used by SAAB in Sweden for military aircraft and
by West Germany for the Lockheed F-104G fighter.
In addition, Abex equipment was being shipped to
Fokker in the Netherlands and to Agusta-Bell, the
Italian licensee of Bell Helicopter Company. A
licensee of the Aerospace Division, H. M. Hobson,
Ltd., of Wolverhampton, England, commenced pro-
duction of Abex hydraulic pumps for use on the
British F4K airplane that will be used by various
military agencies in the United Kingdom.

The Denison Division of Abex continued to sup-
port the space program by furnishing hydraulic
components and systems for test equipment, ground
support equipment, handling devices and fuel
pumping equipment. The 5,500,000 pound crawler
transporter at John F. Kennedy Space Center is
steered and maintained level with Denison hy-
draulics. Denison pumps also supply power to
operate service arms and work enclosures on the
mobile launcher and service structures, to actuate
erectors raising rockets into firing position, and to
actuate engine gimbaling systems and e¢ngine valves
before launch.

Large Denison piston pumps supply fuel under
pressure to vehicles at launch until the on-board

system reaches 90 percent thrust. These pumps
also supply fuel for static firing and qualityv-control
checkout. as well as powering  ground  support
stands for jet aircraft checkout.

At the Abex Rescarch Center, initial physical
metallurgy and basic foundry  evaluation phases
were completed on the Air Force sponsored super-
al]oy casting program. The actual production of
large test castings (about 100#) was started. with
testing scheduled for 1967.

The Air Force sponsored program on heat-resist-
ant, glass-reinforced laminates was completed dur-
ing 1966, the major accomplishment being develop-
ment of a soluble pre-preg resin system without
loss of the thermal and oxidative stability improve-
ment achieved during the first phase. At year-end,
this improved system was being tested for specific
applications by several Acrospace companies.

AERODEX, INC.

Among the highlights of Aecrodex’ vear werc
receipt of the company’s first pure jet overhaul
contract, a new series of military contracts and a
substantial addition to its facilities at Miami Inter-
national Airport.

The jet contract, awarded by the Air Force in
August, was for the overhaul of Pratt & Whitney
Aircraft J57 engines used in B-52’s, F-100’s, F-101’s
and F-102%. It was the initial increment of a poten-
tial $16,600,000 award.

In July, the USAF gave Aerodex a contract of
$8,400,000, first installment on a $28,000,000 pact,
for work on Pratt & Whitney Aircraft R-4360 recip-
rocating engines. The following day, Aerodex re-
ceived another USAF order for $1,800,000, part of
a possible $5,100,000 deal, for the overhaul of
Wright R-3350 piston engines. These were renewals
of work on the 2 engines that has been in progress
since 1959,

In addition, Aerodex won a USAF $1,000,000
contract in March, supplemented by a $4,000,000
fiscal 1967 addition, for overhaul of Allison T56
turboprops. At year-end, Aerodex’ backlog for Air
Force work alone exceeded $50,000,000.

Expanding rapidly with these and other con-
tracts, Aerodex added another 225,000 square feet
of work space with the sub-lease of a building from
Pan American World Airways. The structure is
similar to another leased from Pan Am 11 months
earlier; it brought Aerodex’ total area to more than
1,000,000 square feet.

In addition to the major Air Force work, Aerodex
has overhauled R-985, R-1300, R-1820, R-1830, R-
2000, R-2600 and R-2800 engines. Besides the Air
Force, Aerodex’ U. S. customer list included Zantop
Air Transport, Capitol Airways, International Aero-
dyne, California Airmotive Corporation, Airlift
International, Alaska Airlines, Saturn Airways,
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faster than any other Navy device of its kind. High
volume deliveries began in 1966.

Excellent progress was made on development of
systems to store cryogenic fluids for long duration
space missions. Tests in the company-sponsored
program have involved use of almost 2 billion
pounds of cryogenic fluids since 1945.

New research programs were undertaken for the
Air Force on plasma arc welding and explosive

-spot \yelding techniques for titanium, maraging
steel and other refractory metals.

Among Aerojet’s titanium products in production
were propellant tanks for the Apollo Lunar Module
ascent propulsion system, solid rocket motor cases
for Athena and Minuteman, helium and nitrogen
storage vessels for the Improved Delta space boost-
er, and the gimballing system for the Apollo Service
Propulsion System.

Ordnance production increased 200 percent over
a year ago, as a new subsidiary, Batesville (Ar-
kansas) Manufacturing Company, completed its
first full year of operation and another subsidiary,
Camden (Arkansas) Manufacturing Company, was
established.

Announcement of still another subsidiary brought
favorable reaction from throughout the nation as
the company opened the Watts Manufacturin
Company near the area hit by riots in South Los
Angeles a year ago. Personnel will be trained on
the job, with initial work on construction of general
purpose tents for the Department of Defense.

Aerojet’s architect-engineering-construction divi-
sion was active in a variety of areas ranging from
control of chemical pollutants to ship automation.
Installation began on an electronic control system
for a 43-mile automated water control section for
the State of California, and work was concluded as
a member of the team building the $114,000,000
Stanford Linear Accelerator.

The Industrial Systems Division, providing auto-
mated warehousing and materials handling equip-
ment, has expanded considerably, with sales in-
creased by 400 percent in recent years. Contracts
during 1966 included post office systems in Canada,
New York and Oakland, and for air terminals in
Amsterdam and Dallas. Work progressed on the
automated drum handling warehouse for Union
Carbide in South Charleston, West Virginia.

System integration begun on a computer con-
trolled, life-like medical manikin for use in training
anesthesiologists. Simulating a patient on the op-
erating table, the dummy will respond realistically
to treatment, with changes in color, heartbeat and
pulse.

Lightweight armor for helicopter pilots was sup-
plied in quantity, following successful use of initial
orders.

Ten new test and measuring instruments were
added to the product line of Aerojet’s Aerometrics
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Division, which designs and produces highly ac-
curate devices for acrospace and commercial mar-
kets. The new products: 5 elcctronic counters, 2
phase meters, pulse generator, pulse sampler and
multimeter for measuring voltage current and resist-
ance.  All employ micrologic and are compact,
lightweight and portable.  Acrometrics was  also
marketing quartz lamp brazing apparatus, ultra-
sonic cleaners, laboratory apparatus for plastic and
high temperature refractory metals research, air-
craft instruments and pressure, temperature. and
flow transducers.

Acrojet-General Nucleonics developed an Under-
water Radioisotope Power Supply (URIPS) for
undersea applications. First unit was sold to the
Navy in 1966. It will furnish 1 watt of power over

7
a period of 5 years. URIPS is suitable for use by
the scientific community, government agencies and
the oil, ocean mining, and undersea instrumentation
industries.

AGN also was operating a 250-watt thermal re-
search reactor available for activation analysis,
reactor training and other commercial and research
activities.

Climaxing 5 years of thin film circuitry develop-
ment, a Microelectronics Division was formed to
work on volume production techniques for military,
aerospace and commercial applications,

A major second step was taken in the application
of aerospace systems analysis/engineering methods
in solving socioeconomic problems. Aerojet was a
pioneer in this field with preliminary studies on
waste management and crime prevention for Cali-
fornia a year earlier. In 1966, the st:ate chose the
company to investigate, plan, and design a regional
solid waste management system for Fresno County.

First commercial application of Aerojet’s Reverse
Osmosis water purification system occurred in the
California oil fields, to soften and desalt water at
the site for steam flooding wells, drinking and
general usage.

An Aerojet system for the Air Force called TRAP
( Terminal Radiation Program) became operational
in the Pacific. The equipment is used to track and
take optical pictures of ICBMs to gain information
for use in anti-missile systems.

To extend its capabilities in industrial hygiene,
health physics, micrometeorology and air sampling
control devices, Aerojet acquired a small scientific
specialty firm, Weather Measure Corporation, which
markets meteorological equipment and provides
meteorological and consultant services to govern-
ment agencies and business interests.

A new Aerojet underwater acoustics test facility
for oceanic rescarch went into operation during the
year. Its principal uses will be for development of
underwater weapons, sonars and acoustic locating
devices.



Aerojet began a program to make the outboard
wing scctions for military aircraft, using the most
advanced methods of glass filament winding. De-
signed to match existing metal wing specifications.
the glass wing was expected to offer improved
efficiency and reliability at reduced cost.

AERONCA MANUFACTURING
CORPORATION

Aeronca, during 1966, continued to expand its
coverage of the aerospace structures field. Its new
welded honeveomb core manufacturing unit went
into full production and core sales for industry were
started. Stainless steel, titanium, hastelov and other
tvpes of welded honevcomb core were being pro-
duced in support of Aeronca’s expanding structures
capability.

Production of the brazed stainless steel Apollo
Command Module for North American was sus-
tained. This was matched by additional production
of ceramic filled. double core Saturn heat shield
brazements. These two projects give Aeronca prod-
uct coverage at both ends of the Apollo moon
vehicle.

Production was expanded on the brazed stabilator
of McDonnell's F-4 fighter. Speed brakes. which
are special high temperature brazements, were
reordered for use on Grumman's A-6B. Another
interesting brazing contract. with NASA, covers
successful development of a high strength, fluxless
aluminum brazement.

Closely associated were advances in structural
bonding.' Production was expanding in panels and
assemblies using titanium, fiberglas and aluminum
skinned honeycomb core panels. A wide variety of
these were béing made for helicopter use.

Parallelling production of these two joining tech-
niques was Aeronca’s own research and develop-
ment investigation into several other areas. .For
example, high temperature, polyaromatic adhesives
were in prototype use. Brazing of #718 nickel
steels permits use in high temperature areas over
1000° Fahrenheit.

Another enlarged field of effort was Aeronca’s
fiberglas work. During the past 10 years, Aeronca
has produced fiberglas assemblies for antenna hous-
ings, radomes and even warheads. This and the
latest know-how has been put to use in manufactur-
ing the Mark 57 Minecase. Heavy fiberglas sections,
heretofore hand made, were being machine manu-
factured to exacting production requirements. Other
1966 production included bonded fiberglas honey-
comb panels and miscellany of fiberglas parts.

Aircraft structures, in wide variety, continued to
be the backbone of Aeronca’s production. Continu-
ing orders from Boeing for 707 wing sections and
chords, 727/737 assemblies; 50 gallon wing tip
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external fuel tanks and 130 gallon underwing ex-
ternal fuel tanks for Northrop’s F-5: and multipur-
pose pylons for McDonnell's F-4 helped build
Aeronca’s backlog to a new high. Structures of
many configurations were being made. Three large
60-foot diameter tracking antennas were about com-
plete. These antennas have tracking capabilities far
in excess of any other antennas of this size. Includ-
ed are bonded honeycomb reflectors, the ground
support structure, the drive and mount mechanisms,
and all controls with their recording equipment. In
addition, Aeronca was making mobile communica-
tions antennas in volume. These included a series
of trailer-mounted, quick-erectable reflectors in the
28-30 inch class. Other new ground equipment
contracts included Level Wind assemblies and
Cargo Pallets.

Aeronca was participating in the preliminary re-
quirements on new planes such as the Boeing 747,
Lockheed C-5A and the Supersonic Transport.

With dynamically expanding production capa-
bility, Aeronca officials felt that the already record-
breaking sales and backlog would climb to even
greater heights.

AEROSPACE CORPORATION

During 1966, Aerospace Corporation continued
in its mission of supplying general systems engi-
neering/technical direction, planning, and research
on a wide range of missile-space programs and
projects for the U.S. government, principally the
Air Force. The corporation was organized in 1960
as a nonprofit organization and was formed with the
support of the Air Force to provide these services.

In the area of manned space flight, Aerospace
Corporation was providing general systems engi-
neering for the Air Force Manned Orbiting Labora-
tory and also providing technical direction to indus-
try efforts on the MOL during the year. In the
Gemini program, the corporation worked with in-
dustry to assure the man-rating of the USAF Titan
IT booster and provided technical assistance to the
Air Force in supplying and launching for NASA
the Atlas-Agena combination used in conjunction
with Gemini rendezvous missions.

In addition to providing general systems engi-
neering and technical direction for the USAF Titan
III-C, Aerospace engineers worked on the planning
and development of other versions of the Titan III
standard launch vehicle. Tital 11I-B combines the
Agena with the two basic Titan III liquid stages.
The Titan III-M, an uprated version of the Titan
ITI-C, will launch the MOL. A proposed Titan
III-D is in the planning stage. Corporate engineers
continued to work with the Air Force and contrac-
tors to maintain the high reliability of the SLV.-2
Thor and the SLV-8 Atlas, ’



INDUSTRY

The Initial Defense Communications Satellite was
one of the military satellite programs for which the
company supplied general systems engineering and
technical direction. The first set of 7 comsats was
successfully launched by a Titan III-C on June 16,
1966. Aerospace also studied both an advanced
follow-on to the initial communications system and
a tactical communications satellite. During the year,
the company continued its systems engineering
and technical direction work to increase the effec-
tiveness and efficiency of the world-wide Air Force
Satellite Control Facility.

During the year, Aerospace system planners stud-
ied many survivable missile system concepts. Meth-
ods considered for providing survivability included
land mobility, super-hard fixed basing, and active
system defense. The company provided general
systems engineering and technical direction for the
Air Force on study contracts leading to a prelim-
inary design for an advanced ICBM, designated
120 A. Additionally, the company was working to
increase the operational effectiveness of the Minute-
man and Titan II ICBM systems. Aerospace per-
formed extensive work in the reentry systems area
and was providing general systems engineering and
technical direction for the Mark 12 and Mark 17
reentry systems. The company was also working
with the Air Force in providing technical direction
f_OT programs to increase the reentry Capabilities
for the Minuteman, Titan, Polaris, and Poseidon
missile systems.

The corporation’s engineering and planning work
was solidly backed by research and experimentation
in the company’s laboratories. Research was being
conducted in plasmas, electronics, aerodynamics
and propulsion, materials, and space physics.

During the year special study areas included an
investigation of the technologies which will provide
savings in the cost of space operations, efficient and
effective methods of assuring astronaut safety, and
advanced launch vehicles, including recoverable
and reusable vehicles.

In 1966 Aerospace Corporation employment av-
eraged slightly more than 4,000; of these, nearly
1,900 were scientists and engineers. The company’s
General Offices, El Segundo Technical Operations,
MOL, Systems Engineering Office, and Laboratory
Operations are located in El Segundo, California.
near Los Angeles International Airport. Another
major installation is the San Bernardino( Califor-
nia) Operations, located in that city. Field offices
are maintained at the 3 national test ranges and in
V\/ushington, D. C.

ALLISON DIVISION
GENERAL MOTORS CORPORATION

Addition of a turbofan engine to its gas turbine
dcvelopmcnt program marked one of the most sig-
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nificant milestones of 1966 for the Allison Division
of General Motors.

Allison late in the vear was awarded a multi-
million-dollar contract’ by the Air Force Svstems
Command for the development and production of
the TF41. a new turbofan cngine for a USAF
close-support aircraft.

The new engine, an advanced version of the
Rolls-Rovee RB-168-25 engine, will be developed
jointly b-y Allison at its Indianapolis plants and by
Rolls-Rovee Ltd. in Derby, England.

The TF41, scheduled to enter production in 1968,
will have 14.250 pounds thrust and is being devel-
oped specifically to meet the requirements of Fho
USAF’s A-T aircraft which will be used to provide
air support to ground combat troops.

The subsonic swept-wing aireraft will carry a
variety of external weapons including 1)01111)-3 :(md
missiles, and will play a significant role in limited
scale warfare. With this new engine plus other gas
turbines earlier in production or development,
Allison will have complete coverage of the gas tur-
bine market—turbofan, turboprop, turboshaft and
turbojet.

Substantial gains were reported in sales (_)f the
larger military and commercial gas turbine aircraft
and stationary engines. Significant advances also
were reported in the development of .]urge new
turboprop and turboshaft engines, and lightweight
lift engines.

In line with the division’s growth, Allison bcgan
a major building program to expand production
facilities. The division also acquired from the
General Services Administration 2 government-
owned properties which Allison had operated for
production of aircraft engines and various types of
bearings.

Allison was selected in April as the United SFates
contractor in a joint program with Great Britmn to
develop a new turbojet lift engine for vertical take-
off and landing (VTOL) aircraft. Allison, 1 of 4
U.S. bidders, will work with Rolls-Royce in devel.op—
ing the ultra-lightweight gas turbine. The engine,
which will produce an exceptionally high amount
of thrust for each pound of engine weight, wllll be
utilized initially for fighter-type aircraft. Allison
currently is testing compressors, combustors and
turbines of flight weight and is running an advanced
lift engine configuration.

A major growth pattern began to evolve in 1966
for the lightweight 317-horsepower T63 turboshaft
engine. This is the powerplant for the Army’s
OH-6A Light Observation Helicopter which early
in the year set 23 records for rotary wing aircraft.
At year-end, OH-6A claimed more records than
any other helicopter. New records claimed by the
Army—12 for speed, 5 for distance and 3 each for
climbing and sustained altitude—were established



in 3 different helicopter classes by 5 Army and 2
civilian pilots.

A commercial version of the engine, the Model
250. will power helicopters alrcady sold by Bell,
Hiller and Hughes in 18 major areas of the world
for deliveries starting in 1967. Five foreign sales
and service distributors were sclected during 1966
to handle the engines in their respective areas.
Engine production got underwav in November
1965, and more than 400 engines had been delivered
bv the end of 1966. )

This small gas turbine line was being expanded
to include 2 more powerful 370 horsepower turbo-
shaft and turboprop models for growth versions of
light helicopters, and for light fixed-wing aircraft.
The 17 percent power boost from the present 317
horsepower to 370 will result in a weight increase
of only 4 pounds.

New, more powerful T56 Series turboprops that
incorporate aircooled blades and vanes were in
full-scale production for the USAF Lockheed C-130
Hercules transport and the Navy's P3B anti-sub-
marine warfare plane. T56%s also power the carrier-
based Grumman E2A radar picket plane and a
cargo-carrying adaptation, the C2A.

Sales of 501-D13 turboprop engines for the Con-
vair 380 conversion program. and industrial gas
turbines for stationary installations also showed an
appreciable increase in 1966.

Two additional local service carriers—Lake Cen-
tral Airlines and North Central Airlines—announced
plans to convert their Convair 340/440 aircraft
trom piston engines to Allison gas turbines. This
brought to 5 the airlines ordering conversions.
North Central’s order was for an initial 20 with an
option for 11 more. and Lake Central’s initial order
was for 8 with 8 on option. By vear-end, 97
Convair 580’s werc in service or on order bv 5
airlines. A total of 133 was on order, including 14
corporate operators, the U. S. Air Force, Federal
Aviation Agency and the Roval Canadian  Air
Force. At the end of 1966 Convair 5380’ had accum-
ulated more than 250,000 aircraft hours.. Overall,
Allison military and commercial turboprops had
logged more than 22,000,000 hours in the air.

Extending further the horsepower growth of
current T56 Series engines was the T56-A-18 being
developed with Navy funds and logging time on an
Allison test stand. Equipped with air-cooled blades
and vanes in its first 2 turbine stages, the A-18 at a
rating of 5,325 equivalent shaft horsepower will be
approximately 350 pounds lighter and 30 inches
shorter than the T56-A-1 rated at 3750 equivalent
shaft horsepower.

Aerospace pressure vessels continued in produc—
tion for the Apollo and Titan IlI-C programs.

The year also marked the production of Allison’s
first end-product in its S5l-year history—military
tracklaying vehicles. These are the M551 General
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Sheridan, an air-droppable amphibious armored
assault reconnaissance vehicle, and the M109 self-
propelled 155 millimeter howitzer. First of these
vehicles began coming oft production lines in June
at the Cleveland Army Tank-Automotive Plant, for
which Allison formally assumed responsibility on
January 1, 1966. Both vehicles are equipped with
Allison transmissions and the M351 also incorporates
a unique Allison-developed gun-launcher breech
mechanism.

Allison’s Military Vehicles Organization at War-
ren, Michigan, was developing jointly with the
Federal Republic of Germany a new Main Battle
Tank. This assignment involves a unique program
for General Motors in international cooperation
between 2 nations developing a military product
which can be built by both countries for joint use.

To speed all phases of design and development as
well as production and to reduce costs wherever
possible throughout the division, Allison continued
to revise and expand its Zero Defects program built
around the concept of doing every job right the
first time.

Divisional employment was up more than 18
percent by year-end, with approximately 18,000 on
the payroll at Indianapolis, Cleveland and Warren.

ALUMINUM COMPANY OF AMERICA

Aluminum Company of America in 1966 an-
nounced: start-up of a new fourth potline at its
Warrick Operations raising the plant’s annual rated
capacity to 175,000 tons of primary aluminum; a
new facility capable of producing 48 million pounds
of atomized aluminum annually to be built at its
Rockdale (Texas) Works; NASA’s giant Vehicle
Assembly Building contains more than 4,000,000
pounds of specially designed V-beam aluminum
siding, sheet, and extrusions; commercial produc-
tion of close-tolerance coiled sheet at its $90-million
Warrick Operations sheet mill; production of giant
hemispheres which are among the largest structural
forgings ever made; plans to build a second 50,000-
ton potline at its Badin (North Carolina) smelter;
a new alloy that endows massive aerospace forg-
ings with 'high strength and good resistance to
stress corrosion cracking; supplying aluminum for
hangars built by Climatrol Corporation designed
to be airlifted to U. S. fighting forces in Vietnam;
a new fastener material that produces the highest
strength aluminum rivets and threaded fasteners
now available; first publication of data on allowable
stresses for a number of widely used aluminum
alloys; production of high strength forgings for
NASA's Uprated Saturn I space vehicle; wide use
of alloy 7075 in the A-TA Corsair 1, the Navv's
newest fighting planc; receipt of a $15,000,000
Navy contract to produce rocket motor tubes for
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an air-to-ground weapon; use of a new Alcoa. alloy
for an experimental part of a NASA program inves-
tigating novel design for rocket fuel tanks; a new
sales division to assume all functions of the former
jobbing and impact sales division; supplying alum-
inum parts for the highly successful Surveyor space-
craft that soft-lJanded on the moon; design and con-
struction of a rugged, portable, floating aluminum
airfield that converts marshes and rice paddies into
hardened operating areas: and plans to install an
additional hydraulic forging press at its Vernon
(California) Works.

A new fourth potline came on stream in 1966 at
Alcoa’s Warrick Operations, raising the plant’s an-
nual rated capacity to 175000 tons of primary
aluminum. The addition is necessary to meet the
metal requirements of the Warrick Operation’s
adjacent new fabricating complex, including 2 hot
mills and 2 high-speed cold-finishing mills, and to
augment Alcoa and customer needs for basic
aluminum at other locations. Start-up of the new
}ine raised Alcoa’s total rated primary aluminum
ingot capacity to 1,050,000 tons annually.

A new facility capable of turning out 48,000,000
pognds of atomized aluminum annually will be
built at the company’s Rockdale (Texas) Works.
Most of the immediate output will be produced to
Defense Department specification to meet increas-
Ing demands created by the war in Vietnam. Atom-
ized aluminum’s many uses include fuel for solid
Propellant rockets and missiles, and as an ingredient
In explosive charges. Aluminum for the operation
will come from potlines at the Rockdale smelter.

The giant Vehicle Assembly Building at the Ken-
nedy Space Center contains more than 4,000,000
pound's of Alcoa’s specially designed V-beam alumi-
num siding, sheet, extrusions, and other aluminum
PrOdl}CtS- Aluminum was selected for the VAB
exterlgr becau_se of its rigid strength, resistance to
salt air corrosion, and availability of pleasing gray
and white enameled finishes.

At its Spmwling $90,000,000 Warrick Operations
near Evansville, Indiana, Alcoa is producing an-
nually more than 240,000,000 pounds of close-
tolerance coiled sheet. The most advanced com-
bination of computerized hot breakdown and high-
speed finishing mills, and interrelated supporting
facilities ever planned to make one product was
installed at Warrick in the space of 3 years. The
precision-rolled, light gauge product is tailored
specifically for such mass markets as rigid contain-
ers, building products, and heat exchanger cquip-
ment. The production cycle at Warrick begins with
alloying molten high purity aluminum from the
potlines and casting the metal into rolling ingots.
The ingots are processed through the balance of the
computerized complex which includes a 66-inch
wide hot reversing mill capable of rolling 22-inch
thick ingots down to l-inch slabs; the industry’s
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first and only 6-stand continuous hot mill which
reduces slabs to coils of sheet onc-cighth inch thick:
2 mile-a-minute 5-stand tandem cold mills. one 60
inches and the other 44 inches wide, producing
coils of finished sheet 48 inches and 36 inches wide.

Huge hemispheres which are among the lTargest
structural forgings cver made were produced at
Alcoa’s Cleveland (Ohio) Works during 1966. The
giant bowls were designed for a variety of opera-
tions at extreme occan depths.  They w1ll' be
machined to desired dimensions 'dl.l(l uscd either
singly as structural components  in nndcjrwzlt.cr
vehicles, or in pairs joined together to form spher es
that can support heavy equipment or .lmusc dc].x-
cate electronic equipment. Each part is 8 feet in
diameter and weighs 12,000 pounds. The _hcm}-
spheres arc expected to broadc“n \fast]_v nlummun‘)s:
capability for Undcrsfil appll'cntl(?ns. Stlclhl lllslcs
with spheres up to 3k f.cct-m diamcter already
involve defense, communications, exploratory and
salvage functions.

A second 50,000-ton pot]inc scheduled to be built
at Alcoa’s Badin Works was scheduled to come on
stream in mid-1967. The SlO,().()O,(.)O() fac1_]1ty is part
of a modernization program instituted in 1964 at
the Badin smelter.

A new aluminum alloy thn.t cndows massive aero-
space forgings with both. high str‘cngth :and gfi()(}
resistance to stress corrosion cracking \\ls unfvu cC
by Alcoa. The outstanding chm’act'crl.snc of new
X7080 is its ability to develop high mechanical

allo
r;I‘o}),crtics with a boiling water quench. Althoggh
{vqtler at 212 degrees Fahrenheit is cool to a forging

in the 800 degree range, the low rate of quench—
compared to room temperature water (70 dcgre.es)
—generally is not associated with gooq mechanical
properties among high strength alummmr.l .alloys_
The new alloy imparts to b.ulky han(} forgings—3
inches thick and over—typical tCI]SI‘IC streng'tl?s
ranging from 67,500 tq 70,0QO pounds pef Squ“l.lle
inch. Large die forgings display typica t(?ml)e,
strengths in the range of 70,000 .to 71,500 poun ls lpu
square inch. The high properties COUPIC'd' with low
residual stresses resulting from the boiling water
quench, are ideal for numerous aerospace np.phca_
tions, including large airframe parts and alrcra.ft
landing gear forgings. The low rem_dual stre-ss?s wl.]]
make unnecessary the cold working 9pemt10n in
special dies now required f01: many .alrcraft bulk-
head and spar forgings to relieve 1'651.dual stresses.
Considerable savings in tooling costs will be realized
by eliminating this requirement.

Uniquely designed hangars'built by Climatro]
Corporation using Alcoa aluminum can 1?6 assem-
bled by 6 men in 72 hours without special equip-
ment. Airlifted to Vietnam, the hangars are em-
ployed as aircratt maintenance shelters. Each
weighs less than 10,000 pounds, can be assembled
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rigid structure. Fabricated of sheet and extrusions,
each panel is approximutely 8 feet long, 3 feet wide,
and 6 inches thick. All elements are joined by ad-
hesive bonding except the rectangular framing
which is welded. The interior of cach panel con-
tains more than 750 diamond-shaped cells of alumi-
num sheet filled with blocks of polyurethane.
Operational requirements include lightweight con-
struction, ability to replace damaged panels easily,
and a two-year life expectancy.

Plans to install an additional hydraulic forging
press at its Vernon (California) Works were an-
nounced by Alcoa. The new press was scheduled to
begin production by mid-1967 and was to have a
rated capacity of 3,000 tons. It will increase Alcoa’s
overall capacity to meet growing demands for forg-
ings on the West Coast. The press will be housed
in an extension to an existing building and will re-
quire a total investment in excess of $1,000,000,

AVCO CORPORATION

AVCO LYCOMING DIVISION

Avco Lycoming Division continued its extensive
production of T53 and T55 gas turbine engines dur-
ing 1966, with both programs reaching new highs in
rates of production. The schedule, already acccler-
ated, were increased several times again, and the
manufacturing operation was extended to a 3-shift,
6-day program.

To help meet the ever expanding demand for
Avco Lycoming cngines, the company in late March
broke ground for a new 400,000 square foot plant
on a 150 acre site in Charlestown, South Carolina.
The requirement for construction of the new facility
called for the building to be completed in 60 days
an almost impossible task, but one which was ac
complished 6 days ahead of schedule.

While outfitting of the plant continued, machine
tools began to arrive and in September, the first
production components for T533 engines rolled off
the lines. At the close of the fiscal year the Charles-
ton payroll exceeded 700 persons with the buildup
toward the projected 2,000 man level. Several com-
ponent lines were completely established and other
work, such as the production of particle separators,
which are filtering devices for T53 engines, and the
manufacture of ground support equipment, were
transferred to that facility.

The T53, which is the Army’s prime he]icopter
power plant, is used in the Bell UH-1 “Huey” series
of helicopters as well as in the Grumman OV-1
“Mohawk” observation aircraft. Both saw extensive
1966 combat duty in Viet Nam, as did the Boein
CH-47A “Chinook,” powered by twin Avco Lycom-
ing T55 engines.

Also performing ycoman service in the Southeast
Asia theater was the T53 powered Kaman HH-43
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“Huskie” rescue helicopter which accounted for the
saving of the lives of several hundred American
pilots and crewmen, and the Bell UH-TE. being
used by the U.S. Marine Corps in the northern sec-
tions of Viet Nam.

The T33-L-11, a 1,100 shaft horsepower model.
was the principal 1966 production item. but carly
in the vear the Division begun phasing its advanced
T53-1L-13 into the production cyvele with first de-
liveries of the new model completed in August.
This advanced unit, with an increase of 300 horse-
power, was scheduled to power the Bell UII-1
series as well as the Army's new armed battle heli-
copter, the ATII-1G “HucevCobra” which was to be-
gin rolling oft the assembly lines carly in 19(:'7.

A turboprop version, designated the T53-L-15,
was being readied for production at Stratford: it
was to power advanced versions of the NMohawk
aireraft.

The T55 production model, rated at 2.650 shaft
horsepower, was replaced late in the vear by the
T55-L-7C. rated at 2,850 shaft horsepower. This
power plzint made its ﬂigl']t debut in mid—OctobEr,
powering  the twin  cngines advanced C.H—4/B
“Chinook.” The more powerful Avco Lgmognng en-
gines provide the advanced “Clﬂnnook with a 42
percent increased payload of 14,500 pounds and an
increase in speed to 155 knots. .

Other production programs, including tl.le manu-
facture of constant spced drives, also increased
in tempo. The LD-6 scrics of drives, rated at ap-
proximately 25 horsepower, were being produced
in quantity for the Douglas A-4E, A-4F and TA-4E
aircraft for the Navy, as well as for the A-4G and
A-4H aircraft for military assistance programs.

Re-entry vehicle production during fiscal 1966
continued at about the same level as in the preced-
ing year, with manufacturing centered on the Mark
11A" vehicle for use on the Minuteman II weapon
system. Preliminary production activities also com-
menced for the advanced Mark 17 re-entry vchicle
and for the Mark 1 penetration aids program.

On the rescarch and development side, Avco
Lycoming expanded its activities even further.

Prime emphasis was placed on the dev‘elopm.ent
of the AGT-1500, the new gas turbine engine being
developed under Army sponsorship for tanks and
other vehicular applications. The new unit,
awarded to Avco Lycoming in October, 1965, after
intensive competition, calls for the development of
a light weight unit that will weigh about one-half
the most modern diesel engine, but which will
equal or exceed the efficiencies, including specific
fuel consumption. The contract called for delivery
of a number of prototype units within 36 months,
including 2 scheduled for installation in modified
tank chassis for test purposes in January, 1967. A

major milestone on this program was reached in



October when the first gas producing unit was
successfnlly operated on the test stand.

In its aircraft line, Avco Lycoming continued
advanced development of both its T33 and T35
families of engines with the T53 slated to be up-
rated to a level of 1.800 shaft horsepower and the
T35 to a level of 3.800 shaft horsepower. New tur-
bine technology was being applied. some of which
was gained through the use of the Division’s unique
“Hot Turbine” test facilitv, one of the most ad-
vanced of its tyvpe Currcnt]_\' in use.

In the marine engine field. Avco Lycoming in-
troduced its new CODAG svstem for high perform-
ance marine craft including commercial crew and
utility: boats. The new cm;cept. which stands for
Combined Diesel and Gas Turbine, is built around
an Avco Lycoming TF-20 marine engine which is
then mated, through a combining gear box, to any
diesel engine in the 150 to 500 horsepower cate-
gory. The advantage of such a svstem is that it pro-
vides economical diesel power for long endurance,
low speed phases of a mission along with the high
power. high speed capability of the turbine when
required.

:\lthough development efforts were continuing,
the Division recorded its first sule of 1« CODAG
svstem late in the yvear with delivery for test and
evaluation scheduled for 1967,

Another promising area of development involved
a mechanical actuator system for use on control
svstems  for  supersonic-tvpe  aircraft. Prototype
units were under test and evaluation by North
American Aviation at ycm*-end.

Avco Lycoming Division, Williamsport, Pennsyl-
vania in 1966 experienced a record volume of sales
of reciprocating engines, The advent of the light-
weight turbocharger which maintains horsepower
at altitude and also allows bleed-oft for cabin pres-
surization created new horizons for the reciprocat-
ing engine in the ficld of general aviation. In 1966,
Avco Lycoming reciprocating engines  powered
more tvpes of cxecutive and utility aircraft than
engines of any other manufacturer.

Wide acceptance of third level commuter type
airlines, air taxi, private and corporate aircraft as
well as the continued expansion of the rotarv wing
field indicated continued expansion in 1967, and
Avco Lycoming recips were slated to provide many
of the power requirements for general aviation air-
craft. To meet the requirement for increased per-
formance of new aircraft designs, Avco Lycoming
introduced new cngine models in 1966 and planned
additional models in 1967. In fiscal 1966, Avco
Lycoming Division, Williamsport, entered the air-
craft landing gear field, and continued expansion in

the manufacture of landing gears was anticipated
in 1967.
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AVCO AEROSTRUCTURES DIVISION

Avco Aerostructures Division, in Nashville, Ten-
nessee, is a major manufacturer of large airframe
assemblies and various aerospace components. In-
creased demand by both militarv and civilian cus-
tomers for the Division’s products in 1966 required
plant expansion and a doubling of the employment
from 2,000 to 4,000 persons.

During the vear the Division received a contract
to produce center, inner and outer wing panels for
Lockheed Aircraft’s C-3A. the world’s largest mili-
tary jet transport. Both -Boeing and Lockheed se-
lected the Division to make important parts for
their competing supersonic jet transport designs.
The Division continued to build tail assemblies for
the Lockheed C-130 Hercules and wings for the
Lockheed C-141 Starlifter, another military trans-
port. Requirements of U.S. forces in Viet Nam re-
sulted in increased production of components for
the Bell Helicopter “Huey” series.

In the commerecial field, the Division was produc-
ing wings for the Grumman Gulfstream II, a long
range business jet aircraft.

Division engincers developed a unique fluxless
brazing process for the construction of rocket
booster and manned spacecraft thermal condition-
ing panels. The brazed units permit the sensitive
instruments which they carry to remain at optimum
temperatures for the duration of a mission.

AVCO EVERETT RESEARCH LABORATORY

Avco Everctt Research Laboratory, located in
Everett and Haverhill, Massachusetts, was involved
in a wide variety of aerospace projects.

Reentry physics remained one of its major inter-
ests. The Division continued the studies it began 11
years ago for the Air Force-Army’s Nike-X anti-
missile defense system. Airborne Laboratory teams
gathered data for this program by monitoring in-
coming missiles in the Pacific. '

Long a leader in magnetohydrodynamics and re-
lated ficlds, the Laboratory during 1966 completed
and tested what is probably the world’s largest
superconducting magnet. This device brought
nearer the building of a large-scale commercial
magnetohydrodynamic power generator, a project
being studied by Avco and 10 major power com-
panies represented by the American Electric Power
Company.

For NASA the Division was developing a super-
conducting magnet system for an Apache sounding
rocket. It also received orders from the Navy and
the Army to study superconducting applications for
marine and aircraft electric motors.

In 1966, Avco Everett designed and installed a
20-megawatt MHD pilot-accelerator for the Air
Force Arnold Engineering Development Center.
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Everett scientists developed a laser which will have
an exceptionally high output, and they were also
conducting laser studies for the Air Force.

The Laboratory continued its work in medical
technology. The National Institutes of Health asked
it to furnish 50 Kantrowitz-Avco auxiliary left ven-
tricles for evaluation by the medical community.
This device—developed by the Laboratory and Mai-
monides Hospital of Brooklyn—was designed as a
permanent aid to persons with chronic heart disease.
It was implanted in two terminally ill patients in
1966. The Laboratory also continued its studies for
the Navy and Air Force in the fluid dynamics of
blood.

AVCO ORDNANCE DIVISION

The demands of the Viet Nam war caused a mas-
sive influx of orders for Avco Ordnance Division, an
important supplier of military ammunition. Em-
ployment doubled and production reached record
levels.

The Richmond, Indiana, facility received major
orders for 40 millimeter and mortar ammunition,
bomb and rocket fuzes, bomb parts, and conven-
tional weapons.

It developed a new rocket-boosted ammunition
called Avroc, to be used in the M-79 grenade
launcher and the M-75 helicopter grenade launcher.

The Division was also producing air-launched
munitions, miniaturized proximity fuzes, 30-milli-
meter ammunition for a new helicopter weapon
system and target markers. It was arming and
tuzing strategic missiles, including the Navy’s Po-
laris and the Air Force’s Minuteman.

AVCO MISSILES, SPACE AND ELECTRONICS GROUP

Early in 1966, Avco formed a Missiles, Space and
Electronics Group, headquartered in Wilmington,
Massachusetts, to centralize direction of these im-
portant aerospace functions. The Research and
Advanced Development Division was divided into
the Missile Systems Division, which stayed in Wil-
mington, and the Space Systems Division, which
took over RAD’s facilities in Lowell, Massachusetts.
The company’s Electronics division in Evendale,
Ohio, was included in the group. Avco Instrument
Division in Tulsa, Oklahoma, was absorbed into
the Electronics Division.

AVCO ELECTRONICS DIVISION

Avco Electronics Division manufactures tactical
communications equipment, space electronics and
infrared systems, commercial products, and instru-
mentation,

In 1966 the Division made important advances
in the development of communications equipment.
Late in the year, the Division won an order to

develop and produce the AT-440 receiver-trans-
mitter for the Lockheed C-5A aircraft. This radio
represents a major step forward in high frequency
airborne communication, sctting new standards in
reliability, performance and compactness. It incor-
porates the principal of binary tuning, a develop-
ment unique to Avco. The Division also began
producing the AN/ARC-123 radio for the Air Force
F-111. Two lightweight manpack radio sets were
developed and went on field test, and the Division’s
AM-4306 amplifier, which will be used with Army
radio equipment, went into production. The Divi-
sion was also developing UHF communications
equipment that will require no maintenance.

In space communications, the Division continued
to develop its telemetry equipment and command-
radio receivers and decoders for space vchicles,
missiles and rocket boosters.

Production of infrared countermeasures receivers
for the F-111 went into its third year, with output
being stepped up as more F-111's were produced.
The Division continued its work on advanced infra-
red airborne equipment.

The Division began to develop radar equipment,
which will be used by the North American Air
Defense Command, designed to spot and track
enemy missiles launched off-shore by submarines.

It was also making shock machines, mass spec-
trometers, vacuum chambers, and specialized test-
Ing instruments.

In the commercial field, it began manufacturing
intercom systems under sub-contract.

Division teams install, operate and maintain clec-
tronics equipment for the military services, NASA
and non-government organizations. These field
engineering activities expanded.

During the year the Division opened its new facil-
ities in Huntsville, Alabama, where it employed 120
persons. The work at this facility involved the
development and production of space communica-
tions equipment, the most important of which was
for the Saturn rocket booster.

AVCO MISSILE SYSTEM DIVISION

Some of Avco Missile System’s most important
work is its development of reentry vehicles for inter-
continental ballistic missiles and antimissile systems.
Most of these vehicles, which are produced at Avco
Lycoming’s Stratford, Connecticut, plant, have been
for the Air Force Minuteman program. In 1966, the
Division received a contract to develop and flight
test the Mark 17, a new highly sophisticated vehicle.
This will be integrated into the Minuteman II
ICBM, the country’s most advanced missile.

The Division also received Air Force contracts
to continue its dcvelopmcnt of penectration aids. It
was working on sub-systems for short range air-to-



surface missiles, as well as surface-to-surface and
surface-to-air weaponry.

AVCO SPACE SYSTEMS DIVISION

Heat shields built by Avco Systems Division for
the Apollo spacecraft were proved during the year,
in 2 suborbital flights. The Division was building
heat shields for 13 spacecraft for missions near the
moon, and 2 of these were to test the heat shields
during lunar flights.

The Division, in a related project for NASA, con-
structed 2 small flight models of spacecraft covered
with Apollo ablative material.

Owing to its work in the Apollo program. the
Division obtained 2 contracts connected with
NASA’s manned spacecraft program. One was for
production of full-scale mock-ups of the Apollo
Service Module with the Lunar Module. The other
was for a variety of spacecraft models for wind
tunnel and ballistic range testing.

The Division culminated 3 years of research with
the delivery of the Resistojet, a low-thrust elec-
trically propelled rocket. Used successfully in the
launching of a scientific satellite. it is one of the
smallest flight-qualified spacecraft engines.

The Division also received contracts from the
Kitt-Peak National Observatory and Harvard Uni-
versity to build small scientific satellites.

Several programs involved with interplanetary
exploration were carried out for NASA. These
included the design of 2 unmanned probes. one to
take atmospheric readings of Mars, and a larger
vehicle to do this as well as take photographs of
the planet’s terrain and send them to earth. Also
under way were studics of 2 possible manned ex-
plorations of Mars, spacecraft sterilization, and deep
space communication.

In the important field of composite materials,
Avco engineers developed a process for strengthen-
ing composites by weaving their fibers in S per-
pendicular planes. The Division also continued its
manufacture of boron filament for the Air Force.

BEECH AIRCRAFT CORPORATION

A highlight of the year for Beech Aircraft Cor-
poration was the award of a $9.800,000 Army con-
tract for production of 48 utility aircraft of twin-
engine, turbine-power design and the training of
pilots and mechanics.

The contract called for delivery by June, 1967.
It also contained an option for an additional 40
utility aircraft to be delivered at the rate of 10 a
month after June 1967. If the option is exercised,
the total contract, including spares, was expected
to exceed $20,000,000. IFollow-on orders, in addition
to deliveries under option, were expected to extend
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production of the Army utility aircraft for several
years.

The Army utility Beechcraft described in the con-
tract—modifications of the Beech NU-S8F series
developed in 1963—will be powered by twin Pratt
& Whitney Aircraft PT6A-20 engines identical to
the pressurized King Air corporate transport power-
plants.

Beechcraft also will train 20 instructor pilots and
20 instructor mechanics on operation and service
of the aircraft. This training will be scheduled at
the Beechcraft facilities in Wichita, Kansas, where
weckly instruction is scheduled on operational tech-
niques in the transition from piston-engine aircraft
to the Beechcraft turboprop King Air.

Classes include ground school instruction in main-
tenance and operation of the utility aircraft as well
as transition flight checks for pilots—similar to the
civiian program operated for corporate users of
Beechceraft throughout the year.

In accordance with Army requirements for mis-
sion support, the Army utility aircraft described in
the contract will be capable of accommodating up
to 10 combat troops, or from 6 to § persons in varied
interior configurations plus a crew of 2 in a 300
nautical-mile radius of action. The utility aircraft
also can be converted to an air-evacuation ambu-
lance with the installation of 3 litters, which still
leaves raom for 3 ambulatory patients.

Modifications will include a cargo door forward
of the regular airstair cabin door to provide overall
cargo accommodations of 53%2 by 51%2 inches. All-
weather operation will be permitted by a full com-
plement of avionics and navigation equipment.
Performance of the Army Beechcraft utility airplane
was estimated to exceed military specifications for
maximum cruise speed, maximum endurance, rate
of climb on one engine, service ceiling and fer
range. With a maximum gross weight of 9,500
pounds, the utility aircraft will be capable of carry-
ing 2,000 pounds of useful load cruising at speeds
of more than 200 miles per hour. It will have a
range of nearly 1,250 miles including a 30-minute
fuel reserve or maximum flight endurance of about
8V hours. The aircraft will have an estimated
service ceiling of 26,400 feet and single-engine serv-
ice ceiling of 11,400 feet. At maximum weight, the
craft in military service can operate from fields as
short as 1,000 feet in length. The airplane is 35
feet 3 inches long, 14 feet 8 inches high and has a
wing span of 45 feet 102 inches. Awarding of the
utility aircraft contract marked the third decade of
association between Beechceraft and the U, S, Army.

During 1966, Beech was oftering a product line
of 17 business and utility aircraft, ranging in size
from the 2-place single-engine Musketeer to the
pressurized, turbine-powered King Air A90. New

to the line were the Turbo Baron 56TC, a 300 mile-












Perhaps more significant than any of the records
and accomplishments listed was the milestone
reached in October—10 vears of on-schedule deliv-
eries of aircraft to the U. S. government.

THE BENDIX CORPORATION

ECLIPSE-PIONEER DIVISION

In 1966. The Bendix Corporations Eclipse-
Pioncer Division continued to playv a major role in
the aerospace industry with record sales and orders,
an expanding research and development effort, and
a wide range of products associated with practically
every major domestic aviation, missile and space
program as well as foreign projects.

In February 1966, a contract was awarded to the
Division for equipment that would provide an all-
weather landing capability for USAF's giant C-141
fanjets. The systems, slated for all C-141’s in gov-
ernment inventory. included completely monitored
microelectronic, redundant flare computers, fail-
operative yaw dampers and vertical navigation
equipment. The Division was also producing the
Lockheed-built C-141’s automatic flight control sys-
tem, central air data computer and vertical scale
indicators.

During the year, the precision approach and land-
ing system, which last year won Federal Aviation
Agency (FAA) approval for use in commercial
service, was ordered by Boeing and 19 airlines for
installation on Boeing 707’s and 720’s. Most of the
more than 500 systems ordered were for Category
IT systems; but, as a prelude to future fully auto-
matic operations, more than 60 of the systems or-
dered will additionally equip the airliners to remain
on automatic control all the way to touchdown.

Under a contract for the company’s Microvision
all-weather landing aid, runway beacons were in-
stalled at the FAA testing center at Atlantic City,
N. J., and Microvision airborne equipment was
installed in an FAA DC-7. At year-end, the Micro-
vision system, which permits a pilot to “see” the
runway through obscure weather and visually mon-
itor his approach, was undergoing FAA tests and
evaluations under actual operational conditions.

Work on the Anglo-French Concorde supersonic
transport (SST) accelerated during the year with
continued engineering development of the auto-
matic flight control systems (AFCS), including all-
weather landing equipment, and receipt of new
research and development contracts for air data
computers and vertical velocity indicators. The
Concorde’s AFCS, as with the USAF C-141 equip-
ment, called for completely monitored microelec-
tronic, redundant flare computers and fail-operative
yaw dampers. Eclipse-Pioneer application of the
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latest techniques of microelectronic technology to
such systems has been pacing the industry.

The Bendix PB-60 automatic flight control sys-
tem, previously certified for such diversified air-
craft as the Japanese YS-11 turboprop, Italian
Piaggio-Douglas PD 808 twinjet, and the American
Jet Commander, was approved for use on the Pan
Am Falcon, manufactured by France’s Generale
Aeronautique Marcel Dassault, and North American
T39 Sabreliner executive jets, Beechcraft Queen
Air executive transport, and DeHavilland CV-2
Caribou military transport.

Both the USAF and Navy ordered additional
automatic dead reckoning navigation systems. The
Air Force ordered the system for its RF-4D and
F-4D aircraft while the Navy designated these
systems for use on F-4] fighter aircraft, A-6B and
A-4D attack aircraft. The British also ordered the
system for the F-4]’s which they bought from the
U.S. These self-contained systems continuously
compute, transmit and display essential information
needed by the pilot in the navigation of his aircraft.

Both research/development and production con-
tracts were received for redundant yaw damper
systems for the B-58 Hustler bomber. Eclipse-
Pioneer was also providing the B-58 with flight
control systems, air data systems, and support equip-
ment.

The year also saw 58 pairs of vertical scale instru-
mentation ordered for USAF’s Lockheed-built mam-
moth new C-5 jet transport.

In the area of automatic checkout equipment,
the AN/GSM-133 general purpose programmer
comparator was, at year-end, being weighed by the
military for a wide range of programs. Among those
being considered for the “133” were the F-111 A&E
shop, the C-141 all-weather landing system and the
RF-4C and F-4C IRAN (Inspect and Repair as
Necessary) programs. The “133,” successor to the
highly successful AN/GJQ-9 which has been used
in some 14 different aircraft, missile and space pro-
grams, provides all necessary present and future
growth capabilities to handle automatic checkout
implementation through the coming decade. _

In the space field, Eclipse-Pioneer teamed with
the Martin Company and was awarded a NASA
contract on Apollo Applications to study sc%en_tlﬁc
and engineering considerations for Apollo missions.
The AA program called for such studies as mission
analysis, equipment integration, tracking and sup-
port requirements.

Production continued on the highly successful
guidance platforms for NASA’s Saturn program.
The moon rocket’s platform is designed to generate
velocity and acceleration information which deter-
mines the accuracy of pitch programming and final
insertion of the payload into orbit.

For the ninth consecutive year, inertial guidance
systems were produced for the Army’s Pershing mis-
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sile program. As the total Pershing firings passed
the 100 mark, the guidance system continued to
maintain its perfect record.

Eclipse-Pioneer continued to provide liquid-float-
ed Pendulous Integrating Gyro Accelerometers
(PIGA) for USAF’s Minuteman II missile program.
As key acceleration-sensing units in the missile’s
guidance and control system, the PIGA has been
described as providing one of the most accurate
velocity measuring systems in existence.

The Division won a research and development
order for PIGA accelerometers to be used on the
Self-Aligning Boost and Re-Entry (SABRE) guid-
ance platform for a maneuvering re-entry type mis-
sile. A study contract on the SABRE guidance
system was also received.

Also for Minuteman, the Division continued to
provide 2 security devices which are links in the
missile’s electronic launch system that prevent un-
authorized firings. The devices are known as the
Launch Enable Execute Decoder (LEED) and the
Digital Safety Control Switch (DSCS).

Orders also were received for reaction wheels
for use on the control system of the Nuclear Detec-
tion Satellite, a space vehicle frequently referred
to by its code name, Vela.

Work continued on the production of 2 units for
NASA’s Lunar Module. One, a range indicator, will
provide the LM astronauts with altitude and rate
of altitude change information during descent from
the Apollo command and service module to the
lunar surface. On the return to the mother ship,
the indicator will show separation distance and rate
of closure between the two vehicles. The second
LM device is an electro-mechanical actuator that
will provide precise positioning of the LM ascent-
descent engine throttle as the vehicle descends to
the moon.

For the Army, the Division continued to produce
radar antenna pedestals for Hawk missile systems
and radar simulator stations for Nike-Hercules
missile installations. The radar simulator stations
supply simulated targets and an electronic counter-
measure environment for training Army personnel.

Reflecting the increased activity, Eclipse-Pioneer
employment peaked at 11,000 during the year.

BENDIX AEROSPACE SYSTEMS DIVISION

Bendix Aerospace Systems Division, as the Cor-
porate focal point for the development of extra-
terrestrial exploration systems, was finalizing the
detailed design of a roving vehicle for use on the
lunar surface. Under contract to NASA’s Marshall
Space Flight Center, this lunar vehicle, called the
Local Scientific Survey Module (LLSSM), is being
designed for use on the Apollo Applications Pro-
gram (AAP). The program is the immediate follow-
on to the Apollo program and will provide our
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astronauts with the means to travel on the lunar
surface and the instruments to obtain scientific and
engineering data on the nature of the moon and its
environment. The first lunar surface launch is
scheduled in 1970.

The one-man vehicle will carry an astronaut, in
his spacesuit with backpack and a 700-pound scien-
tific equipment payload over 125 miles (200 kilo-
meters) of lunar terrain. Life support for a vehicle
sortie is provided bv three Portable Life Support
Systems, one on the astronaut’s back and two stored
on the vehicle. The vehicle is driven by a mobility
controller in the driver’s station which provides
power through a scaled traction drive mechanism
in the hub of cach of the four vehicle wheels.

In 1966, Systems Division completed the study
of the specific scientific missions for NASA which
can be accomplished with the LSSM and other
lunar vehicles. This cffort includes the detailed
description of scientific instrumentation, the selec-
tion of five lunar sites and the precise method of
exploration.

In early 1966, Systems Division completed the
fabrication, assembly, and acceptance testing of
the Mobility Test Article (MTA). This 25-foot-
long, 1,750-pound vehicle is a full dimension, 1
mass scale vehicle to evaluate the mobility concept
and performance of proposed lunar vchicles for
post-Apollo exploration. The LSSM mobility con-
cept is a direct out-growth of this MTA system
design.

A field test program with this vehicle, conducted
under the direction of NASA’s Marshall Space Flight
System, is in progress at Aberdeen Proving Ground
and at Yuma, Arizona. Field tests with the vehicle
will determine soft soil performance, slope climbing,
obstacle and crevice crossing and turning character-
istics, and energy consumption.

BENDIX PRODUCTS AEROSPACE DIVISION

One of the major new developments during 1966
for The Bendix Corporation’s Products Aerospace
Division, South Bend, Indiana, was the division’s
selection as the subcontractor for designing and
manufacturing the main and nose landing gears
for the Lockheed C-5A program.

The contract covers the manufacturing of hard-
ware to support the first 58 production aircraft.
Major additions to engineering and manufacturin
facilities were under way to accommodate the ex-
treme size of not only the C-5A gears but those of
the other new generation of large aircraft now being
developed.

In general, the division’s aircraft landing gear
product line was maintained at high volume to
support the McDonnell F-4 and other continuing
programs.



Bendix Products Aerospace also was selected
during 1966 as the supplier of wheels and brakes
for the Boeing 727-200 series and the Douglas
DC-8-63 series aircraft. The vear also saw increased
production of wheels and brakes to support the high
manufacturing and use rates of the many operating
commercial jet aircraft models equipped by Bendix.
The trend was expected to continue as the Boeing
737 and Douglas DC-8-61 and -62 series programs
entered into volume production.

Active research and development continued
throughout the year in the field of aircraft wheels
and brakes, with emphasis placed on improved
frictional and heat sink materials. Laboratory tech-
niques previously developed by Bendix were ex-
tensively used in this work. For example. an entire
landing gear svstem, including shock strut and
primary wing fittings. can be tested in the division’s
laboratories. This procedure assures that perform-
ance advancements of friction materials obtained
are not at the expense of frictional stability and
attendant roughness. Significant advances in brake
weight and envelope volume have been made
through the use of more refractory type friction
materials. Further weight reductions proved tech-
nically feasible through the use of beryllium and
other exotic materials in heat sink components.
Work was continuing to advance the potential use
of titanium alloys in aircraft wheel and brake
structure. A 1966 phase, conducted under USAR
sponsorship, was concerned with improved tech-
niques in the forging and machining stages.

The year 1966 at Bendix Products Aerospace also
meant increased production of large gas turbine
controls for such outstanding new programs as the
Pratt & Whitney Aircraft engines used on the F-111
and A-TA aircraft.

Fuel systems were being fabricated for use on
development Lycoming AGT-1500 engines being
provided for the Army Tank Automotive Center.
The durability. optimum performance and competi-
tive price of this control system makes it suitable
for the commercial market as wcll as for the
military.

Study and development programs were being
carried out on fuel control systems being considered
for use on such important new engine programs as
the Pratt & Whitney Aircraft SST engine, advanced
Allison T56 turboprop engine and the Wright Aero-
nautical lift cruise WTF60 engine.

Additional expansion occurred in the manufac-
ture of the DP simplified lightweight control sys-
tem for small gas turbine powered aircraft. Air-
craft programs included the Beech “King Air,” de
Havilland Beaver and Twin Otter, the LOH heli-
copter, Bell JetRanger and Fairchild Hiller FH-1100
commercial helicopters.

Further expansion took place on fuel injection
systems for general aviation reciprocating engines.
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Aircraft with Bendix RS injection included Hughes,
Piper, Beech, Riley, Aero Commander and Mooney.

Studies were being carried out jointly by Bendix
Eclipse-Pioneer Division and Bendix Products Aero-
space Division in the application of microelectronic
technology to the design of gas turbine engine
control components.

Research and development continued in the field
of fluid state components for gas turbine engine
controls. Vortex amplifiers and jet-on-jet units were
successfully demonstrated in such areas as tempera-
ture sensors, closed loop speed control, frequency
difference detection, and up/ down counters.

Demand continued high during the year for the
division’s capabilities and facilities in landing sys-
tems techniques which have been dedicated to the
nation’s space programs. Landing gear and vehicle
landing dynamics studies were completed under
contract from various NASA facilities, JPL, and Bell
Aerosystems Company in 1966. Work in this field
was still expanding.

Production volume of the unique Tension-Torsion
Rotor Link, recently developed by Bendix for the
helicopter industry, showed further gains in 1966.
While major volume currently remains with the
Bell UH-1 series; these steel wire filament links were
chosen to retain the main and tail rotor blades on
the Lockheed AAFSS program and for the Bell
Model 206.

In high temperature materials, development and
evaluation continued on chromium composite ma-
terials for gas turbine engine parts, leading edges
and other applications in oxidizing temperature
environments from 2,000 degrees to 3,000 degrees
Fahrenheit. Emphasis was placed on improved
high temperature strength while retaining existing
ductility and oxidation resistance. Successful appli-
cation of more refractory ingredients in aircraft
brake friction materials promises satisfactory opera-
tion at temperatures up to 2,500 degrees Fahrenheit
or 500 degrees above production materials.

PIONEER-CENTRAL DIVISION

The year 1966 was one of expansion and growth
for the Bendix Corporation, Pioneer-Central Divi-
sion in every way. One of the new developments
was a Radio Frequency Mass Gaging unit for fluid
measurement. This equipment should prove es-
pecially useful for measurement of propellants
under the zero “G” conditions of space.

Plant facilities were expanded by the construc-
tion of a new Administration and Engineering
building which was occupied in October 1966, A
new cryogenic test cell primarily designed for
liquid” hvdrogen testing was also completed. This
test facility was remotely located from the main
plant as a precaution due to the critical nature of
liquid hydrogen and other cryogenic fluids.
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As the physical facilities at Pioneer-Central grew
so also did the working force. Additions were made
in various sections of the Engineering Department,
Sales and Service Departments, and in production
areas. This build-up in manpower was in full swing
as the year ended.

RED BANK DIVISION

In 1966, Red Bank continued to add to its line of
environmental-free brushless AC generating sys-
tems and at year-end had a complete family of sys-
tems rated from 15 KVA to 60 KVA.

One of these systems, rated at 30 KVA, was being
produced for F4 Phantoms. Rugged and compact
for its size, the unit supplies the F4 with clean,
reliable electric power to operate its many instru-
ments and other accessories. The unit also supplies
the type of dependable operating life and low
maintenance required in combat zones.

With the trend to lighter power systems, Red
Bank initiated several “material-development” pro-
grams and was looking to reduce the weight of
these AC systems even more.

The highly successful oil-cooled, brushless AC
generators prompted the development of similar
DC generators and during 1966 Red Bank produced
several of these DC units and put them through
preliminary tests. Initial engine tests were extreme-
ly successful and more severe road tests were
scheduled. The new type generators would be
immune to tough field environments encountered
by ordnance vehicles and would find many appli-
cations.

Work continued on developing low-cost electric
power systems for use in executive aircraft. Small
brushless DC generator prototypes were built and
tested during the year and scheduled for flight-tests.

These new brushless DC generators do not de-
pend on the aircraft battery to start generation.
Completely independent of an external power sup-
ply, the generators require only a drive or power
takeoff to start generation.

In the executive field 3 new electric power sys-
tems were put into production during the year and
all 3 systems were scheduled for use in Grumman’s
Gulfstream II aircraft. Capable of producing more
than 70,000 watts of both AC and DC electric
power, the systems include the latest state-of-the-art
design techniques and construction materials.

New type transformer-rectifiers were developed
during 1966. Prototypes of a 200-ampere unit were
tested and checked in actual applications with good
results. A complete line of these static conversion

devices was planned.

Red Bank’s static inverter continued to win ac-
claim for its outstanding performance in the Gemini
space program. One of 54 critical parts in the
program, the static inverter converts DC power to
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highly-precise AC power to operate the guidance
equipment installed in the Titan booster.

YORK DIVISION

During 1966, York Division continued its tradi-
tional activity of research, development and produc-
tion of complex electronic fuzing syvstems, from a
background which involved participation in the
Sparrow I, Honest John, Little John, Lacrosse,
Redstone, Bomare, Pershing, Genie, GAR-9, Eagle,
Lance, Mauler, and Phoenix programs. The Divi-
sion was also engaged, during the year, in study
contracts for advanced weapons systems.

In conjunction with the fuzing programs, the York
Division continued to develop, design and produce
evaluation test equipment and tactical test equip-
ment,

Because of the Division’s involvement in many
military electronics programs, support capabilitics
have been developed in many areas. The York Divi-
sion is a producer of custom high quality, high
reliability printed circuit boards and a variety of
radar components have becen supplied on a custom
basis. These include antennas, RF front ends, IF
amplifiers, video processing circuitry, and trans-
formers. The Division is also working toward furth-
er development of lighter weight, smaller volume
and higher reliability electronic systems for missile
and space applications.

THE BOEING COMPANY

During 1966, The Boeing Company expanded
rapidly, introducing new airplane models, launch-
ing its first space vehicles and piling up record
orders and commercial backlog. Increased tempo
in production of current airplanes and helicopters
was matched by rush-schedule construction of facil-
ities to be used in present programs and in building
of the giant 747 subsonic transport. Simultaneously,
the company exerted major effort in preparing its
proposal for an American supersonic transport and
in building a full-scale, $2,000,000 mock-up of its
proposed variable geometry SST.

In the space field, Boeing delivered its first Lunar
Orbiter vehicles, which successfully photographed
the moon from minimum altitudes and the earth
from near the moon. Burner II, an upper stage
space vehicle built by Boeing, was successfully
launched from atop a Thor booster, and work
progressed on Advanced Minuteman intercontin-
ental missiles. Boeing-built first stages for Saturn
V rockets underwent successful tests at Huntsville,
Alabama, and were emplaced at Cape Kennedy
launching sites.

For the Navy, Boeing began construction of a
hydrofoil gunboat using water-jet propulsion; and



in the international feld the company was a com-
petitor both in the United States and Germany
(through a partiallv-owned subsidiarv) in a pr6—
gram te produce a short takeoff and landing fighter
planc for U. S. and German forces.

Mceanwhile. production of helicopters for United
States armed forces increased steadilv. A new
model, the UH,/CH-46D Sea Knight medium heli-
copter, joined the Marines’ aerial fleet, and a proto-
tvpe for a new, Iargc helicopter. the Armv CH-47B
Chinook, made its first flight. The “B”is an ad-
vanced model of the Chinooks operating success-
fully in Viet Nam.

Boeing emplovment exceeded 130,000 persons by
mid-October. )

Most dramatic development of 1966 for Boeing
was the announcement early in the vear of the
company’s plan to build the model 747 jet trans-
port, largest airplane ever designed for commercial
service. Original announcement was accompanied
by Pan American World Airways’ revelation that it
had ordered 25 of the huge planes, each weighing
680.000 pounds, measuring 228 feet 6 inches long
and with a wingspread of 195 feet 9 inches.

This plan to build the 490-passenger 747s was
confirmed in July. Prior to that time, excavation
and ground clearing had begun at Everett, Wash-
ington, and construction began immediately on a
fucilities complex to include the worlds largest-
volume building, a final assembly structure contain-
ing 158,000,000 cubic fect of space. By mid-October,
Lufthansa, BOAC, Trans-World Airlines, Japan Air
Lines, Air France, and Continental Airlines had
joined the list of 747 customers. Orders by October
15 totaled 56 airplanes. Boeing was prepared to
build 200 by December 1972, and 400 by Decem-
ber 1975.

The 747, while accommodating more passengers
than any existing or definitely announced commer-
cial airliner, is so designed—a single-deck cabin 20
feet wide, with 4 wide doors for ordinary passenger
use and 6 others available if needed, plus double
aisles, space-breaking partial partitions, lounges
and private cabins—as to afford unmatched comfort
and spaciousness. It will be able to operate from
any airport suitable for current intercontinental
jetliners. The first 747 was scheduled for comple-
tion late in 1968.

Meanwhile, at the other end of the family of
Boeing commercial jets, the first 2-engined model
737 short-to-medium range jetliners were under
construction, with flights scheduled for early 1967.
By October 27, orders for the smallest Boeing plane
totaled 124. This figure compared to 656 total for
the familiar 707-720 models and 541 for the popular
727 three-engined jet. Deliveries, as of October 15,
totaled 840 for all models. Deliveries late in 1966
were slowed by dclays in receipt of airplane engines.
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Boeing’s major effort in the American supersonic
transport competition reached a climax on Septem-
ber 6, when the company’s refined proposal for a
350-passenger, 306-foot-long airplane, featuring a
variable geometry wing, was submitted for govern-
ment and airline advisory committee study. The
Boeing proposal, including more revenue seats
than anv other SST currently being built or pro-
posed, was in direct competition with a double
delta airplane proposed by Lockheed Aircraft Cor-
poration for government approval of a 2-prototype
program. Boeing’s design, in which a wing adjusted
to a sweep-back of approximately 42 degrees allows
practical subsonic efficiency by integrating the vari-
able geometry wing—swept back to 72 degrees—
with large horizontal stabilizers to give a single
lifting surface for the contemplated 1,800-mile-per-
hour cruising speed. A movable nose will be low-
ered to provide pilots with exceptional visibility
during takeoffs and landings, which can be made
at existing airports suitable for intercontinental
subsonic jetliners. (Editor’s Note: President John-
son announced on January 1, 1967, that Boeing had
been named winner of the competition. See Aero-
space Events.)

During 1966, interest in air freight capabilities
grew steadily and affected virtually all models of
Boeing planes and most of the 57 customers who
had signed for them by October 15. A quick-change
(QC) concept developed by Boeing allowed com-
plete conversion of a model 727 from passenger to
freight configuration, or back again, in 30 minutes,
and proved popular from its inception. A similar
system was offered for model 737’s, and many of
the larger planes ordered during the year also were
convertible or designed especially for freight.

First launch of a Lunar Orbiter photographic
space vehicle was made on August 10, only 284
months after a contract was signed with NASA’s
Langley Research Center. Thus, it became the first
U. S. spacecraft to achieve orbit of a planetary body
other than earth, the first spacecraft to change lunar
orbit, the first to provide U. S. photos of the moon’s
far side and first to photograph Earth from deep
space. The second Lunar Orbiter was launched
November 6, and it successfully achieved photo-
graphic orbit and returned pictures of even higher
quality than had Lunar Orbiter 1.

A modernization program for Minuteman inter-
continental missiles was begun at Whiteman Air
Force Base, Missouri. Ultimately, this program will
replace 800 existing Minuteman missiles with the
larger, more powerful Minuteman II. Each launch
site at 5 Minuteman wings must be enlarged to
accept the new system. Meanwhile, a total of 200
other Minuteman II missiles were being emplaced
in new installations at Grand Forks, North Dakota,
and Malmstrom AFB, Montana,






introductory flight coupon program. The learn-to-
flvy program had been initiated 2 years earlier to
increase the number of student pilots throughout
the entire aviation industry and broaden the base
of the private aircraft market. To support the
learn-to-flv and 85 coupon program, Cessna created
the largest single advertising campaign in its history.

The program was acclaimed a success and the
outlook for continued success is good. Surveys by
Cessna showed the program well on-target towards
achieving an industry goal of 193,000 student pilot
starts in the industry by 196S. More than 50,000
introductory flight lesson coupons were redcemed
at Cessna dcealers during the program’s first 14
months and Cessna estimated the program already
has generated $26.000.000 in revenue for the com-
pany’s field sales organizations. more than was
initially envisioned when the learn-to-fly campaign
was launched.

Student pilot license issuances grew from 61.000
in 1962 to an estimated 125,000 or more at the end
of 1966. and this rate of increase—30,000 more each
vear in the industry—was expected to continue. Of
these students, Cessna figures the majority will be
trained by Cessna dealers in the Model 150. and
subsequently will be prime prospects for new Cessna
aircraft. To meet this demand. the 1967 Model 150,
which started production in August. also was ex-
pected to exceed 3.000 units.

Consolidated sales in Cessna’s 1966 fiscal year,
ending September 30, totaled $202 million, a 35
percent increase over 1965’s previous record total
of $148.419.000. Preliminary figures indicated earn-
ings of $4.13 per sharc, compared with 83.30 per
share the previous year.

Commercial aircraft sales totaled $140,185.000,
up 51 percent over the preceeding year. All of
Cessna’s other operutions—lndustrinl Product Divi-
sion, Aircraft Radio Corporation, National Aero
Finance Corporation and the McCauley Division—
also showed substantial sales increascs during the
year, except defense business which was about
equal to 1965. Military backlog, however, increased
75 percent over 1965 which was expected to result
in significantly higher military sales in 1967.

Cessna’s  commercial aircraft deliveries during
the 1966 fiscal year gained 57 percent over fiscal
1965. 1In the fiscal year, Cessna delivered 7,922
aircraft, an increase of 2.884 airplanes over fiscal
year 1965, This was by fur the biggest year in the
company’s history and represented a doubling of
Cessna’s unit business during the past three years.
The company set 12 consccutive monthly delivery
records during its fiscal year, capped off by a
September delivery of 812 units to sct a new com-
pany single month delivery record.

The 1966 fiscal year also marked the eleventh
straight year Cessna has been the industry leader
in unit production and the ninth consecutive year
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the company has been in the number one position
of dollar volume leadership. The 7,922 aircraft in
the fiscal year gave Cessna over 50 percent of the
industry’s total unit deliveries during the 12-month
period. The largest gain came from the 2-place
Model 150, the Model 172 and its companion model,
the Skyhawk. Another large increase came in
multi-engine aircraft sales where all 4 twins showed
substantial sales gains, jumping from 567 units in
fiscal 1965 to 817 units in 1966, a gain of 44 percent.
Late in the year, Cessna’s 200-mile-per-hour tandem
twin Super Skvmaster was acclaimed “Plane of the
Year” for 1966 by editors of a national general
aviation magazine.

Cessna was awarded a $4,000,000 contract in
1966 from the Army Aviation Materiel Command
for 255 T-41B trainer aircraft. an off-the-shelf ver-
sion of the commercial Model 172. The new Army
primary trainer features a constant speed prop, a
top speed of 153 miles per hour and a cruising
speed of 148 miles per hour. The U. S. Air Force
and 2 overseas Air Forces had previously adopted
the T-41A series for primary flight training purposes.

In April, Cessna introduced its first aircraft de-
signed specifically for the aerial application market
—the Agwagon, which is available with either a
230 or 300 horsepower engine. The all-metal, low
wing Agwagons are designed to fly faster and oper-
ate more cconomically than any other competitively
priced aerial application airplane on today’s market.
More than 150 Agwagons had been delivered by
the end of October.

In September, Cessna revealed plans to double
its twin-engine line from 4 to S models for 1967 in
a concentrated move to serve a broader segment of
the booming multi-engine market. The company
indicated that the new additions would place
Cessna in market areas the company previously has
not served.

On November 1, Cessna introduced its new six
to eight place Turbo-System Model 401 executive
twin and the new Turbo-System Model 402 9-seat
air taxi commuter and air cargo twin. Both aircraft
are in the low-cost medium twin field and open a
new twin-engine market area for Cessna. The
Modecl 401 represents a price break-through for
customers advancing from the light to medium twin
executive class. The Model 402, designed to meet
the needs of the expanding air taxi and air cargo
business, features a large roomy cabin specifically
designed to provide an economical 9-seat com-
muter which can be quickly changed in minutes to
a light cargo transport.

The company also announced plans to introduce
its new 6-place pressurized Turbo-System Model
421 during the last half of 1967, well ahead of the
original schedule. Cessna predicted that the 421
corporate twin would be the 10\\7est priced, new
pressurized twin-engine aircraft on the executive
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market and would be entering a price category
previously served only by unpressurized aircraft.
The 421 is priced at $159,950. Cessna announced
that the fourth new twin addition would be in the
lower cost area and was expected to debut in 1967,
The 4 new twins, added to Cessna’s earlier 4 twins,
will give the company the largest line-up of multi-
engine aircraft offered by any general aviation
manufacturer.

Cessna hit another milestone in November 1966,
when the company delivered its 70,000th airplane.

In addition to the big sales increase in Cessna’s
commercial aircraft, a significant development in
the expansion of Cessna’s military product line was
established by the receipt in August of an initial
Air Force order for 39 AT-37D twin-jet strike air-
craft for counter-insurgency (COIN) warfare. At
the end of the 1966 fiscal year, prospects were excel-
lent for follow-on production orders of the new
attack aircraft, which has more than twice the
engine thrust and almost twice the gross weight of
the standard T-37 trainer. The AT-37D’s excellent
maneuverability, small silhouette, low engine noise
and high speed across: the target, self-sealing fuel
cells, twin-engine safety and armor plating gives
the aircraft excellent survivability as well as being
relatively easy to support at remote sites. Mean-
while, production of the T-37B and T-37C jet train-
ers continued under existing contracts, Other mili-
tary contracts contributing to Cessna’s overall sales
success included modification. of Cessna O-1 “Bird
Dogs” for the Army and Air Force, continued pro-
duction of military aircraft ordnance dispensers
and containers, and several subcontracts on the
McDonnell F-4B and. F-4C.

To keep pace with production requirements,
Cessna added 229,000 square feet of manufacturing,
assembly and warehouse floor space at its Wichita
facilities during 1966 and had another 285,000
square feet under construction, Employment at all
Cessna operations, both in the U, S. and overseas,

passed the 11,000 mark, up from 8,400 at the end
of 1965.

CHANDLER EVANS CONTROL SYSTEMS
DIVISION OF COLT INDUSTRIES INC

The Chandler Evans Control Systems Division of
Colt Industries in 1966 continued volume produc-
tion of TA unitized main fuel controls for gas tur-
bine-powered helicopters. The TA control series is
a highly sophisticated yet compact fuel manage-
ment system for the Lycoming T-53 free turbine
engine that is seeing military service on Bell UH-1
Iroquois helicopters in Viet Nam and elsewhere in
the world.

An advanced TA-2 control also will be on the new
Bell HueyCobra, an armed and more powerful
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version of the UH-1, now in production. The TA
control encloses within one housing the main engine
fuel control, main fuel pump and free turbine gov-
ernor. More than 35,000 Chandler Evans main fuel
controls have been produced, logging close to
3,000,000 service hours in Army helicopter opera-
tions—over half of them under jungle combat condi-
tions.

Also, 1966 was Chandler Evans Control Systems
Division’s tenth consecutive year of production of
main fuel pumps for gas turbine applications. To
date more than 22,000 of these positive displacement
fuel pumps have accumulated more than 35 million
service hours on Pratt & Whitney Aircraft and Gen-
eral Electric gas turbine engines for such notable
commercial and military aircraft as Boeing 707 com-
mercial transports, B-52 bombers and KC-135 jet
tankers; Douglas DC-8 jet transports; Lockheed
Starlifter commercial cargo jets, and Northrop F-5
Freedom Fighters. Chandler Evans MI'P-90 pumps
also are on the Pratt & Whitney Aircraft jet engines
that power the General Dynamics’ Fort Worth Divi-
sion F-111 variable-sweep wing fighter aircraft.

The Continental J69 turbojet engines on the Ryan
Firebee drone aircraft for Air Force, Army and
Navy wuse the division produced MC series
fuel controls. A supersonic drone being developed
by Ryan also incorporates an advanced version of
the MC control.

In the regenerative engine field the division also
developed and produced the 1C-14 fuel control for
a Ford gas turbine truck engine. Like other Chand-
ler Evans fuel controls, it integrates fuel pumping,
metering, filtering, pressure regulation and turbine
speed governing in a unitized package.

Production of the Chandler Evans EHSV electro-
hydraulic servo valve for machine tool and similar
control functions. continued during 1966.

In still a different aerospace control area the
Chandler Evans Control Systems Division in 1966
was actively working on stored gas actuation systems
for several different missile programs, some of which
were in production and others of which were in
advanced developmental stages.

Other aerospace control components produced by
the division d’uring the year included temperature
probes, afterburner fuel flow dividers. and fuel regu-
lators, hydraulic pumps, de-icing controls, aircraft
cabin air temperature systems and related aircraft
components.

CONTINENTAL MOTORS CORPORATION

Total sales and net income of Continental Motors
Corporation and subsidiaries for the fiscal year
ended October 31, 1966, rose to the highest level in
recent years. Consolidated net earnings of Contin-



ental Motors Corporation for the 1966 fiscal year
were $5.53414.590 on total sales of $232.442.113.

Substantial progress was also made during fiscal
1966 in the modernization and expansion of the
company’s facilities. Of major importance was
completion of a computerized communication sys-
tem linking Continental Motors’ manufacturing fa-
cility in Muskegon. Michigan, with the company’s
network of branch plants. This new svstem reduces
substantially the time previously required to process
and ship service parts orders, thereby expediting
service to distributors. dealers and users of Con-
tinental products.

Shortly after the close of the 1966 fiscal year.
plans were finalized for establishment of a new
branch ncar Harrisburg, Pennsylvania. With the
addition of the Harrisburg facility. scheduled to
become fully operational in 1967. Continental Mo-
tors has 5 branch plants. Others are located in
Chicago, Atlanta. Dallas and Salt Lake City. In
addition. the company’s wholly-owned subsidiary,
Continental Motors of Canada Limited in St. Thom-
as, Ontario, has capabilities similar to the firm’s
branch plants in the United States.

During the 1966 fiscal year Continental Motors
established an engine remanufacture and overhaul
facilitv in Mobile, Alabama. Specific programs in
work or scheduled for transfer to the new Mobile
operation included overhaul of military tank en-
gines, remanufacture of commercial aircraft en-
gines, and other engine rebuilding programs.

Sales of Continental aircraft engines and spare
parts during the 1966 fiscal vear were approximately
25 percent greater than those recorded in 1965,
reflecting the growing demand by corporations and
private citizens for general aviation aircratt. In-
creased public interest in personal flying, stimulated
to a great extent by the popular “Learn To Fly”
promotion programs initiated by the general avia-
tion aircraft industry in 1965, was particularlv note-
worthy.

Continental Motors produced over 55 percent of
all engines installed in business and personal type
aircraft during 1966. With such aircraft becoming
safer, faster, more utilitarian, and easier to fly and
own, record production schedules for 1967 were
being predicted by light aircratt manufacturers.

Continental’s major customers in the business and
personal aircraft market continued to be Cessna
Aircraft Company and Beech Aircraft Corporation,
both of which reported record sales for 1966. In
addition, Continental Motors was also supplying
engines for certain models of aircraft built by Aero
Commander, Alon, Inc., Bellanca, Maule Aircraft
Corporation, and others. Cessna introduced its new
Model 401 and Model 402 twin-engine airplanes
during 1966, both powered by Continental’s new
300-horsepower TSIO-520-L engine.
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Continental increased its aircraft engine horse-
power raﬁge in 1966 with the 375-horsepower
GTSIO-520-D geared turbocharged engine. This
new engine powers Cessna’s new Model 421 pres-
surized twin engine business aircraft. The GTSIO-
520-D is an uprated version of Continental’s 340-
horsepower GTSIO-520-C, utilized in the twin en-
gine Cessna 411 and introduced in 1965.

During the year Beech Aircraft Corporation an-
nounced first deliveries of a new single-engine
Beecheraft Bonanza—the V35TC, powered by a
Continental TSIO-520-D turbocharged engine. This
latest in a line of familiar V-tailed business aircraft
that stretches back over 20 years will provide great-
er performance and increased utility among single-
engine 4- to 5-place aircraft.

Continental’s “Zero-Time” remanufactured engine
program was receiving wider implementation
through the company’s branch plant network. Un-
der this program owners of Continental-powered
aircraft can exchange their original engine for a like
model factory-remanufactured powerplant that has
been restored to new-engine standards. Each zero-
time remanufactured engine is automatically cov-
ered by the original Federal Aviation Agency type
certificate, and by the same comprehensive engine
warranty that protects all new Continental aircraft
engines. When this program is fully implemented
at all branch plants, most zero-time engine ex-
changes can be completed within 48 hours, as com-
pared to a considerably longer period required for
major overhaul.

Continental Motors’ successful licensing agree-
ment with Rolls-Royce Limited of Crewe, England,
was in its sixth year. Under this licensing arrange-
ment, Rolls-Royce manufactures and sells certain
Continental aircraft engines for airplane producers
in Europe and elsewhere in the free world.

Many new advanced engine design concepts
which should prove of substantial interest to light
airplane manufacturers in 1967 were included in
Continental’s continuous engineering development
program. Progress also continued to be made on
the company’s program to provide the business and
personal aircraft industry with a total power pack-
age—a concept in which such items as exhaust
manifold systems, turbochargers, and controls will
be included with each aircraft engine.

Continental-powered Cessna and Beech aircraft
of the business and personal type continued to serve
American armed forces in Viet Nam and other
trouble spots throughout the world, and in military
pilot training programs. Cessna primary trainers
ordered by the military services this past year will
be powered by Continental’s 10-360-D 210-horse-
power engines. This same basic engine is also used
in the Cessna 337 Super Skymaster, selected as a
forward control airplane for use in Viet Nam.
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Other Continental-powered Cessna and Beech
aircraft were being utilized by military services to
make pinpoint aerial supply drops, for photo recon-
naissance, and for light cargo and administrative
purposes. Such use of these aircraft by the armed
forces extends to the defense establishment numer-
ous economic advantages since they are all military
adaptations of existing, off-the-shelf business and
personal aircraft that have already been thoroughly
tested and proved in civilian applications.

Continental Motors Corporation, together with its

subsidiaries, continued to be the world’s foremost
independent engine producer, manufacturing, in
addition to commercial aircraft powerplants, engines
in many different horsepower classes for a wide
variety of material handling, automotive, industrial,
agricultural and marine equipment—as well as pis-
ton and turbine engines for military land and air
vehicles. The firms and its subsidiaries have manu-
facturing, engineering and development facilities
in Detroit and Muskegon, Michigan; Mobile, Ala-
bama; Toledo, Ohio; Milwaukee, Wisconsin; and
Waterboro, South Carolina, in addition to a network
of strategic branch plant locations.

COOK ELECTRIC COMPANY

A host of new developments in the space and
missile fields were evidenced at Cook Electric dur-
ing 1966.

One of the most prominent sources of recognition
came with the delivery of the first prototype ultra-
violet spectrograph developed for Northwestern
University. The spectrograph will be used by astro-
nauts in protographing the star fields and steller
emissions from aboard Apollo spacecrafts. This
joint industry/university undertaking for the Na-
tional Aeronautics and Space Administration was
expected to yield important scientific data that
cannot be discerned from the earth’s surface.

In another NASA project, Cook Electric, work-
ing in conjunction with the University of Wisconsin
Astronomy Department, delivered a second experi-
mental package for use in the Orbiting Astronomical
Observatory (OAO). This package, which serves
as the eyes of the OAO satellite, has an accuracy
so remarkable that it can locate and track an object
the size of a golf ball at 20 miles.

Once again research and development played an
important role in company growth, exemplified by
a major contract award from Sperry Gyroscope
Company for the design, development, and produc-
tion of a Wave Period Processing unit. An out-
growth of Cook’s previous research and develop-
ment efforts, the Wave Period Processor will be used
in the Navy’s PAIR (Performance and Integration
Retrofit) program.
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The basis for the PAIR program is to retrofit the
Navy’s primary fleet sonar cquipment: the AN/
SQS-23 used in anti-submarine warfare. The first
in a scries of 5 prototype wave processors was
scheduled for delivery to Sperry in carly 1967.

Enginecrs at Cook Electric were completing work
on an I'M version of a unique miniature magnetic
recorder proposed for use on the Apollo Space
Flight program and in new industrial applications.
The FM advance is a variation of the biomedical
recorder originally developed by Cook Electric for
use by NASA on the Gemini program. The FM
recorders receive and record 7 channels of data; 6
channels record physiological data, the 7th a chan-
nel of time. The FM variation will facilitate higher
accuracy data and easier transcription on standard
data processing equipment, and better serve indus-
trial applications.

In another highlight of 1966, Cook developed and
manufactured a new and advanced Direction Find-
ing System for the Air Force. These new systems
are to be installed on sclected HC-130 aircraft by
the Air Force’s Special Test Squadron at Hickam
AFB, Hawaii. The systems will be used to locate,
track, and mark re-entering space vehicles, and
participate in “air-snatch” recovery operations of
space satellites.

Significant advances were also made in the field
of audio communications, with the development of
new Multi-Channel Key Panel Equipment.

This equipment was developed to provide in-
creased reliability and versatility in operations com-
munications for both commercial and military ap-
plications. The Key Panel, available in 5, 10, and
15 channel configurations and 2 or 4 wire cable

schemes, is compatible with standaxd tclephone
cable distribution systems.

In a related advance, Cook engineers have devel-
oped an Applique Unit which provides audio and
visual 31gna1ing supervision for point to point cir-

cuits along with operation between key panels and
telephone instruments.

In still another development the Data-stor Divi-
sion was selected as a major subcontractor to The
Boeing Company. The Division, which manufac-
tures computer peripheral equipment, designed and
built photoelectric tape readers to be used in the

Air Launch Control Center for the Minuteman
ICBM.

After an extensive series of environmental tests
ranging from extremes of temperature (212 to minus
70 degrees Fahrenheit), humidity, shock and vibra-
tion, and to prolonged subjection to intensive nu-
clear radiation, the reader proved itself extremely
rugged and reliable. The tests were carried out at
the company’s Inland Testing Laboratories, an inde-
pendent testing and environmental simulation facil-
ity located at the Morton Grove, Illinois, headquar-



ters complex. The readers on order were to be
delivered in carly 1967,

The Company’s Data-stor Division was engaged
in a major production program for Model 55 Photo-
clectric Tape Readers, used by the General Electric
Company and Control Data Corporation in the
Posicdon and Polaris missile programs,

The vear also featured continued development
in the fields of parachute technology. camera cap-
sules, biomedical recorders used on Gemini and
Apollo spaceflights. and radar and guided missile
clectronic countermeasures.

CURTISS-WRIGHT CORPORATION

Operating divisions of the Curtiss-\Wright Cor-
poration made substantial progress in 1966 on pro-
grams aimed at expanding technological areas of
interest,

At Wright Aecronautical Division, development
of a lift-cruise engine, in connection with an Air
Force competition. continued along with work on
energy conversion svstems, and a number of proj-
ects related to basic engine and component tech-
nology, such as turbine blades and discs. compres-
sors, and liquid metal regeneration.

Further progress also was made on the various
configurations of the Rotating Combustion engine.
Milestones reached during the vear included the
successful completion of a 1.500-hour endurance
test; initiation of several other test programs for
military cvaluation. including a 500-hour dynamo-
meter test and a 10,000-mile endurance yun: and
field testing by both the Army and the Air Force of
a portable clectric generator system built bv West-
inghouse, which incorporates an RC engine as its
basic power plant.

Westinghouse. in conjunction with its marketing
effort of the 60 kilowatt/400 cycle svstem. placed
an order for 12 RC engines for delivery in 1967.

Early in the year. Curtiss-Wright concluded an
agreement  with  Outboard Marine Corporation
(OMCQ), whereby OMC obtained licenses under
patents to develop. manufacture and market Wan-
kel-type Rotating Combustion engines.

OMC also concluded agreements with NSU
Motorenwerke A. G. and Wankel GmbH, which,
combined with the Curtiss-Wright agreement. grant-
ed to OMC nonexclusive licenses to maunufacture
and sell Rotating Combustion engines as power
plants in OMC marine products throughout the
world.

Increased demands for a variety of traditionally-
produced acrospace components led the company
to devote considerable resources to the manufacture
of thesc items, with a necessary curtailment of some
rescarch and development. Major cfforts of the
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various divisions, in this category of activity, in-
cluded:

Wright Acro. all components of the forward. aft,
combining and engine transmissions for the CH-
47A “Chinook” helicopter, being produced by Boe-
ing’s Vertol Division, and engine components and
space parts for Curtiss-Wright reciprocating and
jet engines: Curtiss Division, rotor fold actuators
for the CH-46 “Sea Knight™ helicopters, also pro-
duced by Boeing/Vertol, and propellers and blades
for various Air Force cargo aircraft: Metals Process-

O
ing Division, Buffalo, jet engine components, pro-

dubced for various prime engine contractors: Mar-
quette. windshield wiper assemblies and other ac-
cessories for aircraft.

Curtiss Division continued production of actua-
tion svstems for a variety of aircraft, for the General
Dynamics F-111 and the Boeing 737 jet liner, for
example. while winning a competition to supply
servo actuators for the guidance system of the
Navy's Condor missile, being developed by North
American Aviation.

The Division also continued one of its earlier
specialties, fiber glass propeller blades, with addi-
tional orders to provide them for the Canadair
CL-84 V/STOL aircraft, along with gear boxes
and other components of the transmission system.

Eastern and National Air Lines became the first
commercial carriers to order the diagnostic engine
analyzers, based on sonics technology, developed
by Curtiss Division. The Army joined earlier Navy
interest in the program with contracts to Curtiss for
the development of analyzers for the T-53 engine
and transmission of the UH-1 helicopter.

The Electronics Division continued production
of instrumentation and rod control systems for
principal manufacturers of nuclear power plants,
and won the competition to build a new C-141
flight simulator and to modify seven existing C-141
simulators. Radar maintenance trainers and other
simulators also were marketed by the division
during the year.

At Metals Processing Division, an effort was
undertaken to develop a practical method of extrud-
ing 30-foot-long wing panels, with integral stiffeners,
from titanium, a feat never before accomplished in
the metalworking industry. At year-end, several
extrusions had been made with what the Air Force
called “very promising results.”

Progress also was reported at MPD on develop-
ment of new “super” alloys through the pre-alloy
metal powder process.

DOUGLAS AIRCRAFT COMPANY, INC.

Expansion along its two major production fronts,
commercial and government, highlighted Douglas
Aircraft Company activity during 1966.






Production at MSSD’s sprawling Space Systems
Center in Huntington Beach, however, continued to
be dominated by the Apollo program. Douglas
has responsibility for design and production of the
S-IVB. second stage of the Uprated Saturn I rocket
and third and final stage of the Saturn V vehicle
that will send U. S. astronauts to the moon by 1970.

On a moon-bound flight, the S-IVB will be called
upon to send the Apollo spacecraft into earth orbit,
and. after a coasting period. re-start to propel the
manned pavload toward the moon.

A crucial phase of Saturn development was passed
successfully on June 26, 1966. with the second firing
of an Uprated Saturn I. Purpose of this launch was
to dctermine whether hvdrogen fuel in the S-IVB
tank could be controlled under conditions of weight-
lessness. a requirement for the all-important re-start
of the rocket engine. Television cameras peering
into the orbiting S-IVB’s tank proved that gentle
acceleration by small rockets controlled the fuel
satisfactorily. Contracts with the National Aero-
nautics and Space Administration called for Doug-
las to build 27 S-IVB stages.

Delta continued to hold its position as the most
frequently used NASA rocket. During the year, it
launched the weather-watching satellites ESSA 1,
II and III; Pioneer VII, a radiation probe sailing
around the sun: Explorer 32, a test of temperature,
density and pressure of the upper earth atmosphere,
and Explorer 33 (Imp 4), another radiation experi-
ment on a wide-swinging orbit of the earth.

The ESSA III launch on October 3, 1966, marked
the first Delta launch from the Western Test Range
at Vandenberg Air Force Base, California. Delta
is a 8-stage vehicle using the Air Force Thor,
another longtime Douglas product, as its first stage

booster.

Both Delta and Thor reflect the Douglas “build-
ing block” approach to rocket development, having
undergone succeeding engineering advancements in
power and payload capabilities. Also, both have
records of more than 90 percent in launch success.
Most recent development in the Thor program is a
long-tank version, increasing the first stage burn
time and resulting in 500 pounds greater payload
capacity for earth orbit.

A broad spectrum of research and study programs
paralleled the Missile & Space Systems Division’s

roduction activities. These included the study of
a Manned Orbital Research Laboratory (MORL)
for NASA, continued investigation of biotechnologi-
cal problems in space and the feasibility of future
interplanetary flights.

Research and development of the Army’s Zeus
as part of the Nike X antimissile missile system
turned to an advanced and longer-range version.
Douglas is subcontractor to Western Electric and
Bell Telephone Laboratories on the Zeus airframe.
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The high-velocity Genie air-to-air missile entered
its 10th year of production for the Air Force.

Plans for moving the corporate headquarters into
new offices near Century City in West Los Angeles
were announced. Douglas will occupy the top
seven floors of a 20-story building scheduled to be
completed in 1968.

At the Space Svstems Center, engineering groups
moved into two new 180,000-square-foot additions
on January 7 and August 15, 1966. Two towering
rocket assembly structures also went into operation,
along with a 60,000-square-foot addition to the
manufacturing facilities.

The Advanced Research Laboratory, an exten-
sion of corporate activity, was officially opened on
April 5. The ultramodern scientific establishment
provides basic research support of the company’s
missile, space and aircraft programs. Located ad-
jacent to the Space Systems Center, it offers facilities
for 100 scientists and technicians conducting re-
search in mathematical sciences, biophysics, life
sciences and material sciences.

Further expanding Douglas capabilities in re-
search will be the Donald W. Douglas Laboratories
at Richland, Washington, scheduled to be com-
pleted and occupied near the end of 1966. The
laboratories will be operated in conjunction with
Douglas activities at the Atomic Energy Commis-
sion’s Hanford plant, where Douglas United Nu-
clear, a joint subsidiary of Douglas and United
Nuclear Corporation jointly operates reactor and
nuclear fuel fabrication facilities under AEC con-
tract.

FAIRCHILD HILLER CORPORATION

The year 1966 was one of records and innovations
at Fairchild Hiller Corporation. Sales and earnings
established new marks, many new products rolled
off assembly lines, and the company dedicated a
new focal point for its research and development
activity, the Sherman Fairchild Technology Center,
in suburban Washington, D. C., at Germantown,
Maryland.

Located within the Center’s campus setting are
the corporate offices and the Space and Information
Systems Group, composed of the Electronics and
Information Systems Division and the Space Systems
Division. The Center was planned and developed
as a primary facility for advanced work in space-
craft systems, structures, space electronics and com-
munications sciences.

The Technology Center is serviced by a unique
600-foot, on-site airstrip for rapid liaison between
customers and other Fairchild Hiller facilities, pro-
vided by the company’s Heli-Porter STOL aircraft
and helicopters.






As part of its space effort, the division continued
work on its Automatic Picture Transmission Sys-
tems (APTS), which permit meteorological satel-
lites to instantancously transmit photographs to
grmmd stations throughout the world.

In mzmufucturing was an airborne central data
tape recorder, a magnetic recorder designed to ac-
cept and store reconnaissance data as encoded by
the ADAS. The recorder stores and reproduces the
information in a format compatible with ground-
based magnetic tape readers.

The division was also developing equipment to
provide ground photo interpretation units with ex-
tremely rapid access to flight data information, and

manufacturing meteorological stations, in portable
vans and shelters, for the Armv.

REPUBLIC AVIATION DIVISION

Manufacture of major sub-assemblies for the F4
Phantom supersonic jet fighters continued through-
out 1966. Sub-assemblies included aft fuselage with
fins, rudders and tail cones, and stabilator as-
semblies and engine access doors.

The division completed Phase 1 of a contract for
a study of the feasibility of developing a “safety
car.” Awarded bv New York State to Republic, the
study involved 2 auto designs and recommendations
pertaining to the performance tests and safety levels.
The project was continuing under Phase II.

The division, in competition with 3 other U. S.
aircraft. builders in the joint United States/Federal
Republic of Germany vertical-short takeoff and land-
ing tactical fighter aircraft program. submitted its
study proposal. By year-end, one U. S, firm and
one German firm were to be awarded a contract for
joint dev.el.opment of the advanced fighter aircraft.

The division along with Aircraft Division. was
selected during 1966 as one of 6 major subcon-
tractors on the giant Boeing 747 jet transport. Fair-
child Hiller will engineer and manufacture all
movable wing surfaces.

The division continued production of the Bikini
surveillance system for the Marine Corps. The sys-
tem is cc?mposed of 2 drones, a launcher, radio con-
trol equipment, and a photographic film processor
which fit into a jeep-drawn trailor. Two men can
have the system operational in less than 10 minutes
and have dGVCIOPed reconnaissance film available
less than 15 minutes after drone recovery.

SPACE SYSTEMS DIVISION

Space Systems Division proceeded with advanced
research, deVelOpment and design activity on de-
ployable mechanisms and extremely long extendible
structures for future space programs. These struc-
tures, to be stored in compact form during space-
craft launch, can be deployed in orbit to hundreds
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of feet to perform tasks as solar arrays, gravity
gradient booms, and antennas.

SSD produced an advanced solar array for Nim-
bus meteorological satellites which contains 19,500
solar cells. Work was also performed on NASA’s
radio astronomy experiment (RAE) satellite includ-
ing the main housing, exterior solar paddles, and
tubular extendible element antennas.

The vear marked first anniversaries of the 3
Pegasus' meteoriod detection satellites. The Fair-
child Hiller-built spacecraft, largest structured satel-
lites ever sent into earth orbit, continued to function
satisfactorilv, transmitting to earth information on
micometeoroid hazards in space.

Major support services under contract to NASA’s
Marshall and Goddard Space Flight Centers con-
tinued.

STRATOS GROUP

Stratos/Bay Shore

Stratos/Bay Shore Division specializes in the
development and manufacture of aerospace indus-
trial compressors, heat exchangers, high-speed turbo
machinery and high temperature pneumatic valves
and controls. The equipment serves on many air-
craft and missiles.

In 1966, the division was manufacturing a family
of 11 low silhouette air conditioners for use in Arrnsr
mechanized equipment. Among other products:
vapor cycle cooling systems for the Navy’s E-2A
early warning systems, air conditioning units to cool
electronics and other aircraft components on the
Navy A-5A, the RF-4B and RF-4C reconnaissance
aircraft, the F-105 fighter-bomber, the ¥-106 ad-
vanced delta fighters and for Fairchild Hiller’s own
FH-227 and F-27] propjet transports, and air tur-
bine drives for the C-103 Hercules cargo transports.

The division also held contracts to supply cooling
for F-111 variable wing fighter aircraft for the Navy
and Air Force, and for many of the nation’s busi-
ness aircraft including the Pan American Falcon jet,
the Lockheed JetStar, and the Aero Commander.

Products for the nation’s space effort included
waste disposal locks for the Apollo manned space
vehicles and ground pre-launch cooling units for
the Gemini manned spacecraft.

Stratos/ Western

Stratos/Western was producing a series of unique
flare launching devices which it designed for mili-
tary aircraft. The launchers utilize a quick ejection
system.

Other programs at Stratos/Western included:
design, development and manufacture of intricate
valves and regulators required for space vehicles;
production of helium check valves and pressure

regulator systems and disconnects for the Apollo






testing. In its first few hours under combat condi-
tions 4 major surgical operations were performed
using its advanced electrical and environmental
facilities.

Other new inflatable components of the hospital
complex, including a prototype clinical laboratory,
were being evaluated by the Army. A dental unit
and oral surgery unit were in the p}ototvpe stage.

In the field of airborne gas turbine auxiliary power
units (APU) AiRescarch Phoenix maintained its
leadership in 1966. Multimillion dollar contracts
for APU’s were received for the 2 new air transport
industry giants—the Boeing 747 and the Lockheed
C-5A. Other APU programs included the Douglas
DC-9. Boeing V27 and 737, Grumman Gulfstream 11.
Hawker Siddelevy DH 125 and the BAC One-Eleven.

Research and development continued in AiRe-
search’s space power programs in 1966. Major mile-
stones were achieved with successful stable opera-
tion of potassium bearings for 500 and 2,000 hours
and a 500-hour performance test of a space boiler.
These programs and their ultimate power conver-
sion svstems will eventually provide electrical power
in space for periods of 1 to 5 vears for the next
generation of space missions. ’

GARRETT-AIRESEARCH LOS ANGELES

During the year AiRescarch Manufacturing Di-
vision, Los Angeles, Garrett’s largest division,
achieved notable success in the space environmental
control field. By year-end, with the conclusion of
the Gemini program, AiResearch life support sys-
tems had logged more than 1.000 hours of manned
space flight.

In addition to the spacecraft’s primary environ-
mental system, an AiResearch Extravehicular Life
Support System (ELSS) provided the astronauts
with life supporting atmosphere during excursions
outside their spacecraft on the final four Gemini
missions. This unit played an important role in
establishing man’s capability to perform useful work
in the hard vacuum of space under weightless con-
ditions.

The Gemini program also established the company
as a leader in the storage of cryogenic fluids. The
reactants—liquid oxygen and hydrogen—for the
Gemini fuel cells regulated and stored in systems
produced by AiResearch Los Angeles. During the
year the division was developing a similar eryogenic
storage vessel to store liquid helium aboard the
Apollo Lunar Module. This vehicle will separate
from the Apollo spacecraft and land 2 astronauts
on the moon’s surface.

At year-end AiResearch was preparing for the
first manned launch of the Apollo spacecraft. As in
the Mercury and Gemini programs an AiResearch
environmental control system was selected to keep
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the Apollo astronauts alive and comfortable during
earth orbital and lunar missions.

In its traditional field of environmental systems
for aircraft, AiResearch Los Angeles continued to
maintain its leadership. At midyear, Lockheed
selected AiResearch to develop and manufacture an
advanced environmental system for the huge C-5A
military transport, as did Boeing and Douglas for
stretched versions of the 727 and DC-9.

AiResearch Los Angeles also entered the maih
propulsion field in 1966. Competing with the na-
tion’s foremost ramjet builders, the division was
selected by NASA to design and build hypersonic
ramjet engines capable of speeds up to 3,500 miles
per hour. These engines will be flight tested on the
X-15 research vehicle.

In more down-to-earth propulsion projects, AiRe-
search Los Angeles and Phoenix divisions teamed
up with the Budd Company to enter the railcar
transportation field. The Turboliner, first gas tur-
bine powered railcar, was unveiled in September
and began 8 months of intensive track tests on the
Long Island Railroad. The Turboliner is powered
by twin AiResearch Phoenix industrial gas turbine
engines with aircraft-type air conditioning supplied
by AiResearch Los Angeles.

Military and commercial airframe builders con-
tinued to be the major customers for AiResearch.
Virtually every aircraft in production relies on AiRe-
search systems and components. The entire Boeing
transport series, Douglas DC-8 and DC-9, Lock-
heed C-41, C-5A, P-3V, and F-104, McDonnell F-4
series, Northrop F-5, General Dynamics F-111,
Grumman Gulfstream 1 and II, and numerous
other aircraft built in the U. S. and allied countries
incorporate AiResearch systems. At year-end, AiRe-
search was heavily engaged in developing systems
for future aircraft, including the supersonic trans-
port.

Product lines which contributed substantially to
AiResearch’s overall success included heat transfer
systems, missile systems, flight and electronics and
electromechanical systems. An airborne turbojet
engine analyzing system, which continually moni-
tors and records vital engine performance during
flight, underwent critical evaluation by the Air
Force during the year. Under Air Force contract,
AiResearch was equipping 40 F-4’s and F-105’s with
the system for continued evaluation. A similar pro-
gram was in progress for C-141 transports.

A commercial version of this system, called Air-
craft Integrated Data Systems (AIDS ), which moni-
tors other critical aircraft systems in addition to
engine performance, was selected by American Air-
lines for its 400 Astrojet fleet of BAC One Elevens.

AiRescarch Los Angeles was also named to build
a central air data computing system for the In-
tegrated Light Attack Avionics System (ILAAS)
being developed for the Navy by Sperry Gyroscope.
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The new computer represents a departure from
conventional airborne units in that it is a digital
computer supplying digital information to the
ILAAS Computer Central.

AIR CRUISERS DIVISION

During 1966, Garrett’s Air Cruisers Division ex-
perienced substantial growth both in physical size
and unmber of employees. Working area approxi-
mately doubled with the addition of 60,000 square
feet of manufacturing floor space at its location near
Belmar, New Jersey. An active recruiting program
increased the number of personnel by 35 per cent
to meet heavy customer commitments.

Sales and backlog for Air Cruisers, which is pri-
marily engaged in designing and manufacturing
inflatables for the air transport industry, surpassed
all previous years, even with competition at its
keenest. Forecast for 1967 included planning for
an additional 30 percent growth.

Of prime importance to the division in 1966 was
the MUST field hospital program. Air Cruisers
manufactured and shipped MUST inflatable shelters
which, before year end, were being evaluated under
combat conditions in Southeast Asia. The success
of this program formed a basis for a sizable poten-
tial for additional inflatable shelter production in
coming months.

The advent of new model aircraft, such as the
stretched Douglas DC-8, the SST, the Boeing 747,
and 737, and the Lockheed C-5A initiated extensive
development programs for Air Cruisers in 1966.
Prototypes of inflatable survival equipment, such
as rafts and escape slides, were designed and
fabricated for these aircraft and were being evalu-
ated by the airframe manufacturers.

AiRESEARCH AVIATION DIVISION

The year was one of expansion for AiResearch'
Aviation Division of The Garrett Corporation. To
meet the overall demands of the growing avia-
tion industry, AiResearch Aviation launched a
national expansion program including the opening
of a complete modification and maintenance facility
at MacArthur Airport, Long Island, New York, and
the construction of a new customer service, busi-
ness aircraft terminal and office building located at
Los Angeles International Airport.

Engaged in aircraft modification, maintenance
and sales, the division is distributor for the Grum-
man Gulfstream I and II and the Hawker Siddley
DH-125.

Because of anticipated Grumman Gulfstream II
sales in the eastern market, AiResearch expanded
its operation with a Long Island facility to better
serve a majority of this market, located in the New
York area. The Long Island facility was opened
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on August 1, 1966, and it tound cnthusiastic ac-
ceptance from the east coast business aircraft
operators.

The Los Angeles customer facility will provide
business aircraft operators with onc of the finest
executive terminals available to them in the U.S.
including features such as a visiting executive office,
transient pilot lounge, flight planning facilitics,
sleeping quarters for transient pilots, and a passen-
ger reception arca which will accommodate the
flow of executive traffic in an attractive atmosphere.

GARRETT MANUFACTURING LIMITED

Garrett’s Canadian subsidiary, Garrett Manufac-
turing Limited in Rexdale, Ontario. experienced an
excellent growth period in 1966. Sales and backlog
moved steadily upward for the 500-man facility.

By year-end, an expansion program aimed at
doubling the present 45,000—squurc-foot area was
well underway. GML was primurily engaged in
development and production of airborne clectronics,
aircraft temperature control systems, pneumatic sig-
nal generators, static invert/crs, radio cmergency
beacons and turbomachinery overhaul.

In an announcement just before year-end, the
Canadian Department of Defence selected Garrett
Manufacturing Limited as systems manager for the
production of gas turbince-powered main clectrical
generating systems for a new class of Canadian de-
stroyers, designated the DDH 280 class.

AiRESEARCH INDUSTRIAL DIVISION

AiResearch Industrial Division, leading producer
of exhaust-driven superchargers for diesel and gas
engines continued to maintain its position in the
face of stiff competition.

In 1966, sales and production moved sharply up-
ward as a host of light aircraft manufacturers an-
nounced new aijrcraft with engines turbocharged by
AiResearch. Beech, Piper, Cessna, and Mooney
introduced new models incorporating the perform-
ance boosting unit. On some models the turbo-
chargers also provide cabin pressurization.

As a result of increased business, the division
added a complete new test facility and a 35,000
square foot addition to its manufacturing plant.

GARRETT SUPPLY DIVISION

Garrett’s oldest division, Garrett Supply, moved
into a new 50,000-square-foot facility in mid-1966,
and by year-end had initiated another expansion
program to nearly double warehouse space.

New industrial customers and a rapidly expand-
ing market for the division in Southern California
and Arizona contributed to rapidly growing sales.
The firm was stocking more than 100 famous brands



of industrial tools and supplies. including more than
10.000 industrial items from grinding wheels to
power transmission equipment and office furniture.

An equally bright picture for the firm was forecast
for 1967.

GARRETT INTERNATIONAL S. A,

Garrett International S, A.. whollv-owned sub-
sidiarv of The Garrett Corporation. i)]a\'cd an im-
portant role in the company’s worldwide sales,
service and product support ﬁrogmms in 1966.

Headquartered in Geneva, Switzerland. Garrett
International maintains offices in major European
cities. South America, and Japan. A major repair
and overhaul facility is operated in Raunheim. Ger-
many.

Of singular note during the vear was the construc-
tion and I;mnching of the first Grumman Dolphin
hydrofoil for which Garrett is worldwide distributor
and sales agent. Sea trials on the 82 passenger
“Corsario Negro” were completed by vear-end and
the hydrofoil was scheduled to enter commercial
passenger service in the summer of 1967 in the
Canary Islands. The craft was built in Germany
for Maritima Antares. a Spanish shipping firm. ’

In addition to marketing traditional Garrett pro-
duct lines in Europe and the Far East. Garrett In-
ternational has been instrumental in the introduction
of Carrett turl)oprop-powered aircraft to the Euro-
pean market. During 1966, the Pilatus Turbo Porter,
the Aero Commander Turbocommander and Mitsu-
bishi MU-2, which incorporate the AiResearch TPE-
331 engine, werce introduced in Europe.

AIRSUPPLY COMPANY

Airsupply Division of The Guarrett Corporation,
nationwide sales and engineering representative for
suppliers of aerospace and industrial products. con-
tinued to expand its market areas in 1966.

The division broadened its sales participation into
programs relating to rapid transit systems ships and
submarines. From its new headquarters building
in Santa Monica, California, Airsupply maintained
ls)ranch offices in 20 cities throughout the United

tates.

GENERAL DYNAMICS CORPORATION

General Dynamics continued its growth pattern
of the past several years in 1966, both in supplying
governmental needs (U. S. and foreign) and in
supplying important segments of the civilian econ-
omy with a wide variety of major systems and indi-
vidual products,

In the aerospace area, the company’s older,
proven aircraft continued frontline service with the
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U. S. armed forces (F-102, F-106, B-58) and with
commercial carriers (880, 990, 240/340/440 trans-
ports, new 600/640 turboprop conversions), while
a major new multi-purpose military aircraft, the
variable-sweep-wing F-111, was readied for service
with the U. S. Air Force and U. S. Navy as well as
for several foreign air forces.

In space, its established launch vehicle, Atlas,
went on to new successes in 1966, and the Centaur
hydrogen-fueled space vehicle proved itself ready
for future missions.

General Dynamics was the top exporter of United
States weapons in the 1962-65 period according to
the Department of Defense, the bulk of its sales
overseas made up of advance orders for F-111 air-
craft and for Terrier and Tartar tactical missiles.

In 1966 and the years that will follow, these pro-
grams and others, notably the Redeye antiaircraft
missile were expected to make the diversified aero-
space contractor a leader in the export field for
major military systems as well as for such other
products as communications equipment, electronic
products, commercial aircraft, nuclear research re-
actors and marine systems.

In light of the aerospace industry’s new interest
in oceanography, the success of the corporation in
the marine and oceanographic fields, which con-
tinued growing in 1966, was encouraging to many.
An acknowledged leader in military submarine
construction since 1900, especially of the nuclear-
powered variety since 1955, General Dynamics also
established a strong capability in the peaceful or
commercial use of the submarine. In 1966 it
launched two vessels of its own for research and
development work (Star II and Star I11), gained a
government contract for two other advanced sub-
mersibles (Autec and Alvin II), and commenced
design and construction of the world’s first nuclear-
powered research submarine, NR-1, for the Navy.

Toward the year-end, announcement was made
of another possible nuclear research submersible
for the U. S. government for possible contract
assignment in 1967, based on a General Dynamics
feasibility study of the use of such a vessel for
fisheries research.

In the surface ship field, General Dynamics not
only delivered the 3 Apollo Instrumentation Ships
it was readying for NASA in 1966, but by year-end
held contracts for construction of 13 other major
ships for the Navy at the company’s Quincy divi-
sion. It also became active in the hydrofoil field
and continued research in several air cushion vehi-

cle programs.

FORT WORTH DIVISION

Flight demonstration of the F-111 variable-sweep-
wing airplane throughout its exceptionally large






degree of reliability. In combination with Agena
upper stages, Atlas vehicles successfully boosted
OAO (Orbiting Astronomical Observatorv) and
OGO (Orbiting Geophyvsical Observatory) space-
craft into carth orbit, and sent 2 Lunar Orbiter
spacecraft into an orbit around the moon for trans-
mission of pictures back to earth.

Atlas vehicles successfully launched target stages
into orbit for rendezvous. Atlas vehicles also suc-
cessfullv Taunched upper stages into orbit for use
as rendezvous targets by the Gemini astronauts
rchearsing for flights to the moon.

An Atlas vehicle without upper stages success-
fully launched two OV1 satellites into different
earth orbits in the continuing Office of Aerospace
Rescarch scientific experiment program.

A significant production milestone was passed for
the Atlas during 1966. The Convair division deliv-
ered the 300th Atlas to be produced to the Air
Force during ceremonies at the Convair plant at
San Dicgo. The 500th vehicle was later used to
launch the target vehicle for rendezvous during the
final Gemini flight of 1966.

A major aircraft subcontract was awarded to
Convair during the vear by the Lockheed-Georgia
Company. The contract. valued in excess of $40,-
000,000, called for production of the C-5A fanjet
transport empennages. Lockheed is developing the
700,000-pound  airlifter for 1969 delivery to the
Military Airlift Command. The total C-5A empen-
nage program, as currently planned, is expected to
amount to more than $60.000.000.

While preliminary work began on the C-5A
empennage, production of C-141 Starlifter empen-
nages continued under existing contracts from Lock-
heed. Go-ahead was given just before the start of
1966 for production of additional C-141 empen-
nages bringing the total dollar value of contracts
for tail sections to approximately $70,000.000.

Several Air Force contracts were awarded Con-
vair for modification of F-102 and F-106 aircraft
produced originally by the division. External fuel
tanks, refueling equipment, cooling of infrared sys-
tems for the F-102 and F-106 were among the tasks
started under contracts awarded by the Air Force
San Antonio Air Materiel Area (SAAMA).

Conversion of series 240. 340. and 440 Convair-
Liners to Rolls-Royce turboprop power continued
for airline, charter and executive operators in the
United States and overseas. The converted 240
series aircraft is called the Convair 600, while the
converted 340/440 is renamed the Convair 640.
Deliveries of converted aircraft were completed to
Caribbean-Atlantic Airlines (Caribair), and the last
delivery to Hawaiian Airlines was made in Novem-
ber. Deliveries of conversion kits to Trans-Texas
Airways were to continue into 1967,

Martins Air Charter, Amsterdam, the Nether-
lands, put one converted 440 into service with con-
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version of a second scheduled to start in November.

Pacific Western Airlines, Vancouver, B.C., Can-
ada, announced the purchase of 4 converted 440
aircraft for delivery in 1967 and 1968.

The Air Force Ballistic Systems Division awarded
Convair a contract to refurbish Atlas ICBM’s re-
tired from active service with the Strategic Air
Command. The series E and F Atlases are sched-
uled for use with upper stage vehicles for the
ABRES (Advanced Ballistic Re-Entry Systems),
Nike target, and Office of Aerospace Research sci-
entific satellite programs. Refurbishment includes
updating of the telemetry, range safety, electrical,
autopilot, and engines systems.

The Coast Guard awarded a contract to build a
large navigation buoy to replace a lightship off the
East Coast. Except for superstructure changes, the
Coast Guard Buoy will be similar to the Oceano-
graphic Data Buoy developed by Convair for the
Office of Naval Research.

The first ONR buoy, Bravo, is anchored off Ber-
muda for tests to optimize mooring line length for
extreme water depths. A second ONR buoy, Alpha,
was nearing completion at San Diego, California,
and was to be moored off the coast of Southern
California in early 1967. RF Transmission tests are
planned at buoy-to-shore station distances up to
3.000 miles to confirm preliminary system tests
made previously between stations in San Diego and
Hawaii.

POMONA DIVISION

Contracts for 2 new and varied programs —
Interim ARM and ASWICS — were awarded Gen-
eral Dynamics’ tactical missile division at Pomona,
California, during 1966. Meanwhile, production of
the shoulder-fired Redeye guided missile for the
Army and Marine Corps, and Terrier and Tartar

uided missiles for the Navy continued at Pomona.
In addition, development work on the Standard
Missile system showed outstanding progress during
the year. The initial development and pilot line

roduction contract was awarded in 1965.

A 87,500,000 interim ARM (Antiradiation Mis-
sile) contract to develop an air-to-ground missile
capable of destroying enemy radar sites was issued
in August by the Navy Air Systems Command. The
new system employs an adaptation of the Standard
Missile, which is fired from attack and fighter-
bomber aircraft at antiaircraft radar units. Launch
tests conducted in October were very successful.

The ASWICS (Antisubmarine Warfare Inte-
grated Combat System) study contract was award-
ed in late October. Work will feature the pre-
liminary design of an integrated combat system for
future U. S. Navy use.

The 29-pound Redeye system successfully passed
Arctic environmental tests and demonstrated an
amazingly high degree of accuracy in live-round
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firings conducted at Fort Bliss, Texas, by U. S.
Army trainees and at Twenty-Nine Palms, Cali-
fornia, by Marine Corps trainees. Australia and
Sweden indicated definite plans for use of Redeye.

The Redeye system was successfully converted
from discrete component circuitry to linear inte-
grated circuitry—a major milestone in analog con-

trol systems. Separate components were almost
completely replaced by microcircuits.

Five new Terrier/Tartar ships were commis-
sioned during 1966 by the Navy, making a total of
62 armed by the 2 missiles produced at the Pomona
division. Included were the USS Standley, USS
Fox, USS Wainwright and USS Jouett, all Terrier
ships, and the Tartar-armed USS Brooke. In this
same area, hardware and technical assistance was
provided to establish Tartar repair facilities in
Australia and Japan.

Other new work at Pomona included a reentry
vehicle impact investigation for the Air Force and
a short-range decoy system developed by Pomona
division engineers to provide added defense for
Navy surface ships.

The Engineering Standards Laboratory at the
division completed the latest and most accurate
secondary time and frequency standard available
to the industry. The installation provides the high
accuracy frequency and time standards required
for missile development, missile checkout, instru-
ment calibration and telemetry. It consists of an
ultra stable crystal controlled oscillator, a phase
comparator, a frequency multiplication bank and
clock and a very low frequency radio receiver.

ELECTRONICS DIVISION

The year 1966 marked the start of major produc-
tion of key tactical radio equipment by the Elec-
tronics division of General Dynamics and prepara-
tion for production of equipments both for AUTO-
DIN and Aerospace Ground Equipment (AGE)
for the F-111 program.

The division set up a new microcircuitry depart-
ment and expanded laboratory facilities for work
in hydroacoustics. It also established 2 new opera-
tions, 1 in Orlando, Florida, and the other in
Newark, New York. The Florida facility, now
called the Dynatronics Operations, resulted from
the acquisition of Dynatronics, Inc., and the New-
ark facility, called the Newark Operations, was set
up to meet increased production needs. Dyna-
tronics has an excellent reputation in the field of
telemetry and its acquisition extends the division’s
communications capabilities.

The division’s regular product and service areas
include tactical radio communications; data pro-
cessing equipment and systems; antisubmarine war-
fare gear including electroacoustic and hydro-
acoustic devices, markers, sonobuoys, receivers and
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sensors; aerospace tracking and navigation systems;
AGE equipment; reconnaissance and electronic
countermeasurcs hardware and systems, and tel-
emetry systems, subsystems, antennas, and RF com-
ponents.

The Apollo Instrumentation Ships program, for
which the Electronics division is prime contractor
for General Dynamics, was on schedule with all 3
ships, USNS Vanguard, USNS Mercury and USNS
Redstone, delivered to the Government and with
Vanguard now assigned to the Eastern Test Range
for Category III tests.

These new ships arc floating clectronic platforms
equal in communications and control capabilities
to the Houston Space Center and will be used to
assist in the tracking of the Astronauts when the
space flights to the moon are made. The 3 sea-going
electronic platforms are needed since three-quarters
of the world is sea and land-based tracking stations
cannot track the total space flight because of the
Earth’s curvature.

In addition to being prime contractor, the divi-
sion also furnished 8 of the 12 major electronic
systems aboard each ship. General Dynamics’
Quincy division did the ships’ engineering and
shipyard work; the Electric Boat division provided
the ships” position and attitude-measuring system;
the Convair division built the 30-foot telemet
antennas; the Pomona division furnished Category
IT test personnel; and the Stromberg-Carlson sub-
sidiary provided shipboard communications. The
Electronics division provided training in operation
and maintenance for 22 subsystems.

The division responded to newly defined require-
ments for additional AUTODIN work for the digital
subscriber terminal equipment it was building for
this system. AUTODIN is a worldwide digital
communications system operated under the admin-
istration of the Defense Communications Agency.
Training of both Army and Navy personnel who will
use the equipment got under way.

A major development, the ANDEFT/SC-320,
which is a variable-rate, ultra-highspeed data mod-
ulator-demodulator (MODEM) specifically  de-
signed for rapid and error-free digital communica-
tions over long-range, high-frequency radio circuits,
was demonstrated in 1966. It has a data capability
of 9,600 bits a second and provides new techniques
for operational versatility and accuracy.

Hughes Aircraft Company awarded the division
a contract for Tactical Air Navigation (TACAN)
equipment which will be a microelectronic unit for
use in the F-106 aircraft. The contract award was
based on the division’s work in this area and the
development of the first all-solid-state airborne
TACAN unit, the AN/ARN-52 (XN-1). The divi-
sion was also in production of a terrain-following
radar (TFR) unit for a foreign country.



Production began rolling in 1966 on the AN/
MRC-107 communications central in a jeep-mounted
configuration for the Tactical Air Command. These
will be deploved throughout the world and are to
be used by forward air controllers. In addition, the
division was delivering AN/GRC-106, a single
side-band, high frequency radio to the military and
to NATO countries.

In 1966, AGE equipment for the F-111 was de-
livered to the Air Force. A major new concept in
AGE systems called CENPAC for central data-
processor and controller has been accepted by the
Air Force. The new svstems obsolete the use of
programmer-comparators. CENPAC uses digital
computers for conducting programmed electronic
tests.

The microcircuitry department was working on
developments using hvbrid thin-film, hvbrid thick-
film and multichip - interconnection techniques.
These programs follow through from basic research
through development. circuit lavout. prototype fab-
rication and production, to the packaging of mod-
ules that mecet military specifications.

Film circuits are produced by subtractive etching
of resistor-conductor films and attachment of thin-
film capacitors or by evaporation through masks.
Thick-film circuits are made by screening and firing
conductors, resistors, and capacitors arranged in
dielectric layers on a ceramic substrate to which
active components are attached before the circuit
is encapsulated. Multichip integrated circuits are
produced by interconnecting resistor, capacitor,
diode, and transistor chips in a microcircuit package.

Laboratory facilities include a 1,600-square-foot
clean room equipped with evaporators, vacuum
systems, fabrication areas, a coordinatograph, cam-
eras, ctching machines, and coating and spraying
equipment. A chemical section deals with problems
of materials and special techniques, with organic
or inorganic quantitative analyses, and with the
synthesis, preparation, and purification of materials.
Optical equipment is available for measuring ab-
sorption, reflection and emission spectra from the
ultraviolet to the infrared region and for inter-
ferometric and metallographic measurements.

The Logistics and Field Operations department
began the training of Peace Corps volunteers at
Julian, California. The volunteers were being
trained as food-production advisors to serve in rural
India as part of the Indian government’s program in
this area.

CANADAIR LIMITED

Canadair’s policy of diversification continued to
show progress with new contracts being obtained
in such fields as aviation, military vehicles, archi-
tectural products and electronics.

One 1966 contract called for 20 CL-41G tactical-
trainer aircraft for the Royal Malaysian Air Force.
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This aircraft is a multirole jet based on the side-by-
side training aircraft that is the standard jet
trainer of the Royal Canadian Air Force. The
Malaysian version can carry up to 3,500 pounds of
standard ordnance stores, including bombs, rockets,
air-to-surface missiles and extra fuel tanks.

Twenty Canadair CL-215’s, in its water bomber
configuration, were sold to the Forestry Department
of the Province of Quebec, while an unannounced
number were sold to the French Government as a
protection against the ravages of forest fires. Several
other configurations of the amphibious aircraft
were developed, enabling it to serve as an air sea
rescue or maritime patrol aircraft. as a transport
or cargo carrier. for crop dusting or spraving. forest
tertilizing or general agricultural work.

The company also received orders in excess of
$18.000,000 for the manufacture of components for
Lockheed’s C-5A transport. These orders included
58 ship sets of main landing gear fairings and
doors, ailerons and aft cargo doors. Canadair
became the first firm to receive 3 major subcontracts
for this aircraft, which will extend work to 1970
and, at its peak, will provide approximately S00
additional jobs at the Montreal plant.

Progress was made in the development of the
company’s CL-84 tilt-wing V/STOL aircraft, which
by mid-October had achieved a notable series of
ﬂight test achievements, with total operational time
of almost 300 hours, including more than 70 hours
of flight time.

The CL-84 hoisted a live subject in simulated
rescue mission from both hard surface and from a
life raft in open water, was evaluated by NASA
pilots and checked out military pilots. It has been
demonstrated before hundreds of service personnel
from a large number of countries.

Production was scheduled to start on approx-
imately 125 CF-5 (Northrop F-5s) fighter aircraft
for the Canadian Defence Force, plus the necessary
spares and equipment. The company was also com-
pleting the “stretched” program of CL-44 turbo-
prop airliners for Icelandic Airlines, the new ver-
sion, known as the Canadair 400, being 15 feet
longer and capable of carrying 189 passengers
transatlantic.

Subcontract work on components for the F-111
continued as did a subcontract for F-5 boat tails.

The Federal Republic of Germany b.ecz}me; a full
partner with Canada and Great Britain in tl-le
development of the CL-89 short-range reconnais-
sance drone system, known officially as the AN/
USD-501, which was undergoing a series of test
flights at the Army’s Yuma (Arizona) Proving
Ground.

The CL-89 is a rocket-takeoft, jet-powered sur-
veillance vehicle that travels near the speed of
sound. The 8-foot, 200-pound missile-shaped drone
has twin 70 millimeter cameras mounted in its belly
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that can photograph critical detail on the ground,
even at night by use of flares. On completion of the
preset flight behind enemy lines, the CL-89 returns
to a preselected point and lands by parachute. If
desired, the drone has the capability of automatical-
ly processing its own film in flight.

The company completed the order for 33 pre-
fabricated airport traffic control tower cabs to be
used by the U. S. Federal Aviation Agency. Con-
siderable interest was being shown in the Canadair-
designed and manufactured transportable control
tower, which can be used as a permanent traffic
control center at secondary airfields or as a tem-
porary center at temporary airfields, or wherever
required when required by an emergency.

In non-aviation fields, diversification programs
brought in such contracts as an Army award for
advanced production engineering on the XM-571
(CL-91) Dynatrac, an all-purpose, all-terrain, artic-
ulated tracked vehicle; design and fabrication of
new custom-designed curtain walls for 2 high-rise
buildings; and for the subassembly of harnesses
for electronic communication systems with manu-
facture of components and modules to follow.

Work was also proceeding on the fabrication of
ball valves for U. S. nuclear and non-nuclear sub-
marines.

Canadair’s research and development facility was
working on a variety of projects, such as escape
systems for flight vehicles, operations research
survivability and vulnerability studies and medical
research on a venous blood pressure recording
system.

GENERAL ELECTRIC COMPANY

DEFENSE ELECTRONICS DIVISION

The General Electric Company’s Defense Elec-
tronics Division continued in 1966 to be a leading
research and development organization as well as
a major supplier of electronics to the defense and
aerospace market. The major programs included
radio guidance for all the U.S. manned orbital
flights, guidance and fire control for the Polaris
and Poseidon fleet ballistic missiles, flight controls
for the F-4 and the F-11 aircraft, advanced radar
and sonar detection equipment, the new Chaparral
ground-to-air missile and a wide variety of advanced
computers.

With headquarters in Utica, New York, the divi-
sion includes the Heavy Military Electronics De-
partment and Special Information Products Depart-
ment in Syracuse, New York; the Light Military
Electronics Department in Utica and Johnson City,
New York; the Ordnance Department in Pittsfield,
Massachusetts; and the Electronics Laboratory in
Syracuse.
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More than 16,000 persons, including 3.500 college
graduates with technical degrees, were emploved at
the six locations, generally in the Northeast. Re-
search, development and manufacturing facilities
covered more than 4,000,000 square feet of floor
space in 1966.

SPECIAL INFORMATION PRODUCTS DEPARTMENT

The Special Information Products Department
(SIPD) produced, designed and developed radio
guidance and control systems, missile and space
range instrumentation, military computer svstems
and data transmission systems. G.E. radio guid-
ance systems were used in all the major U.S. space
programs, including Gemini, Mercury, Ranger and
Mariner. SIPD, in cooperation with the Air Force
and NASA, continued working on newer and more
precise radio tracking techniques which will con-
siderably enhance the state-of-the-art in guidance
and instrumentation technology for missiles and
space use.

SIPD’s Comupter and Data Systems Operation
was producing a family of military computers for
mobile, airborne, shipborne and similar environ-
ments. These computers, compatible with the
commercial G.E. 600 series are well-suited for
command and control, message-switching and other
high performance real-time data processing appli-
cations.

SIPD designed, produced and was installing a
precise range, range-rate and angle-tracking system
for NASA’s satellite network.

ELECTRONICS LABORATORY

The Electronics Laboratory continued in 1966 to
engage in applied research, advanced development,
and support activities in electronics and related
fields for the defense Electronics Division. Work
was also undertaken for other components and cus-
tomers of the company.

Investigations underway at the Laboratory in-
clqded developments of advanced, high-speed cir-
cuits and memories, control and instrumentation,
data recording and display, and signal detection.
Oth.er areas included optoclectronic and microwave
dev1c€as, solid-state materials, guidance techniques,
Chemlcgl and biological detection and information
processing,.

The Laboratory continued to advance the state-
of-the-art in computed displays. These displays
accept sp(?ed, attitude and altitude information
fr.om an aircraft simulator and convert them to a
video display of the earth as it would appear
tl?rough.the windshield of an aircraft. The video
display is updated 30 times per second.

In 1966, a computed display was dclivered to the
Joint Army-Navy Aircraft Instrumentation Research



Committee for use in a pilot information study
program. The laboratory was working to add an
object-gencrating capability to a computed display
already in place at NASA in Houston, Texas. NASA
uses its display to simulate moon landings and to
evaluate new spacecraft guidance techniques.

Also developed was an airborne. real-time record-
cr display that utilizes the thermoplastic recording
technique. The unit records and displays infrared,
radar. and clectro-optical data from aircraft sensors.

The Laboratory was also concerned with tech-
niques for detecting chemical and biological agents.
Of particular significance in 1966 was the develop-
ment of a method that permits bacteria to be de-
tected and identified by their metabolic products.
Through a liquid-gas chromatographic process, 32
strains of bacteria were “fingerprinted.” Research
on the technique was continuing to determine its
usefulness in identifving mixed strains.

Adaptive processing techniques developed in the
laboratory were demonstrated by the jet engine
analvzer. This machine. built as an elementary
demonstration model, can detect and identify sev-
eral malfunctions in a jet engine by simply listening
to the sound of the engine. Similar adaptive tech-
niques are being applied to the classification of
radar and sonar signals to permit accurate and
automatic target identification.

HEAVY MILITARY ELECTRONICS DEPARTMENT

The Heavy Military Electronics Department,
which developed the giant BMEWS surveillance
rud‘flr subsystem for the Air Force, was working on
major equipment for undersea warfare, air defense,
missile and space defense, and tactical warfare
applications.

The major contracts included the AN/SQS-26
bow-mounted shipboard sonar, the largest in the
Navy; the AN/SQQ-14 mine detecting-classifying
sonar; radar beam-forming and steering equipment
fF)r the Nike X Missile Defense Systems multi-func-
tion array radar (MAR): operation and mainte-
nance of Air Force Spacetract satellite tracking
radars; and a mobile hi-power acquisition radar
(HIPAR) for the improved Nike-Hercules system.

Additional work was done on a microelectronic
radar indicator for ground equipment ( MIRAGE),
which has broad air, sea and land applications. A
lightweight phased array radar technique for a
compact tactical array radar (COMTAR) system
concept was successfully demonstrated and a con-
tract to study high frequency radio propagation
was announced., Official designation of the latter
program is IDA, for “Tonospheric Dispersion An-
alysis.” Data were being collected over a path
between a transmitter site at Coco Solo in the
Panama Canal Zone and a receiver sight near
Stockbridge, New York. The new contract called
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for construction of transmitter equipment on Pin-
gorssuit Mountain near Thule, Greenland, and at
another site to be chosen.

ORDNANCE DEPARTMENT

The major 1966 program underway at the General
Electric Ordnance Department was inertial guid-
ance and fire control systems and support equip-
ment for the fleet ballistic missiles—Polaris and
Poseidon.

In 1966 the department received an award for
Phase II work on the Poseidon, the Navy’s newest
deterrent weapon. The department was giving
industrial support to Massachusetts Institute of
Technology in developing the new Mark 3 guidance
system for the Poseidon missile.

" The department was also designing the new fire
control system, Mark 88, for Poseidon. It will be a
sophisticated system stemming from Polaris fire
control techniques. The fire control system keeps
track of constant changes of the FBM submarine,
continuously updating the missile target instruc-
tions until the moment of firing.

In addition, the department was engaged in work
on equipment in the following areas: stabilization
and position control, using servo systems and power
drives; weapon control systems for aiming, pre-
setting and controlling guns and missiles; advanced
inertial guidance and attitude reference systems;
underwater ordnance; chemical and biological de-
tection, and handling and manipulating equipment.

LIGHT MILITARY ELECTRONICS DEPARTMENT

The Light Military Electronics Department con-
tinued to design and manufacture airborne equip-
ment for a variety of mission requirements includ-
ing detection, countermeasures, navigation and
flight control, weapon control, guidance, computing
and data processing.

The department received new production orders
for the F-111 radar, flight control and optical sight.
Significant firsts went into the design of the air-
borne equipment for the revolutionary variable-
sweep aircraft now undergoing test flights.

G.E’s flight control will be used on the Air
Force’s F-111A, the Navy’s F-111B, and the United
Kingdom’s F-111K. The attack radar and optical
sight were evaluated in aircraft and were bein
installed on the F-111A. The new flight control
system was developed from experience and tech-
nical knowledge gained by G.E. in designing and
producing flight controls for the F-1 Phantom II,
F-3H Demon, F-105 Thunderchief, F-104 Star-
fighter and F-101 Voodoo.

The attack radar systeim, designated the AN/
APQ 113, was the latest in a long line of radars
developed and manufactured by G.E. The attack
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radar allows the crew of the 2-man aircraft to fire
at a target without actually seeing it. In addition,
it updates the information utilized in the naviga-
tion subsystem.

Extensive use was made of microelectronics and
solid-state circuitry in the attack radar to conform
to the stringent size and weight requirements for
_ the system.

The lead computing optical display set provides
accurate gun or missile firing control. The optical
display projects the pilot’s sight aiming reference
on to a combining glass mounted inside the wind-
screen. The pilot simply holds the aiming pip on
the target and fires when he reaches the proper
range. The optical display also presents informa-
tion required to perform pre-programmed dive
bombing maneuvers, navigation to the target and
blind landings.

Autopilots for the HS Victoria, a 75-passenger
hydrofoil under development, were designed by the
department using techniques developed for the
high performance aircraft automatic flight controls.

The Army’s Advanced Aerial Fire Support System
(AAFSS) will carry a swiveling gunner’s station
being supplied by LMED.

The department was contributing to both the gun
and missile portions of the Army’s new Vulcan/
Chaparral Air Defense System. LMED is produc-
ing the Chaparral missile (a modified Sidewinder
Missile, formerly manufactured by General Elec-
tric) for the missile ground-to-air, air defense role.
The 20 millimeter Vulcan Air Defense System—a
gun system being produced by G.E. in Burlington,
Vermont—incorporates a LMED gyro lead-comput-
ing gun sight.

FLIGHT PROPULSION DIVISION

During 1966, General Electric’s Flight Propulsion
Division continued development of air-breathing
turbine propulsion systems for the next generation
of fighter, transport, VSTOL and commercial air-
craft, while increasing production of engine models
to meet growing commercial and military demands.

Research and development progress included new
metals and composite materials for use in produc-
tion engines and for future propulsion systems.

The Division was re-aligned in March to con-
solidate business activities into three major Divi-
sion-wide functions—Engineering, Operations, and
Military Production Engine Programs. Dissolved
in the move were the former Small Aircraft Engines
Department, Large Jet Engine Department and the
Advanced Engine Technology Department. The
former Commercial Engine Department was re-
named Aviation Products and Services Department,
and several Division-wide support operations were
created to serve the entire Division.
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In Hooksett, New Hampshire, an enginc com-
ponent plant was established, the sixth plant in the
Division. Others are in Lynn and Everett, Massa-
chusetts; Evendale, Ohio; Rutland and Ludlow,
Vermont,.

As part of the Federal Aviation Agency’s Phase
II-C competition for the supersonic transport, 3
prototype GE4 turbojet engines in the 30,000 pound
thrust class were built. In May, the companv an-
nounced that the GE4 in production would be in
the 60,000 pound thrust class, and would continue
to retain much of the proven design approaches of
the Mach 2-plus J79 turbojet and the Mach 3 J93
turbojet that powers the USAF North American
XB-70.

The prototype GE4 went into the test cell for its
first running at idle speed on July 18. Two days
later, the engine attained 100 percent speed with
perfect operation. Full unaugmented power was
reached on August 23, with more than 40,000
pounds of thrust, thus exceeding the performance
requirement.

As testing continued, the GE4 became the world's
most powerful turbojet cngine when it produced
52,600 pounds of thrust, with augmentor, on Oc-
tober 28, exceeding the guaranteed thrust by 4
percent and substantia]ly bettering the guaranteed
specific fuel consumption. The engines on test for
the Federal Aviation Agency easily accumulated
the required 100 hours of test running. (LEditor’s
Note: G.E. was announced as winner of the SST
powerplant competition on December 31,1966. See
Aerospace Events.)

'Ijhe feasibility of business jet aircraft for inter-
n-atlonal commerce was proved twice in 1966, both
times \’&"lth G.E. engines. An historic round the
world flight by a Lear Jet in May, and a subsequent
round the world flight by a Jet Commander in June,
both powered by twin G.E. CJ610 turbojet engines,
proved the concept. The German-built Hansa Jet
also is powered by CJ610 engines.

Pan American Airways and Dassault continued
sucs:essful'worldwide sales of the Fan Jet Falcon
bUS{ness jet powered by twin CF700 turbofan
engines by G.E,

In September, the Falcon established a class
speed record on a flight from Newfoundland to
Lisbon.

A 3 percent thrust growth for the CJ610 engine
was revealed in June. Two models, the CJ610-5

and -6, being delivered in 1966, offer takeoff thrust
of 2950 pounds.

' To meet the growing demands of the business jet
aircraft operators, a world-wide support system for
inspection, overhaul, engine exchange, engine lease,
and field service for CJ610 and CF700 engines was
established. G.E.s pioneering engine exchange pro-
gram, started in 1965, was augmented by an engine



component exchange program in 1966 to allow air-
craft operators more useful operating time.

Major facility expansions were made at Strother
Ficld, Kansas, for the complete overhauls of CJ610
and CF700 engines.

Deliveries of the CT58 commercial helicopter
engine continued in 1966 to Sikorskv for its S-61
and S-62 aircraft, and to Boeing /Vertol for its V-107
helicopters.

C.E’s commercial airliner engines, the CJS05
series, accumulated more than 5,000.000 flight hours
through the end of 1966 in service with 14 U.S. and
international airlines operating Convair 880 and 990
airliners.

With a bypass ratio of more than 8 to 1, the
mammoth TF39 turbofan for the USAF/Lockheed
C-5A heavy logistics transport went on test in early
1966, producing more than 41.000 pounds of thrust.
By cost, some 60 percent of the TF39 engine was
to be supplied to G.E. by other companies. The
engine design incorporates such advanced concepts
as high bvpass ratio and air cooled turbine blades.
Some TF39 parts have a design life as high as
30,000 hours.

Production continued for G.E.s small military
turbojet, the J85, in 1966, as Northrop T-38 trainers
for the Tactical Air Command and F-5 Freedom
Fighters for the U.S., Canada and Military Assist-
ance Program countries were shipped to many new
areas.

Contracts were received for non-afterburning J85
engines as boost power units for C-123K and AT-
37B aircraft.

In mid-1966, the 4,000th |85 enginc was shipped
from the Lynn, Massachusetts, plant. and its 2,000,-
000th hour of flight was logged.

At Evendale, Ohio, the 3,000th J79-15 turbojet
for the McDonnell Phantom II was built and
shipped in October. The 17,000 pound thrust engine
for Air Force Phantoms was due to be replaced by
the J79-17, rated at 17,900 pounds of thrust. The
final J79-8 for the Navy Phantom II was shipped
in June, followed immediately by the first J79-10,
at 17,900 pounds of thrust, which underwent opera-
tional testing in an advanced F-4].

Progress in all forms of V/STOL propulsion were
in evidence in 1966, including turboshaft, turboprop,
lift cruise, direct thrust and deflected thrust engines,
as well as lift fan systems.

The versatile and highly efficient GE1 family of
engines accounted for much advanced work. The
GE1/9 deflected thrust engine, for example, was
being developed under U.S. Air Force contract for
the U.S./Federal Republic of Germany advanced
V/STOL fighter competition.

Testing of large lift fans was conducted as a
follow-on to the test flight program of the G.E.
J85/lift fan system in the Ryan XV-5A.
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The T58 turboshaft engine, powerplant for 11
U.S. military helicopters and 3 commercial versions,
passed the 1,500,000 flight hour mark in 1966. In
addition to Navy, Air Force, Marine Corps and
Coast Guard applications, the T58 was powering
helicopters used by 6 commercial airline operators.
The second step growth engines, the -5 and -10
models, were installed in antisubmarine assault and
rescue helicopters being delivered to both U.S. and
foreign users. During 1966 1 T58-powered aircraft,
a Coast Guard search and rescue helicopter, set an
endurance record of 12 hours on continuous flight.
Other T58 aircraft saw considerable active service
in South East Asia. Under funded programs, third
step growth engines were under test in the factory
with qualification set for 1968.

In the T64 area, the 4-engine XC-142 tilt-wing
V/STOL continued its highly successful flight eval-
uation and test program, while the T64-powered
Sikorsky CH-53 heavy assault helicopters entered
Marine Corps service and an HH-53 for the USAF
was announced.

In August, the Italian Air Force selected the T64
turboprop to power the Fiat G222 STOL transport.
In Japan, 2 T64's powered the Kawasaki GK210
patrol plane on its first flight, as the 4-engine Shin
Meiwa Flying Boat was being readied for its first
flight in 1967. Development of the T64-16, an
advanced model of the production T64-6 model,
continued. The T64-16 turboshaft will power the
Army/Lockheed Advanced Aerial Fire Support
System rigid-rotor helicopter, the AH-56.

G.E. jet engines modified for land and sea uses
included LMI100 gas turbines (T58 engines) used
as powerplants for hydrofoils, air cushion vehicles,
and ore-handling off-highway trucks. The HS VIC-
TORIA, world’s first ocean-going commercial hydro-
foil, successfully completed its test trials in 1966
and was to enter service in 1967 with a 75-passenger
capacity.

The LM1500 gas turbine (]J79 engine) also pow-
ered marine craft such as the high-speed Asheville-
class patrol gunboats (PGM) and was used to
drive an aircraft catapult system for the military.

APOLLO SUPPORT DEPARTMENT

The Apollo Support Department, headquartered
at Daytona Beach, Florida, met or exceeded its
contract commitments on the fast—rnoving Apollo
moon program during the year. The department
was under contract to NASA to develop acceptance
checkout equipment to automatically test subsys-
tems for the Apollo spacecraft, and then to check
the mating of the assembled vehicle with its Saturn
booster.

The department at year-end had approximately
2,300 employees at Daytona Beach and another
1,000 were working in Huntsville. There were
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additionally about 1,100 in Cocoa Beach and some
500 in Houston.

The department provides engineering support in
the areas of reliability and integration, directed at
the development of methods, procedures and tech-
niques required to assure a safe and successful
mission for the Apollo program. The department’s
business interests include electrical and electronic
support equipment to provide: Operational control,
determination of system condition, assurance of
system operation, restoration of system readiness.
This electrical and electronic support equipment
is combined in sophisticated systems comprising
computers, peripheral equipment, and displays. The
equipment may be applied to factory test, pre-flight
launch verification and checkout, post-launch an-
alysis, off-line maintenance and control functions,
and data collection, processing, recording, and
display.

The department’s reliability work included the
deVEI?Pmth of an over-all mathematical model,
techniques, and methods for use by NASA for the
assurance of mission success and flight safety. ASD
was a1§o working in the area of failure mode effects
analysis, and on the development of methods for
use by NASA in the review of reliability and quality
program planning.

ASD’s integration work may be defined as assist-
ance to NASA in its efforts to assure the compati-
bility of major system elements with each other and
;i;’rt]h ;?6; (s;)rfr?tem f)b]t(?ctlve§. This is basically a prob-

munications, in the broadest sense. In

turn, General Electric was assisting in the develop-
ment of documentation.

In the area of checkout, in
ing studies, ASD was
ducing the hardwar
determine the operati
system. This is the ki

addition to engineer-
actually developing and pro-
¢ used to check out, or
onal readiness of, the Apollo

nd of equipment which i
_ , is seen
in the blockhouses and control centers at Cape

Kennedy. For the Command, Service and Lunar
Modules, this equipment is known as ACE-S/C or
Acceptance Checkout Equipment-Spacecraft; for
the Saturp Launch Vehicles, it is referred to as’ESE
or Electrical Support Equipment; for the checkout
of the launch. tacilities, it is usually called Launch
Support Elq'uxpment—or specifically by the function
of the famhty with which it is used such as Pro-
pellgnt Tanking Control Equipment, Measurements
Cahbratlon System, Telemetry Ground Support
Equipment, or Radio Frequency Test Equipment.

MISSILE AND ARMAMENT DEPARTMENT

' The Missile and Armament Department at Bur-
lmgt(’)n, Vermont, continued in 1966 as the com-
pany’s development and manufacturing facilities
for aircraft and ground vehicle armament.
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In addition, the Department was conducting re-
search and development and design activities on
materials and equipment for re-centry vehicle pro-
grams.

Production of the world’s fastest firing guns, the
90 millimeter Vulcan cannon and the 7.62 milli-
meter Minigun—a 6-barrel system capable of firing
up to 6,000 rounds a minute—increased in 1966 with
the award of several new Air Force and Army
contracts. Pods containing these weapon systems
for attachment to Air Force combat aircraft also
were produced.

Contracts were received for the new Vulcan Air
Defense System and for a Minigun system to be
mounted on helicopters in units which also contain
rocket launchers.

The year’s activities also included advanced de-
velopment work on helicopter armament.

MISSISSIPPI TEST SUPPORT DEPARTMENT

Personnel strength at the Mississippi Test Support
Department grew to 1,500 in 1966. A company
operation since 1963, MTSD became a department
in 1965. It was formed when NASA determined
that industry support should be acquired for the
activation and operation of the Mississippi Test
Facility, to be built as a proving ground for booster
and second stages of Saturn-Apollo space explora-
tion vehicles. These tasks were first assigned to
General Electric as an extension of its Apollo sup-
port contract, and the company then formed the
Mississippi Test Support Operation to accomplish
them. MTSD is headquartered at Bay St. Louis,
Mississippi. MTF, a facility of NASA’s Marshall
Space Flight Center in Huntsville, Alabama, is
located on a 13,500-acre forest and marshland site
in Hancock County, Mississippi.

General Electric, as prime contractor to NASA,
provides through its Mississippi Test Support De-
partment activation and operational support in 2
major areas: plant and test support operations and
technical support and technical systems. During
1965, MTSD assumed responsibility for operating
many of the facilities and systems in the test, lab-
oratory and engineering and industrial complexes at
the test site, and for the diverse functions required
to support its development as the second largest
construction project in the nation.

Operation of electrical substations, a central heat-
ing plant, natural gas, sewage and potab.le water
systems, and a navigation lock, bascule bridge and
7-mile man-made canal system was begun in 1966.
Associated new responsibilities included operation
of specially designed and constructed barges for
transport of cryogenic fuels such as liquid hydrogen
and liquid oxygen. MTSD also began opcration
and maintenance of high-pressure gas and cryogenic
systems (air, helium, nitrogen, hydrogen) requiring



miles of special piping. new welding techniques,
fabrication of special valves and creation of intricate
warning and monitoring devices.

Simu]taneously, personnel of MTSD were en-
gaged in provision of air. surface and water trans-
portation. security services, pest control programs,
library, medical, mail, reproduction, food, tele-
phone, radio and facsimile services. as well as
custo-dial. Others were checking out. operating or
maintaining complex svstems for data acquisition
and data reduction: electronics, materials, photo-
graphic, instrumentation. acoustical, measurement
standards and meteorology laboratories and status
monitoring and test wnmfng systems,

Engineers and technicians 6f MTSD continued
to assist NASA and Corps of Engineers personnel
in assuring new buildings and structures under
construction were completed. equipped, instru-
mented and readv for beneficial occupancy on
schedule. ’

.The Mississippi Test Facility achieved readiness
in April, 1966 for initial static tests of the S-II-T
test model and subsequently of S-II flight stages.
Testing of the larger and more powerful (160,0b0,-
000 horsepower) SI-C booster stages for the Saturn
V was scheduled to begin late in 1966 upon com-
pletion of the dual-position S-IC test stand, which
will tower necarly 40 stories high.

RE-ENTRY SYSTEMS DEPARTMENT

The Re-entry Systems Department is headquar-
tered at Philadelphia and employs nearly 6,000
people, of which about 2,500 are engineers, scien-
tists or technicians.

Primary areas of activity for RSD include the
development and production of re-entry bodies,
dynamif: nuclear power conversion systems, electric
propulsion systems, deep submergence oceanics, and
development and application of new technologies
necessary for departmental product lines,

The Mark 12 re-entry system for the Air Force
Minuteman III ICBM tops the list of current pro-
grams at Re-entry Systems Department. Other
projects include the Biosatellite, the Air Force
Maneuvering Ballistic Re-entry Vehicle and a fam-
ily of research and test vehicles from such programs
as Re-entry Measurement Vehicles, Re-entry Ve-
hicle Technology, Observables Program and re-
entry effort on small systems.

The Department is also studying application of
defense and space systems analysis methods and
systems management techniques to major social
and economic problems. These includz the areas
of transportation, municipal water, sewer and
medicine,

The Re-entry Systems Department is headquar-
tered at the Re-entry Systems Center adjacent to
the campus of the University of Pennsylvania at
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Philadelphia. Other facilities are located at Phila-
delphia, and Valley Forge, Pennsylvania and Even-
dale, Ohio. Total floor space of all facilities has
grown to 1,250,000 square feet and includes unique
manufacturing and testing equipment and research
laboratories.

Special chambers and test devices are capable
of subjecting re-entry vehicles to virtually every
condition found in space and on earth. Data
gathered in this testing is then analyzed in a flight
test data processing facility.

SPACECRAFT DEPARTMENT

The Spacecraft Department continued its work
on unmanned satellites with several successful per-
formances of its systems or subsystems in space.

Nimbus II, the meteorological observatory satel-
lite, was launched in 1966, attaining its design goal
of six months of successful operation in orbit. Nim-
bus B, scheduled for launch in late 1967, passed
through the design, manufacturing, and assembly
stages at the Space Technology Center during 1966.

The first Orbiting Astronomical Observatory
(OAO) was launched in April 1966. The flight
was terminated after 2 days because of a power
failure; however, the G.E.-supplied stabilization
and control system successfully achieved the re-
quired pointing accuracy under star-tracker control.
The third OAO flight stabilization and control sys-
tem was delivered to the OAO prime contractor
in October 1966. It meets the increased pointing
accuracy requirements of the Princeton experiment,
Yo second of arc.

On June 16, 1966, the Air Force’s Gravity Gradi-
ent Test Satellite (GGTS), designed and fabricated
at the Spacecraft Department, was launched into a
near-synchronous orbit as part of a multiple payload
on board a Titan ITI-C launch vehicle.

The GGTS proved the feasibility of gravity gra-
dient stabilization at synchronous and near-syn-
chronous altitudes. Its pointing accuracy, however,
was off 15 degrees in a cross plane, apparently due
to magnetic particle viscous dampers to lock. G.E.
was developing a new version of the magnetically
anchored rate damper that is not subject to this
failure mode.

The Spacecraft Department continued its devel-
opment of gravity gradient attitude control and
stabilization systems for several of NASA’s Appli-
cations Technology Satellites. Initial hardware
deliveries for ATS-1 were made to the prime con-
tractor in 1966.

GENERAL LABORATORY
ASSOCIATES, INC.

The facilities of General Laboratory Associates,
Inc., Norwich, New York, were being augmented
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by a new 45,000-square-foot modern building on
which construction started in July. This structure
will house expanded production activities, needed
to accommodate the planned company growth.

The successful lunar landing by Surveyor I early
in June hinged on the key role played by the liquid
hydrogen Centaur rocket engine in the second
stage, designed and built by Pratt & Whitney Air-
“craft. The GLA ignition system fired this engine at
the precise 100th of a second scheduled to bring
the spacecraft to required orbiting velacity.

When the Apollo/Saturn 203 launch took place
on July 5th at Cape Kennedy, GLA ignition equip-
ment fired the Rocketdyne J-2 engine in the booster,
and numerous EBW units designed and developed
at GLA were used to activate various functions of
the Saturn.

The successful sub-orbital flight of the Apollo
spacecraft on August 25 was marked by the per-
formance of the PC3A-2 Powercel, built by Pratt &
Whitney Aircraft, which supplied on-board elec-
trical power at programmed levels during the mis-
sion. These fuel cells were equipped with power,
accessory and instrumentation harnesses by GLA.

Production activity continued throughout the
year on ignition systems for installation in commer-
cial aircraft, notably several Boeing and Douglas
models. The stretched version of the Douglas DC-8,
besides GLA ignition, carries a newly designed
compact power supply unit of GLA design.

GENERAL PRECISION, INC.

General Precision, Inc., through a planned pro-
gram of selective diversification and selective new-
product development, continued during 1966 to
establish itself as a major producer of electronic,
electromechanical, optical and other precision—made
products for the military, government and industry.
The company consists of the Aerospace Group in
Little Falls, New Jersey; Librascope Group, Glen-
dale, California; Link Group, Binghamton, New
York; and Tele-Signal Corporation, Hicksville, New
York. General Precision employed at year-end more
than 15,000 people in plant space of about 2,700,000
square feet.

In line with its selective diversification program,
changes in defense procurements were met by
General Precision developing competence in many
areas and selectively choosing those areas that
promised the greatest opportunities for continued
profits and growth. This concept of selective di-
versification was also carried over into the com-
pany’s expansion activities.

In the international field, General Precision joined
with leading manufacturers in Japan, Italy and
West Germany in the organization of affiliated com-
panies based in those countries. In England, the
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company holds a majority interest in General Pre-
cision Systems, Ltd.

Deliveries were made of Mitsubishi Precision’s
simulator for the Japanese F-104] aircraft and that
company opened a new plant to increase capacity
for the development and production of these and
other clectronic products for the Japanese market.
Oversecas production of aircraft simulators and auto-
driver trainers continued in England and Italy.

Recognizing the importance of reliability and the
desirability of cost reduction, General "Precision
launched a company-wide Zero Defects program
aimed at improving product quality and perform-
ance. The company made use of special television
programs, individual company mectings and various
communications media to cxplain the program to
the employees with the goal in mind to reduce
costs to the taxpayer and improve quality of weap-
ons and systems. The program was successful in
indoctrinating all employees to its chicf aim, to get
the job done right the first time.

A notable highlight of this program occurred
during the year when the company announced that
it received participation awards and was the first
corporate headquarters to receive the “Zero Defects
Achievement Award.”

AEROSPACE GROUP

The development of a series of low-cost, high-
performan'ce inertial navigation systems made 1966
a very exciting year for the Aerospace Group. Early
in the year a prototype low-cost inertial system was
extensively flight tested at Holloman Air Force
Base, New Mexico, and these tests demonstrated
that production systems would outperform the goals
set by the Air Force for such a system.

The award-winning GRYOFLEX gyro, a unique
development of the Gyrodynamics Branch of Kear-
fott Systems Division, made the low-cost break-
through possible. This led to the KT-70 series of
Low Cost Inertial Navigation Systems for which
several contracts were received. A number of AN/
ASN-57 and AN/ASN-58 Gyrocompass Attitude
Reference sets were built and delivered to the Navy
for the evaluation flight testing. Low cost inertial
systems were designed and were being built for
use in the P3C antisubmarine patrol bomber, the
F-105 Thunderstick II fighter bomber, and SRAM
air-to-surface missile. Use of General Precision
low-cos.t inertial navigators was under active con-
sideration by a major commercial airliner.

. The Doppler radar developments of GPL Divi-
sion complement the low-cost inertial accomplish-
ments of the Kearfott Systems Division. Elements
of the GPL lightweight HELIPATH Doppler set
were combined with the HEREFLEX and VERE-
FLEX heading and vertical reference sub-systgms
to provide the Doppler Heading Attitude Reference
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feet-of-lunar-dust” theory which had been claimed
as a deterrent to a manned lunar landing.

On the other side of the coin, Link was engaged
in the production of industrial products and systems
to control material on the move. The Industrial
Controls Division is the world’s largest supplier of

transmission circuit without interference; speech-
privacy systems; encoding and decoding systems
used for remote selection, monitoring, alarm report-
ing, control and metering of products in gas, petro-
leum and water pipelines, for water, power and

sewage utilitics operations; for remote control of
safety-pressure gauges and controls and conserva- radio transmitters and receivers. These remote
tion fittings and gauges for tank farms and fluid functions can be effected over great distances.
~ blending facilities. During its 9 vears of operations, Tele-Signal has
“Similarly, there is hardly a blast furnace or steel combined many' units of tone equipment with other
mill that is not equipped with the company’s con- complex solid-state devices of its own design to
trols to provide power, speed and accuracy tor the provide highly reliable communications systems.
steel-making process. Controls are also supplied These systems are used by all branches of the mili-
to the nonmetallic material manufacturers including tary in their communication networks throughout
producers of packaging and printing materials, the world. Other government agencies, such  as
paper, plastic fiber and textiles. NASA, the Federal Communications Commission,
During the year, Link formed a School Trainer Federal Aviation Agency, Weather Burcau, Corps
Division to sell and service the new Link Allstate of Engineers, and the Department of the Interior
automobile Good Driver trainer and other educa- employ these systems in their installations in the
tional products.

U.S. and abroad, and for communications in outer
space.

LIBRASCOPE GROUP Private communications carriers depend on these

_ systems in their daily world-wide operations, and
Computers for command-and-control, antisub- utilities and pipelines companies use Tele-Signal
marine-warfare and fire-control systems were part tone systems for remote supervisory control and
of the product mix that the Librascope Group pro- metering.
vided to decision makers during the year, to help A number of numerous and unusual products
solve the problems of gathering, processing and were developed and placed in production and, as
displaying information. a necessary adjunct to these complex precision sys-
tems, special testing and maintenance equipment
was developed for production and field servicing.

The company was also producing a line Of‘COT.n-
ponents and peripheral equipment for use in its
own computers and data-processing systems and
for marketing to other computer manufacturers, t}.]e
government and industry. Included were magnetic- B. F. GOODRICH COMPANY
disc memory systems, woven thin-film memory
planes and encoders. Librascope was designing

_ During 1966, the B. F. Goodrich Company’s
and manufacturing electro-optical instruments for

oal Aerospace and Defense Products Division received

reconnaissance and surveillance systems, for optica the tire, wheel and brake contract for the Lock-

tracking and associated instrumentation and for heed C.5A and the advanced aerial fire support

projection systems. . . system (AAFSS). The C-5A contract amounted to
Research and development was being carried out

more than $13,000,000.

The recently developed liquid-cooled brake satis-
factorily completed certification tests on a Boeing
727 as required by the Federal Aviation Agency.
Flight testing was to continue into 1967, after which

the brake was scheduled to go into regular passen-
ger service.

in the fields of basic material structure, electrolun'li-
nescence, woven thin-ilm memory planes and in-
frared and visible-light detection devices.

TELE-SIGNAL CORPORATION

Tele-Signal  Corporation is an engineeri.ng
oriented, highly skilled manufacturer of electronics
equipment and systems for long-distance telegraph,

Th? liquid-cooled brake system employs a new
principle to prevent heat build-up on the braking

surfaces. Circulating fluid absorbs heat and carries

telephone and data communications. _ it away from the brake, wheel, and tire assembly.

A relatively young company, Tele-Signal has The heat exchanger is manufactured by Harrison

shown remarkable progress in building both do- Radiator Division, General Motors Corporation,
mestic and international markets for its product Lockport, New Yo’rk. ‘

lines. These products include: telephone transmis-
sion equipment that provides for many simultaneous

The revolutionary liquid-cooled brake will help

e to increase aircraft safety. It operates up to 1500
conversations over a single transmission path; sys- degrees cooler on the linging surfaces than conven-
tems which permit simultaneous telephone and mul- tional brakes on jetliners, thercby preventing the
tiple teletype and/or data signals over a single

build-up of heat in the brakes, wheels and’ tires.
98
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Goodyear Aerospace built an inflatable wire grid
passive communications satellite which was placed
in orbit 600 miles above the earth in July.

Built for the Air Force, the “wire ball in the
sky” acts as a reflector for radio waves.

At year-end, a Goodyear Aerospace Ballute (bal-
loon parachute) had made possible more than 12
successtul recoveries of the ALARR rocket, a high-
altitpde Air Force system for sampling radioactive
debris. In the recovery system, the Ballute reduces
payload speed from supersonic to less than 420
miles per hour, at which time a nylon parachute is
deployed. A Ballute was also incorporated into the
recovery system for the hypersonic PRIME SV-5D
lifting body built by the Martin Company for the
Air Force Systems Command’s Space Systems Di-
vision.

Goodyear Aerospace also designed and built a
full-scale prototype of a structure that could permit
extended exploration of the moon—an expandable
lunar shelter for NASA’s Langley Research Center.

ARIZONA DIVISION

The Arizona Division was chosen to f
two major subassemblies for the Boeing Company’s
490-passenger 747 airliner. The plant was assigned
production of the central wing section of the air-
craft in its metalcraft facilities, and doors for main
and nose landing gear in its reinforced plastics
facilities. Earlier, the company had announced that
it wpuld assume production responsibility for wing
sections for the Boeing 707 and 720 series jets.

The Ijltchﬁeld Park facility also was engaged in
production of canopies and windshields for the
Northrop F-5A z}nd the LTV A-7A aircraft.

V.T}}lle company’s “super skyhook,” a 162-foot-long

shaped balloon that can lift up to 10 tons, was
used.for the first time in harvesting timber from
Previously inaccessible areas of the Pacific North-
west. Built at Litchfield Park, the Vee-Balloon is
held aloft by 175,000 cubic feet of helium.

In March, Karl L. Fickes retired as manager of
the Arizona Division. He was succeeded in Litch-
field Park by Morris B. Jobe, formerly sales man-
ager at company headquarters in Akron.

abricate

GRUMMAN AIRCRAFT ENGINEERING
CORPORATION

For the first time in the 37-year history of Grum-
man, gross sales in 1966 hit $1 billion. Also notable
was a continuing and substantial expansion of pro-
grams, personnel, and physical space.

From a personnel level of 14,500 in 1962, Grum-
man at year-end employed 33,500 people, 4,200 of
them placed on the payroll during 1966. The com-
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pany also added more than 400,000 square feet of
workspace during the year. _

The corporation was producing a variety of n}ih—
tary and civilian aircraft as well as moving into
outer space and inner space work. In 1966, 149 mili-
tary planes were produced. Five model ty_'pes were
in production and were being used in Viet Nam.

The A-6A has proved to be onc of the most re-
spected aircraft in Viet Nam, largely 1)('ca}1sv of its
all-weather capabilities and strike potential. More
than 200 of these planes had been manufactured
through 1966. _

The company’s EA-6A was delievered to the
Navy in 1966 and the first detachment was sent t.()
Viet Nam in November for use by the Marines. This
electronic countermeasures aircraft is the only one
of its type in existence.

Another plane, the E-2A Hawkeye, also proved
its effectiveness in Viet Nam. The next generation
aircraft, designated E-2B, was expected to be de-
veloped by 1970.

T}Il)e Crimman Mohawk was schedul.ed to con-
tinue production into 1968. Modification of thS
plane was begun in 1966, and by. the Cnd.of 1967
the number of Mohawks in the air over Viet Nam
was expected to double. . . ; )

The S-2E Tracker, an antisubmarine wariare air-
craft, has been in production since 1962 and khas
undergone 4 modifications. A total of 1.,500 Trackers
have been fabricated, including 4.8 in 1966(.1 Thg
company expects that 38 more will be produce
in 1967.

Although there are 3 model types that a;‘e) 1;50
longer in production (the HU-16 Albatross, the t-li
1B Tracer, and the C-1A Tracer ), the company sti
had more different types of aircraft (8) operating
in 1966 in the South China Seas than any other
U. S. airframe manufacturer.

In addita;on, the new C-2A (.;reyh.ouné.;1656 bTe}%an
supporting the Navy logistically in mid-1966. They
were to be used in Viet Nam 1n 1967. had

By the end of 1966, the F-111 program ha
shown 1,300 accident-free flights. Indlcatl_(t)}rlls \;vetr?
that production would go through 1969, WIA at Olfi
of more than 490 aircraft, includmg 24 for Australia
and 50 for the United Kingdom, involved. .

Grumman was selected to produce an A-' A
trainer version of its Gulfstream 1. This should in-
crease the training rate of A-6A pilots and bombar-
dier-navigators. '

Twelve Gulfstream I's were delievered during
1966, bringing to 176 the total delivered since the
late fifties. -

A new version of this executive aircraft, the jet
Gulfstrcam 11, made its first flight in 1966. Certifi-
cation was expected in the spring of 1967.

Grumman’s durable Ag-Cat continued to be a
high seller in the agricultural crop-dusting field.
Four hundred forty have been produced since 1958,
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ary was formed November 9, 1965, to consolidate
the company’s activities and investments in this
area of diversification. Likewise, another wholly-
owned subsidiary, Flowerfield Properties, Inc., was
formed June 14, 1966, for the purpose of holding
certain of the company’s property, investments and
its limited partnership interest in the development
of an extensive citrus grove in Florida.

HARVEY ALUMINUM

The year 1966 was a significant period for Harvey
Aluminum. Primary aluminum facilities operated at
record levels, new plants and equipment went into
operation, and advancements were made in the
fabrication of mill products in aluminum, titanium,
zirconium, and steel alloys for aerospace applica-
tions.

The new aluminum rolling mill at Lewisport,
Kentucky, went into production, enabling the com-
pany to supply heat treatable aluminum plate up to
12 feet wide. The mill was also producing a full
range of aluminum sheet.

In other areas of the company’s expansion pro-
gram, a new alumina plant in St. Croix, U. S. Virgin
Islands, was being readied to go into production;
bauxite mining facilities were being developed in
the Republic of Guinea in Africa; and an aluminum
smelting and fabrication complex was under con-
struction on the island of Karmoy in Norway.

During the year, a second 8,000 ton hydraulic
forging press was put into operation at the com-
pany’s Torrance, California, plant.

Harvey continued to supply extrusions, forgings,
impacts, tubing, sheet, and other wrought alumi-
num mill products for airframe, space vehicles, mis-
siles, and ground support equipment. Production
remained strong on the AM-2 landing mat, which
was designed and developed by the company.

Shipments of titanium and steel alloy mill prod-
ucts were substantial to meet advanced perform-
ance requirements. Harvey was extruding titanium
and steel alloy sections to a 9-inch circle size. Ex-
tensive work was underway to supply titanium com-
ponents for the supersonic transport program.

Important progress was accomplished in com-
posite materials, with the company’s research and
development division producing high strength plate
with an aluminum alloy matrix reinforced with
steel whiskers or fibers. This Harvey development
fulfills the need for materials with higher physical
properties in proportion to their weight.

Materials produced by Harvey Aluminum during
the year went to such aerospace programs as the
C-141, C-5A, F-4, F-5A, UH-1, CH-53A, S-64, 707,
727, 737, 747, COIN, DC-8, DC-9, Gemini, Polaris
A3, and Saturn.
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HERCULES INCORPORATED

Hercules Incorporated continued work on well-
established projects and also moved into new areas
during 1966. Long a leader in the field of double
base solid propellant, Hercules announced during
the year the establishment of capability in the com-
posite propellant field. Named Hercopel, the new
propellant was 6 years in development, and it will
be produced for small- and medium-size rocket
motors at a new facility constructed at the com-
pany-operated Allegany Ballistics Laboratory.

Hercules expanded its filament winding know-
how during 1966 to include boron, with applica-
tions for such items as re-entry vehicles and rotor
blades for helicopters.

Sophisticated new techniques for the control of
thrust and solid propellant rockets were success-
fully demonstrated during 1966. Continuing their
work on propellant additives during the year, Her-
cules scientists achieved the highest specific im-
pulse demonstrated in the free world.

During 1966 the major solid propellant projects
were Poseidon, Sprint, Minuteman Stage 3, A3 Po-
laris Stage 2, and Hibex. All of these programs use
high energy double base propellant and glass fila-
ment wound cases.

Poseidon work continued on contracts awarded
last year for both propulsion stages. Hercules was
working alone on the second stage and with Thiokol
Chemical Corporation in a joint venture on first
stage. Hercules is manager of the joint venture.
Production of research and development motors
was underway, and the first static test firing was
set for 1967.

During 1966, all development work on Sprint
continued to be successful. The performance re-
quirements of the Sprint system made the develop-
ment of suitable motors one of the most difficult
assignments ever undertaken by Hercules scientists.
Sprint continued to be an active part of the Nike-X
system.

On the Hibex (High-G Boost Experiment), all
objectives of the program were achieved. Problem
areas handled in the propulsion effort covered pro-
pellant structural strength and vehicle control,
effects of high-g and attendant high heating rates
on the motor and control system design. The Hibex
development program marked one of the most suc-
cessful efforts in rocket history. Studies were under-
way to determine if production or additional de-
velopment work will be undertaken on Hibex.

During the year Hercules continued to provide
propulsion units for Minuteman, Polaris, Honest
John, and other defense missiles, as well as motors
for many and varied space applications such as the
precision motors which placed Nuclear Detection
Satellites and communication satellites into orbit.



Work also continued on magnetohydrodynamic
(MHD) generation of electrical power created
from solid rocket exhaust.

HONEYWELL INC.

Through the 3 divisions making up its newly
redesignated  Acrospace and Defense Group,
Honeywell broadened and deepened its contribu-
tions to national aerospace programs in 1966. The
group’s space, aircraft and defense sales increased
about 25 percent over the previous vear, employ-
ment rose nearly 20 percent to 16,800 persons, and
plant space grew by nearly 240,000 square feet.

Honeywell's broad-based competence to meet
technological challenges in all 4 environments—
space, air, surface and undersea—was demonstrated
in numerous ways during the vear. Some of the im-
portant ones, described by division, follow:

SYSTEMS AND RESEARCH DIVISION

This division, center of systems management for
advanced space, weapons, reconnaissance and
avionics programs and of applied research to solve
future defense and'space requirements, demon-
strated its ability as a large-scale systems manager
with the successful flight of a NASA Project Scan-
ner spacecraft in August.

The 3-stage rocket carried a 550-pound research
package some 380 miles over the Atlantic Ocean on
a 13-minute suborbital flight to gather data on the
infrared content of the earth’s horizon. The data
from this and future flights is expected to help
NASA scientists improve present spacecraft guid-
ance technology. Honeywell was responsible for
vehlclfa structure, attitude control, propulsion in-
tegration, instrumentation. communications, power
supplies and launch support.

As an extension of the suborbital program, Hon-
eywell scientists were funded by Langley Research
Center early in the year to study flight” character-
istics of an orbiting Scanner. '

Late in the year, systems engineers undertook
jointly with Raven Industries Inc., for Langley a
new program to explore the feasibility of balloons
to recover spent booster rockets or spacecraft for
reuse. The program calls for numerous aircraft
drops of 20- and 50-foot experimental balloons in
1967.

To help NASA’s Marshall Space Flight Center
better determine cabin sizes of lunar shelters and
work capacities of lunar explorers, Honeywell hu-
man factors scientists conducted the first mock
scientific expedition in a tiny simulated vehicle.
Two NASA subjects successfully lived and worked
in the cabin for 18 days.
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In avionics systems, the company’s unique hel-
met-mounted weapons sight was selected by Lock-
heed-California Company for the Advanced Aerial
Fire Support System (AAFSS) combat helicopter
under development for the Army. The electro-
optical sighting system requires no mechanical
linkage between pilot and airframe to aim the guns.

Foremost among many applied research projects
completed during the year was the delivery of a
laser gvroscope, first to be made of solid fused
quartz, to the Naval Ordnance Test Station, China
Lake, California. Use of rugged quartz material
may open the way to numerous aerospace applica-
tions of laser motion-sensing technology.

The Honeywell Radiation Center in Boston,
Massachusetts, made a part of Systems and Re-
search Division in 1966, developed a portable all-
weather approach and landing system called
STATE (Simplified Tactical Approach and Ter-
minal Equipment). Selected for evaluation by the
Defense Department to meet requirements for re-
mote combat areas, STATE underwent numerous
flight tests by military aircraft and helicopters.

Reconnaissance  mapping  subsystems  using
unique Honeywell infrared devices were contracted
by the Radiation Center, as were a magnetometer
system for the Apollo Lunar Surface Experiments
Package (ALSEP) and the star tracker and planet
tracker portion of the 1969 Mariner probe to Mars.
A laser obstacle detector for helicopters was con-
ceived for the Army Electronics Command.

AEROSPACE DIVISION

The Aerospace Division, aligned to carry out
engineering and manufacturing of space and air-
craft guidance and control systems and instruments,
continued to play a major role on U. S. space mis-
sions. The division also markedly stepped up its
stake in both military and commercial aircraft
fields, and expanded into communications systems
and devices for the military.

In manned space programs, Honeywell attitude
controls and inertial guidance equipment func-
tioned flawlessly on all 5 1966 Gemini flights, in-
cluding assisting in the automatic re-entry of the
last 2 craft. During 970 hours in space, the inertial
measurement unit (IMU) accumulated 280 hours
of operating time and underwent 30 in-space start-
ups without a failure.

Stabilization and control systems for the Apollo 3-
man spacecraft built by North American Aviation
passed their first flight tests in suborbital launches
from Cape Kennedy in February and September
and were to be put to first operating use in manned
earth-orbital missions beginning in 1967, Honey-
well also was providing advanced cockpit displays
and the attitude control handle for the 2-man Lunar
Module built by Grumman.






The division acquired an additional 100.000
square fect of space in suburban Minneapolis. and
established an ordnance proving ground on 792
acres 40 miles northwest of the citv. The patents
and certain assets of Livingston Electronic Corpo-
ration, Montgomervville, Pennsvlvania. a developer
of ammonia-activated batteries for fuzes. were pur-
chased.

Lnitial deliveries of Mark 46 Model 1 ASW tor-
pedoes were made to the Navy. and plans were
completed to begin full-scale production in 1967
as the companv’s undersea weapons role continued
to expand.

West Coast ordnance operations, devoted largelv
to Navy undersea programs. expanded as well. Two
complex clectronic training systems were installed
by the California Ordnance Center to help sharpen
Navy combat ship crewmen and helicopter pilot’s
readiness to engage in antisubmarine warfare.

Booked later in the vear was a $4.200,000 con-
tract to design and develop similar ASW trainers
for installation at the Fleet Training Center, New-
port. Rhode Island, and the Fleet Sonar School. Key
West, Florida.

The company’s underwater instrumentation lab-
oratory in Seattle. Washington. underwent thé most
rapid physical growth in its 15-yvear historv, increas-
ing its capability to advance deep-water acoustic
rescarch and sonar signal processing techniques.

An additional 38.000 square feet of office and
manufacturing space was built and occupied during
the vear. Production of ceramic transducers for
Mark 46 Mod 1 and Mark 37 torpedo homing sys-
tems was initiated. Under a $1.000.000 Navy con-
tract, production continued on AN/UCC-1(V)
microelectronic telegraph terminals for flcet broad-
cast systems.

HUGHES AIRCRAFT COMPANY

In the minds of 30,000 emploves of Hughes Air-
craft Company, which built the Surveyor spacecraft
for NASA’s Jet Propulsion Laboratorv. the high-
light of 1966 occurred on June 1. when Surveyor 1
touched down on the moon. '

Surveyor was an unqualified success. The only
thing in the entire mission that went wrong--an
omnidirectional antenna that did not extend—later
corrected itself when it jiggled loose during touch-
down.

During the remainder of its first 2-week lunar
day, Surveyor sent back to earth more than 10,000
photographs of the moon’s surface. Then it went
into frigid hiberation during the 2-week lunar night
when temperatures dropped to minus 250 degrees.
Surveyor survived that night and in July it awoke
and started sending more pictures, nearly 1,000
more. Even as late as October 7, after enduring 3
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more nights on the moon, it miraculously sprung
back to life, and again on November 8, after 161
davs of exposure, it turned on to provide several
hours of engineering and lunar tracking data.

In addition to its work on the series of 7 Survevor
spacecraft, the company’s Space Systems Division
had a busy year building Intelsat communications
satellites and the Applications Technology Satel-
lites (ATS).

Hughes was building four Intelsat 2 communica-
tions satellites of twice the size and 3 times the
power of its Early Bird under an $11.700.000 con-
tract with Comsat Corporation. The new “bhirds”
are expected to provide a 2-ocean system of com-
mercial communications by linking 34 of the world
by television and telephone, and also serve as a
voice-link with earth for the orbiting Apollo astro-
nauts during the man-on-the-moon mission.

The first Intelsat had a perfect launch October 7,
but its apogee motor failed to kick it into synchro-
nous orbit. Despite this, all communications and
command systems abroad the satellite responded
perfectly, and the craft was maneuvered into an
elliptical orbit which made possible transpa-
cific communications experiments. Meanwhile the
Hughes Early Bird and Syncoms 1 and 2 still were
operating effectively after totaling nearly 7 years
in space.

The first of 5 ATS’s being built for NASA under
a $39.000,000 contract was launched in December.
It contained a spin-scan cloud camera (developed
by the Santa Barbara Research Center, a Hughes
subsidiary) which uses the spin stabilization of the
spacecrzlft to provide scanning of the earth. It was
expected to generate a new picture of Y3 of the
earth’s surface every 20 minutes and provide me-
teorologists fresh data on rapidly changing cloud
formations. The satellite also was expected to en-
able the first flight test of a microwave phased array
antenna as a part of the basic spacecraft communi-
cations system.

In January the company announced the formation
of the Missile Systems Division at newly-leased
faciliies at Canoga Park, California, under Dr.
Warren E. Mathews, with responsibility for the
TOW antitank missile for the Army, the Phoenix
missile for the Navy, and the AIM-4D and the Fal-
con missiles for the Air Force. By year-end, employ-
ment at the new facility topped 1,600.

The year brought great progress in the company’s
program on the Phoenix air-to-air missile system.
In April, a Navy F-111B landed at the Hughes air-
strip at Culver City to begin a test program with
the Phoenix system, and by August the firm an-
nounced that installation of the missile control Sys-
tem had been completed on the interceptor 30 days-
ahead of schedule.

Meanwhile, from an A-8A Skywarrior test bed,
the Phoenix missile scored 3 successes out of 3 test
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launches. First came a success on its first powered
flight to prove its compatibility with the test air-
craft, then it scored a direct hit on a target drone
during its first guided firing, and later it racked up
an intercept of a tiny jet drone, all over the Pacific
Missile Range near Point Mugu.

In October, Navy Secretary Paul H. Ni‘tze told
the House Appropriations Committee that “there is
no other fire control and missile system that can
compare with the record of detecting targets and
intercept of the Phoenix.” Rear Admiral W. E,
Sweeney, F-111B project manager, calling the sys-
tem “the most advanced in the world,” told the
committee: “The fact that this system knocked
down a target on its first guided firing we felt was
remarkable, at a range exceeding anything we have
had before.”

Two significant developments of 1966 involved
TOW. The Army Missile Command announced it
was testing the missile in the severe winter climate
of Fort Greeley, Alaska. And Hughes announced a
new gyro-stabilized gunsight that would enable
gunners to fire the TOW from helicopters and keep
a fixed bead on targets despite the copter’s vibra-
tion and maneuvering. The supersonic TOW (for
Tube-launched, Optically-tracked, ~Wire-guided
missile) is steered by electronic signals that are
jam-proof because they are sent over hair-thin wires
than unreel during flight.

A traveling wave tube (TWT) made by the
company’s Microwave Tube Division proved a re-
liable amplifier aboard the NASA Lunar Orbiters
that sent back pictures of the moon. The TWT is
similar to the Hughes tubes that aided picture
transmission from Mars abroad Mariner 4 and from
the moon on Surveyor 1.

The same division introduced 2 completely
packaged argon ion pulsed lasers as the first prod-
ucts of a new commercial-industrial laser line,

On Memorial Day, Hughes inaugurated a syn-
chronous communications satellite research station
—the first privately-owned facility of its kind—at
Caddo Gap, Arkansas. Before 75 foreign delegates
of the International Telecommunications Union, the
company disclosed its new STAR system (Satellite
Telecommunications with Automatic Routing)—a
“multiple access” concept that will enable many
satellite earth stations to communicate simultane-
ously with one another through one satellite.

A new seagoing communications terminal that
joins Navy ships directly with the first military
global satellite communications network was dis-
played and demonstrated for the first time in Au-
gust. The terminal, built for the Navy by Hughes
Aircraft Company’s Ground Systems Group, Fuller-
ton, California, has the capability of transmitting
instant ship-to-ship and ship-to-shore voice or tele-
type messages across thousands of miles and “hur-
dling” them over large masses of land from ocean
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to ocean and beyond. A total of 7 terminals were
to be installed aboard guided missile cruisers and
aircraft carriers by ecarly 1967.

Another highlight of 1966 was the unveiling of
Hughes-Fullerton’s new air-transportable ground-
link terminals for military communications through
the first military global satellitc communications
network—a group of random-orbit satellites that
were launched in June by the Department of De-
fense. Several of the terminals were operational at
sites around the world, including Hawaii, the
Philippines, West Germany and Ethiopia. The
Mark 1B terminals were being built for the Army’s
Satellitc Communications (SATCOM) agency. Re-
latively unaffected by atmospheric or solar disturb-
ances, they provide a reliable supplement to
crowded high-frequency radio circuits and limited
undersea cables.

In June, Hughes Ground Systems Group was
notified by NATO that a consortium of electronics
firms, which the company heads, had been named
low bidder on a $280,000,000 NATO Air Defense
Ground Environment (NADGE) project. NADGE
will be the biggest electronics project in Europe
and will provide the NATO countries with the most
modern air defense system yet devised. The project
will provide NATO with a completely integrated
early warning and weapon control system extending
from Norway to Turkey, within about 5 years.

Production of a lightweight “Manpack” sending-
and-receiving radio that provides American Gls
with 10,000 individual voice channels over which
to send vital battle-zone messages moved into high
gear during 1966 at Hughes-Fullerton. The solid-
state Manpack, which was being used successfully
by ground forces in Viet Nam, is easily carried b
one man wearing a standard Army shoulder har-
ness. Because of its 2-to-12-megacycle range and
10,000 channels, enemy jamming efforts are more
difficult. Other features are transmission range far
beyond line-of-sight, and the ability, unlike most
combat radios, to operate effectively on ordinary
flashlight-type dry cell batteries as well as on wet
cell batteries.

A new division to work on the development of a
mobile, surface-to-air missile system for the defense
of field armies in the 1970’s was organized in Ma
by Hughes-Fullerton. The new unit, called the
SAM-D division, was established to focus the tal-
ents of key management, scientific and technical
personnel on the Army’s proposed SAM-D (surface-
to-air missile development) program.

Meva Corporation, an electrical contracting sub-
sidiary headquartered at Fullerton, opened a South-
ern California district office in E1 Monte, California,
for its construction division during 1966. The ex-
pansion of Meva’s construction arm was the result
of increased business activity in the field of interior
electrical construction.



Thomas D. McAusland was appointed manager
of European marketing efforts for Hughes-Fuller-
ton. He will work out of Hughes Aircraft Interna-
tional Service Company (HAISCO) offices in Paris
and will supervise and coordinate the entire reor-
ganized marketing effort in Europe for Hughes-
Fullerton.

Hughes Research Laboratories at Malibu, Cali-
fornia, where the first laser action was achieved in
Mav 1960, revealed development of a continuous-
wave room-temperature ruby laser system capable
of output of more than 1 watt and with promise of
a high-power single mode operation.

The research laboratories also developed a milli-
meter-wave amplifier tube with an average CW
power output of more than 5 kilowatts. The pre-
vious output limit in the millimeter-wave frequen-
cies was a Hughes tube in the 1 kilowatt range, and
as recently as 4 vears earlier a Hughes 100-watt
tube was considered a major advancement.

The most notable achievement of the vear for
the Santa Barbara Research Center was the fault-
less performance of its Star Tracker which guided
Surveyor 1 to its perfect landing on the moon. The
device sought out the star Canopus and used it as
a reference point to direct the spacecraft.

SBRC also scored 2 space successes with its
radiometers aboard NASA satellites. One radiom-
eter on the Nimbus meteorological satellite was
measuring the heat balance of the earth’s 200,000.-
000 square miles to learn how much of the sun’s
radiation the world absorbs and how much is re-
flected back into the atmosphere. The other radi-
ometer, an infrared measuring instrument, meas-
ured the horizon gradient of the earth on the first
Project Scanner.

Hughes International made financial news both
in the U.S. and Europe by announcing an agree-
ment under which EMI Electronics Ltd., of Eng-
land, acquired 49 percent interest in Hughes Inter-
national (UK) Ltd., of Glenrothes. Scotland, a
subsidiary of Hughes Aircraft Company, and chang-
ing its name to Emihus Microcomponents Ltd. The
move was made to increase capability in micro-
electronics.

Also, Bofors Elektronik AB, a joint venture of
Bofors and Hughes, in Sweden, took delivery of a
laser rangefinder developed at Hughes-Culver City
for installation on a Swedish “S” tank for army trials
and field evaluation,

Hughes and Teleprompter Corporation formed a
jointly-owned subsidiary called Theta Communica-
tions Corporation to make and sell electronic com-
munications systems, and Hughes acquired an in-
terest in Teleprompter’s New York City community
antenna television (CATV) system.

Dr. Allen E. Puckett, an executive vice president,
was appointed to the new position of assistant gen-
eral manager under vice president and general man-
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ager Lawrence A. Hyland. Other major appoint-
ments made during the year were John L. Winkel,
vice president of marketing; John D. Couturie, vice
president and treasurer; Edwin H. Meier, vice pres-
ident and manager of the Aerospace Group’s Re-
search and Development division; Gorden E. Mac-
Donald, vice president and controller; and Dr.
Albert D. Wheelon, vice president of engineering.
Dr. Fred P. Adler and William F. Eicher, vice
presidents, were named assistant Aerospace Group
executives under John H. Richardson.

The company’s gross income, which had ex-
ceeded $490,000,000 for the prior 9 years, in 1966
topped $500,000,000.

Total employment rose nearly 5,000 to more than
30,000 at the ten Hughes facilities in Culver City,
Fullerton, Malibu, El Segundo, Canoga Park, Santa
Barbara, Los Angeles, Oceanside and Newport
Beach in California, and Tucson, Arizona. Part of
the increase in employment was the result of a con-
tinuing campaign to recruit scientists and engineers
with advanced degrees.

HUGHES TOOL COMPANY

AIRCRAFT DIVISION

Hughes Tool Company’s Aircraft Division began
delivering production models of its OH-6A Light
Observation Helicopter to the U.S. Army in the fall
of 1966 on a contract calling for 1,071 machines
by the end of 1968.

Two commercial versions of the OH-6A were
being produced as the Hughes 500 Executive Trans-
port and the 500U Utility Model.

The OH-6A is the speedy and versatile helicop-
ter that established 23 world records for rotary-
wing aircraft. The records were authenticated in
October by the Federation Aeronautique Interna-
ticnale in Paris. Twenty-one were set by Army
pilots, covering speed, distance, climbing and sus-
tained altitude, during tests at Edwards Air Force
Base, California. Top speed for a straight course
was 172 miles per hour.

Two other impressive records were set April
7, 1966, when a Hughes test pilot, Robert Ferry,
made history’s longest nonstop helicopter flight,
2,218 miles, from Los Angeles, California, to Or-
mond Beach, Florida, in 15 hours and 8 minutes.
Average speed for the flight was 146 miles per
hour, although for a period, helped by tailwinds,
he averaged 185 miles per hour.

The Army will use the OH-6A for reconnaissance,
observation, target acquisition and command con-
trol. The craft can carry a 5-man firepower team,
plus pilot. It is powered by the 250 horsepower
Allison T-63 turbine engine.

Also in 1966, Hughes completed deliveries on an
Army contract for 351 primary-trainer helicopters—
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the 2-place TH-55A—and was producing additional
numbers of the small machine on a follow-on con-
tract, with the total figure to be determined.

The company’s already-well-established com-
mercial business in its Model 300 and 280U heli-
copters showed no signs of slackening, and because
of increased military production at its Culver City
headquarters, Hughes moved all assembly work
on the 300, 280U and TH-55A machines to the San
Diego area. It leased the Rose Canyon facility for-
merly used by the Convair Division of General
Dynamics Corporation. Additionally, all produc-
tion flight testing of both military and commercial
machines was moved to leased facilities at Palomar
Airport, near Carlsbad.

Other activities at Hughes embraced a produc-
tion program for the Bureau of Naval Weapons on
a high-performance aerial gun system (the 20 milli-
meter Mark 4 gun pod with Mark 11 gun); further
work on the Hughes Hot Cycle rotor system, and
advancing efforts on the firm’s VTOL Rotor/Wing
concept for a 500-mile-per-hour transport aircraft
which incorporates- the Hot Cycle propulsion
system.

Another program of more than passing interest
was the Hughes cooperative effort with the Los
Angeles County Sheriff's Department, the City of
Lakewood, California, and the President’s Office of
Law Enforcement Assistance, known as Project Sk
Knight. This is a 12-month experiment—first of it};
kind—under which Hughes has made available at
cost 3 of its Model 300 helicopters to Sheriff Pet;r
J. Pitchess for day-and-night patrol of Lakewood
The airborne officer on his beat in this case is'
never more than 150 seconds away from the scene
of a crime. Project Sky Knight immediately began
paying dividends in crime-deterrence and crimignal
apprehension, and continues to do so. Its results are
being closely watched by police officials around th
world. ©

But the major interest at Hughes, apart from the
prime consideration for the OH-6A program, is the
yet-to-be-realized impact on the world’s Com;nercial
helicopter market of the Models 500 and 500U

Malcolm Harned, senior vice president of. the
company’s aircraft division, predicted that the 2 ver-
sions of the unique ship will become the most
widely-used commercial helicopters in the world,
The craft will do this, Harned believes, because it
offers the highest performance, lowest maintenance
and most reliability of any light rotary-wing air-
craft yet developed.

The outstanding reliability and durability of both
the military and commercial machines, says
Harned, stem first from the fundamentally simple
design and second from the very extensive test pro-
gram carried out by Hughes and the Army. Seven
prototypes were put through gruelling test pro-
grams to identify any possible flaws. The produc-
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tion helicopter design has incorporated the results
of this extensive background of testing.

The production OH-6A was undergoing cven
more exhaustive testing by the Army to have it
completely ready for combat operations. Scheduled
programs included desert-arctic-tropic tests, and
accelerated logistics and armament tests. Military
requirements call for structural ruggedness far be-
vond that of any commercial operation, and the
Army operates the helicopter at gross weight ex-
ceeding by 300 pounds the FAA certificated gross
weight at which the commercial user will be flying.
The experience derived from all this will make the
Hughes 500 the “most proven” light turbine heli-
copter available.

The OH-6A was also selected as the standard
light observation helicopter by military forces of
Argentina, Brazil and Colombia.

The Model 500 offers outstanding safety. Auto-
rotational landings are remarkably easy to perform.
The ship has a power-off glide ratio of 6 to 1 as
compared to about 3 to 1 for most conventional
helicopters.

Its ability to cope with weather problems is
another important safety feature. The machine can
fly through much more severe t_urbulence than
most airplanes, particularly light airplanes. This is
the result of high blade loading relative to a fixed-
wing aireraft, and the “Flexrotor,” a unique Hughes
development, which allows the blades to flap with-
out damage when cxposed to the most severe gusts.

While Hughes was giving utmost priority to pro-
duction of the OH-6A for the Army, it was tooling
to provide over and above the military require-
ments several times the commercial production ca-
pacity that exists for any other helicopter. The
sophisticated tooling and large plant capacity will
make possible the delivery of more than 1,000
commercial helicopters per year.

None of the Model 500 or 500U were to be de-
livered commercially until initial delivery require-
ments of the Army OH-6A have been met, but first
commercial deliveries were being scheduled for

mid-1967.

INTERNATIONAL BUSINESS MACHINES
CORPORATION

FEDERAL SYSTEMS DIVISION

During 1966, International Business Machines
Corporation’s Federal Systems Division moved for
the first time into a new area of support in the na-
tion’s space program as full stage prime contractor
for the Uprated Saturn I and Saturn V instrument
unit and continued significant support in other
areas of the nation’s space and defense achieve-
ments.



In accomplishing the major goals of Project
Gemini. IBM’s 59-pound on-board computer was
heavily relied upon by the astronauts to accomplish
the first docking with an Agena target rocket
(Gemini 8) and the first automatic. computer-con-
trolled re-entry (Gemini 11). NASA officials called
the automatic re-entry perfect. During the same
mission, the computer helped astronauts Gordon
and Cooper achieve the first rendezvous and dock-
ing ever attempted on a spacecraft’s first orbit of
the earth. New altitude records and powered flight
with Agena thrust were also accomplished toward
the end of the Gemini program. Beginning in
March with Gemini 8, an Auxiliary Tape Memory
(ATM) was used to increase the on-board compu-
ter’s program storage capacity.

Three unmanned flights of Uprated Saturn 1
launch vehicles were controlled and monitored by
a 3-foot-thick “wafer” called the instrument unit or
IU. The IU ring is assembled and fabricated by the
IBM Federal Systems Division at its Huntsville
facility. The IU ring for the first manned mission
had been assemhbled and fabricated by the IBM
Federal Systems Division at its Huntsville facility.
This IU ring had been assembled, checked out and
delivered to Cape Kennedy well before year-end.

Throughout 1966, IBM personnel turned out and
checked IU’s for both Uprated Saturn I vehicles
and the Saturn V moon rocket. The first unmanned
Saturn V launch was scheduled for the first half of
1967, and its guiding IU was shipped in 1966 to
the huge vertical assembly building at Cape Ken-
nedy for mating to the live rocket. IBM’s IU con-
tract called for 27 rings for 15 uprated Saturn Is
and 12 Saturn V’s. The role of the 1U’s—each con-
taining more than 60 components including an
IBM-built computer and data adapter—is to guide
the Saturn vehicles on a pre-determined path
through the issuance of steering commands.

The Real Time Computer Complex at NASA’s
Manned Spacecraft Center in Houston, Texas, pro-
vided vital assistance to the Gemini and Apollo/
Saturn space programs. Developed and managed
by IBM, the RTCC is the world’s most sophisticated
real-time information processing systems. During
missions the RTCC accepts data from tracking sites
around the globe, processes it and sends results for
display to mission operations control rooms in sec-
onds.

Programs are tailored for each mission. An es-
sential role of RTCC in 1966 was its calculation of
Gemini rendezvous maneuvers. Replacement began
during the year of the system’s model 7094 compu-
ters with more powerful System/360’s to meet the
increased demands of the Apollo/Saturn flight pro-
grams. NASA and IBM also concluded an agree-
ment for continued IBM management of the system
through early 1970. Other real-time support by
IBM to NASA flight programs was provided to the
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agency’s Goddard Space Flight Center in Beltsville,
Maryland.

IBM also contributed to NASA studies looking
bevond current manned space programs to orbiting
research laboratories which would remain in orbit
for long periods of time to conduct extensive re-
search. Last February IBM completed a 16-month
study for NASA on an Orbiting Research Labora-
tory Experiment Program. The study focused on
how space could be utilized to help solve some of
man’s most pressing problems on earth. It was fore-
seen that surveys conducted by spacecrafft
equipped with special sensing and phtoographic
machinery could help in detecting diseased crops,
locating tillable land and obscure water and min-
eral sources, and in improving weather forecasting.

The Federal Systems Division also won a con-
tract in 1966 to develop a data management sub-
system for the USAF Manned Orbiting Laboratory.
"An all new aerospace computer series called
“4PI,” was launched late in 1966. The computer
applies design principles of IBM System/360 com-
mercial computers to military and space require-
ments. The “4PI” series is designed for use in
satellites, tactical missiles, helicopters, avionics
guidance and control, artillery fire control and
aerospace applications requiring high-speed calcu-
lations of large amounts of data. One of this series
of computers will be used in fulfilling the 1966 con-
tract with the U.S. Air Force to develop an inte-
grated avionics system for the F-111 aircraft, using
a specially-designed airborne computer.

Other IBM computers were used in 1966 on the
Titan 11T launch vehicle and on NASA’s Orbiting
Astronomical Observatory.

IBM continued work on tieing together an ad-
vanced national air traffic control system for the
Federal Aviation Agency. A system was delivered
to the Air Route Traffic Control Center near Jack-
sonville, Florida. Another was at the FAA’s experi-
mental center in Atlantic City, New Jersey. The
system is aimed at the development of advanced
techniques for air traffic control.

There was continued participation in a number
of wide-ranging defense programs, among them: an
Air Force program called AFWET, to test the ef-
fectiveness of weapons; development of an auto-
mated data processing system to solve logistics
problems in supplying Marine Corps units in Viet
Nam; development of a data handling system to
control a high performance space surveillance and
tracking radar, and combining automatic data proc-
essing communications systems to improve Army
command/control functions in the field.

The division, in cooperation with IBM’s Data
Processing Division, helped establish computer-
centered data handling systems for the boards of
education of Puerto Rico and several major cities
in the United States. These systems can store and
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process millions of facts quickly and produce the
facts necessary for reports and student and teacher
record-keeping on a near real-time basis.

The division’s engineering laboratory in Gaithers-
burg announced a new communications device for
forward error control in digital data transmission
late in 1966. Called DACOR (DAta CORrection),
the unique device uses polynomial coding to assure
that the correct message can be reconstructed auto-
matically at the receiving end, even if transmission
errors have occurred. This breakthrough nullifies
the need to retransmit messages that become
garbled, thus conserving valuable wire or radio
time. Applications are seen in satellite communica-
tions, military global communications and many
other areas.

Federal Systems Division headquarters and the
Federal Systems Center—1 of 4 operating centers
of the division—moved to a centralized facility in
Gaithersburg, Maryland, during the summer. The
Electronics Systems Center, responsible for avionics
systems and 4PI and Saturn computer manufactur-
ing, is located in Owego, New York. The Space
Systems Center is headquartered in Bethesda,
Maryland.

Looking toward future developments, a Center
for Exploratory Studies was established in January
to perform long-range technical and economic stud-
ies on the use of ground-based, airborne and space-
borne information handling systems for meeting
Federal Government requirements. The Center’s
major departments are Advanced Space Syster'ns,
Sensors and Displays, Computer Mathematics,
Communications and Economic Analysis. CES is

headquartered in Rockville, Maryland.

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORPORATION

ITT U.S. DEFENSE/SPACE GROUP

ITT U. S. Defense/Space Group, a division of
International Telephone and Telegraph Corpora-
tion, is headquartered in Nutley, New Jersey. Its
technological centers encompass data and com-
munication systems and components, aerospace
navigation, radar and display systems, electromag-
netic surveillance equipment and computer pro-
gramming services.

In 1966, the work force of the U. S. Defense/
Space Group totaled approximately 14,000, of
whom 1,800 were engineers.

Segments comprising the ITT U, S. Defense/
Space Group are ITT Federal Laboratories, Nutley,
New Jersey; Federal Electric Corporation, Para-
mus, New Jersey; and ITT Aerospace, Tube and
Scientific Apparatus Activities, headquartered in
San Fernando, California. '
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ITT Federal Laboratories

ITT Federal Laboratories is engaged in avionics
and communications research, design, development
and manufacturing. The company is the major
technological center of the U, S. Defense/Space
Group.

During 1966 ITT Federal Laboratories scored
particularly notable achievements in the arcas of
microelectronic avionic systems development and
satellite communication terminals, both spaceborne
and earthbound.

The emergence of ITTFL as a major designer
and fabricator of avionic systems containing micro-
electronic circuitry was a significant achievement
during 1966. Threc technological arcas within the
division scored successes in microelectronics during
the year: Avionics, Communications and the Micro-
electronics Department.

The Avionics group was awarded a contract by
the Air Force for microelectronic Tacan airborne
navigation sets for the F-111 aircraft. The short-
range military Tacan set’s digital circuitry permits
a degree of accuracy herctofore unattainable. De-
velopment of microelectronic Loran C airborne
long-range navigation equipment was completed
during 1966. This equipment offers great advances
in reliability and size reduction.

Deliveries of Omega navigation receivers the
Avionics group is building under Navy contract
accelerated during 1966. Both airborne and ship-
board units were being fabricated for military eval-
uation as navigational aids for craft operating any-
where in the world’s oceans.

The ITTFL Microelectronics Department in
1966 began “chemofacturing” microelectronic in-
tegrated circuit boards and modules for navigation
and communication systems designed and devel-
oped by the Avionics and Communications groups.

The National Aeronautics and Space Administra-
tion in 1966 awarded the Microelectronics Depart-
ment a contract to study highly advanced methods
of packaging the tiny integrated circuits which col-
lectively perform myriad work functions in a micro-
electronic digital system. The Microelectronics De-
partment expected to be fabricating thousands of
microelectronic circuit boards per month in 1967
for ITTFL systems,

The 7 years of experience ITTFL spent in satel-
lite communication research and development and
system fabrication were rewarded in 1966 with the
granting of multi-million-dollar contracts for both
spaceborne and ground-based satellite communica-
tion equipment. Under a major contract for satel-
lite-borne equipment, ITTFI, was to design and
manufacture the communications, telemetry and
command equipment for the Communications
Satellite Corporation’s network of global commu-
nications satellites scheduled to be operating in
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more than 1.200 high-quality 2-wav voice communi-
cation channcls. or multichannel voice and televi-
sion service. Four ground terminals for satellite
communication were fabricated in 1966. One was
installed at Brewster Flat, Washington, to be op-
crated by CONMSAT in conjunction with the Intel-
sat IT satellite launched in the fall of 1966.

A similar Comsat terminal. also equipped with
an S3-foot-diameter antenna, was installed in Pau-
malu, Oahu, Hawaii. A third terminal with an
83-foot-diameter antenna will be installed bv ITTFL
near Madrid, Spain, for Compania Telefonica Na-
cional de Espana (CTNE), the national telephone
company of Spain. This terminal will be a satellite
communication gateway to Europe. operating in
conjunction with the satellite-borne communication
equipment ITTFL is building for Comsat’s 1968
Intclsat TIT global commercial communication net-
work. The fourth terminal is in effect 2 satellite
communication terminals in redundant configura-
tion, with 2 42-foot-diameter antennas.

Located on Grand Canary Island, the highly
reliable terminal was beine installed for CTNE
which will lease it to NASA to provide communica-
tion services during the Project Apollo mamned
lunar exploration mission,.

Federal Electric Corporation

In 1966, ITT’s Federal Electric Corporation start-
ed its 11th year as prime contractor for the opera-
tion and maintenance of the Distant Early Warning
System (DEWline), the Air Foree's 3.600-mile net-
work of radar and communications stations extend-
ing from Alaska to Greenland.

The DEWline consists of 6 main stations and 27
auxiliary stations situated roughly along the 69th
purallel from Cape Lisbourne, Alaska, to Cape
Dyer, Baffin Island, Northwest Territory, Canada,
and continuing across Greenland to its east coast.
Called a 20th-century electronic Paul Revere, the
DEWIline, manned by more than 1,000 Federal
Electric technicians, operates 24 hours a day., right
through the lopsided polar cvcle of seasons.”

Federal Electric Corporation held 3 major space
contracts with the National Aeronautics and Space
Administration.

As prime contractor at the Kennedy Space Center
for instrumentation support services, ITT's service
associate scrves NASA in the areas of environmental
measurements, repair and calibration of test instru-
ments, prototype tracking, data transmission and
data reduction, computer operations and program-
ming services. For the Gemini flights in 1966, Fed-
eral Electric relayed “Zulu” time to 150 NASA sites
at KSC and provided countdown to 80 locations.

Although primarily concerned with Project Apol-
lo, Federal Electric’s 1966 activities contributed
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significantly to the success of all Gemini flights
conducted during the year. First, FEC calibrated
most of the Gemini test equipment, thereby assur-
ing the smooth functioning of hundreds of delicate
instruments upon which the lives of the astronauts
depended. Secondly, Federal Electric provided
timing and countdown services for Gemini pre-
launch activities. Thirdly, FEC handled data re-
duction of thousands of bits of information tele-
metered from Gemini. information reporting on the
astronaut’s physical condition, fuel, oxygen and
other key measurements. Fourthly, FEC provided
computer programming services tor problems aris-
ing in the Gemini launch area.

At the Marshall Space Flight Center, Huntsville,
Alabama, Federal Electric is prime contractor for
reliability support services for the Saturn launch
vehicle program. ITT’s service associate reviews
and evaluates the center’s overall reliability pro-
grams of center contractors. It also develops relia-
bility management techniques for the center and
conducts advanced studies applied to portions of
the Saturn launch vehicle program. At the Marshall
Space Flight Center, FEC is also responsible for
mission support of the vehicle systems checkout
division in the Quality and Reliability Assurance
Laboratory.

At the Air Force Western Test Range, Federal
Electric is prime contractor for the operation,
maintenance and management of the range’s tech-
nical facilities. During 1966 more than 1,500 Fed-
eral Electric engineers and technicians performed
operational, managerial and support services. They
operated and maintained instrumentation facilities
at Vandenberg Air Force Base and Pillar Point,
California, as well as at Hawaii and Eniwetok in
the Marshall Islands. FEC specialists also manned
radar, optical and telemetry equipment aboard ten
ocean-going range ships operating out of Hawaii
and Port Hueneme, California.

Besides providing range safety and instrumenta-
tion data in the launch area, Federal Electric also
handles inflight and trajectory information and pro-
vides impact scoring, recovery data and data reduc-
tion on all missile and space shots launched from
the Western Test Range.

During 1966, ITT’s service associate was also
active at the Air Force Eastern Test Range. This
involved installing a submarine cable system from
Patrick Air Force Base, Florida, to Grand Turk
Island in the Bahamas. The system will be used
to support NASA and Air Force space and missile
programs on the range and will also serve as part
of the global network required for manned space
exploration.

On October 5, 1966, at Martina Franca, Italy,
Federal Electric Corporation turned over to the
United States Air Force the European Mediter-
ranean Tropospheric Scatter System, stretching from
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Spain through Italy and Greece to Turkey.

As prime contractor for implementing this highly
sophisticated communication system, Federal Elec-
tric Corporation performed such services as pro-
gram management, engineering, preparation of
equipment specifications, procurement and installa-
tion of equipment, routing of equipment from
Hampton Roads, Virginia, to the Mediterranean,
provisioning of operational and depot spare parts,
installation, checkout and alignment of all electronic
equipment, documentation of all operations and
final testing for USAF acceptance.

ITT Aerospace, Tube and Scientific
Apparatus Activities

ITT Aerospace, Tube and Scientific Apparatus
Activities, consisting of ITT Electron Tube Divi-
sion, ITTFL-Aerospace, ITTFL-Fort Wayne, ITT
Industrial Laboratories and ITT Industrial Products
Division, was organized to exploit more fully the
leading technical proficiencies inherent to each
company and to broaden business opportunities
through diversification and innovation.

In-depth marketing increased in such growth
areas as electro-optical devices, apparatus and sys-
tems; display apparatus, ordnance, power supplies
and systems; aerospace systems, and electronic
warfare.

To maintain a position of leadership in the intro-
duction of proprietary products, added emphasis
was placed on research and development efforts.
The federation provides new avenues for exchanges
of information and talents and the utilization of
research and development hardware.

Engineers and scientists at ITT Industrial Lab-
oratories developed nighttime cameras (the high
resolution infrared radiometer) for the NIMBUS
IT satellite, launched during the spring of 1966.
Also under development was another nighttime
picture-taking device for the future launching of
the NIMBUS B weather satellite.

Scientists and meteorologists around the world
are learning remarkable new facts from information
gathered by the ITTFL-developed infrared night-
time camera aboard NASA’s NIMBUS I (1964)
and II weather satellites, and presented as strip
maps extending from pole to pole. Previous picture
transmission from satellites had been limited to
daytime patch photography of sunlit portions of
the earth requiring considerable work to construct
a photographic mosaic to study a significant earth
area. On the basis of nighttime photos taken by the
ITTIL-built camera without the interference of
reflected sunlight, the U. S. Geological Survey
repositioned Mount Siple, a 10,000-foot-high moun-
tain in Antarctica, used by pilots as a navigational
aid. Its location, based on earlier charting expedi-
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tions, was found to be 45 miles too far east. Future
relief maps will show the corrected location.

The nation’s weathermen during 1966 conferred
their “Award for Outstanding Service to Meteorol-
ogy by a Corporation” on ITT Industrial L.abora-
tories in recognition of the usefulness of pictures
taken by the nighttime camera aboard the NIMBUS
L

The NIMBUS B project will also include a day-
time camera to be designed and developed by
ITTIL. Another daytime space camera was being
developed for NASA’s Applications Technology
Satellite (ATS).

KAISER AEROSPACE AND ELECTRONICS
CORPORATION

The business of Kaiser Aerospace & Electronics
Corporation continued during 1966 to consist pri-
marily of the production of solid fuel rocket motor
nozzles, machines aircraft structural components,
aircraft precision gears and gear assemb}ies,' the
airborne Kaiser Flite-Path (registered) navigational
aid and community antenna television (CATV)
equipment. )

The corporation had a backlog of orders totaling
$40,278,000 as of December 31, 1966, compared
with $29,100,000 at the end of 1965.

During 1966, more than 100,000 square fc.ae.t_ of
manufacturing space was added to existing facilities.
At San Leandro, California, a 16,200-square-foot
expansion increased the numerically controlled ma-
chining facilities to more than 56,000 square feet.
The San Leandro Plant, winner of the USAF Zero
Defects Achievement Award, is one of the nation’s
leading producers of nozzles for major military
missile programs.

In Phoenix, Arizona, a 38,475-square-foot addi-
tion expanded the company’s electronics manufac-
turing facilities.

At Palo Alto, California, a new 72,000-square-foot
electronics plant was dedicated in December. The
new plant continued the manufacturing of the
Kaiser Flite-Path system and the associated Kaiser
Radar Data Converter, both used by the Navy in
the Grumman A-6A aircraft. In addition, prototype
production was started on a new navigational aid
system for use in both military and civilian light
aircraft.

During the year, the corporation acquired the
Embe Gear Plant at Glendale, California. Precision
gears and hydraulic and electro-mechanical systems
were being manufactured for the aircraft and aero-
space industry at this plant.

Full ownership of Kaiser-Cox Corporation was
assumed at year-end (previous ownership was 50
percent), and the marketing by Kaiser-Cox of
CATV equipment produced by the corporation
continued. Kaiser Aerospace & Electronics is a



wholly-owned subsidiary of Kaiser Industries Cor-
poration.

KAMAN AIRCRAFT CORPORATION

The year 1966 marked a significant turning point
for Kaman. The company’s growth and diversifica-
tion program carried Kaman into new felds of
activity and the corporation’s backlog reached the
highest point in its 21-year history.

The most significant development during the
vear was retrofit and testing of a twin-engined
version of the SeaSprite Navy rescue helicopter,
designated UH-2C. The work was climaxed when
the Navy awarded Kaman a contract to start re-
building the Navy’s fleet of SeaSprites. Kaman was
to replace the single GE T58 turbine with twin
T58-8’s. This adds mission completion margin
through increase in the SeaSprite’s capability for
all-weather flight, engine reliability. hot day and
altitude performance.

Sales and activities of the helicopter, airframe,
component, and general aviation segments contin-
ued at record or near record levels. Kaman was
established in recreation, educational equipment,
nuclear research and applications, electronics, in-
strumentation, production automation, remote con-
trol systems, and other areas of scientific and tech-
nological interest.

Kaman-built helicopters in service continued their
record of outstanding service in rescue roles for
the U.S. Navy and Air Force, especially in Viet
Nam.

Kaman HH-43F Huskie helicopters are the rescue
workhorse in Viet Nam and they have been credited
with more than 250 saves since entering service
there in 1964. Navy UH-2A/B SeaSprites, flying
from carriers in the South China Sea with their
all-weather capability and long operating range,
made pickups of more than 150 aircrewmen.

In 1966, the company won major airframe com-
ponent production contracts from airframe manu-
facturers for tactical, strategic and commercial air-
craft. These included contracts from Douglas on
the DC-8 and DC-9, from Lockheed on the C-5A,
and from Grumman for the A-6A and OV-1A.

AirKaman, Inc., a wholly owned subsidiary, is
fixed-base operator and handles "sales and service
of Beechcraft and business jets at Bradley Inter-
national Airport, Windsor Locks, Connecticut. Air-
Kaman participated in the accelerated expansion
of aviation in the area and the general growth of
all facets of aviation which they serve.

Kaman Instruments in Austin, Texas, worked on
programs with NASA for a cardiac output computer
and a cardiac tachometer. The group was also
designing and manufacturing components for com-
munications and educational equipment.
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Work of Kaman’s Nuclear Division in Colorado
Springs, Colorado, emphasized studies on weapons
effectiveness, vulnerability studies and counter-
measures for the Department of Defense. In the
commercial field the Nuclear Division completed
the installation of the first production application
of scintillation analysis to food processing.

In seeking new avenues of opportunity for tech-
nological capability and business growth, Kaman
diversified into the recreation field with the estab-
lishment of a new division known as Ovation In-
struments. Ovation announced a line of acoustic
guitars and plans for a line of electric guitars,
amplifiers and other musical instruments and equip-
ment.

KOLLSMAN INSTRUMENT CORPORATION

Products of the Kollsman Instrument Corporation
received wide-spread customer acceptance during
1966. All divisions exhibited outstanding perform-
ance, with continuing growth in almost every area.

AVIONICS DIVISION

Increasing business and pleasure travel, and the
pressing requirements of national defense accounted
for a continuance of an upward trend. Instrument
business has multiplied in keeping with the influx
of military and commercial orders. Orders from
Boeing and Douglas exceeded those placed in
previous years, and the backlog for commercial air-
frame sales continued to grow. An important ac-
tivity in 1966 was the acceptance and the success of
the Air Data Computer (KS-200). The use of air
data computers, in pairs, contemplated for all ad-
vanced commercial aircraft, represents a significant
market. Kollsman’s early entry into this new gener-
ation air data computer market should assure the
company a very significant portion of the market
in the years ahead.

Similarly, the company’s support of military air-
craft increased. Contracts have been awarded for
additional C-141 vertical scale instruments. The
company received a military air data computer
contract, including altitude report capabilities, and
contracts for servo pneumatic altimeters, also asso-
ciated with the Beacon program. Within the next
few years all commercial and military aircraft will
have the altitude reporting capability and this
market, therefore, was of growing significance to
Kollsman.

SPACE DIVISION

During 1966 the Space Division was engaged in
many development programs of modest size. How-
ever, their potential is appreciable, and undoubtedly
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these programs will grow as have their predecessors.
These include a real image projection viewing sys-
tem to be used as a research tool, now under devel-
opment for the National Aeronautics and Space
Administration. This system evaluates the perform-
ance requirements for indirect-type viewing sys-
tems and their application in lifting body-type
re-entry vehicles. Also under development was an
infrared receiver and an integrated sighting tele-
scope for a mobile weapon missile system.

Extensive experience in the advanced optical
technology field led to participation in the Nimbus
meteorological satellite program. The company
developed the unique wide field lens system for the
dual purpose of establishing the exposure setting
on a satellite camera system and for protecting the
camera from excessive solar impingement. Kolls-
man also was engaged in designing and developing
a high-performance steerable optics system for use
in conjunction with a low light level TV camera
system to photograph the earth from an orbiting
satellite.

Successful acceptance of flyable systems associat-
ed with the Apollo program, the Goddard experi-
ment package, and star trackers for the Orbiting
Astronomical Observatory program reflected the
success of a long- and well-planned effort to develop
capabilities in this area. The Kollsman developed
hand-held space sextants, produced for NASA and
the USAF, were successfully flown on the Gemini
missions.

The space sextant was used during the flight of
the Gemini 12 to navigate to the Agena target
satellite, and achieved a successful rendezvous ap-
proach. Similar space sextants will be used in the
Apollo flights. .

One of the most significant and ambitious pro-
grams undertaken by Kollsman was the develop-
ment of a solid-state star tracker for full daylight
tracking. This permitted the development of small,
lightweight, high-accuracy star tracking systems for
space applications.

SYSTEMS MANAGEMENT DIVISION

Among achievements in 1966 was the acceptance
and delivery of additional USQ-28 mapping sys-
tems to the U.S. Air Force by the Systems Manage-
ment Division. These systems, installed in Boeing’s
RC-135A aircraft, completed a successful first phase
flight test program which produced extremely high
quality aerial photographs.

Work on GEOCON IV mapping camera lenses
developed by Kollsman progressed, and the com-
pany established capability for production of sophis-
ticated aerial mapping and reconnaissance lenses.
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CORPORATE TECHNOLOGY CENTER

The Corporate Technology Center was actively
engaged during 1966 in areas of rapidly changing
technologies and prepared the ground work for
future programs.

The Corporate Technology Center is engaged in
the exploration of new laser concepts involving
meteorology, simulation, communications, and
oceanography. The successful optical laser system
for underwater use led to several Navy contracts
on underwater TV systems and on a study to de-
velop air-to-underwater communications systems.
Kollsman’s patented laser weapon fire simulator to
aid in the training of tank gunners was being pro-
duced in quantity. The company also developed a
laser optical alignment system which has an ex-
tremely accurate long-range all-weather laser the-
odolite with an unprecedented capability in preci-
sion meteorology. New developments of a solid-
state air data computer and solid-state pressure
transducer will permit Kollsman to provide high-
performance reliable equipment that will be re-
quired in new generations of military and commer-
cial aircraft, including the supersonic transport.

The Delphic II data display system provided the
Columbia Broadcasting System with a unique pre-
sentation for telecasts of the entire Gemini series,
and plans were under way for even wider use in
the Apollo telecasts. In diversification beyond the
electro-mechanical display, Kollsman developed a
solid-state display device.” Several government con-
tracts, received in 1966, accelerated the develop-
ment of this new electro-optical display technique
that may revolutionize many military and commer-
cial graphic presentations.

CORPORATE ORDNANCE

An example of Kollsman research and develop-
ment effort was the establishment of a capability to
develop sophisticated fuzing systems incorporating
optics, gyros and computer techiiques which led
to significant program activity in ordnance fuzes
and safety and arming devices. This capability
grew significantly and led to the establishment of a
Corporate Ordnance Operations Group. This group
was successful in winning production contracts for
a variety of ordnance devices. During December
1966, Corporate Ordnance received contracts in
excess of $4,000,000 from the Navy and Army for
production of large quantities of fuzes and booster
assemblies. They are being manufactured at the
Tuner Division facility in Melrose Park, Illinois,
and at another plant in Bridgeport, Connecticut.

LEAR JET INDUSTRIES, INC.

A new name, further diversification of activities,

and continuing growth keynoted the year 1966 for
Lear Jet. :



By vear-end the company had grown to three
operating divisions—Aircraft, in Wichita, Kansas;
Avionics, in Grand Rapids. Michigan: and Stereo, in
Detroit, Michigan—and 2 subsidiaries—Brantly Heli-
copter Corporation, in Wichita; and Lear Jet Inter-
national, S.A.. in Geneva, Switzerland.

Corporate headquarters were established at Cen-
tury City. in Los Angeles, California, late in the
year. a move which enables each division and sub-
sidiary to retain autonomy of operations, responsi-
ble to a corporate staff at a separate location.

Concurrently, shareholders in  September ap-
proved a corporate name change from Lear Jet
Corporation to Lear Jet Industries, Inc., which more
accurately describes current and planned diversi-
fied programs of the company.

For its fiscal vear 1966, Lear Jet reported an
annual sales volume of $54,5349,000 compared with
$8,525.365 a year carlier. Net profit (after taxes)
in fiscal 1966 stood at $4,243,380. contrasted with a
loss in fiscal 1965.

AIRCRAFT DIVISION

The company retained its lead, established the
previous year, in deliveries of turbojet business
aircraft to corporate owners.

In March 1966, the Lear Jet Model 24 received
Federal Aviation Agency certification under Part
25 of air transport category regulations (formerly
CAR 4b). '

The Model 24 is a growth version of its prede-
cessor—the Lear Jet Model 23. of which more than
100 were produced and delivered. It includes all
basic features of the Model 23, and incorporates a
number of new standard items.

Gross weight was increased 500 pounds to 13,000
pounds, and pressurization differential boosted to
8.78 pounds per square inch, providing a 7,000 feet
cabin equivalent at the Model 24’s normal cruising
altitude of 41,000 feet. Standard equipment in-
cludes high-energy, anti-skid brakes, FAR-25 ap-
proved windshield, and a number of additional
items required for certification.

Between May 23 and May 26 a standard, produc-
tion Lear Jet Model 24 circled the globe in 50
hours and 20 minutes ﬂying time, dramatically
demonstrating the great speed, flexibility, utility,
and dependability of today’s modern new business
jet.

The aircraft, N427L], carried no extra fuel and
was equipped only with standard communications/
navigations aids. Throughout the entire trip the
Lear Jet was flown fully within its prescribed oper-
ational and weight limits.

Officially sanctioned by the National Aeronautic
Association and Federation Aeronautique Interna-
tionale, world governing authority on record flights
the 23,000-mile trip broke or set a total of 18 inter-
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national records, including the important around-
the-world mark. Total elapsed time, including 17
fuel stops, was 65 hours and 40 minutes.

By year-end, operators of Lear Jet Model 23/24
aircraft had flown approximately 100,000 total hours.
Based on an average speed of 500 miles-per-hour,
the 140 Lear Jets thus far delivered had covered
some 50,000,000 air miles.

Symbolic of this high utilization was an award
presented by the National Business Aircraft Asso-
ciation to Executive Jet Aviation, which operates
17 Lear Jets, for achieving more than 4,400,000
accident-free miles in a 12-month period. This by
far was the highest total of safe-flving miles of any
corporate owner in the world during the period.

The prolonged strike affecting 4 major airlines
in the summer of 1966 emphasized many advantages
of business jet operation. During the 43-day strike
period, Lear Jets flew some 10,000 hours, averaging
6-hour days, 7 days a week. Despite these unusual-
ly-heavy demands on aircraft and pilots, not one
incident was reported.

A new Lear Jet took to the air on its maiden
flight in August 1966—the Lear Jet Model 25 Trans-
porter. Seating 10 persons, the Model 25 is 4%2
feet longer than its sister ship, the Model 24. Sched-
uled for certification in the spring of 1967, the
Model 25 will have a gross takeoff weight of 15,000
pounds, and feature the same basic flight character-
istics as the Model 24.

Largest Lear Jet now under development, the
Lear Liner Model 40 airline-corporate aircraft,
offers seating for 40 passengers in its airline config-
uration, and up to 16 in a variety of seating arrange-
ments for the business aircraft market. A full-size
cabin/cockpit mockup was completed in September,
and hardware for the 95-foot long flying prototype
was begun later in the year.

AVIONICS DIVISION

Launched in January 1966, the Lear Jet Avionics
Division by year-end had grown to more than 150
employees producing some 15 different aircraft elec-
tronics products and systems.

All-new facilities totaling 50,000 square feet were
begun in 1966, with planned completion by the
spring of 1967.

In addition to producing electronics for the Lear
Jet line of aircraft, the Avionics Division markets
equipment to the general aviation industry, and late
in the year was awarded initial contracts from the
Navy for development of a new type airborne
vertical gyro system, and from SFENA in France
for manutacture in the U.S. of a 2-inch gyro horizon
attitude indicator for military applications.
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BRANTLY HELICOPTER CORPORATION

In May, Lear Jet entered the expanding VTOL
field with acquisition of the Brantly Helicopter
Corporation of Frederick, Oklahoma. Producing the
popular 2-place Brantly Model B2B unit, and the
new five-place Model 305, Brantly is recognized as
a leader in the rotary-wing industry.

In November, all Brantly operations were relo-
cated in Wichita to effect increased direct and in-
direct manufacturing efficiencies. Work continued
on future products, including single—and—twin-tur-
bine-powered helicopter models.

LEAR JET INTERNATIONAL, S. A.

To more effectively market the full spectrum of
Lear Jet products throughout Europe, the Scandi-
navian countries, North Africa, and the Middle
East, the company in 1966 established Lear Jet In-
ternational, S.A., with headquarters in Geneva,
Switzerland.

LEAR SIEGLER, INC.

In a major step to prepare the company for con-
tinued growth, LSI announced a new group vice
president concept during the year. As a result of
this realignment, 6 domestic product area groups
have been established: Avionics, Climate Control,
Commercial Electronics, Electronic Systems, Power
Equipment and Services group. Following the
merger of American Metal Products Company into
LSI, approved by the shareholders of both com-
panies on October 25, 1966, and completed in mid-
November, a seventh LSI group, called the In-
dustrial Products Group, was formed by 5 of the
company’s 6 major divisions and subsidiaries, The
sixth operating unit of A.M.P. was, by the nature of
its product line, assigned to the Power Equipment
Group.

With the completion of the merger, the combined
sales of LSI and A.M.P., based on pro forma results
for the companies’ year-end reports, totaled $343 -
834,000. The combination of the 2 companies not
only provides a wider diversification of product
lines, it gains a broader and more stable base in a
new commercial market. And, as a result, LSI’s
product mix will shift to approximately 66 percent
industrial/commercial/consumer and 84 percent
government, from respectively, 52 and 48 percent.

Earlier in the year LSI also extended its capabili-
ties in the aerospace industry with the acquisition
of the C. G. Hokanson Company, Inc., of Santa Ana,
California, and the Cimron Corporation of San
Diego. Hokanson, a leading manufacturer of air-
craft and missile systems ground support air condi-
tioning equipment, increases LSI’s capabilities par-
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ticularly in the ground support instrumentation and
control systems area. Cimron provides LSI with an
entry into important instrumentation market areas
with high-quality digital instruments and systems
for commercial aerospace application.

LSI AVIONICS GROUP

Astronics Division

Based on its experience and capability in the de-
velopment and production of All-Weather Landing
Systems, (AWLS), the Air Force awarded the di-
vision a contract to install an advanced AWLS in
a C-123 cargo aircraft. This program, in flight test
status during 1966, is designed to evaluate eq.u.ip-
ment requirements for aircraft making precision
cargo drops under limited weather conditions. In
a civilian AWLS related endeavor, the division was
selected by the Federal Aviation Agency to conduct
a 3-phase design, fabrication and flight test pro-
gram to equip a Convair 880 jet transI_)ort \v_xth du.al
redundant autopilot and AWLS. This project will
assist the agency in determining basic requirements
of future all-weather landing systems.

Additional production orders for the L'SI/.AVVLS
were also received during the year, bringing the
total number of systems sold to some 120. Fourt?en
European airlines operating SUD Caravelle jet-
liners had installed the system by year-end. .

Development of instrumentation anfl automatic
flight control equipment to meet 'requ1rements for
VTOL aircraft IFR operations was 1 progress at. the
division., Under a contract awarded by the Flight
Dynamics Laboratory of the USAF Systems Com-
mand’s Research Technology Division, the': Astronics
Division was to design, fabricate and'mstall the
integrated system in a government-furmshed CH-3
helicopter. The division will also support the lab
in the analysis of all operational problems of VTOL
flight under IFR conditions. ) '

During the year, add-on contracts received in-
cluded orders for automatic flight control systems
for the BQM-34A Firebee, jet powered target drone;
QH-50 drone helicopter, an antisubmarine warfare
craft; and the Navy’s new light attack aircraft, the
A-7, Corsair 1II.

Instrument Division

The largest of 1.ST’s aerospace divisions, the In-
strument Division, introduced a new family of at-
titude reference systems designed PAR, an acronym
of Precision Attitude Reference. These systems are
based on a building block concept that begins with
the basic gyroscopic platform, which is in itself a
complete self-contained reference, heading, naviga-
tion and bombing system. Acceptance of the PAR
system concept was evidenced by a contract to



provide attitude and heading reference systems for
the giant C-5A fan-jet transport.

Included in the new systems put into production
during the vear were a newly developed flight di-
rector system and airborne navigation computer
system. Two flight director systems, composed of
an improved LSI attitude-director indicator and a
flight director computer, are installed on the C-141
for use with the craft’s all-weather landing system.
The airborne navigation computer system, desig-
nated AN/AYA-4, is a digjtal system purchased by
the Coast Guard for air search and rescue work.
Utilizing doppler/gyro heading; Loran A, C, or D;
VORTAC; and a combination of true air speed,
wind direction and velocity, the LSI system pro-
vides accurate, instantaneous navigational data.

In the area of spacecraft applications, the In-
strument Division delivered its first production at-
titude indicator systems and rate integrating gyros
for the Lunar Module; won its first production con-
tract for electroluminescent, segmented numeric
displays for use on the Apollo; and an eleventh-
Power System Monitor-instrument was added to
the list of instruments supplied by LSI for the
Gemini program.

During the year LSI’s Laser Systems Center made
significant contributions to the rapidly changing
field of laser systems development. Based on suc-
cessful flights of LSI laser radar by University of
Michigan scientists in clear air turbulence experi-
ments last year, interest developed in a second-
generation unit. This newer PPI (Plan & Position
Indicating) laser radar will not only give a return
from aerosol particles, but will provide 2-dimen-
sional display of their distance and relative azimuth
positions to the radar operator.

Other programs at the Laser Systems Center pri-
marily related to aerospace applications included:
a cloud-height or ceiling indicator, combining a
laser transmitter and optical receiver as an optical
radar system; research on a high-power, CW gas-
type laser; and development of the LS-221 Optical
Source for use in stop-action photography in con-
nection with hyperballistic wind-tunnel studies.

ELECTRONICS SYSTEMS GROUP

Data and Controls Division

To provide more effective facilities for the di-
vision’s increased scope of operations, the Data and
Controls Division moved into new 85,000 square-
foot, air conditioned quarters in Melville, Long
Island, New York, in mid-March. The new building,
affording considerably more office and production
space, enables the division to combine its former
Lorég Island City and Bronx operations under one
roof.
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Typical of the aerospace-related work in progress
at the Data and Controls Division were 8 important
programs. First, in the field of power conditioning
equipment, the division was awarded a contract to
provide special power supply subsystems for the
Defense Department’s Automatic Digital Network
(AUTODIN) communications system. Secondly, on
the basis of its accomplishments in radar, the di-
vision was conducting a feasibility study of a new
digital technique for simultaneous, precision radar
range and velocity estimation for future radar sys-
tems. And, thirdly, work in military data processing
was typified by production of 5 ARCADE (Auto-
matic Radar Control and Data Equipment) sys-
tems which utilize L.SI 8800 data processors as
basic building blocks.

Research during the year at D & C contributed to
the improvement of the division’s highly specialized
power conditioners. The technique called ISOCOR
(Isolation of Correlated Noise) was developed to
provide effective and economical techniques for the
design of static power systems for intricate and wide
ranging power requirements.

Electronic Instrumentation Division

In addition to continuing instrumentation and
control systems programs, the Electronic Instru-
mentation Division reported notable achievements
in aerospace-related activities during the year.
Among these achievements was selection by the
USAF to provide a universal telemetry decommu-
tation station at Vandenberg Air Force Base for the
Western Test Range. The decommutation station
will be a stored program unit capable of handling
at very high rates, PCM (Pulse Code Modulation),
PAM (Pulse Amplitude Modulation) and PDM
(Pulse Digital Modulation) telemetry data. Re-
ceiving all normal telemetry codes and formats, the
station will decommutate the data, perform the pro-
grammed engineering function and provide an out-
put in a format compatible with most large data
processing systems.

Long a leader in the field of aerospace and
ground surveillance television systems, the division
completed development of a new TV camera which
successfully passed qualification testing for the
Saturn space launch vehicle. A major development
program in another important field was also com-
pleted during the year with the introduction of an
advanced line of signal conditioning equipment,
designed primarily for missile test programs.

C. G. Hokanson Division

The acquisition of the C. G. Hokanson Company,
Inc., manufacturer of ground support air condition-
ing equipment for commercial and military aircraft,
missiles and spacecraft, accomplished a further ex-
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pansion of LSI’s aerospace market. The new LSI
division was the first to design and construct a
mobile, high-pressure air-conditioner for military
aircraft,

A Hokanson mobile air conditioner played a vital
role in the history making success of the Surveyor
moon landing by keeping the temperature of the
spacecraft’s electronic equipment at optimum levels
during the long hours of checkout prior to lift off.

In the commercial aviation field, Hokanson mo-
bile air conditioners were being used by 35 of the
world’s leading airlines to maintain cabin comfort
for passengers during airport stopovers. Anticipat-
ing the requirements of future aircraft, the division
introduced the H-65, which in addition to having
enough capacity to cool and heat the extended jets,
offers accelerated pull-down for such transports as
the Douglas DC-S, Boeing 707, Convair 880 and
Super VC-10. This new ground support unit com-
bines 65 tons of refrigeration with heating to 120-
150 degrees Fahrenheit with surrounding air tem-
peratures as low as minus 20 degrees.

Cimron Division

Cimron Corporation introduced a new series of
digital voltmeters which were setting quality stand-
ards in the laboratory and instrumentation fields. In
addition, printed circuit board processing equip-
ment developed by the Cimron-directed Norfz}x
subsidiary of LSI advanced the state-of-the-art in
circuit board manufacture. This development,
called Hydro-Squeegee, is a machine employing
hydraulic action to level the solder coating and re-
move cxcess solder from printed circuit boards.

POWER EQUIPMENT GROUP
Aerospace Division

The Aerospace Division of LSI’'s Power Equip-
ment Group was providing the government market
with a broad range of power and power control
products, including generator systems and com-
ponents, motors, actuators and servos. In addition
to continuing production of these products for such
applications as the Boeing 727; the DASH drone
helicopter; DC-8; and UH-1 helicopters of the Army
and USAF, the division made significant technical
breakthroughs during the year.

Developed for application aboard Saturn V was
an engine gimbaling servo actuator capable of work-
ing over an extreme temperature range of minus
250 degrees to plus 200 degrees Fahrenheit. The
entire position system operates in a closed loop
with linearity of 0.5 percent or better over the full
temperature range. Integrnted microelectronic cir-
cuits and the highly controllable LSI magnetic par-
ticle clutch are incorporated in the unit. Also de-
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veloped during the year was a new and unique
high-speed hysteresis AC motor. capable of opera-
tion at up to 150,000 revolutions per minute with
torque independent of speed. With both direet and
indirect applications to the acrospace industry, this
motor, measuring approximately 4 by 5 inches,
weighs only 10 pounds.

Romee Division

Onc of the leading manufacturers of hvdraulic
and pneumatic systems and components for aireraft,
missiles and spacecraft, the Romee Division of LSI
recorded impressive achievements over the past
year. Highly successful rescarch and development
work at the division resulted in the development of
low-cost vane pump standards, utilizing ductile iron
in rotors and liners, Vega mold blades and pow-
dered metal bearings. A major cffort was in progress
to demonstrate the feasibility for incorporation of
these materials in jet engine lube/scavenge pumps.

Design and dcvclopment of a booster pump as-
sembly composed of a tank mounted receiver plus
2 plug-in type motor driven pump clements was
also among the many rescarch and development pro-
grams of the past ycar. Each element of this new
pump assembly can be removed and replaced with-
out draining the fucl tank, dismantling the system
plumbing or disconnecting any portion of the clec-
trical system wiring,

In addition to continuing production, ranging
from fuel pumps for the UI-1D helicopter, lube
and scavenge pumps for the J-85 engine, pressuriza-
tion sets for the HAWK missile, to test point cou-
pling for the Saturn S-1VC, the division received
contracts related to important future programs, in-
cluding AAFSS (Advanced Aerial Fire Support Sys-

tem) and the supersonic transport.

SERVICES GROUP

LSI Service Corporation

To more closely establish its relationship to the
parent company, the former Lear Siegler Service
Inc., a wholly-owned subsidiary, changed its name
to the LSI Service Corporation early in the year.
The subsidiary, which forms the LSI Services Group
composed of the Harrisburg, Oklahoma City and
Los Angeles divisions and Information Systems
Company, continued its rapid growth as onc of the
nation’s leading services organizations.

F(.)r the sixth consecutive year, the LSI subsidiary
received a contract from the Air Force for aircraft
and aerospace system maintenance at  bases
throughout the world. Similar aircraft services on a
world-wide basis were being conducted under a
contract from the Army. In additien to providing
substantial cost savings, the efficiency of this service



system results in numerous other advantages to
both armed services. The savings are accomplished
by taking skilled men to the operational site, rather
than the expensive process of moving the work to
the men.

Contract maintenance requirements also showed
substantial increase as a result of the phasing-out
of some government  depot-level operations. To
meet these growing demands. the subsidiary’s gen-
eral and clean room facilities were increased to ac-
commodate instrument overhaul work for the 3 De-
fense Department services and general aviation.

LING-TEMCO-VOUGHT. INC.

With the acquisition of the Okonite Company in
January from Kennecott Copper Corporation, Ling-
Temco-\"ought. Inc., expanded the number of in-
dependent subsidiaries in its corporate structure
from 3 to 4. 3 of which gained listing on the Ameri-
can Stock Exchange after the acquisition.

The stock of Okonite. an acknowledged leader in
the production and marketing of high-voltage power
and communications cub]o,%eg;m trading on the
exchange Julv 25 as did LTV Aerospace Corpora-
tion’s May 2 and LTV Elecctrosvstems. Inc.’s June
13. LTV Ling Altee, Inc.. stock is sold over the
counter and the parent corporation’s on the New
York Stock Exchange.

At the end of 1966, LTV had a total of 24.000
employees at the 4 subsidiaries and its research di-
visions, data processing and computer center, and
corporate headquarters. The company’s activities
extended from space to ocean depths' and ranged
from space vehicles, aircraft, missiles and land ve-
hicles to super-power transmitters, guidance and
control systems, display systems. power vibration
equipment, and high fidelity speaker svstems for the
home or concert and high voltage cable.

LTV Aerospace, the largest of the Dallas-based
aerospace/electronics company’s subsidiaries, was
prominent in the news during 1966. Its Vought
Aeronautics Division made first deliveries of the
A-T light attack bomber to the Navy in October,
and the division’s XC-142A tri-service V/STOL
transport, the world’s largest, set 2 world records
for that type aircraft: the longest nonstop flight
ever, 3 hours and 43 minutes, and an endurance
record, 1,080 miles, on the same flight October 7.
Aeronautics won contracts to produce the complete
tail section of the Boeing 747 jet airliner and mod-
ernize and remanufacture the Crusader fighter air-
craft being used in Viet Nam. It also was named
body structure subcontractor on the U.S. super-
sonic transport Boeing was competing to build.

In the space field, the 4-stage Scout, developed
by the Astronautics Division of LTV Aerospace for
a variety of NASA and military service tasks, ran its
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record to 21 consecutive launching successes
through October of 1966. The booster was sched-
uled for the second San Marco Project launch by
Italy early in 1967 and was used in British and
French experiments.

The Astronautics Division’s Astronaut Maneuver-
ing Unit, a self-propelled, stabilized back pack unit
designed to permit an astronaut in a pressure suit
to operate like a 1-man space vehicle for assembling
and servicing spacecraft in orbit, transferring from
vehicle to vehicle and other useful tasks, originally
was scheduled for use in Gemini 9 in June, but the
extravehicular portion of the flight was cancelled
when Astronaut Eugene Cernan’s helmet visor
fogged up and impaired his vision. One of a family
of extravehicular space vehicles under study by the
division, the fully qualified and man-rated AMU,
was being considered for use in the Apollo program.

Huge fuel and oxidizer containers for the mas-
sive Saturn rocket continued to be fabricated by
Astronautics. Nine of these containers, each more
than 62 feet long, provide 850,000 pounds of fuel
for Saturn’s first stage engines.

Another LTV Aerospace division, Range Systems,
provided engineering, management and technical
services at widely dispersed sites from Vandenberg
AFB in California to NASA’s Kennedy Space Cen-
ter in Florida. This included technical documenta-
tion, graphics, automatic data processing, printing
and photography at KSC by approximately 1,000
employees and a computing facility at Michoud
Assembly Facility, New Orleans, to support pro-
duction, assembly and testing of Uprated Saturn I
and Saturn V launch vehicles. The Division also was
modifying two Navy VC-2 range instrumentation
ships to perform re-entry tracking, control and com-
munications as command centers to assist returning
Apollo command spacecraft from the moon. The
$22,000,000 contract called for designing, installing,
testing and checkout of the electronic equipment
and the ships’ sea trials.

Kentron Hawaii, Ltd., an LTV Aerospace sub-
sidiary, earned a $11,500,000 contract in June from
the Navy to maintain and operate the Pacific Mis-
sile Range stations: PMR Communications Center,
Marine Corps Air Station, Kaneohe, Oahu; the
PMR facilities at Barking Sands, Kauai; and the
instrumentation complexes on the islands of John-
son, Midway and Wake, plus the USNS Wheeling
system. Kentron also carried on during 1966, under
other contracts, the operation and maintenance of
the Gemini Tracking Station at Kokee Park, Kauai,
for NASA; the Nike-X work on Kwajalein, and the
Range Development function at Huntsville, Ala-
bama, for the Army Materiel Command.

The Michigan Division of LTV Aerospace, prime
contractor for the Army’s Lance battlefield missile,
received a $10,700,000 add-on contract for the mis-
sile system’s industrial services program and con-
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A larger, faster air cargo/personnel airlifter, the first support svstem cfforts and opening the door to
C-141 StarLifter, entered daily service between expansion of its rotary wing family.,
bases in the United States and Viet Nam. This 550- The Air Force selected Lockheed as one of three
mile-an-hour jet transport has set new records for companics to receive $300.000 study contracts for
the Military Airlift Command, hauling tons of vital the FX advanced fighter with improved air-to-air
equipment and supplies and thousands of troops to and air-to-ground capabilitics to be introduced in
Viet Nam from both the West and East Coasts. 1972. A vertical takeoff fighter for U.S. and German
Converted quickly in Viet Nam to an acromedical use was also studied.
evacuation configuration, they brought the wounded Tactical Air Command F-104 Starfighters again
home from Southeast Asia to California in less than saw service in Viet Nam to help meet increased
a day’s time. Approximately 150 StarLifters were activity by Communist MIG fighters. The Air Force
flying throughout the world with the Military Air- began evaluating a Lockheed proposal for produc-
litt Command. Starlifter production in 1966 ing quantitics of an advanced Starfighter. Two F-
reached the rate of 9 per month. 10+’s were modified to serve as flight test prototypes

A major step toward increasing Lockheed’s busi- of the new F-104S interceptor version. Ttalian firms
ness in the commercial airfreighter field was the will build 165 of these under license. This new F-
establishment in 1966 of a full-scale commercial air- 104S weapon system has a higher thrust engine than
craft sales organization and the launching of a carlier F-104s and is cquipped with the Sparrow
global marketing campaign for the company’s air-to-air missile. Demonstrations continued in Ger-
family of commercial airfreighters: the Lockheed- many of catapulted and rocket boosted launches of
100, Lockheed-200 and the Lockheed-500; the pro- F-104G’s.
posed commercial version of the C-5. New Zealand’s Roval Air Force received its 5

The company-owned Hercules completed Euro- P-3B Orion antisubmarine patrol planes, capable
pean, African, Asian, and Latin American tours of missions up to 17 hours. The P-3B’s, with more
during 1966. Commercial Hercules began hauling power in their engines than original Orions and
heavy oil rigs and mining equipment in Alaska and equipped with Bullpup missiles, were also being
Canada with Alaska Air Lines, and moving copper delivered to the U.S. Navy. Lockheed’s sccond
daily for export and bringing back petroleum and export customer, Australia, forwarded to the U.S.
other vital supplies to landlocked Zambia in the Navy its letter of acceptance for purchase of 10
service of Zambian Air Cargoes, Ltd. The successful P-3B’s. Lockheed began preproduction engineering
operation of these first commercial Hercules in work on the even more advanced P-3C Orion. And
Zambia resulted in the purchase of 3 additional Lockheed was 1 of 8 companies that completed
Hercules by the Republic of Zambia. Pacific West- study designs for a new Navy carrier-based anti-
ern Airlines of Canada also ordered a Hercules,

, . ¢ submarine warfare planc. )
Lockheed’s demonstration StarLifter commercial Deliveries of SR-71 strategic reconnaissance
airfreighter in September completed a 29,000 mile planes to the Strategic Air Command continued.
flight around the world to show its capabilities to Lockheed carried on flight tests of its companion
government agencies, shippers, and industries, 2,000-mile-an-hour YF-12A interceptor and worked
Production rate on Lockheed’s JetStar executive 0;n improvements for its fire control and missile
transport continued at approximately one and a system1 l
half a month. Deliveries and orders for JetStars Und‘er the fourth in a series of contracts with the
p.assed the 100 mark. Work on the new Dash § ver- National Aeronautics and Space Administration,
sion was on schedule, aiming toward certification in Lockheed-California studied the feasibility of a
May 1967. The new JetStar will feature more power- step-by-step a )roLaCh to developing a reusable
tul Pratt & Whitney Airc_raft engines, an improved orbital passené)(}r transport making maximum use
Zgg(égigfstcim and a dispatch weight increase to of existing hardware. And under its third Air Force
=5 unds. o contract on the acrodynamic maneuvering re-entr
Lockheed-California in 1966 began development vehicle, Lockheed deZeloped a preliminagry desigl};

(1);1 an $86,000,0QO Army program to build and test for an unmanned rescarch vehicle having extensive
) prototype helicopters of its Advanced Aerial Fire maneuvering capability

Sl}ﬁp()rt Syst‘cm. The primary role Qf the aircraft In space work, Lockheed’s versatile Agena set a
will be to escort troop-carrying helicopters in air series of milestones in 1966

?1112})]1'11(;1(122?22?; aﬁd E}rovglc ,Siplfreiswe ﬁr.CS in Agena performed its docking role with Gemini 8
he la dgj nes. Lockheed pickec 62 ﬁlms' in 10 in March with the world’s first joining of two ve-
.staltcs and Canadu as initial subcontractors in de- hicles in space. After separation, the Agena re-
s . . . e . . . : ; ! SPe 3 ale >

\cIopmg t}tllls }i“]g(}ll splccf;l FOI_ﬂpOund helicopter. mained in orbit for further docking and rendezvous

Y v e t 29 R e R 21 3 3 : .

. nk}]uni’ 1\eI lc 101;1 ;i/mtlon Agc'nc.y certificated exercises with Gemini 10. Another Agena launched
Fole 1.(,6‘( s Mode 286 ve—p]ncsz rigid rotor hc.h— July 18 was the second vehicle in these Gemini 10
copter, supporting the company’s advanced aerial mancuvers. An Agena spacecraft also joined the
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Gemini 1 astronauts in space, boosting their Gemini
spacceraft to a new orbital altitude record of 830
statute miles. and returning them to a lower orbit.

Other Agena uses included:

Providing the sccond stage booster for NASA’s
Orbiting Astronomical Observatory and placing the
3.900-pound pavload in near perfect orbit.

Launching NASA's Orbiting  Geophvsical Lab-
orvatory into clliptical orbit.

Launching Pageos. beginning the geodetic satel-
lite program to establish a elobal network of 69
spherical triangles obtained bv observations from
ground stations. .

Helping orbit the Nimbus 2 weather satellite.

Providing the second stage booster for the Lunar
Orbiter on its wav to orbit the moon.

Lockheed Missiles & Space Company won 1 of 3
NASA contracts for study of an nppli'cations tech-
nologv satellite program to flight test spacecraft for
commumicitions and mcteombgv and to perform
other scientific experiments. And the company
stzn‘tcd a _\'vur-]()ng NASA study to provide basic
data for lunar explorations and equipment in the
1970%s.

Lockheed was selected by NASA in Mav as 1 of 2
firms tg) conduct $1,200.000 studies of the integra-
tion of Apollo applications program experiments
and equipment needed for a series of manned space
missions. Tho'\' would use technology and equip-
ment developed for the Apollo lunar’ landing pro-
gram.

Lock.hvcd also signed contracts with the Junkers
firm of Germany 1o participate in developing a
satellite to be launched in 1968 by the European
Space Rescarch Organization, 1'cprc:s‘cnting German,
Belgian, French, and British companies.

In other arcas, Lockheed entered the final round
of competition for the Navy’s fast deployment
logistic (FDL) ship svstem. Two other competitors
were awarded identical $5,300.000 contracts to de-
velop final proposals which were to be evaluated
fOI'_ an award decision in June 1967. Lockheed Ship-
building and Construction Company’s FDL team
included Gibbs & Cox. leading marine architectural
ﬁr.m, and Bechtel Corp()rutioﬁ, a prominent indus-
trial Cngincering and construction organization.

The Navy in April selected Lockheed Missiles &
Space Company to design and construct the Navy’s
first submarine personna rescue vehicle. Construce-
tion will mark the first phase of development of an
operational submarine locating, escape. and rescue
system. The vehicle will be able to operate for 12
hours at 3 knot speeds 3,000 feet below the ocean’s
surface. A specific operational requirement is a 24-
hour response time to a submarine disaster any-
where in the world, The vehicle will be 44 feet
long, 8 feet in dianmeter, and weigh npproximutcly
50,000 pounds. This size and \\fc*fgllt permit it to
be carried, full_v assembled, in a C-141 StarLifter
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transport. Information learned from construction of
the prototvpe—expected to be completed by early
1968—will be used in building five additional rescue
vehicles.

Lockheed’s own research submarine Deep Quest.
as a result of highly successful pressure hull tests.
will be able to reach depths of 8.000 feet instead
of the previously announced 6.000. Deep Quest was
scheduled to go into the waters off San Diego earlv
in 1967.

Lockheed received a Navy contract for a Polaris
improvement program called Antelope that repre-
sented a  significant increase in sales. England
launched the first of 4 nuclear submarines designed
to fire Polaris missiles.

Work on Poseidon, being developed as successor
to the Polaris undenwater launched ballistic missile,
was steadily under way. In September initial de-
velopment tests on Poseidon missile components
were successfully completed.

Lockheed Propulsion Company completed a
series of Air Force test firings of full scale, 3-pulse
solid propellant rocket motors, subjected to alter-
nate minus 75 degree cold and 200 degree heat and
215 davs of vibration. The tests simulated the en-
vironment for an air launched missile.

Other significant 1966 accomplishments included:

Delivery to the Navy of the first of 3 guided mis-
sile destroyer escorts, the USS Brooke.

Establishment of an organization to extend Lock-
heed’s work in designing and developing limited
warfare tactical missile systems. Candidates for this
new Lockheed product line include an antitank
weapon, antiradar and other air to surface missiles,
and non-nuclear warhead systems that would per-
mit existing strategic deterrent missiles to take up
a tactical warfare role.

Delivery to the Navy of computer-controlled
training systems which can simulate the actions of
an entire antisubmarine warfare task force. The
trainers are key elements in the Navy’s modern
tactical training facilities in Norfolk, Virginia, and
San Diego, California.

Development of a world-wide communications
system which uses the moon as a relay for ship-to-
shore messages. The system is called Moon Bounce,
and it beams teletyped messages from ships at sea
to the moon from which they bounce back to short-
based ground stations.

Initial development of an advanced, multi-func-
tion helicopter radar system which will give mili-
tary and commercial helicopters an  all-weather
capability.

Development of a radar system for antiaircraft
guns mounted on Army tracked vehicles.

Discovery of a long-life water repellent coating
which won for 2 Lockheed-Georgia Research Lab-
oratory scientists an award by Industrial Research






Marquardt’s Scramjet engine (supersonic com-
bustion ramjet) was being “cold” launched at
Vandenberg AFB to check out aerodynamic sta-
bility and verify separation of booster and vehicle
at required altitude and speed. Scramjet ground
testing was continuing at the Marquardt Jet Lab-
oratory in Van Nuys, California. The company was
also conducting investigations of “non-hvdrogen”
fuels for Scramjet, as well as research and develop-
ment of a number of promising new engine con-
cepts, including composite ramjet-rocket combina-
tions.

On LASRM, an integral ramjet-rocket concept
being tested at Holloman AFB, the’initial phase of
flight testing with a prototype vehicle was com-
pleted, using an F-100 aircraft.

Marquardt’s manufacturing division at Ogden,
Utah, acquired a number of significant component
and subassembly contracts during 1966 which have
expanded the company’s production activities.
Among the new work was a major government con-
tract for the production of nozzle and fin assemblies
for the 2.75-inch air-to-ground rocket. Marquardt-
Ogden was also producing engine stator blades for
the Air Force C-5A program, fuse adapters for the
Army’s T-46 bomb, and other components and sub-
assemblies for a number of major defense and space
programs.

Additionally, at Ogden, the Air Force-Marquardt
Jet Laboratory was undergoing a major expansion
to accommodate advanced propulsion systems test-
ing. The new test operation, known as Hypersonic
Propulsion Applied Research Facility (HPARF),
will be a national facility with a capability for
propulsion systems tested beyond Mach 9.5 and
180,000 feet.

In the area of aerospace equipment, Marquardt
augmented its aircraft accessory lines with the
acquisition of the complete ram air turbine and
ice detector product lines from the Allison Division
of General Motors Corporation. More than 15 con-
figurations of ram air turbines were added to Mar-
quardt’s lines. These units are used to provide
emergency and auxiliary electrical and hydraulic
power to various military and commercial aircraft.
The Allison ice detection device is a pressure probe
whi.ch is used to sense icing conditions in aircraft
engines.

In advanced research, Marquardt was engaged in
propulsion, rocketry, re-entry physics, fuels and ma-
terials, and facilities programs through its ASTRO
Division operations at Van Nuys, and through its
subsidiary, General Applied Science Laboratories,
Inc., in New York. In addition to advanced hyper-
sonic propulsion studies for Scramjet and other
composite propulsion systems concepts, the com-
pany was conducting a study for the Air Force
aimed at the development of large scale, low cost
test facilities for advanced airbreathing engines.
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The objective is to develop a test facility for air-
breathing engines in the Mach 6 to 12 regime.

The company’s research operations were also en-
gaged in preliminary research for the Air Force on
a solid-state associative memory concept. The effort
was based on a follow-on to the feasibility of using
electro-optical elements for the implementation of
an electronic memory device which can perform
multiple arithmetical operations simultaneously by
associative techniques. Marquardt was providing
systems design studies, materials research and fab-
rication processes development.

At GASL, Marquardt’s New York subsidiary, a
new relay-operated sampling oscilloscope, which
features fully automatic programming, was intro-
duced. The subsidiary also expanded the capabili-
ties of its Mark II Transient Measurement System
with the addition of a variable time span and auto-
matic gain control.

At year-end 1966, Marquardt employed approxi-
mately 2,500 personnel. The company was maintain-
ing operations at Van Nuys and Pomona, California;
Ogden, Utah; and Westbury, New York; and district
offices in Washington, D.C.; Dayton, Ohio; Hous-
ton, Texas; and Tarzana, California.

MARTIN COMPANY
BALTIMORE DIVISION

At Baltimore the year 1966 marked the close of
Gemini, the most spectacularly successful space
program in history, and the start of one of the
most promising and exciting—maneuverable lifting
re-entry vehicles.

The flights of Gemini-Titan 8 on March 16, GT-9
on June 3, GT-10 on July 18, GT-11 on September
12, and GT-12 on November 11 were 100 percent
successful as were the five previous manned flights
in 1965. The launch vehicle, built in Baltimore, not
only performed flawlessly on every flight, but its
reliability in checkout and countdown enabled the
Gemini program to accomplish 10 manned flights
with 20 astronauts in orbit in the remarkably short
span of 21 months.

This success brought the company a share of the
honors when the 1966 Robert Goddard Award and
the 1966 Collier Trophy were presented to the
Gemini team.

By year-end, the Gemini work force had shifted
to the Baltimore Division’s other major programs
which included maneuverable lifting re-entry ve-
hicles, aircraft, nuclear, and a variety of other aero-
space manufacturing programs.

The first flight vehicle tor the Air Force’s PRIME
(SV-5D) lifting body program was delivered to
Vandenberg Air Force Base in November with
flight across the Pacific Missile Range scheduled for
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approximately the turn of the year. This 7-by-4 foot
dolphin-shaped spacecraft was the first of 4 such
vehicles which during 1967 was scheduled to dem-
onstrate their ability to maneuver at hypersonic
speeds from orbit through re-entry to a “precision
recovery point.

The PRIME vehicles, developed for the Air Force
Systems Command’s Space Systems Division, are
entirely covered with a Martin-developed ablative
material and equipped with jet thrusters for ma-
neuvering in space and convential flaps for atmos-
pheric maneuvering, Launched atop Atlas rockets
to an altitude of about 100 miles, the PRIME ve-
hicles fly a re-entry course of nearly 5,000 miles at
speeds ranging from 17,000 miles per hour to about
1,600 miles per hour (Mach 2) at 100,000 feet
where a drogue chute is deployed. This slows the
spacecraft’s speed sufficiently to release the main
chute and an aerial recovery is made at a precise
location. This precision recovery after a maneuver-
able re-entry gives the system its name of PRIME,
an acronym for Precision Recovery Including Ma-
neuvering Entry.

The remainder of the flight profile from Mach 2
speed at 100,000 feet will be flown by PRIME’s
companion vehicle known as PILOT (SV-5P).
This full-scale manned version of the SV-5 lifting
body shape also was being built by Martin for the
Air Force under contract to the Aeronautical Sys-
tems Command at Wright-Patterson Air Force Base.
PILOT, an acronym for Plloted LOwspeed :I’est,
is actually a supersonic airplane with a rocket in its
tail and no wings. Dolphin-shaped like the smaller
PRIME vehicle, PILOT measures 24 feet in length
and is 10 feet across its tail fins. It will be dropped
from the wing of a B-52 at an altitude of 45,000 feet,
where it will rocket to an altitude of 100,000 feet
and a speed of Mach 2. From that point, it will fly
a maneuvering course to a precision landing at con-
ventional airplane landing speeds.

In addition to the 1 rocket plane being built un-
der Air Force contract, Martin was building 2
identical lifting body vehicles with jet engines (SV-
5]) for use as flying trainers.

Other lifting body programs involved a study for
NASA to determine the cost, crew size and com-
plexity of a flight research program using NASA’s
HL-10 lifting body configuration. The study con-
siders whether such a research vehicle should carry
1, 2, 4, 6 or 8 crew members and whether it should
be launched on a Titan II, Titan III or Saturn
rocket.

Under still another NASA contract, and as an out-
growth of Martin materials development, the com-
pany has developed a silicone ablative heat shield
material which can be sprayed on a flight vehicle.
Martin also contracted for flight test of the material
on the X-15, portions of which were coated with
the spray-on ablator.
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Aircraft programs focused on research and design
effort inthe area of close support and small cargo
V/STOL aircraft, modification of existing aircraft,
and extensive aircraft manufacturing under sub-
contract to other firms.

One contract having considerable significance to
the division’s lifting body work called for the modi-
fication of 2 F-106 fighters to Variable Stability
Trainers (VST). Transformation of these aircraft
includes installation of flight controls and an on-
board computer which enable the plane to perform
like a number of other aircraft, including the F-111,
X-15, and lifting body craft like the SV-5 PILOT.
The trainers, being modified for the Air Force Aero-
space Research Pilot School at Edwards Air Force
Base, will simulate in flight an entire stable of dif-
ferent aircraft while actually involving only 2
planes.

Aircraft manufacturing work included production
of major assemblies of the UH-1 “Huey” helicopter
for Bell Helicopter Company, the CH-47A Chinook
for Boeing Vertol, and horizontal stabilizers for the
Douglas DC-8 jet transports.

Nuclear activity in Baltimore saw introduction in
1966 of the first privately developed nuclear genera-
tor for commercial marketing. Called the LCG-25
(Low Cost Generator-25 watts), the 3,000-pound
device, which resembles a farmyard pig, is guar-
anteed to produce 25 watts of electrical power for
5 years. Ideal for remote applications where power
is scarce or manning difficult, the nucl.ear pig
comes in land and undersea models at prices rang-
ing up to $63,230. The Naval Electronics Laboratory
purchased a generator to power oceanograph.ic
measuring equipment on lonely Fairway Rock in
the Bering Strait, off Alaska.

The year also saw completion of construction of
the world’s first and only floating nuclear power
station, the MH-1A reactor mounted in a jumboized
liberty ship. At year’s end, the MH-1A, berthed at
Ft. Belvoir, Virginia, was undergoing final testing
prior to turnover to the Army Corps of Engineers.
Capable of producing 10,000,000 watts of electricity
to disaster areas or in wartime situations, the MH-
1A could provide electricity for a city of 20,000
people.

Work also began on SNAP-29, the newest and
most powerful space nuclear generator yet de-
signed. Under contract to the AEC, Martin will
build the SNAP-29 system to provide 500 watts of
electrical power for manned and unmanned space
requirements of both NASA and DOD. The system
is nearly 10 times more powerful than existing space
generators. It is powered by polonium-210.

Delivery also was made of the first pair of SNAP-
19 generators for ground testing on the Nimbus-B

;\é%i{ther satellite which NASA planned to fly in
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Sprint will be 1 of 2 interceptor missiles used in the
Nike-X system. The other is the long-range Zeus.
Both are designed to kill not only ICBM warheads,
but also those of submarine launched intermediate
range ballistics missiles. Sprint will significantly in-
crease the capabilities of the Nike-X system by
broadening its range of operation. Intercepts will be
possible not only at long ranges but also at relatively
short ones. In addition, through use of Sprint and
new radars, the Nike-X system will be able to en-
gage numerous targets simultaneously.

In March 1966, Martin Company was selected by
the Army as a second production source for Shil-
lelagh antitank guided missiles. The $1,525,506 con-
tract won by the company was for the establishment
of Shillelagh production facilities and for a number
of missiles to qualify the facilities for large-scale
production. Shillelagh is a gun-launched guided
missile system. It is planned as the main armament
for the General Sheridan Armored Reconnaissance
Airborne Assault Vehicle, some of the M-60 current
Main Battle Tanks, and the U.S.-FRG Main Battle
Tank for the 19707,

The Shillelagh 152 millimeter gun launcher can
fire either a missile or a conventional round of am-
munition. The missile is guided to its target by a
command system mounted on the vehicle and is
capable of maneuvering in flight to hit a moving
target. Used for front-line attack and infantry sup-
port, Shillelagh will give soldiers increased fire-
power against armor, troops, and field fortifications.

Martin continued development of an advanced
battlefield communications system that combines
the ease of dial telephone-type operation with the
mobility of a vehicular radio, Called RADA, the
system would handle voice, teletype, facsimile, and
data transmission and reception within an Arm
combat division without the use of heavy, fixed
switching centers or vulnerable cabling. ’

_The second ‘phase of the contract, under way at
mid-year, entails the design, fabrication, and testin
of p.reh.minary “breadboard” circuits to establish the
fe351b111ty .of combining first phase solutions into
practical circuits.

All the capabilities of wired dial
tems, and more, are planned as inte
tem. RADA would provide for
among selected subscribers, conference calls, and
area warning. Further, it would afford complete
privacy of communication between sender and re-
ceiver. It is designed to be extremely portable and
adaptable to all military vehicles. RADA would
operate on either vehicular or internal battery
power.

RADA is a radio system in which simultaneous
transmissions can occur within a common frequency
band without mutual interference. This is because
the form of the transmission is such that it can be
directed exclusively to the receiver to whom it is

telephone sys-
gral to the sys-
priority service
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addressed. It uses pulse position modulation within
its assigned frequency band.

The subscriber set has the features of a portable
touch-tone telephone. This equipment automatically
selects an available frequency within the allotted
band and broadcasts the address of the called party.

If connection cannot be made because of the
range of propagation phenomena, the user sct auto-
matically shifts to another frequency band and calls
a repeater unit to extend the search for the called
party. The process can be repeated through scvcxl'al
repeaters until the search has covered the entire
division area. Computer techniques cnable this
process to be carried out on a matter of .seconds.
Similar random access techniques arc bemg pro-
posed to provide the answers .to communication
problems for other military services.

Research and development to advance the state
of the art in electronic air defense continued at the
Orlando Division. _ o

Martin developed and produced this naFlon s ﬁ1:st
electronic fire distribution system for guided mis-
siles—the Missile Master—installing 10 of them at
major U.S. metropolitan centers. Before .the .last
Missile Master was in place, a smaller tra.nslstorlzed
system performing many of the same display, sur-
veillance and data exchange functions was already
on the drawing board. The first of these new sys-
tems, called BIRDIE (Battery Integratlc.)n and
Radar Display Equipment) was installed in 19?‘1
at Turner Air Force Base, near Albany, G-eorgm,
Nineteen were produced, including a traml.ngB;ys—
tem for the Army Air Defense School at Fort Bliss,

as. ]

Tej{s air defense technology and .pE}Ckagmg tech-
niques become increasingly Sophls.tlcétféd: 5(}1’5Fem
modifications were engineered and intro ucek into
both BIRDIE and Missile Master. This work con-
i h 1966. i
tlngfglg};lr*]o;%ocesses and distribgtes target {)nforrr?a-
tion about manned aircraft to guide m.lssﬂe. atteries
and coordinates Nike Hercules and Nike Ajax ('an.il,
with modifications, the Jow-altitude Ha\x{k).mlsm e
fire. It can be operated indepéndently n 1tts OWI?
area or as part of an over-all air defense1 network.
Efficiency of BIRDIE is und.erscored W ]%HIRC]%HE
pared statistically with Missile Mag;er.ercent lelss
occupies 97 percent less space, usesf p SN,
power, and requires 80 percent tewer op g

ersonnel. )
i Martin Company in January, 1966, ?egelved}a
$12,000,000 production contracf. 'tO pro Lcllce ch;e
Navy-developed Walleye telev151on-gulde' 1g1'§
bomb for use on Navy and Air Force tactica air-
craft. Another $11,200,000 contract was awarded in
July for first year follow-on productlon. Work was
being performed at Orlando.

Walleye is a highly-accurate, 1,100-pou_nd weapon
with no propulsion.” It has a high explosive conven-



tional warhead and provides the pilot with a
“launch and lcave” capability, since once the self-
guidance system in the weapon locks on target, the
pilot can launch it and take anyv necessary evasive
action. A ram-air turbine provides the electric and
hydraulic power necessary to operate the guidance
control svstem. A television monitor in the cockpit
permits the pilot to lock the weapon on target.
The Bullpup air-to-surface missile, developed and
produced by Martin Company, was operational
with Navv, Marine, and Air Force squadrons
throughout the world. Three versions of Bullpup
were designed and built at Orlando: A, B. and
Nuclear Bullpup. Martin’s 1966 Bullpup effort was
centered on development and production of ground
handling equipment, aircraft-installed equipment,
acrospace ground cquipment, and trainers.

DENVER DIVISION

A broad variety of activities, ranging from a pair
of historic space flights by Martin Company-built
space boosters to facility 'expnnsion and increased
spacecraft and space systems research, highlighted
operations at Denver during 1966.

On June 16, the Titan 1II-C Standard Space
Launch Vehicle with its dual solid-propellant boost-
er motors generating 2,400,000 pounds of thrust,
carried 8 satellites into a 21,000-mile, near-synchron-
ous earth orbit. The satellites were the \"zmguard
of a worldwide military communication network.
The flight marked the heaviest payload ever carried
into the synchronous corridor, and tied the record
for the number of satellites carried to any altitude
by a single rocket.

The flight was followed on July 29 by the success-
ful maiden launching of Titan III-B, newest mem-
ber of the Titan family of space boosters. The
vehicle employs the first 2 stages of the Titan main
vehicle, with man-rating systems omitted, and will
accommodate a variety of upper stages, including
Agena, Transtage, Centaur, and other high energy
upper stages.

Martin Company at Denver, systems integrating
contractor for the Titan III Standard Space Launch
System program, builds the main vehicle airframe
and the Transtage spacecraft upper stage. The com-
pany also is systems integrating contractor for Titan
II1-B’s first 2 stages, builds the main airframe, and
supplies the flight control system.

Executive management of both programs is under
the Space Systems Division of the Air Force Systems
Command.

Facility expansion was marked by construction of
a $5,000,000 thermal vacuum chamber installation
capable of simultaneously duplicating vacuum con-
ditions, the extreme cold, and sunlight radiation
intensities as far away as 300 miles in space. The
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facility will be a key tool in Martin Company’s
expanding spacecraft and space systems activities.

More than $250,000 went into equipment and
construction of a 4,000-square-foot addition to the
company’s Inertial Controls and Development Lab-
oratory. Twenty thousand square feet of floor space
also was added to the aerospace complex’s Engineer-
ing Development Laboratory building, increasing
the 3-story structure’s capacity to more than 80,000
square feet of space.

A milestone was reached during 1966 when
Martin Company used single charges of high
explosives to produce the first 10-foot-diameter,
1-piece space booster propellant tank domes. The
joint Martin Company-Denver University Center
for High Energy Rate Forming received a $450,000
contract from the Army for continuing explosive
forming research. The agreement added another
year to the existing 3-year, $1,000,000 contract under
which the company-university organization was
established in 1965.

Space research projects conducted at Denver
included propulsion and pressurization system de-
velopment, zero-gravity phenomena in liquid fuels,
liquid hydrogen and fluorine applications, inertial
controls development, space rendezvous and dock-
ing, acoustic environment, and development of a
new technique for simulating astronaut extravehic-
ular activity in the company’s space operations
simulator.

An astronaut suspended on a servo-driven car-
riage in this simulator undergoes body actions and
reactions closely resembling those experienced in
the weightlessness of space.

Other projects included studies of the most eco-
nomical ways of increasing the life spans of future
spacecraft; studies of the relative merits of hori-
zontal and vertical takeoff of reusable space vehicle
systems; design and development of advanced space
control systems; continuing study of wind-induced
oscillations on the Saturn rocket; study of all launch
facility modifications for 11 Uprated Saturn I,
Saturn V, and intermediate Saturn vehicle config-
urations; continued analytical studies and experi-
ments with air augmented rocket vehicles; and stud-
ies of integration of experiments and experiment
equipment in space vehicles and spacecraft for
manned.Apollo Applications missions.

CANAVERAL DIVISION

Martin Company’s Canaveral Division specializes
in flight test and launch operations at Cape Ken-
nedv. From its establishment as a full division in
January 1958, through 1966, it had conducted 190
launches of major space systems.

During 1966 the division managed 2 launch pro-

rams: the modified Air Force Gemini-Titan II
used for NASA’s manned Gemini missions, and the
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Air Force Titan III Standard Space Launch System,
most powerful rocket in the nation’s military inven-
tory.

Five Gemini-Titan II launch vehicles and 4 Titan
III-C’s were erected, checked out and launched by
Canaveral Division personnel.

The year began on the heels of one of the greatest
launch demonstrations in space history, Gemini 7
and 6, when the division launched two manned
vehicles from the same complex only 11 days apart
during December 1965.

Precision launching was refined to an art during
1966 when rendezvous launch windows decreased
in time, dropping eventually to 30 seconds and
finally to only two seconds for the launch of
Gemini II.

Earlier in the year, crews launched a Titan III-C
on one of the most demanding and successful un-
manned missions ever attempted in space. The
Titan placed 8 satellites (7 military communica-
tions satellites and a gravity gradient test satellite)
into a preplanned near-synchronous orbit some
21,000 miles above the Earth’s equator with pinpoint
accuracy.

With crews on the scene since 1951, Martin is the
oldest continuous aerospace tenant at the Cape.
Since 1951, the company has test flown 11 separate
missile and space systems and activated 14 Jaunch
facilities. Programs conducted by the division in-
clude Matador, Mace-B, Viking, Vanguard, Persh-
ing, and the Titan family of vehicles—Titan I, Titan
I1, Gemini-Titan II, Titan III-A, and Titan III-C,

RESEARCH INSTITUTE FOR ADVANCED
STUDIES (RIAS)

The Research Institute for Advanced Studies
(RIAS), Martin Company’s basic research center
performs fundamental studies in biosciences, ma-
terials science and physics.

In May 1966, the Institute reported experiments
toward developing a new technique to detect life in
space. Dr. Bessel Kok, in a paper read at the Com-
mittee on Space Research (COSPAR) Seventh
Annual Space Symposium in Vienna, Austria, de-
scribed the method, which traces the transfer of
oxygen-18 from inorganic compounds to water. He
pointed out that without help from living cells,
inorganic compounds do not spontaneously ex-
change oxygen-18 with water. Therefore, there is
little chance that a device based on oxygen-18
exchange would signal false indications of life on
other planets.

Kok said that the device is simple, can use the
explored planet’s own soil as a cell nutrient, and is
relatively immune to the high temperatures asso-
ciated with the sterilization of interplanetary space-
craft.

130

In other biosciences programs, RIAS photosynthe-
sis experiments examined the role of manganese
in the evolution of oxygen in green plants, and chem-
osynthesis studies sought to understand the manner
in which hydrogen bacteria transfer energy. These
photosynthesis and chemosynthesis efforts should
prove valuable in developing closed ecology life
support systems for extended space missions.

The RIAS ceramics group, formed in 1965, re-
ceived support from the Army Research Office at
Durham, North Carolina, and the NASA Office of
Advanced Research and Technology. During 1966,
the group acquired a high-pressure induction crystal
grower, a high-vacuum annealing furnace, and
high-temperature mechanical testing equipment.

The objective of this group is to improve the
high-temperature strength and low-temperature
ductility of such potentially useful materials as
titanium carbide and vanadium carbide. The NASA-
sponsored studies deal with the high-temperature
mechanical properties of pure and alloyed ceramics,
and the Army investigation seeks information on
how the mechanical properties of ceramics are
affected by their electronic structure.

Electron microscope studies of the interactions
of boron and dislocations in titanium carbide pro-
vided an understanding of the tenfold increase in
strength (at 1500 degrees Centigrade) when titan-
ium carbide is doped with boron. These studies
suggest promising approaches to producing superior
high-temperature materials for aerospace applica-
tions.

Another RIAS materials group continued studies
intended to clarify the important role that environ-
ment plays in determining the strength of a strue-
tural component. For example, the behavior of
technologically important titanium, aluminum, and
copper alloys” was being studied to find out why
they sometimes fail under relatively 10\'V stress
when exposed to certain aqueous salt solutions.

Studies of the chemical and metallurgical factors
involved when solid metals are embrittled by liquid
metals already have shed light on materials prob-
lems that may be encountered in advanced nuclear
reactors, where liquid metals may be used as cool-
ants. The objective of this work is to understand
the embrittlement mechanism so well that it will
be possible to prevent this type of failure'by making
appropriate alloying additions to the solid metal or
the liquid metal environment.

RIAS physicists initiated experiments using an
ion cloud release technique for studying the geo-
electric field intensity and wind velocity at altitudes
of 140 to 200 kilometers.

Studies of the physical mechanisms involved when
metastable or high—energy compounds burn has led
to a technique for modifying and controlling the
decomposition of explosives and oxidizers.



Quantum chemistry studies of high-energy com-
pounds were continued during the vear. These
studics are centered on techniques for predicting
chemical and physical properties. such as bonding,
reactive behavior and stability. before such com-
pounds arc actuallv svnthesized in the laboratory.

RIAS research on ion transport is directed toward
understanding  how clectricallv charged particles
flow through charged membranes. studies that may
contribute to new water desalinization processes.

Fxperimental observations at RIAS of electron-
phonon interactions in semiconductors are expected
to have an ecffect on the development of micro-
wave delay lines or very broadband amplifiers and
modulators. ’

McDONNELL COMPANY

The vear 1966 was one of substantial accomplish-
ment for McDonnell Company. The Gemini pro-
gram was completed in highlv successful fashion,
and increased orders for the multi-service Phantom
resulted in substantial increases in production and
delivery rates. In addition, significant progress was
made during the year in developing the MAW anti-
tank/assault weapon for the U.S. Armyv.

The EROS Aircraft Collision Avoidance System
was received with a great deal of interest by the
government and by several major airlines. EROS
was operated throughout the vear in the Phantom
flight test program adding to an alreadv substantial
base of operational experience with this collision
avoidance system.

Five manned NASA Gemini spacecraft missions
were completed successfullv in 11 months, cul-
minating in the final Gemini‘splushdown of Gemini
12 during 1966. These spacecraft achieved
long duration missions and developed techniques
in rendezvous and docking, extravehicular activities
and orbital maneuvers that had to be proven before
the Apollo manned expedition to land on the moon
could proceed.

On November 3, the first test flight of a Gemini
modified for the Air Force was successfully flown.
This unmanned suborbital flight tested the struc-
tural integrity of the Gemini heat shield with an
entrance and exit hatch in it. McDonnell converted
the NASA Gemini 2 for this test. When the Gemini
spacecraft is flown in conjunction with the Air
Force Manned Orbiting Laboratory ( MOL), astro-
nauts will transfer through this “hatch from the
Gemini into the laboratory after they are in orbit.
The Air Force program is expected to use Gemini
B spacecraft well into the 1970’s.

In order to make best use of Mercury, Asset and
Gemini experience, in 1966 McDonnell pioneered
with its own funds studies related directly to future
space programs planned by both NASA and the
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Department of Defense. This research included
advanced orbital spacecraft, laboratories, military
systems in space and lifting re-entry vehicles capa-
ble of performing logistic and ferry functions for the
support of manned space activities in near-earth and
svnchronous orbits and on lunar shuttle missions.

McDonnell received a contract from NASA to
build an airlock which would make possible the use
of a spent stage of a Saturn I rocket as a manned
space laboratory.

The concept of adapting one or more tanks of a
spent launch vehicle stage as habitable quarters
for crewmen has received considerable attention
in the past few years. Protagonists of the concept
cite numerous advantages accruing from the per-
formance of space experiments inside a large con-
trolled volume. The hydrogen tank of the S-IVB
stage of the Saturn IB launch vehicle for Apollo has
a volume in excess of 10,000 cubic feet and has
diameter and length dimensions which make it suit-
able for use as such a space laboratory. The Mec-
Donnell airlock is the unit providing, in addition to
the airlock itself, the necessary docking provisions,
reactants for electrical power generation, and life
support system to permit activation and operation
of the S-IVB hydrogen tank as a manned space
laboratory for missions up to 30 days duration.

Voyager is an important program planned by the
National Aeronautics and Space Administration for
the unmanned exploration of the planet Mars, in-
cluding an unmanned instrumented spacecraft to
land on Mars by the year 1975. In fiscal 1966 Mc-
Donnell expended 141,484 man-hours of work at a
cost of 81,335,570 on studies related to Mars explora-
tion, and in fiscal 1967 the company projected
expenditures of 213,850 man-hours at a cost of
$2,122,500 of company money developing an in-
strumentation package to explore that planet.

Work on the McDonnell Boost Glide Re-entry
Vehicle (BGRV), under contract with the Air Force,
was accelerated during 1966. Progress was made
on the airframe and specialized equipment re-
quired to flight demonstrate this new concept.

During the year, McDonnell successfully proved
the soundness of its original concept for the Medium
Antitank/Assault Weapon (MAW). As a result,
the Army awarded the company several significant
contracts for engineering development lasting
through 1968, after which there appeared a good
probability of a very worthwhile production con-
tract. The objective of the Engineering Develop-
ment Phase is to achieve a low-cost, highly reliable,
highly producible missile that can be built econom-
ically in the large quantities required by U.S. ground
forces. The MAW is a self-contained weapon to
be used by infantrymen against tanks and armored
vehicles. Its light weight (27 pounds) and sim-
plicity will provide a substantially increased capa-






Donnell equipment installed. It can accommodate
as many as 1,000 aircraft at a time within a 130-mile
radius.

The key to EROS is a new technique for syn-
chronizing time and frequency of many airborne
stations. Participating aircraft are equipped with
clocks that are accurate to 1/10,000,000 of a
second. These clocks are synchronized automatical-
ly every 2 seconds. A patent on the EROS syn-
chronizing technique was received by McDonnell
in May. ’

Dyring the year McDonnell conducted an experi-
ment with the Naval Laboratory in which, for the
first time, an atomic clock on the ground was
synchronized with another atomic clock in a Mec-
Donnell aircraft to within 4o of a microsecond
using the patented McDonnell resynchronization
technique. ’

In the operation of the EROS svstem, each air-
craft takes its turn transmitting a radio signal every
2 seconds at an exact instant known to all other
aircraft. By measuring the time delay between the
time of transmission by 1 aireraft and reception by
the other, the computing system in the receiving
aircraft automatically calculates the distance be-
tween aircraft. The rate at which this distance is
changing is immediately determined by the fre-
quency of the radio wave received. The radio signal
also indicates the altitude of the transmitting air-
craft.

To strengthen its competitive position and main-
tain a matching pace with the growth in sales and
employment, expenditures for company sponsored
research and development in fiscal 1966 were in-
creased by 31 percent over the previous year, with
approximately 1,300 engineers and scientists at
work on these programs.

Physiological monitoring studies, conducted by
McDonnell aerospace medical scientists in con-
junction with the space program led to the develop-
ment of a critical patient monitoring system being
evaluated with patients by a St. Louis hospital.

In plasma physics, investigations continued
throughout the year in re-entry heating simulation
and protection, including entry into a Martian
atmosphere. The problem of communications black-
out during re-entry, caused by the electron concen-
tration in the plasma sheath surrounding the vehicle,
was being studied by seeding plasmas with varying
amounts of water and other liquids. Arc-jet propul-
sion was investigated, supported in part by a NASA
contract. Liquid metal propellants were being
studied for use in spacecraft.

Electro-optics research continued into the lateral
photovoltaic phenomenon for possible application
to missile tracking and guidance systems. Use of
photoconductors was being studied with possible
application to light amplification and data display.
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Lasers were being studied for use in holography,
with possible applications including reconnaissance.

Research under way in the new Reconnaissance
Laboratory included study of optical, electro-optical,
and electronic techniques for data extraction, corre-
lation, storage, retrieval and display particularly as
applied to the military reconnaissance field.

Research in radiation effects was being pursued
to achieve a better understanding of the mechanism
whereby electromagnetic radiation interacts with
materials. Techniques and equipment for analysis
by X-ray diffraction and fluorescence were the
subject of an effort to develop tools in the field of
non-destructive testing and analysis.

Phenomena associated with the operation of elec-
tronic devices at very low temperatures were being
investigated. These have possible valuable applica-
tion to achievement of higher performance in a
variety of new communication and reconnaissance
systems.

To keep the company in the vanguard of flight
simulation, McDonnell built a large and versatile
simulation facility, including a human performance
laboratory. Studies in this laboratory will advance
knowledge of human performance and physical
anthropology, and will provide information about
crew capabilities and environmental needs, design
of crew accommodations and other information of
value in aerospace vehicle design. A large digital
and analogue computer complex with interface
connections to a variety of peripheral simulators,
both spacecraft and aircraft, is included. A target
acquisition and tracking simulator is used to per-
form reconnaissance missions from aircraft and
orbiting spacecraft.

The company’s advanced material fabrication
facility, used to develop techniques and processes
for fabricating aircraft, spacecraft and missile struc-
tures utilizing advanced structural materials, was
considerably enlarged. Accomplishments of this
facility included: fabrication of a beryllium rudder
for investigating the suitability of this material for
load carrying aerospace structures; methods for
bonding titanium; oxidation-resistant coatings for
the protection of materials at elevated temperatures;
and electron beam welding techniques for manufac-
turing structural components utilizing tantalum, ti-
tanium and columbium. A number of these tech-
niques and processes were being introduced into
the experimental production of test vehicles such as
ones made to withstand exceedingly high tempera-

tures.

MENASCO MANUFACTURING COMPANY

Menasco made a very determined effort during
1966, as it had in the three prior years, to gain a
major portion of the new landing gear market. This
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was accomplished. The backlog at year-end was
the highest in the history of Menasco. This backlog
is excellent in terms of size, program timing, cus-
tomer diversification, and potential for growth.

Menasco was participating in the following pro-
grams: Bell UH-1B Helicopter program; Boeing
Minuteman Shock Isolation program; Boeing 707-
120, 820, 720, 727 aircraft and the CH-46A heli-
copter programs; Douglas DC-9 and Saturn pro-
grams; General Electric re-entry program; General
Dynamics F-111A, F-111B and FB-111 programs;
General Dynamics F-102, F-106, B-58 and Atlas
programs; Ling-Temco-Vought A-TA and F-8U pro-
grams; Lockheed C-130, C-141, P-3A and JetStar
programs; McDonnell F-4K program; Northrop
T-38 program.

Menasco experienced major difficulties in acquir-
ing trained manufacturing personnel, but was par-
ticularly successful in its program of developing
skilled personnel. Approximately 300 trainees were
at work in the California and Texas Divisions. The
picture processing manufacturing technique, which
has long been used at Menasco, facilitated the as-
similation of untrained personnel and a substantial
increase in output without a significant reduction in
productivity or a significant increase in scrap and
rework.

In 1966 Menasco added 100,000 square feet of
manufacturing area in the Burbank and Fort Worth-
Dallas facilities. With this expansion, the Texas
Division acquired a new 60,000 square foot facility
in the Fort Worth-Dallas area. This plant was to
be operated as an off-site facility primarily to meet
the demands of helicopter rotor component pro-
grams which require continuous as opposed to
interim usage of equipment. Most of the machinery
for this additional plant was to be furnished by the
Government.

Menasco invested in excess of $750,000 for new
machine tools and equipment. In addition, it com-
mitted $500,000 for heavy duty custom built ma-
chine tools, the need of which had been limiting
productive capacity. As needs develop and as re-
sources permit, additional facilities are to be ac-
quired pursuant to a long-range facility program.

Menasco continued to participate in the Air Force
Facilities Modernization Program. This program is
pointed at improving the national industrial base by
providing newer and more sophisticated equipment
required for aircraft and missile components of high
strength and exotic alloys made to ever closer
tolerances.

Menasco was accelerating its efforts to participate
in product areas related to its established tech-
nological and manufacturing capabilities. It was
engaged in building shock isolators for the Minute-
man Missile base hardening program. Menasco also
entered into an agreement with a major supplier of
railroad equipment under which it developed and
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started manufacturing railroad draft gear which will
materially reduce property losses incurred in the
movement of rail cargo. The company was also
continuing to make feasibility studies on the utiliza-
tion of its shock media technology for the develop-
ment of safety features for highway vehicles.

NORTH AMERICAN AVIATION, INC.

In 1966 North American continued to strengthen
its position as a center of invention, rescarch, devel-
opment, and manufacture of advanced proc_lucts. In
varying stages of design, production or improve-
ment were such items as nuclear power plants—
some as small as a 5-gallon can, others as large as
a city block; the most powerful and most relli.lble
rocket engines in the free world: microminiaturized
guidance systems that set new standards of accuracy
and endurance; specialized vehicles to carry men
to the moon, to hypersonic speeds at the edge of
the atmosphere, and to the ocean depths.

This growing diversity of programs continued to
require new or modernized facilities. By year-end,
major plants, test sites, or field oches_ were estab-
lished in 26 states and 12 foreign locations. Am(?ng
important new facilities were a 2-story -Materlals
Laboratory to facilitate early company-wide use of
new materials and fabrication processes, and a
Structural Machining Center where many advanced
machines were being installed to fill needs for large
metal parts throughout the corporation. o

Results during the year reflected intensive activity
in many programs of high technical ?hallenge a%'ld
critical importance to the nation’s mtere_st. Sig-
nificant among these was the company’s major share
in the Apollo-Saturn programs to Jand Americans on
the moon by 1970. As the principal contractor in
the lunar effort, North American’s responsibilities
include the Apollo spacecraft and service _module,
the second stage of the Saturn V launch vehicle, and
the rocket engines of all 3 stages. Formidable tech-
nical requirements of the Apollo-Saturn programs
were being fully met and the company passed the
halfway mark in the total project.

The Minuteman II ICBM guidance and control
system demonstrated excellent performance in all
launches, and most of the production program still
lies ahead. The Sabreliner executive transport con-
tinued to win sales as fast as they were produced.
In the OV-10A light armed reconnaissance aircraft
program, a large production order for the Air Force
and Marines was received.

During the fiscal year the company was awarded
278 contracts for new business with a total value of
$363,000,000 and with a much higher value in pros-
pective production contracts. In addition, North
American was awarded a total of 187 new follow-on
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1964. Deliveries of both types were expected to
continue for a considerable time.

In the T-39 Sabreliner program, a newer version
was developed as a possible mission-support air-
craft; production continued on the commercial
Sabreliner executive transport. Altogether, 271 T-
39’s and Sabreliners had been delivered to military
and commercial customers by the end of the year.

In another program, the company was converting
hundreds of its propeller-driven T-28’s for use in
Southeast Asian countries connected with the U.S.
Military Assistance Program.

The XB-70A and the X-15 continued to provide
invaluable data on supersonic and hypersonic flight.
In the XB-70 research program, magnetic tapes
have recorded almost 8 billion items of data from
798 data sensors in every part of the aircraft, pro-
viding new knowledge on aerodynamic, structural,
and subsystem performance at 3 times the speed of
sound. Among XB-70A achievements were more
than 30 minutes of sustained Mach 3 cruise and
more than the targeted number of flight hours—both
of which earned incentive bonuses.

The 3-vehicle X-15 research program continued
to provide data for advanced engine and structural
concepts in the near-space environment. Velocities
of eight times the speed of sound were made possi-
ble through X-15 modifications, so that future ex-
periments can further explore the characteristics of
hypersonic flight.

In other endeavors, North American was working
actively on configuration studies for the Navy’s next-
generation carrier-based fighter/attack aircraft and
for a new antisubmarine warfare aircraft. Prelim-
inary design studies were completed for an ad-
vanced Air Force tactical support fighter and tech-
nical support on this program is continuing.

A company-built V/STOL (Vertical or Short
Takeoff and Landing) model, largest in existence,
was being tested at NASA’s Ames Research Center.
Test operations continued with the FS-1 “Hover-
buggy,” the only free-flying VITOL aircraft simu-
lator. In progress, also, was work on a contract to
develop and test a VTOL flight control system.

All Apollo manned launches scheduled will he
powered by North American engines and will em-
ploy spacecraft built by the firm.

In the Apollo-Saturn programs, a nationwide net-
work of some 20,000 companies and 300,000 workers
had, by year-end, delivered millions of components
(500,000 functioning parts in the Apollo command
and service modules alone).

The planned series of 12 Apollo flights was sched-
uled to get under way with 1967-68 flights scheduled
to quality all elements of the Saturn-Apollo vehicles
and provide flight experience for astronauts before
the climactic manned mission to the surface of the
moon and back.
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Formal qualification tests were completed for
both the first stage F-1 and the hydrogen-fueled
upper stages J-2 engines.

Besides its 5 J-2 engines, the S-II sccond stage of
the lunar launch vehicle utilizes 8 solid propellant
motors developed by North American. Installed
around the base of the stage, these small motors
settle propellants in the tanks prior to ignition of
the main engines.

A cluster of 8 company-built H-1 engines launches
the first stage of the Uprated Saturn I, which sends
Apollo astronauts on earth-orbit flights in prepara-
tion for lunar voyages. In the 3 1966 unmanned
launches of this 2-stage vehicle, the engines per-
formed perfectly and demonstrated outstanding
reliability in all phases of testing.

Re-entry control engines produced by North
American—and proven in the 2-man Gemini space-
craft—steer Apollo’s command module as it brakes
itself during re-entry through the atmosphere.

Twelve of them were successfully used in August’s
flight of the unmanned Apollo spacecraft command
module, which also carried 5 company-built space
guidance units that helped control the spacecraft
as it employed guided re-entry for the first time.

The Condor missile, representing one of the
company’s principal new contracts, is an advance:d
air-to-surface, television-guided weapon that will
enable Navy carrier-based aircraft to ac.hi.eve much
greater bombing accuracy while avoiding flight
over heavily defended targets. _

In addition, the company continued PTOdUCtl?n
or development of motors for 5 other military mis-
sile programs. )

Solid-propellant rocket motors cE)ntmued to be
produced in volume for the Navy's radar-guided
air-to-air Sparrow III and Shrike. In one of the
most extensive development programs ever under-
taken for an air-launch propulsion system, fche com-
pany successfully tested more than 60 solid-rocket
motors for the Phoenix missile, to be used on the
F-111 tactical fighter.

Completing development was a storable, pre-
packaged liquid propellant engine for t.he' Army’s
new tactical ground—to-ground Lance missile. The
variable-thrust Lance has improved range, explo-
sive power and accuracy Over the standard front-
line missiles now in use.

Antitank missiles in development scored repeated
hits on targets when air-launched in flight tests.
The technology achieved in this program IOled
promising as the basis for small, tel§v151on-gu1('ied
missiles that can be carried in quantity on ta’ctlcal
aircraft. In this endeavor, North ArQerlcans re-
sponsibilities included propulsion, guidance, and
vehicles.

Electronic systems designed and produced by the
firm are important elements in most of t-he free
world’s nuclear deterrent systems, including the



Minuteman ICBM, Polaris submarines, and Hound
Dog air-launched missiles. They are also used in
several major tactical weapon systems of the U.S.
and its allies, and in the Apollo space program.

Company-built equipment automatically navi-
gates nuclear submarines and ships; automatically
monitors the readiness of missiles and guides them
in flight; and is airborne daily in 4 major types of
military aircraft to give accuracy to their navigation,
maneuvering, and firepower.

In the field of microminiaturization. the first ex-
tensive use of microelectronics in an operational
system was in the company-made guidance and
control system and auxiliary equipment for Minute-
man II intercontinental ballistic missiles.

Most of the functions of the lightweight computer
in a Minuteman II are performed by 2,144 of these
integrated-circuit chips that together weigh less
than a %o of an ounce. Yet the computer has 2%2
times the capacity of its predecessor.

The Minuteman III ICBM guidance and control
system, being developed by the company as a
follow-on to its current Minuteman program, will
be the first of a new generation of advanced-
performance strategic missiles. This work includes
an improved computer, a new flight control system
for the third stage engine, and a post-boost control
system to guide the warhead after burnout of the
mainstage engines.

The Mark II avionics system for the F-111 air-
craft, awarded to the company during the year,
includes a radar, computer, autonavigator, and other
microelectronic equipment to perform all the sens-
ing, analyzing, display, navigation, and computation
functions of the aircraft, Through microminiaturiza-
tion the system provides more capability than
previous systems, reliably and at comparatively low
cost.

Autonavigators designed and built by North
American are standard equipment on the Navy's
atomic submarine fleet. They combine precision
gyroscopes, accelerometers, a computer that meas-
ures and remembers a vessel's movements in all
directions, and actuators that correct any deviation
in its course. Thus they continuously report and
correct its speed and position to a very small frac-
tion of a mile. Other versions have applications in
quick-strike tactical aircraft, transport aircraft, sur-
tace ships, and spacecraft.

The company also continued production of high-
speed preflight checkout equipment for various
aircraft, missiles, and aerospace systems.

North American was performing a number of
research and technology contracts related to devel-
opment of new materials to withstand exotic en-
vironments or provide greater structural strength.

Under new contracts with several customers, the
company began supplying stabilized superconduc-
tive wire and cable made of titanium-niobium alloy
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for large-volume magnets and other applications
requiring greatly improved conductivity at low
capital and operating costs.

In a program supported by government contracts
as well as by company funds, substantial progress
was made in developing the toroidal aerospike
rocket engine, features of which provide high-per-
formance at upper altitudes while introducing
greatly  improved low-altitude  performance.
Through consequent gains in fuel efficiency and
burning time, the engine type could put large satel-
lites into orbit with a single stage. A complete
thrust chamber in the 250,000-pound-thrust range
was scheduled for test firing early in 1967.

Mars and Venus manned flyby missions were
among the long-range space projects being explored
by company scientists, with the prospect of extend-
ing still further the use of modified Apollo-Saturn
systems. Also in research were guidance and control
equipment for the Voyager unmanned spacecraft
for a Mars landing. Beyond these efforts, the firm
was performing research applicable to a manned
landing on Mars or Venus, and unmanned flights to
the outer planets, expected in the future.

North American was also cooperating with Har-
vard University on a study for NASA of a manned
orbiting solar telescope that will be launched by a
Saturn-Apollo system.

In an industrial product area, the company was
in the early stages of developing a large-scale
electronic data file capable of storing 2 billion bits
of information, which could also find widespread
use for rapid information retrieval in the financial,
medical, legal, and educational professions.

In laser research, lasers were used to measure
earth displacements as minute as 1 millimeter over
a 13-mile range. It was believed that this capability
may be utilized in earthquake-predicting devices
for installation along faults near population centers.

Advanced research and development was being
performed on the fast breeder reactor concept that
produces more fuel than it consumes during opera-
tion—regarded in the industry as the most efficient
power reactor concept.

At its Nuclear Field Laboratory in California, the
company was building a major facility to produce
plutonium fuel elements which will support its work
in this freld.

In 1966, important progress was made in the
technology of magnetohydrodynamics, a means for
direct conversation of energy into electricity. Also
in the direct conversion field, the company was
working on an experimental 100-watt thermoelectric
power source for the Air Force.

At year-end, total employment at North Ameri-
can’s 7 divisions—Autonetics, Atomics International,
Columbus, Los Angeles, Rocketdyne, Science Cen-
ter, Space and Information Systems—was approxi-
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mately 94,000. Total floor area amounted to about
283,255,000 square feet.

NORTHROP CORPORATION

The end of 1966 saw Northrop’s employment
figure climbing toward 20,000, the highest since
1963 and indicative of the record fiscal year in which
sales, earnings, and backlog of orders reached new
highs. Earnings in fiscal 1966 were 21 percent
higher than the previous year’s; sales amounted to
$357,278,295, an increase of nearly $18,000,000, and
the backlog stood at $574,000,000, double that of
FY 1965.

These results reflected to a considerable extent
only the beginnings of continuing business, the
initial portions of long-term programs. An example
is the design and production for the Boeing Com-
pany of the major fuselage section of the 747
jumbo jet airliner. Sales on this program were
expected to exceed $100,000,000 a year beginning
in 1969-70 and lasting over a period of years. But
only $111,000,000 of this is included in the FY 1966
backlog figure.

The Boeing 747 subcontract program was a high-
light of Northrop’s aircraft activities during the year.
Aircraft research, development, and production to
form the largest of Northrop’s five major product
areas. Aircraft sales in the fiscal year totaled about
$170,000,000, with a backlog of more than $340,-
000,000. Commercial aircraft work accounted for
$151,000,000 of the backlog; military the rest.

In the military area Northrop aircraft were
ordered or programmed for modernization of more
than 10 allied air forces throughout the world. De-
liveries of the F-5 supersonic tactical fighter were
made to Iran, Korea, Greece, the Philippines, the
Republic of China, Turkey, Thailand, and Ethiopia
under the U.S. Military Assistance Program. Nor-
way received F-5's under a direct purchase plan,
and Canada and Spain were to build the airplane
under license agreements with Northrop.

Late in 1965 the U.S. Air Force sent an F.5
squadron (called Skoshi Tiger) to Viet Nam for
evaluation of combat tactics. In April of 1966 the
USAF announced that the squadron would be
permanently assigned to Viet Nam and that addi-
tional F-5s would be deployed there. Combat
reports on the F-5 stressed high maneuverability,
low vulnerability to ground fire, and low mainte-
nance requirements.

The year 1966 marked the completion of the fifth
year in which USAF cadets used the Northrop T-38
Talon supersonic trainer to earn their wings. Pro-
duction of T-38's, the world’s only supersonic train-
er and by actual performance the safest trainer
ever, continued at Northrop Norair. A total of more
than 900 Talons had been produced or were pro-
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grammed. Forty-six were on order for the German
Air Force for training student pilots in the United
States. The National Aeronautics and Space Admin-
istration ordered a total of 24 Talons.

In the area of advanced aeronautical research, a
unique test vehicle was built by Northrop in coop-
eration with the NASA Ames Research Center. Its
purpose was to study the phenomena of exhaust gas
ingestion and jet-induced effects associated with a
large-scale composite jet VTOL fightcr configura-
tion. The study may produce design criteria for
development of future supersonic VTOL fighter-
type aircraft.

In another field of aircraft, radio-controlled target
drones, Northrop Ventura completed a flight model
of its new NV-105 aerial target in 1966. The drone
was then delivered to the military services for ex-
tensive evaluation. Contracts for several million
dollars worth of KD2R-5 target drones and related
equipment were received from Brazil and Argen-
tina.

Northrop’s penetration of the vast advanced com-
munications field was indicated by its fiscal 1966
sales mark of more than $50,000,000 and backlog
of nearly $70,000,000 in such systems and equip-
ment. At year-end the company looked forward to
the prospect of annual sales close to $100,000,000
in the field within the next few years.

Most of this involves design and installation of
large communications systems, with some develop-
ment and manufacture of special types of communi-
cations equipment. Volume in this area has doubled
over the past five years. To illustrate the stature qf
this business, Northrop’s subsidiary, Page Communi-
cations Engineers, Inc., received a $71,000,000 con-
tract for major work in Southeast Asia, t’he largest
single contract ever awarded by the Army’s Defense
Communications Command.

Northrop Page is one of the few communications
companies with the experience and know-how to
undertake communications systems assign.rnents of
this magnitude anywhere on earth. During fiscal
1966 it installed communications networks on every
continent. In addition, in the broad new ﬁeld' of
satellite communications, Northrop Page was pacing
the industry in the design, technology, and Perforn'-l—
ance of comsat mobile earth stations which transmit
and receive information relayed by satellite.

Other specialized communications work was in
progress at other elements of Northrop, such'as the
United States Underseas Cable Corporation of
Washington, D. C., of which Northrop is a one-
third owner.

In mid-summer, the Boards of Directors of Nor-
throp and The Hallicrafters Company of Chicago
approved the acquisition of the latter by Northrop.
The Chicago components firm, which was to be
operated as a wholly owned subsidiary of Northrop,



was expected to complement and strengthen Nor-
throp’s business in the communications field.

Of comparable size, importance, and activity dur-
ing 1966 was Northrop’s elcctronics activity, with a
backlog of ncarly $100.000.000 and sales of more
than $70,000.000. The company's broadlv based
programs in this field, largely thrbugh the Northrop
Nortronies Division, include automatic test equip-
ment, inertial navigation and guidance systems,
gyroscopes, accelerometers, and other precision
sensing devices.

The division was awarded the highly sought con-
tract to develop and build the ddppler—inertial
navigation cquipment for the Air Force C-5A
fanjet cargo transport. Northrop’s svstem, to be
produced for the Lockheed-Georgia Company,
prime contractor on the huge new airplane, will be
the heart of the C-5A guidance svstem. The system
will be extremely lightweight, “weighing approx-
imately 200 pounds. and accurate, with an allowable
cerror of only 1 nautical mile per hour.

This navigation system is the forerunner of an
entire new generation of airborne navigation equip-
ment for transport aircraft at Northrop. In addi-
tion, the division was developing a small airborne
computer that matches the computational ability
of large data processors, Northrop Nortronics was
also a pioncer in large-screen information display
systems, a vital aid to command and control opera-
tions. Several of these Vigicon display systems were
sold to the Navy, Air Force, and NASA during the
year. The company also received a $4.000,000 con-
tract for a new joint service program called TIPI
(Tactical Information Processing and Interpreta-
tion) to develop a system to pro;'ide military com-
manders faster and better battlefield information.

Application of automatic test equipment built by
Northrop for the Navy’s Polaris missile program was
exten,ded to certain Navy surface ships and the
Navy’s Poseidon program during the year. The
surface ship application, called TEAMS, for Tac-
tical Evaluation and Monitoring Systems, resulted
in a $7,323,000 contract from BJShfps. 1t called for
design, production, and installation of the checkout
system aboard 26 of the Navys new 1052-class
antisubmarine warfare dcstroycf €SCorts.

WQrk neared completion during the year on star-
tracking equipment to be part of navigation sys-
tems aboard range tracking ships for the Apollo
moon program. A major optical development
proved out during the year was Northrop’s ALOTS
(Airborne Lightweight Optical Tracking System)
which tracks and photographs missiles and space-
craft from an airplane during carly stages of the
space vehicle’s flight. In related elcctronics areas,
Northrop continued its development of ships™ iner-
tial navigation systems, voice warning and monitor-
ing systems, and other optical and tracking systems.
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Northrop spacecraft landing systems continued
their unblemished record during 1966 by returning
10 Gemini astronauts safely to earth. These ad-
vanced parachute systems, and those for the Mer-
cury program, traveled more than 14,500,000
miles in five years, and brought back every one of
America’s space pioneers. Work on the earth land-
ing system for the 3-man Apollo moon spacecraft
continued during 1966 as these 3-parachute systems
exhibited their reliability on early flights of the
program.

Included in Northrop’s space activity was the
company’s work with NASA on test flights of its
2 wingless lifting body vehicles. The M2-F2 was
flown more than a dozen times in the summer and
fall and then fitted with rocket motors for more
advanced, boosted flights. The second of the 2
unique gliders built under joint development and
production programs with NASA, which conceived
the basic designs, is the HL-10. It was being read-
ied for test flights later in the year.

Northrop Space Laboratories in Hawthorne, Cali-
fornia, was awarded a $981,000 contract from the
USAF Office of Aerospace Research for a third OV2
research satellite. Known as the OV2-5 it will be
launched in the same manner as its predecessor, as
a “bonus” payload on a development flight of a
Martin Titan III-C space booster. The OV2-5 will
be put into a synchronous orbit at 19,323 miles
altitude to gather data on solar effects in deep space.

In other space activity Northrop was working on
portions of the Mariner vehicle to be launched to
Mars in 1969. The work, being done for Caltech’s
Jet Propulsion Laboratory, included design and
construction of the spacecraft structure and mechan-
ical subsystems. During 1966 Northrop increased
its space design and development and its research
work in both physical and life sciences.

The company was studying methods of protecting
men and equipment against several forms of radia-
tion in space. It was developing, under contract to
NASA, a hand-held drill for use in exploring the
moon’s surface. Northrop was also involved in
several important support operations at NASA
facilities at Huntsville, and Edwards AFB. In a
joint venture with the Houston firm of Brown &
Root, Northrop was performing all Operations and
Maintenance Support Services for the Manned
Spacecraft Center.

Expansion of the company’s ordnance systems
and weapons work during 1966 represented the
maturing of research and development carried on
at Northrop for a number of years. Typical is a
contract for more than $5,000,000 worth of ground
handling equipment and airframe components for
Hawk surface-to-air missiles to be supplied by
Raytheon to the government of Saudi Arabia. Nor-
throp produced Hawk components and subsystems
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tems being produced by the Army to provide field
commanders with low and medium air defense in
forward battle areas as part of newly organized Air
Defense Battalions. In addition to Chaparral, the
new battalions will be equipped with the Vulcan,
a 20 millimeter automatic gun.

Another major defense business area at Aero-
nutronic during the year was the Ordnance and
Electromechanical Operation, responsible for a
wide variety of defense products including high
strength armor, automatic grenade launchers and
cannons and ballistic missile reaction control valves.

The Operation was engaged in the production of
a high strength steel armor, mounted aboard the
Army’s CH47A “Chinook” helicopters by an Aero-
nutronic team sent to Viet Nam in early 1966.
Another major delivery of the armor was made by
Aeronutronic to the Navy for installation on River
Patrol Boats in Viet Nam.

The armor, manufactured under a patented Ford
Motor Company process called Ausform, shatters
bullets on impact with an extremely hard front face
and absorbs the impact shock with a highly tensile
back face.

Development and production of automatic gre-
nade launchers and cannons also became a major
product area during 1966. Under contract to the
Army Weapons Command, Aeronutronic was pro-
ducing M75 grenade launchers and barrels, XM129
grenade launchers and the XM140, a 30 m’illimeter
automatic cannon. The 3 weapons were being pro-
duced for installation aboard tactical aircraftpin—
cluding helicopters, and they can he mounted
aboard other vehicles including river patrol boats
and troop and personnel carriers, or can be pro-
duced in a ground mount configuration for tactical
ground force use. Aeronutronic completed delive
of first production models of M75 to the Weapo?;
Command in late 1966 and also delivered XM129
and XM140 development models for field test.

Ordnance and Electromechanical Operation. was
in production of hot gas reaction control valves
operational in the Minuteman intercontinental bal-
listic missile system. The valves operate by emitting
hot gases which prevent roll of the second stage
rocket engine of the Minuteman 1I. Aeronutronic
in late 1966, also received contracts for prototypé
development and evaluation of hot gas reaction
control valves for Poseidon, the Navy’s new fleet
ballistic missile system scheduled to supplement
the Polaris A-3.

Aeronutronic’s Radar and Intelligence Operation
completed a major centralization, and at year-end
it was fully housed at its 39,000-square-foot Santa
Ana Engineering Facility in Santa Ana, California.

Radar and Intelligence Operation conducted
business with a wide variety of governmental and
private customers in the fields of advanced radar
reconnaissance systems and advanced sensors. Oné
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of its programs included development of advanced
radar systems for oblique angle  reconnaissance,
making possible the photography of large arecas
without over-flight. Advanced cryogenics, data dis-
play systems, intelligence processing, advanced
electronics, and image computing systems were
among a wide variety of programs under way within
the Operation.

Acronutronic also maintained a strong supporting
research capability during 1966. TIts Applied Re-
search Laboratorics conducted applied research in
materials structures, bio-sciences, solid state phvsics.
gas dynamics, radiation physics, energy conversion,
data processing and communications, advanced
weapons guidance systems and a wide variety of
additional programs for government space and
defense agencies.

PIPER AIRCRAFT CORPORATION

Piper Aircraft Corporation increased both dollar
and unit volume in 1966, although both fell below
expectation due to a 7-week strike at the beginning
of the sales year. An extensive recruiting program
raised the cmployee level to an all-time high as
production space doubled at Vero Beach and nearly
150,000 square feet were added to the Lock Haven
plant. _

Ww. T. Piper, Sr., President and Chairman of the
Board, continued his cfforts to increase production,
service facilities and continuing programs of educa-
tion for the public and people in the industry. .Piper
continued its participation with U.S. Jaycees in the
Piper Airpark Program initiated scvgr.u'l years ago.
The program advocates landing facilities in every
community and states that the United States needs
at least 50,000 airports.

Piper’s sales of over $80,000,000 represented an
increase of 50 percent over 1964 and 18 percent
over sales of $68,000,000 in 1965. Barring a general
setback in the national economy, the company an-
ticipated that 1967 would see a sales increase
exceeding either 1965 or 1966. .

At year-end, total investment in Property, plants,
machinery and equipment upprox1matec_1 .$15,000,-
000, compared to $9,000,000 in 1964. Addltlonall ma-
chinery and equipment on order for 1967 delivery
were valued at $1,150,000.

Floor area in Piper’s Lock Haven, Pennsylvania,
and Vero Beach, Florida, plants totaled nearly 1.-
200,000 square feet, up from 800,000 square feet in
1964. With the number of employees having risen in
that period from 2,900 to more than 4300, the 2
plants had ample floor space, equipment and man-
power to produce a minimum of $144,000,000 worth
of aircraft annually.

In line with the sales emphasis on the Piper
Quality Dealer, the development group was con-



centrating on a continually improved line of prod-
ucts with a staff of nearly 300 assigned exclusively
to engincering and experimental work. To cover the
market adequately, Piper was developing more and
better models from the bottom of its intended cate-
gory. the 2- to 4- place Cherokee 140, to the top,
the turbine-powered Navajo.

The new Piper Navajo. which went into produc-
tion in 300 horsepower normally aspirated and 310
horsepower turbocharged versions. is a 6- to S-place
twin-engine plane with a top specd of 260 miles per
hour. Suggested price of the Navajo 300 is $89.500.
The Turbo Navajo, which includes oxvgen, is $97.-
390. Later the Navajo will be available in a pres-
surized turbocharged piston engine and turbine
powered pressurized model.

Piper was continuing its policy of no annual
model changes. with the new developments being
worked into the assembly line as they are perfected.

Piper officials forecast an average ammual market
increase of 14 percent for the general aviation in-
dustry for the next 10 vears. General aviation has
historically done better than the total gross national
product. which has averaged only 3.6 percent in-
crease in the past 10 vears.

Piper expected to deliver 6.000 new aireraft in
1967. a 39 percent inerease over the 4.319 aireraft
delivered in 1966. The increase will be reflected
throughout the entire Piper line. Piper has dom-
inated the twin-engine aireraft market ever since it
introduced its first twin, the Apache. in 1934.

Cherokee production at Piper’s Vero Beach. Flor-
ida, plant continued to show remarkable orowth.
Starting with an initial production of 83 Cherokees
in 1962, its first year, the Vero Beach facilitv had
preduced more than 7,000 aircraft bv year-cn'd and
expected to produce 4,019 in 1967.

Piper’s international sales reflected consistently
increasced penetration in overseas markets to the
extent that the export of Piper aircraft and acces-
sories more than doubled from 1964-1966. In 1966,
Piper delivered a total of 969 aircraft overseas and
sparc parts and accessories exported in support of
Piper plancs brought the export sales figure to near-
ly 25 percent of Piper total sales. The company ex-
pected to deliver some 1,400 aircraft overseas in
1967.

In 1966, Piper announced a Work and Fly pro-
gram for high school graduates. The program was
designed to help Piper acquire necded production
workers and to help provide trained pilots for the
industry. The program proved extremely popular
and by year-end Piper had 20 aircraft and 15 in-
structors at its 2 plants to handle its company flight
training program. A total of nearly 500 employees
were flying. At Lock Haven, Piper maintained a
fleet of 11 aircraft and 7 flight instructors, and at
Vero Beach there were 9 aircraft and 8 flight in-
structors. The only problem encountered was ob-
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taining Cherokees for training. The demand for the
popular, all-metal, low-wing model was so great
that Piper was unable to buy any of its own new
aircraft for the program and had to purchase used
Cherokees on the open market.

Piper aircraft again figured prominently in record
and race efforts. The Powder Puff Derby and Wom-
en’s International Air Races were won for the fourth
straight vear. Bernice Steadman of Flint. Michigan,
flew a Comanche 260B to victory in the Powder
Puff which saw Piper aircraft taking 8 out of the
first 10 places.

June Douglas repeated her 1965 victory in the
International flyving a Cherokee both years. Four out
of the first 5 places in the International were taken
bv Piper.

"Fran Bera, 7-time winner of the Powder Puff
Derby set her sights on a different tvpe record and
set an altitude record in the Turbo Aztec of more
than 40,000 feet.

Shelia Scott, a former British actress who has won
a number of European races with Comanches, set an
around the world record in the Comanche B, travel-
ing more than 31,000 miles.

Max Conrad circled the globe in a Twin Coman-
che to help promote interest in the 1967 World’s
Fair, Expo '67. _

Piper made advertising news in 1966 when it
placed, at its-own cost, local advertisi'ng in news-
papers in local communities having Plper' dealers.
The program concentrated- on t}.le $5 Spemal Intro-
ductory Flight Lesson which Piper pioneered sev-
eral years ago and which has since been adopted by
other companies in the industry. The program was
so successful that it will be continued in 1967.

Continued emphasis on quality dealers and qual-
ity service was helping the field organization build
stronger organizations. In addition to service schqols
already in operation, Piper instituted an AutoPilot
Specialist School at Lock Haven.

On the international scene, Indianapolis 500 win-
ner Graham Hill, moved into a Piper Aztec to join
countryman Jim Clark, the 1965 winner.

PNEUMO DYNAMICS CORPORATION

Military and commercial aerospace activities in
1966 continued to set new records in terms of new
business booked at Pneumo Dynamics’ Cleveland
Pneumatic Tool (CPT) subsidiary and its National
Water Lift (NWL) Division. .

Receipt of an award by CPT to help design and
to manufacture the nose and main landing gear for
the Boeing 747 jet airliner was a major development
for the world’s largest designer and'produ.cer of
landing gears for commercial and nnhfary aircraft.

Follow-on orders for the Douglas Aircraft Com-
pany’s DC-8 and DC-9 maintained CPT’s record of
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supplying landing gears for every model of the
Douglas transport series since the DC-4. A quantity
of landing gears was produced for the Boeing 707
and the new Boeing 737 twin-jet aircraft. CPT has
supplied landing gears for nearly all variations of
the Boeing 707 transport. The subsidiary was also
producing landing gears for the twin-engine Grum-
man Gulfstream II.

Production of aileron flight control servo assemb-
lies for the Boeing 727 and the DC-9 was continued
at NWL facilities. This Pneumo division also de-
signed and developed the aileron and elevator pri-
mary flight control servo actuators for the Boeing
737. In addition, flight controls were being supplied
for the C-130 and C-141 series, and production was
continued on high temperature jet engine compo-
nents for various models of General Electric’s
J79, ]85/15, J93, and Pratt and Whitney Aircraft’s
TF30 jet engines.

Other commercial aircraft for which Pneumo
furnished systems, devices or components included
the Convair 880 and 990, Lockheed JetStar, and
General Electric CJ-805 and GE-1/4 jet engines.

In military aircraft, CPT was supplying com-
ponents or complete landing gear for the Ling-
Temco Vought F-8 D/E Crusader, the Lockheed
C-141A StarLifter, the Grumman A-6A, E-2A. C-2A
and S-2E, the North American XB-70, T-2B. and
OV-104, and the McDonnell F-4B, C, J, K and M.
The subsidiary was also producing wing flap tracks
for the Lockheed C-141A, and spare parts for
nearly 30 models of military aircraft.

Pneumo was also supplying components for the
Boeing B-52, KC-135, Boeing Vertol CH-46A,
Cessna T-37, De Haviland CV7A, Fairchild C-123,
General Dynamics F-111, Kaman H-43 Republic
F-105, Sikorsky CH-53A. ’

Quantity production of NWL’s aircraft weight
and balance system (STOW) was initiated under
an Air Force contract to retrofit all C-130 aircraft.
STOW, which measures an aircraft’s gross weight
and center of gravity and is an integral part of the
aircraft, was developed at NWL’s Instrumentation
and Control Operation in Grand Rapids, Michigan.
Plant expansion which tripled 1&C’s floor space
was completed late in the year.

thNWL was supplying 12 separate components for
e Gemini space capsule. It was participating in
the Apollo, Surveyor, and Lunar Orbiter programs;
the Apollo program will utilize over 35 NWL, com.
Is)gil‘e:;z.r I;na:ding %)ear shock absorbers for the
on probe were designed -
factured by NWL. Surveyor's NWE-prodﬁ:(idrgﬁggk
struts were pictured in the first photogra h sent
back from the moon. The Dual Axis RatePTranS-
ducer (DART), developed and produced by In-
strumentation and Control was further deve%’o ed
for future missile and space applications. P
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Pneumo supplied systems and components for
AIM-47A, AQM-37A, Gemini-Titan, Transtage, LM
(Lunar Module), MMU (Modular Maneuvering
Unit), Polaris, Poseidon, Sprint, and Titan II.

CPT has become a major producer of both plas-
tic and metal nozzles for the Minuteman II and
Scout programs. Production of large fuel line com-
ponents for the Saturn Booster, and structural rings
for the Agena and Apollo projects was continued
at CPT.

In addition to facilities expansion for STOW at
NWL’s Grand Rapids plant, Cleveland Pneumatic
acquired additional aerospace production machine
tools, and committed for a new Engineering Test
Center which the company believed would be the
most advanced landing gear functional test facility
in the world.

RADIO CORPORATION OF AMERICA
DEFENSE ELECTRONIC PRODUCTS

The Radio Corporation of America in 1966 main-
tained its position as one of the world’s largest and
most broadly based enterprises devoted entirely to
electronics. RCA has pioneered in many areas of
electronics, communications, and space sciences,
from microminiaturized electronic components to
enormous space surveillance systems. The Defense
Electronic Products activity is comprised of 5 sep-
arate divisions specializing in a variety of areas
vital to national defense and space technology.

Aerospace Systems Division

The Aerospace Systems Division at Burlington,
Massachusetts, through its diversified talents and
comprehensive systems engineering capabilities, has
contributed significantly to the state-of-the-art by
means of government- and company-sponsored
studies and field support of major aerospace systems
and reliable products.

During 1966, ASD, under contract to Grumman,
was working on the Rendezvous Radar, Trans-
ponder, and Landing Radar for the Lunar Module
vehicle. ASD was also building under Grumman
contract the Attitude Translation and Control As-
sembly (ATCA) and the Descent Engine Control
Assembly (DECA). ATCA provides the timing and
sequencing signals for firing the jets for attitude
and translation control, as well as the automatic
turn signals for the gimballed descent engine.
DECA controls the descent engine of LM tbrough-
out 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 will be left
behind with the remainder of the LM descent stage.
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communications satellites, voice broadcast satellites,
and deep space communications satellites.

Developmental activities of the division covered
a wide variety of spacecraft and spacecraft systems.
These included unmanned earth natural resources
satellites, ultra-high resolution television sensors,
infrared 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 re-
quirements for a world weather watch.

AED also made contributions to the manned
spacecraft program. Under contract to North Amer-
ican Aviation, a miniature, lightweight television
camera was designed and built for use in the Apollo
Command Module during the early earth-orbit
flight tests. The 4% -pound camera is the first to
make extensive use of integrated circuits. The di-
vision also built a TV scan-converter for use with
its Apollo camera and performed studies and sub-
system testing for RCA’s portion of the Lunar
Module. In addition, AED undertook studies for
the manned spaceflight program in the areas of
color television and two types of power supplies.

During 1966 Astro-Electronics Division played a
key role in 5 important spacecraft launches. The
ESSA I and ESSA II operational weather satellites,
built by AED for NASA and the Environmental Sci-
ence Services Administration, were successfully
placed in orbit on February 3 and February 28.
These satellites represented the world’s first global
operational satellite system. On October 2, a third
ESSA satellite was successfully orbited to provide
additional weather coverage capability. ESSA II1
carried a pair of RCA Advanced Vidicon Cameras
on an operational mission for the first time. On Au-
gust 10 and November 6, the first 2 Lunar Orbiters,
carrying RCA communications and power supply
subsystems, were launched and subsequently placed
on station around the moon,

As the Astro-Electronics Division looked toward
the future, it planned to Pay increased attention to
developing those spacecraft and space systems
which return practical benefits to the nation. Con-
tinued development and improvement in weather,
natural resources, and communications satellites
were planned, along with new technology that will

lead to greater scientific knowledge of the earth,
planets, and stars.

Communications Systems Division

The principal facilities of the Communications
System Division (CSD) are located in Camden,
New Jersey; New York City; and Tucson, Arizona.
These comprehensive facilities house a complete
engineering organization capable of effective proj-
ect management and comprehensive systems and
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product engincering through all phases of design,
development, and manufacturing. .

The headquarters facilities of CSD_ in Cam.den
during 1966 employed over 6,300 engineers, scien-
tists, technicians, and manufacturing personnel in
a fully-integrated design, development, ‘zmd fa'bri-
cation facility devoted to handling a wide variety
of defense and space electronics work. Located on
the Delaware River in the Port of Philadelphia,
CSD is immediately accessible to truc.ks,. rail, or sca
transportation. Housed in several buildings with a
combined floor space of 1,400,000 square feet, th-ese
facilities contain the engineering,. _manufacturmg,
support and administrativc? activities (?f thfe Di-
vision. Specialized engineering labor_utor.mS o] CSD
in Camden include: Light Commun.lcntlons Ec_lu'lp-
ment, Heavy Communications Equipment, Digital
Communications Equipment, Recording and Tele-
vision Equipment, Command and Control, Ad-
vancéd Communications Technology and Commu-
nications Systems. .

CSD’s Camden Manufacturing Plant was operat-
ing several unique production ffthtles forfspace
age electronics. Among the most important o these
is the CSD “White Room” which is uphzed ffor the
production of ultra-reliable clectronic equipment
for such programs as Minuteman. This facility con-
sists of a 20,000-square—foot area where tem%)eratu}re
and humidity are rigidly controlled and IV 1erle t1le
dust content is kept at an extreme.ly ow bexlze
Another unique Camden n:xangfactu.r_mg r}:&lp&(; ity
is the Multilayer Printed Circuit facility. 1(21 am-
den Plant also has an advanced full-automated man-

turing facility.
Ufz’115122Iglogmrnunig’ations Systems Laboratory located
at 75 Varick Street in New York .Clty emSIOye}cll,
during the year, 186 Scientls'ts, engineers an tfec t-
nicians. Total floor space 18 '50,000 square, feet.
Charged with the responsibility of devilsmgtnew
concepts in communication technlque§dan dSc}lf'st.emsl,
the laboratory’s function is to provi e1 a -“t('ma
technical strength supporting the general operations
o ’SlSeD'fucson Plant facility is located on a 100 acre
site in Vail, Arizona near Tucson. Over 17,500
square feet of floor space was devoted to .1966
manufacturing and engineering support (;peratlonls.

CSD was working on a number (?f argde—sca e
military programs involving diverse §kllls and capa-
bilities. A salient example of prthlctlon Competen(c)g
was demonstrated by the delivery of over 3.,(?
racks of equipment for the Minuteman Sensitive
Information and Support Information Network.
This prime equipment and its associated spares were
delivered on or ahead of schedule.

CSD was also engaged in programs for the 'de-
sign, development, and production of communica-
tions for Government applications including com-
munications techniques and concepts. This large



and diversified area encompasses the development
and production of communications transmission
and terminal equipment and systems for submarine,
shipboard. manpack. vehicular, fixed plant. aircraft,
missile, space/ground, and space vehicle applica-
tions.

The Radio Corporation of America has long been
a leader in advanced tactical military communica-
tions. Some of the equipment being sixpplied to the
U.S. government during the year include:

AN/PRC-25, a sophisticated tactical FM radio
set for the Army and several international cus-
tomers. It is a batterv-operated manpack FM re-
ceiver-transmitter which provides 2-wav voice com-
munication over distances up to 10 miles.

AN/PRC-62. an advanced microelectronic radio
set, a single sideband high frequencv unit designed
for use by combat and combat supi)ort units. It is
capable of being transported and operated by a
single man, and consists of a receiver-transmitter
unit with a lightweight rechargeable battery power
source, antenna and headset.

AN/ARR-69. developed under the sponsorship
of the Navy as a completely solid state auxiliary
ultra-high frequency radio receiver.

AN/ARC-108, an ultra-high frequency voice re-
ceiver-transmitter designed to provide auxiliary or
emergency communications in military aireraft. The
sct mounts in the aircraft console in a space normal-
ly occupied by a control box alone. The low power
drain, excellent sensitivity, and moderate power
output make it especially” applicable as an emerg-
ency sct.

AN/ARC-97, designed for the Navy. a completely
contained automatic airborne radio repeater set
which extends the range of 2-way ultra-high fre-
quency communications beyond line of sight.

AN/ARC-104, a microelectronics high frequency
single sideband radio set for long ran@e communi-
cations, developed under contract to the Navv. The
design of this advanced integrated electronics set
features maximum use of the most advanced micro-
circuits and techniques.

CSD was. also very active in supplying heavy
communications equipment for U.S. military serv-
ices, including the following:

AN/ TRC-97/97A, being supplied to both the
Marine Corps and the Air Force under a major con-
tract with the Navy. It is a complete tactical com-
munications facility suitable for multichannel voice,
teletype or data trafic with high reliability and
performance. The equipment is designed for unat-
tended operation and utilizes solid-state circuitry
throughout for high reliability and easy mainte-
nance. The system is light weight, compact, and
easily transportable. It can be set up for operation
in 1 hour by 2 men.

AN/GRC-50, a tactical microwave radio relay
set designed and produced for the Army to provide
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line-of-sight communications in intermediate or
forward area military operations.

CSD was serving as a major subcontractor to The
Boeing Company for the Minuteman Sensitive
Command Network, Status Authentication System,
Improved Encoded Launch Enable System, and the
Trajectory Accuracy Prediction System. CSD was
also providing engineering services and equipment
modification to Boeing on the Minuteman Force
Modernization Program.

Automatic Digital Network (AUTODIN), a vital
link in the Air Force world-wide logistics-data com-
munications network, is the world’s largest and most
advanced operational data communications system.
Under contract to Western Union, RCA-CSD de-
signed, developed, produced, programmed, and in-
stalled the automatic digital message-switching and
circuit-switching equipments and magnetic tape
subscriber terminals for AUTODIN/ComLogNet.
The present AUTODIN contract represents the
third major enhancement and expansion of that net-
work.

CSD was also involved in several major space
communications programs, the most important be-
ing:
%&pollo communications for which CSD was de-
signing, developing and manufacturing the VHF
voice communications equipment. A VHF set con-
sisting of 2 receivers and 2 transmitters was bein
provided for both the Command Module and the
Lunar Module. These equipments provide voice
and data communications link between the Lunar
Module, the Command Module, and the extra-
vehicular astronaut.

Lunar Module Communications Subsystem. CSD,
under contract to Grumman Aircraft Engineering
Corporation, was supplying the complete Lunar
Module Communications Subsystem consisting of
S-band transceivers, S-band power amplifiers, VHF
transceivers, a signal processor, and the S-band
steerable antenna. Major effort on the Lunar Mod-
ule Communications Integration Program is de-
voted to interface definition and control, and to
detailed testing and performance evaluation of the
communications equipment when operating as an
integrated subsystem.

Gemini Telemetry Transmitter and Recorder.
RCA-CSD provided the telemetry transmitters and
recorders used in the Gemini missions.

Space Video Recorder. CSD was developing for
NASA a video recorder for possible space applica-

tions.

Missile and Surface Radar Division

The Missile and Surface Radar Division
(M&SRD) is located on a 433-acre tract at Moores-
town, New Jersey, where the highly advanced radar
net, BMEWS, was designed, developed and manu-
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factured for installation at 3 widely separated sites
in the Western Hemisphere. In 1966, M&SRD built
and installed for the Air Force a large tracking
radar at the Clear, Alaska, site.

From the installation of the first precision mono-
pulse tracking radar, the XN-1 at Patrick Air Force
Base in 1957, M&SRD has designed and produced a
family of 71 such radars of ever-increasing sophisti-
cation and capability. In 1966, they were installed
at locations around the globe, both on land and at
sea, The standard RCA AN/FPS-16 and its trans-
portable version, the AN/MPS-25, are precision C-
band instrumentation radars procured through Bu-
Weps for the Air Force, Army, Navy and NASA,
and are ideally suited for assuring range safety and
for tracking rockets, missiles, nosecones, boosters,
tankage assemblies, instrument packages, debris,
earth orbiting satellites, and space vehicles. The
AN/FPQ-6 instrumentation radar and its air trans-
portable version, the AN/TPQ-18, represent a major
forward stride in the detection, acquisition and pre-
cise continuous measurement of the position of mis-
siles and space vehicles in flight.

RCA’s successful implementation of TRADEX
has led to the award of contracts on PRESS by
Lincoln Laboratories. These contracts provide for
the implementation of an airborne optics control
system consisting of multiple station keeping and
acquisition radars for a remote South Pacific site,
and a PRESS control center comprising consoles,
displays and switching.

RCA also developed a high performance tactical
radar, UPS-1, for use by the Marine Corps, Air
Force, Army and Navy. It is packaged in light-
weight units, suitable for transportation and opera-
tion in the assault phases of amphibious operations.
Contracts were being awarded for this equipment
for both U.S. and foreign government requirements,

M&SRD was being funded for SAM-D, a large-
scale study and development program to formulate
advanced air defense systems for field armies of
the future.

Under the Apollo Re-Entry Ships Program,
M&SRD developed the first precision tracking radar
to use integrated circuits for all essential electronic
functions—CAPRI. This instrument will have the
general capability of the AN/FPS-16 radar, except
that the user will have a number of options in the
pedestal and antenna subsystems. The resultant
savings in space, weight and power make it easily
adaptable for installation on board ship, in a trailer
or in small one-story buildings.

The first major Real Time Ground Support Sys-
tem for space missions to use integrated circuits was
installed on the Eastern Test Range in 1966 by
M&SRD. It consisted of four ground stations at
Antigua Tsland, Ascension Island, Grand Bahama
Island and Pretoria, South Africa, and a control
station at Merritt Island Launch Annex near Cape
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Kennedy. The system will enable flight scientists to
select and call up various telemetry data from space
vehicles while they are in flight down the Eastern
Test Range.

M&SRD developed the first truly lightweight
radar for use by combat infantrymen in detecting
moving targets and directing small arms fire in all
weather and visibility conditions. It can detect
man-sized targets at ranges up to 500 meters, defin-
ing range within a few meters and angle within a
few degrees. A communication mode is also pro-
vided enabling 2 units to set up a secure voice link
in ranges to 1,000 meters. The RCA Two-Pound
Radar is an all solid state system, using the latest in
integrated circuits and miniature electronics.

A 2-part program for advancing the effectiveness
of air defense cover for tactical naval units was
under way at M&SRD. In one of these, a far-reach-
ing evaluation of existing equipment was made and
a significant program of improvements including
new systems integration concepts and hardware put
into effect. The other, a long-range study, recom-
mended state-of-the-art improvements in both com-
ponents and system integration to provide increased
effectiveness for naval air defense in the future.

To enable astronauts on the moon to communi-
cate with earth, a 10-foot parabolic antenna weigh-
ing only a couple of pounds was needed. To meet
this specification, a completely collapsible erected
structure of metallized cloth was developed. Tt
packs into a cylinder only 3 feet long and 10 inches
in diameter and erects automatically with no as-
sistance from the operator, yet its contours are
within the very fine tolerances needed to direct a
beam of energy efficiently from the moon to the
earth.

West Coast Division

The West Coast Division, established in 1965, has
2 facilities—one in Van Nuys, the other, the Aviation
Equipment Department, in West Los Angeles, Cali-
fornia. The Van Nuys facility of WCD has been
the leader in the development of special purpose
computers, random access memories, displays, elec-
tronic countermeasure equipment, and secure com-
munication systems since 1960.

One of the major products of the Van Nuys fa-
cility is the Saturn Ground Computer System for
NASA’s Marshall Space Flight Center. This system
provides real-time control, checkout, and monitoring
of digital and analog data from the Saturn systems.
Major equipments in the data processing system
are the 110A computer and the Saturn I0ODC dis-
play, which provides a visual presentation of alpha-
numeric and symbolic data in tabular and graphic
formats. Other major special purpose data process-
ing programs at WCD have included automatic
checkout and launch control equipments for the



first operational intercontinental ballistic missile
and data processors and displavs for the Ballistic
Missile Early Warning Svstem.

During 1966, the Division was engaged in 2 other
data processing fields: message switching systems
and radar data processing. United Airline’s Elec-
tronic Switching System. installed in 1965, accom-
modates the airline’s total teletvpe message traffic.
It automatically processes and distributes all re-
ceived teletype message traffic. including “inter-
line” messages exchanged with other airlines. It
distributes flight plan messages and forwards output
traffic of the reservation system. A similar svstem,
AIRCON. was being designed and manufactured
for RCA Communications. Inc.

The 4100 Series computers, key equipments in
the message switching system, are also used for
processing radar data on the Atlantic and other mis-
sile ranges.

Other major developments in the Information
Systems field were displavs and random access
memorics. The Model 3488 and Model 70/568 Mass
Memories store approximatelv 5 billion bits of data.
These mass memories are the largest and most eco-
nomical in terms of cost-per-bit on the market. De-
sign and development of modern drum and trillion-
bit memories are also in progress, with protoyptes of
each under development.

WCD continued to be the major supplier of dis-
plays to RCA’s Electronic Data Processing Division.
Displays are capable of presenting 480 characters in
many different formats. The displays, used for com-
municating with computer systems, utilize standard
110V-60 cps power and can be connected to the
computers by standard telephone lines. They can
be, therefore, situated at any convenient location.
The latest displays employ integrated circuits.

Paralleling the Division’s working in information
storage, retrieval, and processing were its outstand-
ing efforts in Electronic Countermeasures. The Di-
vision has been a major developer and supplier of
deception-jamming equipments to the Navy. The
Electronic Warfare group was engaged during 1966
in engineering and manufacturing programs for
Radio Frequency Oscillators and Amplifiers. In ad-
dition, the Electronic Warfare and Advanced Sys-
tems group was having considerable success in
study programs on high density power supplies, the
utilization of integrated circuits in ECM program-
mers and new electronic warfare concepts. The Di-
vision was merging its capabilities in ECM and
Information Systems to provide full electronic war-
fare system capability.

The Division was also active in the production of
standard fuzes, the development of new fuzes, and
such avionics equipments as navigation control
panels and distance measuring equipment.

The Aviation Equipment Department is devoted
exclusively to the design, development, and manu-
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facture of airborne electronic equipment for com-
mercial aircraft. The leading producer of weather
radar, the Department’s customers include most of
the world’s commercial air carriers and many busi-
ness aircraft owners, operators, and manufacturers.
During the year, the Department introduced a light-
weight, low-cost weather radar bringing the safety
of storm avoidance to the smallest twin-engine air-
craft, and it was developing a new generation of
weather radars for the upcoming giant jets and su-
personic transports. In addition to weather radar,
the Aviation Equipment Department was building
Distance Measuring Equipment (DME), Air Traf-
fic Control Transponders, including the new AVQ-
65 which is suitable for any aircraft operating in the
air traffic control environment, and other airborne
electronic equipment.

ROCKWELL-STANDARD CORPORATION
AERO COMMANDER AIRCRAFT DIVISIONS

In a number of ways 1966 was a record year for
Aero Commander Aircraft Divisions of Rockwell-
Standard Corporation.

Flying around the world, Jet Commander N1966]
established 21 world speed and distance records.
Flying around pylons and over specified courses,
the new single engine Aero Commander 200
claimed 4 world speed records and came in first in
every racing event which it entered.

Record growth in employment (over 2,000 peo-
ple), facilities (in excess of 700,000 square feet) and
sales volume (over $60,000,000) were the major
factors of the most outstanding year of growth ever
experienced by Rockwell-Standard’s Aircraft Di-
visions.

Production of the 2 new single engine models, the
high wing, 4-place, Aero Commander 100 and low
wing, 200 mile-per-hour Aero Commander 200,
built steadily forward to capacity at the new 200, -
000 square foot Aero Commander-Albany Division
plant in Georgia.

Further expansion of the Aero Commander line
into agricultural aviation was made late in 1965
with the addition of the Texas based Aero Com-
mander-Olney Division, which manufactures the
big Snow Commanders. With over a 44-foot wing
span, powered by a 600 horsepower engine and
capable of carrying over 2 tons of payload, the
Snow Commander is the largest ag-plane in produc-
tion.

The Aero Commander 1966 line included the
utility category Aero Commander 500 U; the 11-
place Grand and Pressurized Grand Commander;
the 290 mile-per-hour propjet Turbo Commander;
and the 500 mile-per-hour Jet Commander. During
1966 the Jet Commander was certified to Category
VI landing minimums and approved for flight at
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45,000-foot altitudes in a continuing program of
new certifications for the transport category aircraft.

ROHR CORPORATION

New generations of multi-engine aircraft plus ad-
vancing manufacturing technology were major
factors in the continuing upward trend in program
activity at Rohr Corporation.

The year 1966 was highlighted by substantial ex-
pansion of manufacturing facilities and a sizeable
boost in the company’s engineering work force to
keep pace with design and material requirements.
The number of trained engineers employed in-
creased 65 percent during the year and a further in-
crease of 40 percent was anticipated in 1967, In
manufacturing there was continued emphasis on
numerically-controlled machines, with addition of
such equipment as a tape-operated 5-axis bridge
type milling machine, a 6-axis automatic riveter,
and a tape-operated radical draw form stretch ma-
chine. Other major equipment installations include
an automatic loading system for a 25,000-ton press
and a 10-foot boring and drilling machine with a
42-foot horizontal travel, a 13-foot vertical travel
and 4-foot horizontal spindle shake.

The company policy of in-plant design and fabri-
cation of some new equipment was continued to
assure a higher degree of compatibility with Rohr
manufacturing techniques and cost savings.

Capabilities of Rohr’s Data Processing Center
were strengthened with addition of advanced com-
puter equipment such as the IBM 360-50 large-
scale mass storage computer, plus data link to Uni-
vac 1107, with application to engineering, sched-
uling, cost and manufacturing control functions,

Facilities also were expanded to keep pace with
the growing activity of the company.

Major areas of expansion included 3 warehouse
buildings totaling 143,800 square feet constructed
for the company on a lease basis. Construction at
corporate headquarters, Chula Vista, California, in-
cluded 18,200 square feet of additional engineering
space. Major additions at the Riverside plant were
a 4,000 square-foot X-ray facility for improved
quality assurance, a modern cafeteria building and
a 12,000 square-foot addition to the metal bonding
facility, reflecting growing activity in this phase of
operations. A 5,000 square-foot warehouse was com.-
pleted at the Auburn, Washington, plant. With the
increases during 1966, the company at year-end
occupied 2,669,409 square feet of floor space on 511
acres of land.

The company’s Space Products and Antenna Dj-
visions marked new achievements in their respective
fields and in the area of flight Rohr was participat-
ing in virtually every major multi-engine transport
aircraft program. Aircraft production covered a
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wide range, with the bulk in engine nacelles and
pylons, a basic Rohr specialty. In addition to power
plant assemblies, Rohr was producing fuselage sec-
tions, stabilizers, elevators, thrust reversers, struts,
ailerons, landing gear pods and doors, cargo petal
doors, wing-to-body fairings, flight and ground
spoilers, wing joint fittings, adhesive bonded struc-
tures of brazed stainless steel and honeycomb
panels.

Under a letter contract with Boeing, Rohr
proceeding with plans for production of pods
pylons for the big 747 airliner and work also was
under way for manufacture of the nacelle and
pylon for Lockheed’s 700,000-pound airlifter, the
C-5A. Engine assemblies were ordered for the
Douglas Super Sixty series DC-8s, the DC-9 and
the Grumman Gulfstream II business jet.

Production continued on aft fuselage sections for
the Boeing 707 and other components for the 720
series commercial transports, the Lockheed C-141
StarLifter military logistics transport, the P3-B
Orion sub hunter used by the Navy, the C-130
propjet logistics airlifter and the Jetstar business-
military aircraft. Rohr was also producing aft fuse-
lage and empennage components for the Grumman
E-2A Hawkeye early warning and intercept control
plane and trailing edge panels for the McDonnell
F-4B attack plane.

A highlight of 1966 in the Antenna Division was
dedication of the big 210 deep space tracking an-
tenna, which Rohr built at the Goldstone Deep
Space Station in California’s Mojave Desert for Jet
Propulsion Laboratory and NASA. The instrument
was turned over to JPL, the operating agency for
NASA, on April 21.

Two 85-foot high gain antennas that will serve in
the worldwide communications satellite network
also were erected at Brewster Flat, Washington,
and Paumalu, Hawaii. At year-end, the company
was completing the last of 6 large Cassegrain Horn
reflectors, ground system equipment for the Comsat
network. Antenna Division projects also included
continued production of microwave relay antennas
and completion of a complex testing structure for
a classified advanced weapons system.

Rohr’s Space Products Division continued to con-
tribute to the Air Force Space Systems Division’s
feasibility program on ﬂight-weight prototype solid
rocket motors.

On January 15, a 1,000,000 pound thrust second
stage motor, with Rohr components, was success-
fully test fired for the Air Force. Rohr provided a
35-foot-long, 156-inch diameter motor case, fabri-
cated from 2 previously fired segmented cases at a
savings of more than 50 percent. The re-use pro-
cedure gave the Air Force new information on 18
percent nickel maraging steel, an alloy newly
adapted to large solid rocket motor use.

was
and
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the summer of 1966, when 43 ships and thousands
of men were engaged in drills of the Southern
California coast that tested anti-PT boat prepared-
ness. A Belgian firm was named manufacturing
and sales licensee for Firefish craft overseas, and
the British Navy ordered the vessels for evaluation
at its Singapore base.

The Ryan Electronic and Space Systems facility
continued production: of automatic ground velocity
indicators for Navy helicopters, and low frequency
receivers to be used in conjunction with the Navy’s
world-wide OMEGA Navigation System were or-
dered by the Navy Ships Systems Command. The
Navy also scheduled trials of a Ryan sink-rate
Doppler system designed to record “hard land-
ings” on aircraft carriers, which could cause other-
wise undetected structual damage to aircraft.

Ryan solar panel structures were built in 1966
for the GEOS earth-mapping satellite and Mariner
67, designed for an exploratory mission to the
planet Venus. Ryan previously had built such
structures to capture the sun’s energy for Mariner
II in a Venus mission several years ago, and for
Mariner IV during its space journey to Mars in
1965. A new Department of Defense Gravity Ex-
periment (DODGE) satellite, scheduled for launch
in early 1967, was to carry Ryan solar panel struc-
tures of an advanced design.

Applications of Ryan’s unique Flex Wing re-
ceived further impetus in 1966 with award of Army
Aviation Materiel Laboratories contracts for addi-
tional flight testing and evaluation of the manned
XV-8A Fleep, a light STOL “fying truck,” and.. for
testing and fabrication of the unmanned Precision
Drop Glider System. Both are designed to deliver
critical cargoes to combat troops in rugged, unim-
proved areas. The Flex Wing represents a new
class of flight vehicles using wings of flexible mate-
rial, attached to a keel and leading edge membgrs
which form a V-shape, kite-like surface supporting
a fuselage or cargo platform suspended below the
wing.

T%e sharply increased volume of new business
sent Ryan payrolls at its three San Diego plants to
more than 4,000 at year’s end, comp:.ired to a-l.ow
of 1,575 early in 1965, and nationw@e recruiting
was conducted to meet anticipated continued expan-
sion in 1967.

SOLAR — A DIVISION OF INTERNATIONAL
HARVESTER COMPANY

Wide acceptance of Solar’s gas turbine-power_ed
auxiliary power systems in airliners and business-jet
aircraft, expanded sales of military APU’s for use
in helicopters, and continued pioneer work in the
development and manufacture of advanced aero-
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space components and systems marked the year in
aerospace for Solar.

Solar contributions to the Saturn-Apollo program
grew to the point where the Division was making
components for every stage of the moon vehicle.
For the first stage, Solar was producing ducting
and pressure lines for fuel, pressurization, and hy-
draulic systems, plus engine heat exchangers; for
the second stage, propellant pressurization and vent
lines, plus flexible metal hose and bi-metallic joints
for engine controls; for the third stage, further bi-
metallic components; for the instrument unit, cool-
ant manifolds, accumulators, and heat exchangers;
and for the Apollo and LEM manned capsules, the
main communication antenna structures and the
beryllium components and structures for the SNAP-
27 nuclear auxiliary power plants.

Solar was fabricating aircraft components such as
the stabilator slotted leading edge and boundary-
layer-control ducting for the McDonnell F-4 jet.
Solar in 1966 accelerated its expansion and diversi-
fication into the commercial aerospace business b
producing more jet-engine components, a field that
relies on the Division’s capabilities in the handling
of high-temperature and exotic metals. Engines for
which Solar was making parts power the AAFSS
compound helicopter, the C-5A heavy logistic air-
craft, the SR-71, prototype SST, the CH-53 heli-
copter, and the 707/720, 727, DC-8, and DC-9 com-
mercial jet liners.

Several significant advances were made in fabri-
cation technology, especially in the field of joining
modern metals, Electron beam welding equipment
and techniques were uprated to produce thick-sec-
tion titanium welds for the AAFSS helicopter devel-
opment program. High-temperature brazing tech-
nology continued to be advanced for the joining
of beryllium, titanium, and the refractory metals.
Further Sophistication of diﬂusion_bonding tech-
niques was achieved. Advanced materials research
included development of protective coatings of
refractory metals and superalloys, especially those
viewed as SST engine candidatés, and study of the
interstitial sink effect.

Solar was deeply involved in the study and devel-
opment of composite materials and was evaluating
these materials for use as aircraft engine, turbine,
and compressor materials, New efforts were begun
to develop metal matrix composite materials for
potential structural application. Nonmetallic itemns
under labora.tory study included viscoelastic damp-
ening materials and high-temperature plastics and
adhesives.

The other major element of Solar’s business, the
manufacture of gas turbine engines, continued in
1966 to make contributions to the aerospace in-
dustry.

Solar’s Titan gas turbine auxiliary power units
were used in every major U.S. military cargo heli-



copter. Helicopters transporting troops into battle
zones in Viet Nam were relving on the 80 to 105
horsepower Titan engines to restart main engines
and operate all hydraulic and electrical systems.
This enables the troop and equipment carriers to
operate wholly independent of ground-support in-
stallations when necessary.

Solar in 1966 continued to expand its position in
the commercial auxiliary power unit market with
substantial orders for F-27, FH-237. Fan Jet Falcon,
and JetStar systems. Solar APU’s were flying with
Moltawk Airlines, Alleghenv Airlines, Ozark Air-
lines, Northeast Airlines. and a host of executive
operators. Improvements in the APU system in-
cluded incorporation of a greatly improved evapor-
ator for ground air-conditioning. The commercial
Sc?lar auxiliary system provides self-contained elec-
trlcql power in addition to ground air-conditioning,
free_mg aircraft from reliance on ground-support
equipment.

Expansion of Solar’s gas turbine manufacture into
a leased 200,000 square foot facility in the Rose
Canyon area of San Diego in the spring of 1966
opened further space for aerospace-component pro-
dl}ction in the firm’s main plant along the San
Diego waterfront. The Division announced plans
for construction of a new turbine manufacturing
plant on 118 acres in the City of San Diego Indus-
trial Park on Kearny Mesa.

New development and fabrication facilities com-
pleted in 1966 included shops for honeycomb-struc-
ture fabrication, dissimilar metals joining, and fabri-
cation of beryllium components. Space, equipment,
and scientific personnel were added to Solar’s re-
search activity.

Solar employment continued to climb, reaching
3,600 by the end of 1966. Throughout the year,
Solar pushed a widescale recruiting drive that was
to continue into 1967, and Solar President Herbert

i(s;}?r(l)zel said employment would exceed 6,000 by

SPERRY RAND CORPORATION

Major Sperry Rand divisions continued to play
an indispensable role in aviation and space-flight,
fields that especially demand flawless performance
and reliable service, The Corporation was involved
heavily in developing and producing navigation
instruments, landing aids, automatic flight controls,
radiometric devices, computers and hydraulic sys-
tems for aerospace.

SPERRY DIVISIONS

On Long Island, the Sperry Gyroscope Division,
a pioneer in the design and development of micro-
circuited systems, progressed with its development
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of new equipment and systems employing these
new advanced techniques.

One prime effort was Sperry’s Integrated Light
Attack Avionics System (ILAAS). Under contract
to the Naval Air Systems Command, Sperry was
producing prototype equipment which will, for the
first time, fully integrate navigation, flight control,
weapons delivery and displays into a single, respon-
sive flight system for advanced Navy attack aircraft.
Among the goals set by Sperry were high reliability
and maintainability for fleet use.

Sperry’s Loran radio navigation system develop-
ment continued and joint Air Force-Army testing
of Loran-D, a tactical system, got under way at
Eglin Air Force Base, Florida. This new system will
enable ground and air forces to operate on the
same exact-position reference information, thus en-
abling aircraft to locate ground targets within yards.
As a result of Sperry’s work in this field, a new
lightweight, portable Loran receiver was developed
for use in forward areas by ground forces. It is
compact enough to be carried by a single man.

During the year, deliveries to the Air Force of
the AN/ARN-78 first microcircuit Loran-C receivers
continued. The all solid-state receiver is the first
to enter Air Force inventory. It has 5 times the
reliability of any comparable receiver, and is less
than % the weight. A commercial version of this
receiver was also selected for use on the Anglo-
French Concorde Supersonic Transport.

Also in the commercial aviation field, Sperry’s
SGN-10 Inertial Navigation System for commercial
jetliners began a series of flight tests for FAA cer-
tification, expected by early 1967. Pan American
World Airways ordered the SGN-10 for its entire
707 fleet and it was performing well on both Atlantic
and Pacific flights. This system is a complex of
sensors and an airborne computer which enables
the pilot to navigate without ground aids. The
SGN-10 was also ordered by Middle East Airlines,
Alitalia, Lufthansa, and the British Air Ministry for
evaluation.

In space, NASA achieved some remarkable firsts.
Its Boeing-built Lunar Orbiter I became the first
U.S. spacecraft to orbit the Moon, take pictures of
the far side and pictures of earth. Sperry’s Inertial
Reference Unit (IRU) played a key role in that
successful mission. The unit, part of the craft’s
attitude control system, responded to more than
600 commands during the month-long mission to
stabilize the camera platform, shut down the space-
craft’s rocket engine at the proper moment to
achieve orbit and in changing orbit twice, and to
aim the craft to transmit signals back to earth.

Meanwhile, other space programs continued at
Sperry’s Long Island facility. Critical navigation

equipment, accelerometers, were manufactured for
both the Apollo Command and Lunar Modules.
For the Nimbus satellite system, Sperry was devel-






the Boeing 737 and the Douglas Series 60 DC-8.
The first svstem for the 737, known as the SP-77,
was delivered to Boeing during the year and was
scheduled for flight testing in 1967. The SP-30AL
Automatic Flight Control System was certified for
Category II operation in the largest American jet
transport, the DC-8-61.

In addition, Sperry Phoenix designed and built
a flight control system for the re-entry vehicle
PILOT for the Martin Company. Emergency com-
munication homing beacons were used in the Gem-
ini flights during 1966.

Development, production. and on-time delivery of
a diversity of products for use in all parts of the
world and for space applications are significant of
“Sperry Utah 1966.”

During the 10th anniversary of Sperry Utah’s
development, production, and delivery of the Ser-
geant Artillery Guided Missile System, Sergeant
continued to fulfill an important defensive role with
the U.S. Army and with Federal Republic of Ger-
many forces overseas. Contracts for Sergeant system
electronics updating, for additional quantities of
tactical Sergeant missiles, and for system engineer-
ing services assured a full logistics pipeline of
Sergeant equipment in support of field commanders
and their troops.

A team of 30 Sperry Utah engineers, technicians,
and their families returned home following com-
pletion of “Project SCAMP III.” The 18-month
project took the Sperry team to Europe for 1 year,
and various assignments in the U.S. for 6 months,
to work with Army and West German troops updat-
ing deployed Sergeant missile systems. The project
was highly praised by the military, and as a result
of SCAMP III, the Sergeant Ground Support and
Training Equipment was returned to 100 percent
serviceability and operational readiness.

In 1966 the Army Weapons Command accepted
delivery of initial helicopter machine-gun mounts
produced by Sperry Utah. The first of more than
1,000 units ordered were delivered only 83 days
after receipt of the order. The mounts will permit
the addition of machine-gun fire power aboard the
UH-ID Iroquois and the CH-47 Chinook helicopters
for protection during troop carrier missions and the
evacuation of the wounded.

Developed by the Army Tank-Automotive Cen-
ter, the Sperry-built U.S. Army Tank Gunfire Simu-
lator is a stainless-steel tube which clamps to the
tank gun barrel. It is an electronic device designed
to duplicate the sound, flash, and smoke of tank
and artillery weapons. Its purpose is to reduce the
cost of training while achieving battlefield realism
for combat troops in field exercises. Blank ammuni-
tion costs $8 to $11 per round, depending on size;
simulator cost per round is approximately 30 cents.
Further savings are realized by prolonged life of
the weapons and reduced maintenance efforts at the
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end of firing activities. Sperry Utah was to deliver
more than 500 simulators to ATAC.

Another Sperry Utah product is the Operational
Television System for the manned spacecraft opera-
tions building at NASA’s Kennedy Space Center at
Merritt Island, Florida. The new system comprises
television cameras, monitors, and remote control
equipment which permit viewing of astronauts and
their spacecraft during simulated space flight train-
ing operations.

Sperry Utah activity at NASA’s Kennedy Space
Center in Florida also included the design and in-
stallation of radio frequency transmission systems
which are used in the checkout of the Apollo space-
craft’s Lunar Excursion Module and Saturn V com-
munications systems. The contract for this system
was awarded by the Canaveral District of the
Army Corps of Engineers.

In a record 7-month paper-to-product contract
commitment, Sperry Utah delivered to the Army
Weapons Command the first of more than 300
helicopter grenade launcher systems. The scope of
this work included fabrication and assembly of the
launcher sighting station, turret, turret electronics,
mechanical controls, and ammunition stores and
handling equipment. The M-5 Armament Subsys-
tems can be aimed and remotely controlled by the
pilot or gunner and can fire 40-millimeter grenades
at a rate of 240 rounds per minute. Developed by
the Army’s AWC, the grenade launcher in its turret
is mounted on the nose of the UH-1B Iroquois and
the CH-47 Chinook helicopters. Full-scale produc-
tion of the M-5 at Sperry Utah was started on
completion of the Aberdeentests in mid-November.

Bearing a striking resemblance to missiles is the
Air Force’s TDU-9/B supersonic tow target. After
several instrumented ground and flight tests con-
ducted by the Air Force at Eglin Air Force Base,
Sperry Utah was given approval to proceed with
production and targets were being delivered to the
Air Defense Command at Tyndall Air Force Base,
Florida, to be used for weapon system validation,
combat aircrew training, and evaluation of air-to-
air tactics.

In the intercept area, the pilot plays-out the 170-
pound target on a steel “fishline” which can be ex-
tended to any length up to nine miles. The 151-inch
missile-shaped target simulates a variety of targets
electronically and reports to a ground station “miss-
distance” information of the weapons fired at it,
which include the Sidewinder, the Falcon, and the
Genie rocket. Reel-in of the 170-pound target is
accomplished prior to landing the tow aircraft.
Studies were in process by the division for further
modifications in an extended product improve-
ment program sponsored by the Air Force.

Another innovation is VIPRE-FIRE (Visual Pre-
cision Fire Control), a hands-off, air-to-ground
helmet sighting system which allows a pilot or gun-
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ner to fire at a target merely by looking at it and
pressing the trigger. Through this one single act of
normal visual acquisition, the weapon system is
brought to bear on the target, irrespective of the
aircraft’s airspeed, altitude, or flight path. Ideal for
helicopters, which require a pilot’s undivided atten-
tion, the system can easily be adapted to existing
weapon systems and aircraft as well as to those of
the future. VIPRE-FIRE is so simple to use that in
recent demonstration firings from a helicopter, un-
trained observers using the system for the “first
time” scored constant hits on ground targets.

Acting as a “third eye,” Sperry’'s HOTAR (Hold
Target) using the helmet sight from VIPRE-FIRE
in conjunction with a simple computer enables the
pilot to quickly reacquire or hold a target sighted
on a previous pass. Once the initiate button is
pushed, HOTAR provides the pilot with signals
for holding the target during maneuvers for attack
even if the target passes behind the aircraft and
out of sight for any period of time. The HOTAR
system can be adapted to both fixed and rotary
wing aircraft.

To accomplish aircraft “test check-out” accurately
yet rapidly enough to maintain the highest degree
of availability, Sperry Utah has developed the
Multi-Station  Automatic Avionics Test System
(MAATS). From airlines experience, items that
show 6.5 hours test time can be tested by MAATS
more accurately, safer, and faster—in only BO.mm-
utes. MAATS is configured in 38 test stations—
Analog, Pneumatic, and RF (UHF-VHF) including
ATC transponders and Distance Measuring Equllp-
ment—supported by a central control station which
is computerized and capable of handling the full
test load of 9 test stations simultaneously. A'fourth
test station for weather radars and other equipment
in the same frequencies regime will be available.
MAATS also provides for diagnostic': tests. and re-
pair, and as an added feature prov1des dlagnostxc
self-test. ) )

Sperry Electronic Tube Division, Gainesville,
Florida, continued to supply all power k?ystrons
used in TACAN and VORTAC air navigation sys-
tems. In 1966, the Division developed new klystrons
and traveling wave tubes and began hl,gh yolume
production for many ai}rlborne E%M’n?aglfg;;;;lsai?]d
fire control systems. These significa i
clude the: RyF—4C, F-111, F-4, F-105, A-BA, A-7A,
B-52, YF-11A, C-124, C-130, C-135, and (.3-141 air-
craft, and the Phoenix and CAB-Q_ missiles. The
Division also introduced a line of microwave power
packages which convert 28 volts DC to microwave
frequencies under the extreme environmental con-
ditions of aerospace applications. . o

The Sperry Microwave Electronics Division,
Clearwater, Florida, continued to supply flight line
checkout equipment for the multi-mode radars in
the A-7A Corsair II and the RF-4C Phantom II.
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Similar equipment, radar performance analyzers,
was to be delivered to General Dynamics Corpora-
tion for flight line check of the attack and terrain
following radar subsystems in the F-111A. The
primary design requirement of these equipments
is to meet the maintainability and quick-turnaround-
time standards set for these aircraft.

Work was in progress on an analog and digital
Card/Module Tester for Mark III SINS and a
digital version for ILAAS. The division also was
developing module subassembly testers for use on
the Mark II SINS program.

Among the other test equipments in production
for the Air Force were the ALM-47 ECM test sets,
AN/UPM-29 radar test sets, and the AN/APN-232
altimeter test sets.

The decision to ‘update the radar systems in the
B-58 Hustler resulted in an award for the division
to recommend, and ultimately develop and manu-
facture, the AGE equipment for the search radar
being redesigned by Raytheon.

Self-contained, completed instrumented vans cap-
able of performing spectrum surveillance and radar
beacon checkout functions were delivered to the
Air Force Eastern Test Range for use on its various
stations.

During the year, 2 AN/AAR-33 Airborne Micro-
wave Radiometric Systems for iceberg detection
were delivered to the U.S. Coast Guard for use by
the International Ice Patrol. By adding these radio-
metric systems to their existing equipment, the
Coast Guard is able to detect icebergs and other
shipping hazards from high altitudes at relatively
high speeds through fog and rain.

Other active programs in this field, under flight
test in 1966, were microwave radiometric systems
for missile terminal guidance and terrain mapping.

For the Navy’s Versatile Avionic Shop Test Sys-
tem (VAST), the division developed and was
manufacturing a series of computer-programmable
microwave signal generators. These microwave
synthesizers are full automatic state-of-the-art de-
vices producing high quality RF signals, suitable for
testing the most advanced avionic systems.

Advanced research in ferrite devices and mate-
rials development and manufacture were carried on
in continuing company—sponsored and militz}ry fund-
ed programs. One of the products resulting from
this research activity was the microwave acoustic
delay line. These delay lines were being built into
the APN-232 altimeter test set, and were being
used in testing radar altimeters by altimeter manu-
facturers and commercial airlines.

Scheduled for year-end delivery were cryogeni-
cally cooled parametric amplifier systems, to be in-
corporated into the NASA Unified S-band (USB)
system, a part of the tracking and communication
network for the Apollo program. The paramp sys-
tems were to be located at 85-foot dish antenna



sites for amplification of signals received during the
lunar phases of the mission.

Digital phase shifters in various frequencies were
developed and tested for phased array and early
warning radars, and research and development pro-
grams included Air Force contracts. Solid state
sources were developed and quantities delivered
both to industry and the military.

SPERRY RAND RESEARCH CENTER

At the Sperry Rand Research Center in Sudbury,
Massachusetts, an air pollution study led to the
de\'elopment of a new passive radiometry method
to measure atmospheric temperatures from the
ground. This method promises to eliminate the
balloons and radiosondes now needed to detect
smog-producing temperature inversions. The out-
growth of a second atmospheric study was a laser-
based technique which offers the first practical
method to measure visual range along aircraft glide
paths. Using a new ultrasonic method that reduces
power requirements a thousandfold, the Center
modulated a laser beam to demonstrate the useful-
ness of the technique for optical communications
and for processing radar data. Semiconductor de-
vice work produced a diode which oscillates at
microwave frequencies when connected to a direct
current source. The diode can serve as a simple,
reliable local oscillator in large radars or as the
entire RF output section in a hand-held battlefield
surveillance model. System scientists analyzed wide-
band and high-resolution radars, and they devel-
oped new methods to evaluate vocoder systems.

UNIVAC DIVISION

Continuing advances in data processing and in
the aerospace field marked another active year for
Sperry Rand’s UNIVAC Division. Highlights of the
year were introduction of major product lines, con-
tinuing contract work in the space field, and sig-
nificant developments in technology.

UNIVAC attained a milestone in its $37,000,000
contract to supply Air Force base supply com-
puters with the shipment of its 100th UNIVAC 1050
computer system. The shipment represented com-
pletion of nearly two-thirds of the original contract.

In June, UNIVAC made the Jargest multi-product
announcement in its history with the introduction
of a new series of integrated computer systems. The
first members of the new UNIVAC 9000 series were
the UNIVAC 9200 and UNIVAC 9300. The systems
incorporated the latest in technology including 2
plated wire memory and integrated circuitry.

In the large scale aerospace and scientific com-
puting field, UNIVAC’s largest commercial system,
the 1108, found wide acceptance among govern-
ment and industrial users. Significant orders in-
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cluded the NASA Manned Spacecraft Center,
Marshall Spaceflight Center, Lockheed Missiles and
Space Company, The Boeing Company, U.S. Naval
Ordnance Test Station, Goddard Space Flight Cen-
ter, DuPont, General Dynamics, and United Aircraft
Corporation.

In August, UNIVAC was selected to provide aero-
space computers for the Air Force’s Titan III space
booster. The $10,000,000 contract from A.C. Elec-
tronics Division of General Motors called for
UNIVAC to provide production quantities of the
1824 computers for the Titan III guidance system.
The highly miniaturized 1824 weighs only 80

ounds.

UNIVAC also was awarded a contract from the
Marine Corps to provide a Tactical Data Communi-
cation Central, a high-speed air command and con-
trol system developed to modernize Marine combat
air control during amphibious operations.

In the nation’s space program, UNIVAC contin-
ued to play a key part with vital communications
processing equipment for the National Aeronautics
and Space Administration. With the conclusion of
the Gemini program, UNIVAC provided advanced
communications processing systems for the complex
Apollo lunar landing mission. UNIVAC 494, 418
and 1230 systems were installed in the worldwide
tracking network maintained by NASA.

UNIVAC’s pre-eminence in the air transport in-
dustry was underscored during the year with major
computer orders from Air France and the Scandi-
navian Airways System for worldwide reservations
and management information systems for the re-
spective lines. In addition, Eastern Airlines, one
of the nation’s first with such advanced computing
equipment, ordered additional UNIVAC real-time
computing systems for its Data Center in Charlotte,
North Carolina.

Accompanying these installations and orders, a
number of significant developments in unit record
equipment, data communications as well as ad-
vanced internal memory systems marked another
growing year for UNIVAC as well as for data
processing technology.

VICKERS INCORPORATED DIVISION

Major production for 1966 at the Vickers Incor-
porated Division included Minuteman Flight Con-
trol System components for both stages; hydraulic
systems and components for the Douglas DC-9 and
the 60 Series DC-8; Boeing 700 series, and the
BAC BC-10 airliner. In addition, the Division pro-
duced hydraulic engine starters and substantial
amounts of other hydraulic equipment for the Bell
UH-1 and Sikorsky CH-46, CH-47, and CH-53
helicopters. Due to escalation of the Viet Nam
conflict, these particular planes brought about a



INDUSTRY

considerable increase in Vickers production during
the year.

During the latter part of the year, a major pro-
gram began for the A-7TA.

Programs in prototype production stages includ-
ed: a major part of the hydraulic components for
the Lockheed C-5A, the largest military transport
to be built, which may use more hydraulic horse-
power than any plane except the XB-70; Vickers
hydraulics for elevation and azimuth control on the
launcher to aim the Chaparral heat-seeking missile
to protect front battle areas from aircraft; high-
temperature pneumatic components for the attitude
system of the Poseidon missile; a contract to supply
the hydraulic engine starter and hydraulic power
packages for Lockheed’s new combat helicopter,
the AAFSS (Advanced Aerial Fire Support System).

SUNDSTRAND AVIATION
DIVISION OF SUNDSTRAND CORPORATION

Throughout calendar year 1966, Sundstrand Avia-
tion Division of Sundstrand Corporation, Rockford,
Ilinois, continued as a leader in aircraft secondar,y
power systems. Adding to its stature as _the world’s
leading supplier of constant speed drives, Sund-
strand Aviation also made further progress on di-
versified product lines designed to serve military
and commercial systems ranging from underseas to
outerspace applications. ' 1

Building on its in-depth undersea experience ur-
ing 1966, Sundstrand continued to provide the pozv8—
er plant and tankage system for the Mark
Torpedo, an advanced ASW weapon. The scope
of the current contract includes the design, devel-
opment, and manufacture of a Develqpment Proto-
type Torpedo (DPT) and a Production Prototypti
Torpedo (PPT). The DPT phase was in the fina
stages of completion and the PPT design was begug
in the fall of 1966. The system was being evaluate
through in-water torpedo tests at the Naval Torphe_dﬁ
Station at Keyport, Washington. These tests, w 1cd
were approximately one-third complete at year-eln E
demonstrated design excellence for the power plan
and tankage.

Sundstrand Aviation also held several other con-
tracts for research into turbine technology and ad-
vance torpedo propulsion systems.

On thepland,PSuIrjldstrandyAviation continued d.e—
velopment work on the new Due.ll'-Mode Tr}zllnsmwci
sion for applications on both military off-t e-roa
vehicles and commercial trucks and buses. Testing
of prototype models in Sundstrand trucks and on
military tracked vehicles was well under way during
1966. Commercial truck manufacturers were com-
pleting plans to begin testing in early 1967.. '

In the spring of 1966, Sundstrand Aviation re-
ceived a contract from the FMC Corporation, San
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Jose, California, for production of a prototype
hydrostatic steer system to be applied to their
armored amphibious personnel carrier, the PX-12.

Sundstrand Aviation maintained its leadership in
aircraft accessory drive systems during 1966. Con-
stant speed drive production work began on many
contracts originally awarded to Sundstrand during
1965. In addition, a number of new programs were
under way, helping to make 1966 the most success-
ful year in Sundstrand Aviation’s history.

Outstanding among the new business was the
contract from Lockheed-Georgia for constant speed
drives to be applied to the huge C-5A military
transport.

The application of Sundstrand CSD’s to a new
version of the Dassault Mirage reflected the com-
pany’s growing interest in the smaller jets, especial-
ly executive transports, being sold throughout the
world.  Sundstrand research vigorously pursued
during 1966 new solutions for the aircraft electrical
problems inherent in the frequency-wild or DC
systems often used on these smaller craft.

Testing of Sundstrand constant speed drives for
application on the Canadian version of the F-5 to-
gether with a follow-on buy of drives for the F-4
program further evidenced Sundstrand’s interest in
applications on airplanes with lower KVA require-
ments.

The order of magnitude improvements in relia-
bility and long-life of the new Sundstrand AGD
constant speed drive is best demonstrated by the
favorable reception given Sundstrand’s retrofit pro-
posal by many of the world’s airlines. The plan
called for retrofitting existing fleets with the new
drive. Eleven of the worlds most distinguished
airlines accepted the program.

In other aircraft accessory system areas, Sund-
strand Aviation was participating in both Lockheed
and Boeing’s SST programs. Sundstrand constant
speed drives were proposed to both airframe manu-
facturers on their futuristic designs. In addition,
Sundstrand was funded by Lockheed to conduct
further studies on SST hydraulic pumps and motors
and by Boeing to build an accessory drive gearbox.

In guided missile and space technology, Sund-
strand Aviation made remarkable progress through-
out -1966. An example of the success of Sundstrand’s
miniature missile power units (MPU), small, tur-
bine driven, -electrical, hydraulic, or combined
electro/hydraulic power sources providing short
bursts of energy for missile-borne equipment, was
the Certificate of Merit awarded Sundstrand by the
Sperry Gyroscope Company. This award was made
for Sundstrand’s MPU research as part of the Sperry
contracted program.

Sundstrand was also active in MPU proposal
efforts on the Poseidon and SRAM missiles.

In other space and missile activity, Sundstrand
research teams continued work on an organic ran-



kine cycle engine under contract from the Atomic
Energy Commission.

Work progressed during 1966 on the new Sund-
strand Aviation Research and Development Center
at Rockford, Illinois. YWhen completed in 1967, the
new center will house all of the administrative,
engineering, and scientific facilities recently consol-
idated in Rockford. The consolidation, completed
in the summer of 1966, brought together all Sund-
strand Aviation engincering and technical personnel
formerly in Rockford and Denver. Sundstrand’s
Denver facility continued to expand as a manufac-
turing plant.

THIOKOL CHEMICAL CORPORATION

In 1966, Thiokol Chemical Corporation celebrated
its 25th anniversary in rocketry. As with the pre-
ceding years, it was one of prog}ess and accomplish-
ments in many areas.

In big boosters, there were firings at the Wasatch
Division of 120-inch and 156-inch diameter motors
in February and April, respectively. The 120-inch
motor, deve]oped and tested by Thiokol under con-
tract to the Air Force Ballistic Svstems Division,
used a 25-inch throat, submerged omniaxial nozzle
and demonstrated a high pefformance propellant
system.

The 156-inch motor, utilizing a fiberglass rein-
forced plastic case, was designed and tested as a
potential upper stage for future launch systems. It
generated more than 325,000 pounds of thrust dur-
ing a 110-second burn time. A significant achieve-
ment of the test was the successful demonstration of
a high expansion ratio, submerged fixed nozzle with
liquid injection thrust vector control. Over 40 per-
cent of the nozzle was submerged in the case, a
technique that increases the amount of solid pro-
pellant without increasing the motor’s over-all
length.

Another unique feature of the test was the use
of an 83-foot-long diffuser tube to simulate high
atmospheric conditions.

In another area of solid propulsion technology,
Wasatch successfully test-fired 5 flight-weight re-
startable motors in a program designed to demon-
strate Thiokol's ability to produce a solid propellant,
air-launched rocket motor with a start-stop capa-
bility. Subjected to temperatures ranging from
minus 75 to plus 175 degrees Fahrenheit, the motors
were test-fired at the minus 75 degree reading, one
of the most severe temperature conditions to be
encountered by a solid-fueled motor.

In June, the 100,000,000th pound of PBAA solid
propellant rocket motor fuel was mixed at Wasatch,
which has supplied propellant for such propulsion
systems as Genie, Bomarc, Mace, Matador, large
hoosters, and the first stage Minuteman.
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Completion of the basic contract for research and
development of the Minuteman first stage motor
was announced after a successful 9-year effort
which helped prove the value of large solid pro-
pellant motors. Production of first stage motors
was scheduled to run into 1972.

In other programs, Wasatch received 2 develop-
ment contracts from the Air Force Rocket Propul-
sion Laboratory, Edwards AFB, California, for con-
tinued work in the area of thrust vector control for
large solid propellant motors. Under the first con-
tract, the Division was developing a hot gas valve
thrust vector control system for submerged fixed
nozzles, in which the valve diverts the motor’s hot
gases through the side of the nozzle into the main
exhaust stream to achieve thrust deflection. The
second contract calls for Wasatch to develop and
demonstrate an omniaxial flexible seal nozzle for
thrust vector control. A static test of the new
TVC system on a 156-inch diameter motor was
scheduled for the spring of 1967.

In a third program, Wasatch passed a major
milestone in a corporate-funded effort to develop a
thrust-modulated solid motor with a successful
static test in September. The test demonstrated
Thiokol's ability to reliably extinguish and restart
a solid motor on command, and to vary the motor’s
thrust on command.

Progress in air-augmented rocket propulsion was
marked by the Huntsville Division with the suc-
cessful launch of a ducted rocket from the U.S.
Naval Missile Center, Point Mugu, California.
Called the Solid Propellant Augmented Rocket
Motor, SPARM, the program is sponsored by the
USAF Directorate of Armament Development,
Eglin AFB, Florida.

During the year, the Huntsville Division an-
nounced the successful test firing of the second
stage motor for the Army’s Improved Zeus anti-
missile missile. The Army’s Nike X project office
called the full duration static test a complete suc-
cess. The Huntsville Division has the propulsion
development contract for all 3 stages of the Im-
proved Zeus, a longer and heavier version of the
missile that has successfully intercepted incoming
ICBM target nose cones.

One of the major highlights of the year combined
the propulsive power of solid and liquid engines in
the historic touchdown of Surveyor I on the moon
in June. Thiokol's Elkton Division provided the
retro power with its main Surveyor retro engine,
and the Reaction Motors Division provided the
vernier liquid engines for attitude and velocit
control. Both systems worked perfectly in this
tremendously successful landing.

In addition to its contributions to the Surveyor
soft landing, Reaction Motors continued to produce
packaged liquid engines for the Bullpup air-to-sur-
face missile. It also received a multi-million dollar
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contract from North American Aviation, Inc., for
the development of an advanced packaged liquid
engine to power Condor, a new air-to-surface mis-
sile.

In space propulsion, Reaction Motors successfully
pulse-fired its C-1 Radiamic engine at the Marshall
Space Flight Space Center in a vertical-up attitude
at a simulated altitude in excess of 200,000 feet.
This followed a series of firings at Reaction Motors’
own facilities which exceeded 14 hours in duration.

Reaction Motors noted 2 significant anniversaries
during the year: the founding of Reaction Motors in
1941, and the tenth anniversary of the YLR99
powerplant for the X-15 research aircraft. The en-
gine, which has powered over 125 missions, is
throttleable and one of the most sophisticated
liquid rocket engines ever built.

In sounding rockets, the Astro-Met Division in
1966 established itself as a leading supplier of re-
liable off-the-shelf vehicles and hardware available
to sounding rocket users. In addition to Nike-Toma-
hawk sounding rocket systems procured by Douglas
Aircraft Company, the Sandia Corporation, NASA’s
Goddard and Marshall Space Flight Centers, and
the Air Force Cambridge Research Laboratories,
the Division supplied rocket launchers to the Sandia
Corporation and to the Army for several research
projects. Astro-Met was also under contract to the
University of Michigan to fabricate omegatron
gauges for measuring atmospheric temperature and
density. The Division also developed an improved
mesospheric temperature measurement device, as
well as a successful jon-bulk motion measurement
unit,

Rapid expansion and modification characterized
the Longhorn Division in 1966 as U.S. efforts in Viet
Nam required increased production rates of 60- and
81-millimeter and 4.2-inch mortar shells as well as
105- and 155-millimeter artillery rounds. Production
of solid motors for the Nike Hercules and Sergeant
weapons systems also continued during the year.

The year marked the end of the first quarter-cen-
tury in the rocket business for Thiokol; but, more
importantly, it also witnessed the continuing ex-
pansion of a broad base of activities on which to
build the next 25 years of growth and progress in
rocket propulsion for space and defense.

TRW INC.

For Cleveland-headquartered TRW Inc., 1966
was a year of accelerated demand for a greater
variety of jet engine parts and components, of
deeper involvement in scientific, military and com-
mercial space programs, and of increased require-

ments for missile systems, subsystems and related
hardware.
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During the year, TRW contributed heavily toward
advancing space and spacecraft technology. Of
the 97 spacecraft produced by TRW since the ad-
vent of the Space Age, 20 were still producing useful
scientific and engineering data for NASA and USAF
in October. Among those launched in 1966 were:

OGO II11. Designed, built and launched by TRW,
the NASA-sponsored Orbiting Geophysical Ob-
servatory was the third such vehicle designed and
orbited for the systematic study of the earth and its
space environment.

The OGO can carry up to 50 scientific experi-
ments and operate in orbit for 1 year or more. TRW
launched OGO I in September 1964. Its payload
included 20 experiments designed to investigate
solar flares, atmospheric composition, magnetic
fields, cosmic rays and other phenomena. OGO II,
launched a year later, carried 20 experiments into
polar orbit. OGO III contained 21 experiments.
Three additional OGO launches were planned.

Initial Defense Communication Satellites. The
first 8 of these medium-altitude telephone-relay
spacecraft were launched from 1 vehicle by the
Defense Department in June. These will serve as
the nucleus of a world-wide military communica-
tions system. An additional launch was planned for
early 1967. TRW, one of the concept originators,
provides 6 major subsystems for each IDCS.

Pioneer 7. This drum—shaped solar orbiter began
its elliptical trek around the sun on the Mars side of
earth in August. The 140-pound craft collects data
on magnetic fields and plasma, while its older sister,
Pioneer 6, measures the same phenomena from a
vantage point on the Venus side of earth, 30,000,-
000 miles closer to the sun.

TRW entered the commercial communications
satellite field in 1966 with the award of a $32,000,-
000 contract by the Communications Satellite Cor-
poration. The Comsat contract called for TRW to
design and build 6 third-generation satellites, each
of which will accommodate more than 1,200 two-
way telephone links or 4 television channels.
Four spacecraft will be delivered by 1968 to be-
come part of Comsat’s INTELSAT III system, the
world’s first global communications satellite Sys-
tem. Satellites 4 and 5 will incorporate subsystems
built by 9 European and Asian companies.

In the manned spacecraft area, TRW engineers
and analysts produced the “roadmap” along which
the astronauts in Gemini 10 orbited earth and per-
formed multiple rendezvous with 2 Agena boosters.
A similar mission plan was to be formulated by
TRW for the early-1967 Apollo 204 flight, the first
scheduled manned flight of the man-on-the-moon
Apollo program.,

TRW also delivered special demodulating equip-
ment for all the stations in the world-wide Apollo
tracking network. These units sharply distinguished
between transmitted signals and spurious radio fre-



quency noises that originate in electronic equipment
and in space itself. The first flight test of the radia-
tion-hardened Space Ground Link Subsystem was
completed successfully in October. This subsystem
uses the latest microelectronic techniques and in-
corporates all of the tracking, telemetry and control
functions into a single unit that earlier had been 3
or more separate systems. The Air Force expected
SGLS to become the basis for a uniform ground link
system that will be used in all USAF spacecraft of
the future.

. In another Apollo-support program, TRW de-
livered to Grumman Aircraft Engineering Company
the first flight models of the descent engine and the
Abort Guidance System for the Lunar Module. The
engine, a thruster variable in 10-1 ratio (from 1,000
to 10,000 pounds of thrust), will allow Apollo astro-
nauts to make a soft helicopter-like landing on the
I.unar surface. TRW’s Abort Guidance System also
Incorporates the most advanced microelectronic and
computer techniques. It is designed to take over the
guidance chores of the LM if the primary guidance
system malfunctions.

TRW participated in the hardware program for
the Uprated Saturn I space booster, which was
launched for the first time in February. The com-
pany supplied reaction control thruster engines for
the fourth stage and a coolant pump.

In addition to new spacecraft and related hard-
ware projects, TRW added to its space power activi-
ties in 1966. TRW experience in building 3 major
subsystems for the Mariner 4 program led to a con-
tract from the Jet Propulsion Laboratory for the
power conditioning system for the Mariner-69 space-
craft. This system not only includes the solar-cell
subsystem for generating raw electricity but also the
computer-controlled conditioning and distribution
of the refined and regulated voltages required by
the on-board electronics. The company’s Equipment
Laboratories in Cleveland continued the long-range
development of an advanced reactor-heated Mer-
cury Rankine Power Conversion unit that uses a
turbo-alternator to produce 38 kilowatts of auxiliary
power in space for 1 year.

The MRPC, formerly identified as SNAP-2, com-
pleted 4,700 hours of fault-free continuous testing
early in the year. The unit was scheduled for the
start-up of a 10,000 hour test in December. A 2-year
contract for the development and test of 2 proto-
type boiler and condenser systems for space power
use was also awarded to TRW late in the year.

During 1966, TRW continued to provide systems
e_ngineering services to the Air Force on the bal-
listic missile program, services that have been sup-
plied since 1954. In addition, TRW was assisting
the Air Force in the site activation of its Wing Six
Minuteman forces. The project includes a combina-
tion of missile engineering and installation construc-
tion engineering.
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In other defense areas, Bell Telephone Laborator-
ies commissioned TRW to develop special vehicles
and instrumentation for re-entry measurement
instrumentation program. For the Army, TRW was
to integrate boosters and equipment required in the
SPARTA portion of Project Defender, and special
re-entry vehicles were to be launched from a site
in Australia to determine the effectiveness of detec-
tion and measuring systems.

The systems engineering experience TRW gained
through the U.S. ballistic missile programs con-
tinued to be applied to a variety of other defense
projects. For example, the Navy extended TRW’s
contract for providing systems engineering and in-
tegration support for the antisubmarine warfare
program. Tasks under this contract range from
equipment evaluation to equipment integration
aboard ships, airplanes and satellites and to the
development of procedures for testing and evaluat-
ing Navy ASW equipment and systems. TRW also
directs systems engineering techniques toward the
development of a computer-oriented data manage-
ment system for the Army in support of its Ad-
vanced Aerial Fire Support System—the AAFSS, a
new compound helicopter being developed by Lock-
heed Corporation. In still another area, TRW joined
a team headed by Litton Industries to work on the
early phases of a program called the Fast Deploy-
ment Logistics Ship System, a new kind of shipyard
capable of serially producing a revolutionary type
of ship to transport a wide variety of military cargo
and/or personnel.

The missile-program disciplines of systems en-
gineering also proved their usefulness in many non-
space, non-defense projects of 1966. For example,
TRW won a contract from the State of California
which called for the development of a systems ap-
proach to the efficient utilization of land throughout
the state. The system will consider such diverse
elements as residential and industrial housing, recre-
ational areas, highway construction, police and fire
protection, and utilities as well as population and
geographic location trends.

The systems approach to commercial and civil
projects was also being applied by TRW to oil ex-
ploration under Long Beach. And similar techniques
were being applied to studies of future water
sources for the city of San Bernardino, a data man-
agement system for the city of Redondo Beach and
for the efficient allocation of funds collected through
the United Crusade. In addition, TRW received a
contract from the Province of Alberta, Canada, to
provide engineering consulting services for the
planning of an $88,000,000 medical health center
that will take 8 years to complete. The new center
will bring under single operational management an
amalgamation of health sciences, medical research,
medical education, preventive medicine and clinical
treatment facilities.
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The fast-paced growth of TRW’s space activities
was matched by facility expansion. TRW’s Califor-
nia-headquartered Systems Group, for instance, oc-
cupied 3 partially completed buildings on a 110-acre
site in 1962. By the end of 1967, the Group will oc-
cupy 13 buildings on this site and, counting other
sites in California (San Bernardino, Vandenberg
AFB, San Juan Capistrano and 5 communities sur-
rounding Redondo Beach) and those in Houston,
Cape Canaveral, and Washington, D.C., will have
a total facility capacity of nearly 3,000,000 square
feet of engineering, laboratory and manufacturing
space.

Rising orders for jet aircraft parts, airframe cast-
ings and missile components have also prompted
TRW to expand plant facilities elsewhere in the
country. For instance, TRW in 1966 completed a
70,000 square foot plant addition in Minerva, Ohio,
and took a long-term lease on 150,000 square feet
of additional manufacturing space at nearby Al-
liance. As a result of order build-up, employment at
TRW plants making aircraft parts in Ohio and Penn-
sylvania jumped about 30 percent during the year.

In addition to orders for substantially increased
quantities of engine parts, booster pumps and air-
frame structural components for such planes as
Boeing’s 707, 727 and 737, and Douglas’ DC-8 and
DC-9, TRW won important new business with a
share of the production requirements for the worlfl 3
largest jet cargo carrier—Lockheed’s C-5A—and big-
gest commercial passenger plane-Boeing’s 490-seat
jet 747.

For the initial 58 C-5A’s on order, TRW was to
supply fuel booster pumps (24 per plane), landing
gear door actuators (using TRW’s new propietary
roller gear drive and gear-forging techniques) and
a unique pneumatic control system that will allow
the 728,000 pound jet to “kneel” to take on cargo.

For the 747, TRW was to produce the jet's main
engine pumps, some turbine blades and other com-
ponents for the aircraft’s Pratt & Whitney engines.

TRW also had orders to make fuel booster pumps
for a new supersonic jet target drone and the Army’s
revolutionary helicopter, the AAFSS ( Advanced
Aerial Fire Support System). ) .

The company’s ordnance activites gained new im-
petus during the year, following the announcemen(ils
that the Army Weapons Command had purchase.
TRW’s new 25 millimeter multipurpose automatic
cannon for field testing. The lightweigl:lt du‘?l-fefild
weapon was designed to give U.S. vehicles “stan (i
off ability” against 23 millimeter weapons carrie
by Russian vehicles. The British and French gov-
ernments also ordered the new TRW 6425 cannon
for field evaluation tests.

UNITED AIRCRAFT CORPORATION

United Aircraft operated at an accele.rated_ pace
in 1966. To meet growing demands for its military
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and commercial products, it stepped up production,
expanded facilities, and increased employment.

Through higher levels of development and manu-
facturing, the corporation bolstered its position as
a leading supplier of equipment for winged flight,
principally jet engines, helicopters, propellers, and
airborne radar.

In rocketry, its solid-propellant boosters and lig-
uid-propellant engines functioned successfully in
Air Force and NASA launches. The company made
deliveries of space hardware in its role as a Project
Apollo contractor. It achieved increased success in
programs to apply its aerospace skills to other fields,
such as electrical power generation, rail transporta-
tion, and marine technology. And it carried out re-
search and development across a broad span of for-
ward activity.

New facilities providing about 1,000,000 square
feet of floor space were completed and occupied
during 1966. At year end, additional construction
was in progress, as were extensive programs to
modernize capital equipment. Employment rose
throughout the year, climbing past 80,000, as pro-
duction schedules were raised to meet mounting
customer requirements,

In a move expected to help Pratt & Whitney Air-
craft expand its turbine-engine production capacity,
United Aircraft and Hawker Siddeley Canada Ltd.
in September announced plans to form a new Ca-
nadian aircraft engine and industrial turbine com-
pany, to be known as Orenda Ltd. The new com-
pany will be formed from the Orenda division of
Hawker Siddeley Canada, which will own 60 per-
cent of the stock, United Aircraft owning the re-
maining 40 percent.

The corporation’s central research organization,
United Aircraft Research Laboratories, advanced
its work over a widening range of basic and applied
programs in 1966. It improved its process for pro-
duction of continuous boron filament and received
the largest single boron order ever placed when the

Aar Force ordered a ton of the promising new struc-
tural material.

The Research Laboratories intensified studies of
gaseous nuclear core rockets suitable for flight with-
in and beyond the earth’s atmosphere. Potentially
high-performance engines of this type offer the
possibility of single-stage-to-orbit or near-planet
capability. In line with its continuing interest in
rocketry and hypersonic air-breathing propulsion;
the laboratories carried out investigation of the
supersonic combustion ramjet (scramjet) concept
for the Air Force. With contractual support from
the Atomic Energy Commission, work went for-
ward on a new technique for producing an ex-
tremely pure, high-temperature plasma by employ-
ing a high-intensity laser. The process could provide

new knowledge applicable to efforts to achieve
thermonuclear fusion.



In quantum physics, the Research Laboratories
devised a method for generating and measuring ex-
tremely narrow, high-peak-power laser pulses only
one-ten-trillionth of a second in duration.

United Aircraft carries out product development
and manufacturing through 7 divisions. Because
cach operates autonomously, with its own product
lines and technical interests. detailed activities of the
corporation are reported separately in the follow-
ing columns under the names of the divisions. They
are: Pratt & Whitnev Aircraft, jet and rocket en-
gines, marine and industrial gas turbines, fuel cells;
Hamilton Standard, propellers, electronics, acces-
sories for spacccraft and aircraft, controls; Sikorsky
Aircraft, helicopters and other advanced vertical-
lift aircraft; Norden. guidance, navigation, radar,
and other electronic systems; Vector, telemetry and
communications equipment; United Technology
Center, solid-propellant boosters and advanced
space propulsion systems: United Aircraft Corpor-
ate Systems Center, systems design and develop-
ment.

PRATT & WHITNEY AIRCRAFT
DIVISION OF UNITED AIRCRAFT CORPORATION

Pratt & Whitney Aircraft’s JT9D engine was cho-
sen in 1966 for the big Boeing 747, a new jetliner
capable of carrying 490 passengers faster and
cheaper than today’s subsonic planes.

The company-financed JT9D. developing 41,000
pounds of thrust, represents a new turbofan tech-
nology. It utilizes advance cycle and design con-
cepts which have been under development for 6
years. It has an S-foot diameter inlet—almost
twice that of the 18,000-pound-thrust JT3D turbo-
fan, the workhorse of the long-range Boeing 707
and Douglas DC-8 commercial jet fleets. Yet it 1S
only 125 inches long—9 inches shorter than the
JT38D.

The Boeing 747, scheduled to be delivered first
to Pan American World Airways in late 1969, will
precede and complement the United States super-
sonic (SST) program.

For the SST competition, Pratt & Whitney Air-
craft designed and developed the JTF17, a twin-
spool turbofan with duct heating, rated at more
than 60,000 pounds of thrust. This engine was run
for the first time March 81, just 9 months after work
was begun, In August, the engine was operated at
full SST speed and altitude conditions—Mach. 2.7
and 65,000 feet—in the company’s high-altitude
test facility at the Florida Research and Develop-
ment Center. By carly September, the engine be-
came the first sﬁpersdnic transport engine to com-
plete 100 hours of testing—one of the objectives of
the FAA Phasc 1I-C SST contract.

Ninety-eight domestic and foreign airlines either
have ordered or have been operating aircraft with
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Pratt & Whitney Aircraft engines. A total of 488 air-
craft ordered between January 1 and October 1
included 66 four-engine Boeing 747s with JT9D
engines, and 76 Douglas Super Sixty Series DC-8
aircraft powered by JT3D’s, the world’s most widely
used turbofan.

Of the 488 aircraft, 106 were 3-engine Boeing
727s and 143 either twin-engine Douglas DC-9’s,
Boeing 737’s, or Sud Aviation Super Caravelles,
all powered by JT8D turbofans.

The JT8D, which develops up to 14,500 pounds
of thrust, was also being used under a Swedish
license program whereby Svenska Flygmotor was
developing a Mach 2 afterburner version for the
SAAB 37, or Viggen, supersonic multipurpose com-
bat aircraft.

The twin-engine F-111 fighter-bomber flew for
the first time at Mach 2.5 July 9. The variable
sweep wing F-111, built by General Dynamics with
Grumman as the principal subcontractor, is pow-
ered by the TF30, the world’s first afterburning
turbofan. This engine is in the 20,000-pound-thrust
class. A bomber version of the F-111, designated
FB-111, was also planned.

A non-afterburning version of the TF30 powers
the single-engine Navy A-74 Corsair II built by
Ling-Temco-Vought. By mid-October this plane
had accumulated 1,675 flight hours in 1,151 flights,
and was formally accepted by the Navy for fleet
trials.

A basic version of the TF30 engine, designated
the JTF10, was under development by Société
Nationale d’Etudé et de Construction de Moteurs
d’Aviation (SNECMA) in France, where it is
known as the TF306, and used in the Dassault Mi-
rage III-V, a supersonic vertical-lift tactical fighter.

Development continued at the Florida Research
and Development Center on the ]J58 turbojet en-
gine for the Air Force Mach 3 YF-12A and SR-71
aircraft built by Lockheed. The YF-12A, powered
by twin J58s, is the holder of 9 world speed records.
The J58 is in the 30,000-pound-thrust class.

The JTF16, an advanced, air-breathing demon-

o
strator engine, was under development for the Air

‘Force as part of the advanced manned strategic

aircraft (AMSA) program, and was also being
used in studies related to a lift-cruise engine for
a vertical takeoff and landing (VTOL) aircraft.

The Lockheed C-141 StarLifter, a jet transport
powered by 4 TF33 (JT3D) engines, each devel-
oping 21,000 pounds of thrust, continued to set
records in daily logistics flights to Viet Nam.

TF33 turbofan engines, delivering slightly less
thrust, are the powerplants for the Boeing C-135B
and the B-52H missile platform bomber. A wide
variety of aircraft are powered by other Pratt &
Whitney Aircraft engines. The J57 powers the B-52
homber, KC-135 tanker-transport and C-135A trans-
port, all made by Bocing, the North Amervican F-






was to be followed by a second 378-foot cutter, the
Dallas.

A modified JT4 engine, coupled with Pratt &
Whitney Aircraft power turbines and designated
FT4, is the primary powerplant for a deHavilland
Royal Canadian Navy hydrofoil.

In addition, the Canadian government ordered 4
new DDH 280 helicopter-destro_vers, each to be
powered by 2 FT4 engines for high speed and 2
FT12's (JT12’s) for cruising speeds. Both engines
can operate on diesel fuel. The marine propulsion
system was engincered in Canada bv United Air-
craft of Canada Limited. ]

The Royal Canadian Navy became the first navy
to decide to use warships of destroyer type with all
gas turbine powerplants. The first DDH 280 de-
stroyer was scheduled to go into service in 1970.

The American Export Isbrandtsen Lines and the
Sun Shipbuilding and Dry Dock Company were
under contract to build and operate a 25-knot “roll-
on, roll-off” ship for the Navy's Military Sea Trans-
portation Service (MSTS). This ship was to be
powered by 2 FT4 engines, each developing 20,000
horsepower, marking the first use of Pratt & Writ-
ney Aircraft aviation-tvpe gas turbine engines as
the primary source of i)ower in a shipboard appli-
cation,

The swift, 672-foot-long ship, the first of its kind,
should be operational late in 1967. She will have
a cargo capacity of 7,000 tons—for heavy tanks, car-
go trucks, trailers and other vehicles rolling on or
off on their own wheels over access rnmps——and an
endurance range of 6,000 miles at top speed.

The FT4 marine turbojet was developed jointly
by the division and the Navy’s Bureau of Ships in
work begun in 1961. Extensive tests were conducted
at the Naval Boiler and Turbine Laboratory in Phil-
adelphia and at the Pratt & Whitney Aircraft facili-
ties in East Hartford, Connecticut.

_ Three FT4 powerplants also were installed dur-
Ing 1966 at the Dow Chemical Company’s chemical
complex in Pittsburg, California, to produce both
electric power and steam. This installation marked
th? first time the P&WA jet engines were used for
primary, or base load, electrical power production.

Field service operating experience on the in-
stalled units in industry and marine applications
exceeded 370,000 hours at year end.

In June, Pratt & Whitney Aircraft officially re-
occupied the former Connecticut Advanced Nuclear
Engineering Laboratory (CANEL) at Middletown,
Connecticut, and began turning it into a faCII.lty
for producing jet engine parts, and for engineering
development, testing and rescarch. The 1,000-acre
facility, with a total floor space of 730,000 square
feet, now known as the Pratt & Whitney Aircraft
Middletown plant, was purchased from the Govern-
ment,
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A new materials center and an assembly building
also was placed in operation during 1966. These
buildings and more office space construction added
nearly 1,000,000 square feet to the existing 4,800,-
000 square feet of engineering, manufacturing, and
office space in East Hartford.

Employment at the end of 1966 exceeded 50,000

persons.

HAMILTON STANDARD
DIVISION OF UNITED AIRCRAFT CORPORATION

Contract awards to build environmental controls
for the Air Force Manned Orbiting Laboratory
(MOL) and accessory equipment for the Boeing
747 jetliner, entry into the heat pump business, and
continued development of advanced propellers
highlighted Hamilton Standard’s activities in 1966.

Development of the MOL system for Douglas
Aircraft, prime contractor for the 2-man laboratory,
included a study into the choice of either oxygen-
helium or oxygen-nitrogen as the vehicle’s atmos-
phere. Preproduction life support backpacks, which
Apollo astronauts will wear on the lunar surface,
were delivered to NASA. Manned testing of the
pack under simulated space-environment conditions
continued at Hamilton Standard.

First flight hardware of the Apollo lunar mod-
ule’s environmental control equipment was de-
livered to Grumman Aircraft, builder of the LM.
It was installed on the first LM vehicle scheduled
to undergo unmanned test flight in 1967. Hamilton
Standard added a heart augmentation pump to the
bioscience and technology product line of its Space
& Life Systems department. The pump is designed
to assist in the emergency treatment of heart attack
victims. It was acquired, with all technical market-
ing, and patent rights, from Sundstrand Cor-
poration. .

Work progressed on development of oxygen-re-
covery systems under separate Air Force and NASA
programs. This regenerative equipment, using dif-
ferent techniques for reclaiming oxygen from car-
bon dioxide, is important to future manned space-
craft designed to fly 6 months and longer.

Hamilton Standard was selected to develop and
produce fuel controls for the jet engines which will
power the giant Boeing 747 airliner. Quantity pro-
duction of controls was carried out for the power-
plants of the Douglas DC-9 and Boeing 727 com-
mercial transports, the Sikorsky SH-3A anti-sub-
marine helicopter, McDonnell F-4 jet fighter, and
more than 15 other different aircraft. Hamilton
Standard delivered the 50,000th fuel control it has
produced since it entered the field in 1952,

The air inlet control developed for the Navy’s
F-111B variable-wing fighter successfully passed its
first flight test in automatic operation. Production
of these hydromechanical controls continued for
both the Air Force and Navy versions of the F-111.












The C-5A contract stemmed from the division’s
production of radar equipment for the Grumman
A-6A Intruder, an all-weather attack aircraft in
service in the Far East, and for the integrated heli-
copter avionics system (IHAS). which gives all-
weather capability to the Sikorsky CH-33A heavy
assault helicopter.

This was the second vear the carrier-based In-
truder, whose mission is low-level penetration,
served in Viet Nam. Using Norden radar, the air-
craft’s 2-man crew can seek out targets obscured by
night or weather conditions. Targets and geographi-
cal features can be “seen” by means of cockpit
viewing screens which provide a visual representa-
tion of the ground and air below and in front of
the aircraft. Accompanving Norden computer equip-
ment provides the crew with continuous flight
data. Norden also produces ground test equipment
to support these radar systems.

An outgrowth of the A-6A radar systems, but
lighter than its predecessor, is the radar Norden
developed for Teledyne Svstems, prime contractors
for IHAS. The IHAS radar is designed to maintain
automatically a predetermined clearance altitude,
permitting the helicopter to fly in the “nap of the
earth,” regardless of weather conditions. This radar
was field tested in July, and it was to become op-
erational on the Marine Corps CH-53A helicopter
during 1967. The radar is adaptable to other types
of helicopters as well as fixed-wing aircraft.

Norden’s experience in the video field expanded
during the year with the winning of 3 important
display contracts. In October, Norden received the
second-largest contract in its history from North
American Aviation’s Autonetics Division for the
development and initial production of dual head-
up, vertical situation, and multi-sensor displays for
the Mark II avionics system. The displays will be
incorporated in Mark II for use in the Air Force
F-111IA tactical fighter, being built by the Fort
Worth Division of General Dynamics. The Mark II,
a new generation avionics system, will give the
F-111A pinpoint navigation and weapons delivery
accuracy through inter-related aircraft navigators,
target ranging and moving target detection radars,
navigation and weapons delivery computers, z?nd
sensors and displays. The F-111 with Mark II im-
provements will be able to penetrate more safely
and find and destroy targets more easily.

The division earlier in the year received a con-
tract from Sperry Gyroscope division of Sperry
Rand Corporation for development of vertical situ-
ation displays in the new integrated light attack
avionics system (ILAAS), to be used in advance
versions of the Navy’s A-7 attack aircraft. ILAAS
will be the first fixed-wing aircraft avionics system
to fully integrate the functions of navigation, central
control, communications, weapons delivery and dis-
plays through a computer control complex. It is
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designed as an over-all system, emphasizing main-
tainability, operability and reliability. When
equipped with ILAAS, the A-7 will become the
fleet’s primary attack aircraft for meeting future
tactical requirements. Norden also won a contract
during the year from Teledyne to produce similar
display systems for ITHAS.

The division’s work in the field of specialized
microcircuitry continued during 1966. Under con-
tract to Autonetics division of North American
Aviation, Norden is supplying general purpose
amplifiers, featuring unique dialectric isolation, and
linear and digital circuits for the Minuteman
ICBM. Another Norden circuit, a sense amplifier,
was fabricated to interrogate the high-speed mag-
netic memory core of the Apollo moon vehicle’s
guidance computer. In addition, Norden delivered
initial quantities of linear amplifiers for the Posei-
don missile/electronics system.

In March, General Dynamics-Pomona awarded
Norden a contract to manufacture gyro optics as-
semblies for Redeye antiaircraft missiles. Redeye,
the world’s smallest guided missile, is designed to
be carried into combat on a soldier’s back and fired
from his shoulder. The weapon will be used by the
Army and Marine Corps. Norden for several years
has been a supplier of parts for other General
Dynamics-produced surface-to-air missiles.

Norden’s increased business during 1966 created
the need for hundreds of additional personnel in
engineering and manufacturing. The division’s over-
all employment increased by 51 percent; in the
last quarter of 1966, by 10 percent.

UNITED TECHNOLOGY CENTER
DIVISION OF UNITED AIRCRAFT CORPORATION

Significant progress in solid, liquid, and hybrid
rocketry was accomplished by United Technology
Center during 1966.

Solid achievements included further successful
flights of the Air Force Titan III-C, for which
UTC produces the entire booster stage, including
the 120-inch, segmented rockets which provide
more than two million pounds of liftoff thrust. In
addition, work was begun under an Air Force con-
tract for Titan III/Manned Orbiting Laboratory
(MOL) long-lead hardware for solid rocket motors.

Smaller solid-propellant rockets also came in for
their share of attention at UTC. While sales of the
FW-4 upper-stage motors used on Scout and Delta
vehicles continued to grow, the company an-
nounced development of a rocket which delivered
performance higher than that of any known rocket
of comparable size employing a nontoxic solid
propellant.

A similarly advanced liquid-propellant upper-
stage engine was successfully tested during 1966.
Its specific impulse is nearly 23 percent higher
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than rockets presently being flown. The new engine
could double the payload of some U.S. launch
vehicles now in use.

In the field of hybrid rockets, UTC demonstrated
a high-energy engine with wide-range throttling
ability and combustion efficiency of more than 94
percent. A small, back-pack size rocket using water
as an oxidizer was also successfully test-fired. Two
important contracts—one for flight demonstration
of a hybrid-powered target vehicle, the other for
a hybrid technical feasibility demonstration—were
awarded to UTC by the Air Force Rocket Propul-
sion Laboratory. The target vehicle would be the
nation’s first flying hybrid. The feasibility demon-
stration could lead to scale-up fabrication of an
engine with 200,000 pounds of thrust.

While UTC was producing and developing new
rockets, milestones were reached in other areas.
Several advances in propellants included UTREZ,
a solid-propellant binder now used with advanced
oxidizers, which maintains its integrity over a wide
temperature range for long periods, and can in-
crease performance as well.

A method of steering large solid rockets by in-
jecting air from the atmosphere into the nozzles
was devised, and UTC continued its program to
develop more economical and simpler techniques of
fabricating large steel rocket cases.

Not all of the company’s 1966 highlights occurred
in the air or on the test stand. On April 13, UTC
celebrated the fifth anniversary of the dedication
of its multimillion-dollar facilities in Santa Clara
County, California.

That observance came one day after UTC Divi-
sion President Barnet R. Adelman accepted the
United Aircraft Corporation’s Board of Directors’
Trophy on behalf of the division, for outstanding
engineering achievements in design and develop-
ment of the Air Force Titan III-C booster rockets,

The company presented a full-scale cutawa
replica of the world’s first large, segmented solid-
propellant rocket to the Smithsonian Institution.
The model now stands in the Smithsonian’s Na-
tional Air Museum.

The year also marked UTC’s diversification into

roduction of a reinforced plastic mortar material
called Techite. An outgrowth of fabrication of large
glass rocket cases, Techite pipe had been installed
in both sewage and drainage systems by year-end
and UTC was surveying facilities for mass produc:
tion. Other aeospace-related projects included con-
tinuing research and reﬁx?ement of a UTC-devel-
oped synthetic food substitute.

VECTOR
DIVISION OF UNITED AIRCRAFT CORPORATION

Vector made continuing progress during 1966 in
its transition from a producer of standard tele-
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metry components to a totally integrated producer
of both microelectronic equipment and complete
systems. Microelectronic circuitry was introduced
in the full product line of telemetry and communi-
cations equipment. The equipment is used in air-
craft, missiles, satellites, manned spacecraft, and
missile test-range instrumentation and communica-
tion systems.

By year-end, all Vector telemetry transmitting
equipment both of the analog and the digital types
was being supplied in microelectronic form. This
provided significant reductions in size, weight, and
power consumption, as well as a 10-fold increase
in reliability. The introduction of microelectronic
circuitry into the full product linc was achieved by
the expansion of the output of the division’s Solid
State Laboratories, which produces transistors,
hybrid circuits, and integrated circuits for use
within the division. Several types of transistors,
particularly the high-frequency, high-power types,
were also marketed commercially.

In addition to telemetry transmitting and receiv-
ing systems supplied for a number of Air Force,
Navy, Army and NASA programs, equipment was
supplied to customers in Italy, France, England,
Germany, and Sweden for aircraft and missile pro-
grams.

The division introduced a full line of pulse code
modulation data reduction and processing equip-
ment for ground application at test ranges and
data reduction centers.

Under a subcontract with Raytheon, Vector was
designing and building significant portions of the
communications system to be installed in the Air
Force Weapons Effectiveness Testing System at
Eglin Air Force Base, Florida. Subcarrier oscil-
lators, designed and built by Vector, landed on the
moon in the Surveyor I spacecraft. Vector continued
the development of new electronic products and
systems for the monitoring of cardiac patients and
for general physiological monitoring of patients
undergoing intensive hospital care. '

Vector's new 200,000 square foot facility at
Trevose, Pennsylvania, was expected to be in op-
eration early in 1967. This facility is designed for
the development and production of microelectronic
circuits and equipments.

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
DIVISION OF UNITED AIRCRAFT CORPORATION

Development of a lightweight, high-speed, gas
turbine-powered passenger train, production de-
liveries of strapped-down inertial guidance assemb-
lies for the Apollo program, and major progress in
the field of information and environmental systems
highlighted the year at United Aircraft Corporate
Systems Center.



The high-speed TurboTrain, utilizing aerospace
technology in its design, was to enter service in the
United States and Canada early in 1967. The Turbo-
Train is powered by ST6 gas turbine engines pro-
duced by United Aircraft of Canada Limited. The
ST6 is based on the PT6 turboprop engine which
powers many aircraft and helicopters. Hamilton
Standard division is providing the air conditioning
for the train.

The bi-directional TurboTrain has an interior
like that of a jetliner—individual reclining seats
with fold-down tables, carpeting. and air condition-
ing that exhausts directly above each passenger
seat. The fully articulated TurboTrain has a new
pendulous banking system which, with a low center
of gravity and guided axles, enables it to round
curves with passenger comfort and safety at speeds
up to 40 percent faster than conventional trains.

The division was awarded a U.S. Department of
Commerce  lease-maintenance contract early in
1966 to provide 2 3-car trains which will operate
between Boston and New York as part of the gov-
ernment’s high-speed ground transportation pro-
gram. Canadian National Railways ordered 5 7-
car trains for the Montreal-Toronto run.

The division undertook a number of new proj-
ects during the year in the field of information and
environmental systems. It continued as the system
contractor for the Air Force 433L system, aimed at
%mproving weather data collection and forecasting
In support of military aviation. It also branched
out into other areas in information and environ-
mental systems. Among several new contracts
acquired were 2 from the Librarv of Congress. The
first was for assistance in development of a pilot
project for distribution of cataloging data in com-
puter form on an experimental basis to a group 0
selected participating libraries throughout the
country. The second was for the first 3 phases of a
planned 7-phase program to automate the library's
bibliographical operations. The State of Connecti-
cut also awarded the division a contract to plan the
initial development and implementation of a Con-
necticut Library Research Center. Other contra_0t5
were received in specialized areas of information
fmd environmental systems, including applications
in the intelligence field. ,

During the year, United Aircraft Corporation
consolidated its inertial guidance program in the
Corporate Systems Center, including the produc-
tion of gyros. The year saw lightweight, strﬂPPed'
down guidance systems become a reality.
strapped-down system is one in which instruments
are fixed rigidly to the vehicle instead of being
mounted on a stabilized platform. Such systems
offer advantages in weight, power consumption,
reliability, cost, and flexibility of operation over
earlier gimballed systems. Production deliveries
began of inertial sensor assemblies for the abort
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guidance system of the Project Apollo Lunar
Module.

In May 1966, the division demonstrated a light-
weight, primary guidance system for space vehicles.
It consists of an inertial measuring unit and a gen-
eral-purpose aerospace computer. This was the first
demonstration of a high-precision, strapped-down
guidance system using such a computer.

A program was undertaken to design and build
an experimental model of a new type of computer
for deep space probes. This computer, based on
the modular concept, will be light in weight and
will operate on low power.

Corporate Systems Center continued to apply
aerospace technology to the marine industry. An
80-foot-planning boat powered by 2 Pratt & Whit-
ney Aircraft FT12 gas turbine engines, each de-
veloping 3,200 horsepower in continuous operation,
was completed and put through sea trials. The ves-
sel, named the Double Eagle, was developed as a
prototype crew boat for the off-shore oil industry.
It is driven by 2 Hamilton Standard titanium
super-cavitating propellers, designed especially to
withstand the stresses resulting from high-speed
operation. The boat was operated at speeds greater
than 50 miles per hour in test runs. The deck of
the air conditioned passenger cabin is suspended
on air springs, automatically controlled to absorb
shock in high seas.

WESTINGHOUSE ELECTRIC CORPORATION
AEROSPACE DIVISION

A highlight of the year for the Aerospace Di-
vision of the Westinghouse Defense and Space
Center was the successful employment of the di-
vision’s rendezvous radar in NASA’s Gemini pro-
ram.

The Westinghouse system incorporated a con-
cept known as cooperative radar, which calls for

the use of 2 companion units with 1 of the units
being carried by each of the rendezvous vehicles.
Total weight of the 2 units is less than if they were
combined in a single radar installed in 1 vehicle.
The 2 units composing cooperative radar are the
radar interrogator, installed in the Gemini space-
craft, and the transponder, installed in the Agena
target vehicle. The interrogator sends out question-
ing pulses which fan out at a 60-degree angle.
When the transponder receives one of the pulses, it
replies and a “lock-on” light is illuminated on the
astronaut’s panel. The radar is capable of making
contact at distances up to 250 miles.

Among other Aerospace Division space projects
were a space radio, a lunar altimeter and a lunar
television camera.

To permit communication between astronauts in
the vacuum of space or on the moon, Westinghouse






Due to the simplified circuitry of the KMS-101A,
an increase of 80,000 hours mean time between
failures was expected.

Under an Air Force contract, the division was
modifying AN/TPS-27 3-dimensional tactical radar
systems, reducing their weight by about 60 percent.
Despite the large weight reduction. no decrease in
performance capability of the long range surveil-
lance and interceptor control radar resulted. After
modification, the radar carries the designation
AN/TPS-48.

UNDERSEAS DIVISION

Among the year’s major events at the Underseas
Division was certification by the Naval Ship Sys-
tems Command of the Westinghouse Deepstar-
4000 submersible. The certification qualified the
vehicle for unrestricted operation to depths of 4,000
feet. Actually, on the certification dive of May 15,
D_eepstar-4000 reached a depth of 4,100 feet. The
dive included 1 hour of speed, power and maneu-
verability tests as well as svstems functions checks.

Deepstar-4000 is the first of a family of sub-
mersibles. The second, Deepstar-2000, was under
construction during the year and scheduled for
completion late in 1967. Plans for a third vehicle,
with a design depth of more than 13,000 feet, were
undergoing  engineering evaluation and an early
start on construction was anticipated. The ultimate
goal is a 20,000 foot depth vehicle.

Underseas Division was conducting simulated
(_experiments in deep-sea diving, aimed at increas-
ing depth r ange and diving time in undersea work.
As part of a long range program, 2 experimenters
completed a dive of 4 days duration in a special
pressure chamber. They were subjected to pres-
sures as high as those found at a water depth of
400 feet, about 200 pounds per square inch, in the
27-foot-long, 7-foot-diameter steel chamber.

The division also outfitted with some $500,000
worth of electronic equipment the Coast and Geo-
de_tic Survey’s most advanced deep sea research
ship, Oceanographer, a $7.000,000 foating labora-
tory. The equipment installed, developed by the
division, was an automatic data acquisition system
W}_ﬁCh enables the Oceanographer to carry out a
wide range of oceanographic, geophysical an_d
hy dl'Ographic surveys in addition to pinning navi-
gation fixes and gathering weather information.
Ul?derseas Division was to similarly equip a sister
ship, Discoverer, later in the year.

SYSTEMS OPERATIONS

In July, Westinghouse Defense and Space Center
delivered to Marshall Space Flight Center an evalu-
ation model of a lunar drill, 1 or 2 designs being
studied by NASA for possible use on post-Apollo
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manned lunar surface exploration missions. The
drill, hollow-core rotary type, is designed to- enable
an astronaut to pull 5-foot-long, 92.inch-diameter
core samples to the surface from depths of more
than 100 feet. After every 5-foot drilling operation,
the astronaut pulls up on the outer drill casing,
causing an inside wedge-shaped ring at the bit to
tighten. The tightening action breaks the core
sample and the inside barrel containing the core is
then hoisted up on a wire. The wire-line method
permits the drill and outer casing to remain in the
hole, saving drilling time and preventing possible
cave-ins.

Under contract to the National Science Founda-
tion, Westinghouse was studying a way to build a
unique man-made floating research island to con-
duct better and longer Arctic research expeditions.
Cornerstone of the new approach is the concept of
a drift hull research platform outfitted with a small
nuclear power plant and able to withstand the often
devastating pressure of Arctic ice floes. The re-
search platform would have quarters to house 45
men and stock several years” food supply. In addi-
tion to a number of laboratories, it would include
medical and recreational facilities, an electronic
equipment repair shop, a machine shop and a
hanger for aircraft and snow-clearing equipment.

In June, the Defense and Space Center was
awarded contracts to train nearly 400 Peace Corps-
men for assignments in Micronesia, Chile and Iran.
The programs involve technical skill training in
addition to language and cultural instruction.

AEROSPACE ELECTRICAL DIVISION

During 1966, the Aerospace Electrical Division
continued to maintain its prestige of being the
manufacturer of most reliable electric power sys-
tems for commercial and military aircratt. In addi-
tion, the production of deep submergence propul-
sion systems made AED a significant factor in the
underseas market. AED has complete capability for
producing light-weight, compact electric power
systems for aircraft space surface and underseas
vehicles. The Aerospace Electrical Division’s long
experience in electric motors is reflected in their
production of DC and AC motors for numerous
aircraft applications such as fuel pumps, blowers
and fans, gun actuators, air compressors, armament
accessories and radar equipment. A great deal of
enthusiasm was shown by prospective customers
toward the (PEGS 60-400) Portable Engine Gen-
erator System. The PEGS concept utilizes a unique
new prime mover, a rotating combustion (WAN-
KEL) engine with an advanced design AC electri-
cal system on a unified system basis. As such, the
PEGS concept ofters advantages in utilizing light-
weight, compact aircraft design concepts.






motors, driven by 4 2,250 horsepower diesel engines
aboard each boat, will enable top speeds up to 20
knots. Late in the year, the Marine Division shipped
the first shipset of switchgear, propulsion controls
and panelboards to the shipbuilder.

The division also shipped the first 16 of 64 Po-
laris missile launchers for United Kingdom naval
ballistics missile submarines.

For Jet Propulsion Laboratorv’s space simulator
at Pasadena, California, the division built a 23-foot
collimating mirror, the largest in the free world.
The spherical mirror will be used to produce an in-
tense beam simulating solar radiation conditions in
the simulator.

RESEARCH LABORATORIES

Among 1966 studies under way at Westinghouse
Research Laboratories were investigations of super-
magnets as protection against radiation in space
and creation of plasma by laser beam.

In the former experimént, scientists were study-
ing the possibilities of using superconducting mag-
nets to deflect the charged particles that rain upon
a vehicle in space. These magnets create intense
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magnetic fields from negligible amounts of power.
One question has been whether the supermagnets
themselves could survive space radiation. In a
series of experiments for NASA, Westinghouse sci-
entists placed superconducting materials in the high
vacuum and ultracold conditions they would en-
counter in space and gave them massive doses of
radiation. The radiation, deuterons produced by a
cyclotron, was thousands of times greater than the
maximum flux of energetic protons from a solar
flare or the flux of the inner Van Allen radiation
belt. Measurements were then made of the changes
in superconducting properties caused by the high
energy particles and experimenters concluded that
the effects observed would not constitute a prob-
lem in space applications of superconductors.

Other scientists reported a key experiment in
plasma physics in which they created a hot, elec-
trically charged gas, or plasma, by the beam of a
laser, and confined the plasma by means of a spe-
ciallv shaped magnetic field, or “magnetic bottle.”
The 2 conditions, generation and confinement of a
suitable plasma, are the still unsolved problems
man faces in his attempts to achieve controlled
thermonuclear power.






























During the fiscal year 1967, ending June 30,
1967, new obligational authority for all government
research and development was expected to total
$15.8 billion, a slight decrease from the previous
year’s total. By far the major portion of the funds
was to be obligated for aerospace systems, al-
though a direct dollar breakdown is not possible
because some of the agencies involved were in-
volved in both aerospace and non-aerospace re-
search and development. The enormous range of
government research and development projects pre-
cludes even a catalog listing, but this section con-
tains the highlights of 1966 in those agencies pri-
marily concerned with aerospace research and de-
velopment. Additional detail on unclassified proj-
ects is contained in the individual company résumés
in the Aerospace Industry section and in the Ref-
erence section.
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ATOMIC ENERGY COMMISSION

The year 1966 was an anniversary year for atomic
energy. In February, the 25th anniversary of the
discovery of plutonium was marked at the Uni-
versity of California at Berkeley. Secretary of the
Interior Stewart Udall designated the small lab at
Berkeley in which the discovery was made as a Na-
tional Historic Landmark. In June the first nuclear
power generator in space marked its fifth anni-
versary and continued to provide supplementary
power for a Navy navigational satellite. August 1
was the 20th anniversary of the signing of the
Atomic Energy Act which brought the Atomic En-
ergy Commission and the Congressional Joint Com-
mittee on Atomic Energy into existence. And at
midnight, December 31, the Commission became
exactly 20 years old.

But the growth of atomic energy did not stop for
these anniversaries. More and more applications
were found for radioisotopes, testing continued on
nuclear-powered rocket engines for space explora-
tion, and electric companies announced plans for
nuclear power generators at an unprecedented rate.

Electric utilities continued to adopt nuclear power
reactors at a rate that outstripped even the most
optimistic predictions. Two new nuclear power
plants became operable in 1966, bringing the num-
ber of operable plants to 14. The largest was a
768,000-kilowatt power plant which uses steam gen-
erated in a plutonium production reactor at the
AEC’s Hanford plant near Richland, Washington.
The power generating facility is operated by the
Washington Public Power Supply System in Rich-
land. The nation’s first gas-cooled power reactor,
constructed for Philadelphia Electric Company at
Peach Bottom, Pennsylvania, became operable and
began working toward its capacity of 40,000 kilo-
watts. A 430,000-kilowatt reactor at San Clemente,
California, became operable late in the ye'ar.

The unexpected surge of atomic power forced a
revision of estimates of future nuclear facilities. As
recently as 1964 the AEC predicted that by 1970
the United States would have between 6,000,000
and 7,000,000 kilowatts of nuclear electric generat-
ing power. But by November 1, 1966, utilities had
announced plans for 25 central power reactors with
a total capacity of more than 19,000,000 kilowatts.
The prediction for 1970 was raised to more than
10,000,000 kilowatts of nuclear power; by 1980 nu-
clear power is expected to generate between
80,000,000 and 110,000,000 kildwatts, representing
about 25 percent of the total national output. '

As shortages of water throughout the nation be-
came more critical, more and more areas began
thinking  of desalting~particularly of nuclear-
Powered desalting plants—as man’s best chance to
control his supply of fresh water. Desalting, Presi-
dent Johnson said, “is one of our great hopes for
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the future, for while our population continues to in-
crease, the amount of water presently available re-
mains the same as it was 5,000 years ago.”

The most ambitious plan was for the world’s
largest nuclear desalting and electric power plant to
be located in the Los Angeles area. In August, Con-
gress authorized the AEC to spend $15,000,000 as
its part of the project; the Department of the In-
terior will also participate. The $390,000,000 fa-
cility, to be located on a man-made island, will
produce 150,000,000 gallons of fresh water daily—
enough for a city of 750,000, or more than double
the total capacity of all existing desalting plants. In
addition to the fresh water, the plant will produce
1,800 megawatts of electric power. A similar type
of plant was recommended for the drought-stricken

Nort'heast region in an interagency report to the
President.

Radioisotopes and sensitive radiation detection.
devices spread to several diverse fields in 1966, in-

cluding snow measurement and pyramid explora-
tion,

A nuclear gauge for snow measurement was de-
veloped by the Department of Agriculture, with as-
sistance from the AEC. Using radioactive cesium-
137, the gauge measures changes in the water con-
tent and density of snow packs over long periods
of time. Gamma rays from the cesium pass through
the snow to a radiation detector that gives the
amount of water and the density of the snow. This
information is vital for flood control, water supply
and hydroelectric dam operations and may be used
in avalanche-hazard prediction.

At the end of the year, radiation detection equip-
ment was being designed to tackle an ancient ques-
tion: .whether the burial chambers of the Pharaohs
are h1de1€n in the great pyramids. The United States
and United Arah Republic prepared to “X-ray” the
Second Pyramid of Chephren, at Giza, with the
hope of c.letecting undiscovered chambers. The sci-
entists will use spark chamhers to count cosmic ray
muons (elementary particles 207 times as large as
electro’ns) that pass through the Pyramid. Since
muons’ energy and quantity are reduced as they
pass through matter, any voids would register on
the detectors. Scientists would then know whether

the massive stone structure contained voids—pos-
sibly secret burial chambers.

A radioisotope battery that powered a lighthouse
in the Chesapeake Bay for neaI;ly 2 years wgas trans-
ferred to the _Gulf of Mexico. The 60-watt genera-
tor, fueled _w1th 20 pounds of strontium titanate,
was moved in April to an offshore oil and gas plat-
form to prov.ide for an unmanned beacon. The de-
vice was designed to provide continuous power for
at least five years without servicing; conventional
batteries powering the Chesapeake lighthouse had
to be replaced annually. In the Gulf the generator
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while running, as do conventional magnets. Once
charged, the supermagnet will function without
electrical power as long as it is kept cold. The
magnet is being used around a bubble chamber
a device used to track energetic particles in liquid.
The magnetic field bends the path of a particle in
proportion to its speed, and the extent of the bend
is measured by photographing at high speed the
bubble tracks produced by particles speeding
through the liquid.

A supermagnet with the most powerful field yet
reported was being tested at Brookhaven (New
York) National Laboratory late in the year. Op-
erating at minus 452 degrees Fahrenheit, the
Brookhaven supermagnet produced a continuous
magnetic field 280,000 times as great as the earth’s.

For the first time, scientists in 1966 began di-
rectly measuring astatine, a radioactive element
that is so scarce that it has never been seen by the
human eye. Scientists at Argonne National Labo-
ratory made compounds of astatine, the 85th ele-
ment, and studied them with a mass spectrometer.
The tests were made from 50 billionths of a gram
of astatine, which is 2,000,000 times as radioactive
as radium.

The University of Illinois, under AEC contract,
began construction on a computer with new “paral-
lel” organization, which will permit the computer
to read and compare pictures, maps and other
materials. The Illinois Pattern Recognition Com-
puter, or Illiac III, is planned to recognize similar
patterns in a series of images that would normally
require close scrutiny of human eyes.

The AEC dedicated 3 new major research fa-
cilities at Oak Ridge (Tennessee) National Labo-
ratory in November: The High Flux Isotope Re-
actor, designed to produce research quantities of
transuranium elements; the Transuranium Process-
ing Plant, for the preparation of target rods for
irradiation and purification of transuranium cle-
ments produced by irradiation; and the Transuran-
ium Research Laboratory, for study of the chemical
and nuclear properties of short-lived transuranium
isotopes. )

Late in the year, AEC selected the Weston, Il
nois, site near Chicago as the location for its pro-
posed 200 billion electron volt proton accelerator.
Six sites recommended by the National Academy
of Sciences had been under study since March.
AEC was to request $10,000,000 in the fiscal 1968
budget for initial design work. v

In May, the first pulsating beam of electrons shot
through the world’s largest linear accelerator, a 2-
mile, 20-BEV facility at Stanford University. This
accelerator, along with the planned 200-BEV and
others, will allow scientists to “see” into the atomic
nucleus with ever greater power to gather data

about the fundamental building blocks of all
matter.
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The International Atomic Energy Agency con-
tinued emphasizing its safeguards systems to assure
that its projects and materials are used only for
peaceful purposcs. In June, the TAEA extended its
safeguards procedures to reprocessing plants, and
the United States offered the Nuclear Fuel Services
reprocessing plant in West Valley, New York, for
the TAEA to develop safeguards techniques.

The TAEA continucd to study the possibility of
nuclear-powered  desalting plants. The United
States-Mexican-IAF A nuclear desalting study group
met twice in 1966. The United States also began
studies for nuclear desalting plants with the gov-
ernments of Greece and Israel. The United States
has offered to share its experience and technology
with both countries for the production of fresh
water.

Two reactors built under the U.S.-Euratom Joint
Program achieved criticality in 1966. They were the
KRB, a 237,000-kilowatt boiling water reactor at
Gundremmingen, West Germany, and the SENA, a
266,000-kilowatt pressurized water reactor at Givet,
France. The 150,000-kilowatt SENN power plant,
the first to be built under the joint program, began
operation at Punta Fiume, Italy, in 1963.

A.E.C and the Air Force successfully tested a
radlolsotope-powered water recovery system for
use aboard space vehicles in extended manned
flights. About 500 grams of plutonium-238 were
used' as a direct heat source for the laboratory op-
erafaon of an experimental water recovery system
wl-nch converts human fluid wastes (wash water,
urine and condensate) into potable water.

The 30-day unmanned test at AEC’s Mound Lab-

oratory, Miamisburg, Ohio, began in mid-Novem-
ber apd ended on schedule without major incident.
Detailed study and evaluation of test data was
under way at year-end.
. The'vacuum distillation-vapor pyrolysis system
is df351gned to operate in either earth or zero
gravity environments, The demonstration test was
to prove the concept of direct use of isotopes and
the dependability of the components during pro-
longed exposure to a space environment.

U.nder actual flight conditions, the water recovery
46v1ce could operate as long as 1 year. The half
life of the radioisotope itself is 89 years. However,
tbe scaled-down demonstration device was de-
signed to supply 2 men with drinking water during
a 30-day mission, recovering about three-quarters
of a pound of water each hour.

The AEC and Department of Defense jointly
conducted a non-nuclear safeguard exercise in the
Pacific from mid-September to mid-October. B-52
aircraft  dropped instrumented test-simulators,
simulator-equipped rockets were launched from
]ohnston Atoll, and other aircraft simulated the
gathering of nuclear effects data. The exercises were
held to maintain facilities and personnel in a state



of readiness for atmospheric testing, if ever
required.

The United States continued its underground
testing of nuclear explosives, as allowed under the
terms of the limited test ban treatv. As of Novem-
ber 1, the AEC had announced 30'\\'eapons-related
underground explosions, 19 of which were low yield
(less than 20 kilotons).

In mid-year, the 41st and last of the planned
nuclear Polaris submarines—the USS Will Rogers—
was launched, bringing the nation’s operational
nuclear fleet to 69 vessels—65 submarines, an air-
craft carrier, 2 guided-missile frigates and a guided-
missile cruiser. A second nuclear aircraft carrier,
another guided-missile frigate, a cruiser and 5 at-
tack submarines were authorized in 1966.

The N.S. Savannah, the world’s first nuclear-
powered merchant ship,-completed her first vear of
commercial service in mid-1966 by exceeding all
performance expectations. She carried about $2,-
000,000 worth of general cargo between the United
States and ports in France, Spain, Portugal and
Italy. Built by the Maritime Administration and the
AEC, the Savannah recentlv added ports in Libya,
Tunisia and Yugoslavia to her ports of call.

The AEC’s Plowshare Program to develop peace-
ful uses for nuclear explosives continued in 1966.
Three low-yield underground nuclear tests were
conducted at the Nevada Test Site in March, July
and November to study the possibility of using
similar devices for excavation; in June a low-yield
underground test was held to develop a special
nuclear device capable of producing neutron-rich
isotopes of transplutonium elements in a nuclear
explosion.

Two new Commissioners were sworn in in 1966,
anfi a third began his second term with the AEC.
Wilfrid E. Johnson, former general manager of th'e
General Electric Company’s Hanford Atomic
Products Operation at Richland, Washington,
began serving the unexpired term of Commissioner
John G. Palfrey. Mr. Johnson’s term of office was
to expire on June 30, 1967. Dr. Samuel M. Nabrit,
biologist and educator, began serving the 4 remain-
ing years of a term iyith the Commission. He had
been chairman of the department of biology and
dean of the Graduate School of Arts and Sciences
at Atlanta University, and since 1935 had been serv-
ing as the second president of Texas Southern Uni-
versity. Mr. Johnson and Dr. Nabrit were sworn
in at the White House on August 1—the 20th anni-
versary of the signing of the Atomic Energy Act.
Dr. Gerald F. Tape, a Commissioner since 1963,
was nominated by President Johnson to a five-year
second term, He was sworn in on June 30.

DEPARTMENT OF DEFENSE

The Department of Defense was expected to ob-
ligate about $7.8 billion for research and develop-
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ment projects during fiscal 1967, and while the
bulk of the funding involved aerospace projects no
direct percentage breakdown was available. High- -
lights of thé major research and development pro-
grams are contained in the resumes of the individ-
ual services which follow. In addition, DOD was
expected to obligate some $211,000,000 for explora-
tory development projects directed by the Ad-
vanced Research Projects Agency. Foremost among
these projects was Defender, a broad program of
research and exploratory development in the field
of ballistic missile defense, penetration aids and
defense against satellites. For this project. ARPA
was to obligate about $119,000,000. Some 40 per-
cent of the effort was to be devoted to the missile
phenomenology program, involving measurements
of ballistic missile flight phenomena and, in par-
ticular, disturbances caused by missiles as they
pass through the atmosphere. The program in-
cluded both full scale and subscale experiments
as well as theoretical research; the principal series
of full scale tests was termed Project PRESS, for
Pacific Range Electromagnetic Signature Studies.
Another major portion of Defender was being de-
voted to the investigation of electromagnetic de-
vices which increase the utility and lower the cost
of missile defense systems.

AIR FORCE

During 1966, Air Force Systems Command con-
tinued to fulfill its role of rapidly advancing aero-
space technology and adapting it into operational
aerospace systems. Systems Command’s achieve-
ments generally fell into 5 major areas, including
limited war and support for Southeast Asia op-
erations, the national space effort, new aeronautical
developments, advances in technology and the man-
agement of Air Force scientific and technical re-
sources. All limited-war actions within Systems
Command were gathered under Colonel Calvin W.
Fite, deputy for Limited War with Aeronautical
Systems Division (ASD), at Wright-Patterson AFB,
Ohio. General James Ferguson, who assumed com-
mand of Air Force Systems Command on Septem-
ber 1, appointed Colonel Fite to succeed Brigadier
General Henry B. Kucheman, who became vice
commander for ASD.

In April, Captain Ronald W. Terry was honored
at the 20th annual convention of the Air Force
Association for developing the venerable AC-47
into an attack aircraft with side-firing General
Electric Gatling guns. AC-47’s were supporting
friendly forces in Viet Nam.

Systems Command announced in May that
powerful new long-range weather radars would
give Air Force forecasters in Southeast Asia an
instant look into the skies almost 15 miles up and
more than 200 miles distant. The storm detection



radars were procured by Electronic Systems Divi-
sion (ESD) in response to an urgent Southeast
Asia Operational Requirement (SEAOR).

During July, it was announced that a transporter-
loader had been developed which can handle the
increased weight of conventional bomb loads being
dropped on Viet Nam by Boeing B-52 bombers.
Research & Technology Division’s (RTD) Air
Force Weapons Laboratory developed the trans-
porter-loader.

A Southeast Asia environment—complete from
sampans to a Viet Cong village hidden by jungle
underbrush—was re-created at the Air Proving
Ground Center (APGC) for Project Underbrush,
Systems Command reported in August.

In the realm of space activities, the Air Force an-
nounced in January that the Long Tank Thor—a
new version of the space booster—would make its
debut during 1966. Systems Command’s Space Sys-
tems Division (SSD) purchased the Long Tank
Thor from Douglas Missile & Space Systems Divi-
sion to shoulder most of the Air Force’s space
programs at the Air Force Western Test Range
(AFWTR).

In March it was announced that space equipment
reentering the earth’s atmosphere could be located
with unprecedented accuracy by a new airborne
camera system. The Airborne Astrographic Camera
System was conceived and developed by the Air
Force Special Weapons Center (AFSWC) and was
being operated by Aeronautical Systems Division,
utilizing C-135 aircraft.

Merritt Island Central Telemetry Station (TEL-
4) was undergoing engineering checks in March
prior to being placed in operational use by the Air
Force Eastern Test Range (AFETR). The highly
sophisticated equipment was added to AFETR’s
missile support instrumentation.

A Citation of Honor, the highest recognition the
Air Force Association can bestow, was awarded in
March to Brigadier General Joseph S. Bleymaier,
AFWTR commander, for “outstanding management
achievements while directing the development pro-
gram for the Titan III-C space booster.” The
6555th Aerospace Test Wing, Patrick AFB, Florida,
received a similar award for its contribution toward
placing 10 Gemini astronauts in orbit and helping
to achieve the first manned rendezvous in space.
In addition, Captain Robert M. Silva of Research
& Technology Division’s Air Force Avionics Labo-
ratory, received the Theodore von Karman Trophy
for science and engineering with his “development
of the first autonomous space sextant” used in the
Gemini 4 and 7 missions.

On September 1, Systems Command said that
the Air Force would make electronic portraits of
satellite shapes in cataloging radar images of pos-
sible space” vehicle shapes. ESD was using the
Radar Target Scatter (RATSCAT) installation at
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the Air Force Missile Development Center
(AFMDC) to take electronic measurements of
about 2 dozen satellite models.

Two experimental Vela nuclear detection satel-
lites completed their third year in orbit on October
16 to rank as the oldest continuously operating
United States spacecraft still providing usetul data.
The satellites were launched for Ballistic Systems
Division (BSD) and the Atomic Energy Commnis-
sion by an Atlas-Agena space booster.

In November, RTD’s Air Force Avionics Labo-
ratory engineers were planning to use the 7 defense
communication satellites orbited by a Martin Titan
III-C in June for a series of experiments aimed at
improving communication systems. ASD technical
experts were to help operate specialized equipment
installed in a C-121 aircraft to collect data on sig-
nals relayed through the satellites between the air-
craft and ground stations.

The sixth launch of the Titan III-C successfully
boosted a Gemini capsule into a ballistic reentry
trajectory on November 3 to test its heat shield.
Experiments sponsored by various Systems Com-
mand field elements and the Office of Aerospace
Research (OAR) also were flown.

In December, the USAF launched a new phase
of the START program with the first firing of an
unmanned Martin SV-5D spacecraft. Developed as
part of Project PRIME (Precision Recovery In-
cluding Maneuvering Entry), the SV-5D is a wing-
less, V-shaped plane with a flat bottom, rounded
top and vertical tail fins. It was designed to explore
maneuvering reentry from orbital speeds down to
about 1,000 miles per hour as part of a program
aimed at advancing the technology required to con-
tribute to future decisions in the development of
manned and unmanned reentry spacecraft. The
first of 4 planned flight vehicles, SV-5D flew a suc-
cessful mission across the Pacific from Vanden-
berg AFB and telemetered valuable data, but the
craft itself was not recovered.

In the aeronautical systems area, the Air Force,
Federal Aviation Agency (FAA) and the National
Aeronautics and Space Administration (NASA)
be.gan preparations in January for a series of radi-
ation analysis experiments at altitudes where the
supersonic transport would operate. RTD’s Air
Force Weapons Laboratory would fly instrument
packages on Martin RB-57F reconnaissance
aircraft.

In January, the Air Force announced that suc-
cessful air-to-air refueling tests—the first involving
a helicopter and a fixed wing airplane—had been
conducted at Cherry Point, North Carolina. A KC-
130F aerial tanker Participated with an Air Force
CH-3C flown by an ASD pilot.

A series of 9 flight tests at the AFMDC proved
the effectiveness of a new device which may sim-
plify current search and rescue procedures. Known



as the C-141 Lehigh Crash Position Indicator, the
device would be installed in aircraft with tests
conducted under ASD’s direction.

ASD awarded a contract to Lockheed-Georgia
Company to install, test and obtain FAA certifica-
tion for an all-weather landing system, it was an-
nounced in February.

The Air Force stated in March that an 18-month
flight research program involving the supersonic
North American XB-70 would get under way in the
spring. Overall direction of the joint test program
involving NASA was being handled by ASD. The
XB-70 had been undergoing flight tests for two
years at the Air Force Flight Test Center
(AFFTC).

In April, the Air Force announced that Martin
Company would develop a manned, lifting body
vehicle—a revolutionary rocket plane without wings
—which will explore the atmospheric maneuver-
ability of future spacccraft. The one-man vehicle,
known as the SV-5P, was being built for ASD and
was to be flown under Project PILOT. or Piloted
Lowspeed Test, in the Spacecraft Technology and
Advanced Reentry Test (START) program.

On May 3 the Air Force successfully demon-
strated a system designed to rescue downed air-
men from most of the terrain in the world. An HC-
130H, equipped with the Robert Fulton Company’s
ground-to-air rescue device, snatched 3 men in 2

separate pickups at the AFFTC.

On May 11 at Marietta, Georgia, the Air Force
unveiled a full-scale mockup of the C-54, destined
to be the world’s largest jet transport. Development
of the C-5A by Lockheed-Georgia Company was
being monitored by ASD’s System Program Office
(SPO).

Systems Command announced in May that a new
emergency device to stop an airplane on the run-
way was under testing. The BAK-1l, or Barrier
Arresting Component, completed more than 100
successful tests at the AFFTC. It consists of an
arresting cable actuated by the aircraft’s. wheels
rolling on the runway. Also in May, it was an-
nounced that the XC-142A tri-service V/STOL had
successfully landed on the aircraft carrier U_SS
Bennington. The vertical, short takeoff and landing
aircraft was undergoing extensive testing at the
AFFTC,

On July 23, General John P. McConnell, Air
Force chief of staff, presented the 1965 MacKay
Trophy to YF-12A Test Force members for their
record-setting flight of May 1, 1965.

In October, the Air Force announced the award
of 12-month study contracts for a high-altitgde,
hypersonic SCRAMJET -powered cruise vehicle.
Three contractors will develop vehicle design con-
cepts with potential military applications under
ASD’s direction.
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On the technological front, three engine manu-
facturers were awarded contracts for development
of a vectored-thrust cruise propulsion system (lift-
cruise engine). The work was being performed .
under contract to RTD’s Air Force Aero Propulsion
Laboratory.

In March, Systems Command announced that an
upward bomb ejection system was being tested by
RTD’s Air Force Weapons Laboratory. An experi-
mental model was to undergo a series of dynamic
tests on a high-speed sled track at the AFMDC.

In May, RTD announced that an engine oil
analyzer was being developed to detect aircraft
engine wear. The device would detect submicro-
scopic metal particles without the controlled lab-
oratory conditions now necessary.

The new vivarium (animal facility) housing the
Aerospace Medical Research Laboratories at
Wright-Patterson AFB, Ohio, was accredited by
the American Association for Accreditation of Lab-
oratory Animal Care, it was announced in June.

Electronic Systems Division began preparing in
June to ship 58 transportable weather observation
and forecasting stations to installations in the
United States, Europe and the Pacific for support-
ing Air Force and Army tactical air operations.

In August, Systems Command announced that a
contract had been awarded for developing ex-
pendable shelters. Developed for RTD’s Air Force
Propulsion Laboratory, the shelters will be tested
and used by Tactical Air Command.

A Sea-Launched Ballistic Missile (SLBM) de-
tection radar test bed was being used in developing
an electronic detection and warning system to keep
a protective watch on coastal waters of the con-
tinental United States. Electronic Systems Division
announced on August 23 that the test bed facility
at Aveco Corporation’s Cincinnati plant would con-
sist in part of a Semi-Automatic Ground Environ-
ment (SAGE) system height-finder radar.

The 13th annual Air Force Science & Engineer-
ing Symposium was hosted by Arnold Engineering
Development Center (AEDC), September 27-29,
under joint sponsorship of Systems Command and
the Office of Aerospace Research.

In October, Systems Command announced that
a revolutionary advance in a pilot’s ability to con-
trol, select and deliver the wide array of weapons
carried by modern high-performance aircraft was
expected from a new Integrated Armament Con-
trol System (IACS) under test. A prototype of
IACS, developed by RTD’s Air Force Weapons
Laboratory, was being tested by Air Force Special
Weapons Center pilots in F-105 aircraft.

RTD’s Air Force Weapons Laboratory was op-
erating a continuous-beam gas laser to produce an
invisible infrared beam from electromagnetieally—
stimulated carbon dioxide. Described as the free












the Naval Air Test Center, Patuxent River, Mary-
land, where pilots made almost 200 flights involving
bomb drops, rocket and gun firings, catapult
launchings and arrestments. They dropped aerial
mines and bombs ranging in weight from 250 to
2,000 pounds and fired Sidewinder, Bullpup and
Zuni rockets.

In September, 8 planes were delivered to the
Navy for Board of Inspection and Survey tests. Six
went to Patuxent and one each to the Naval Missile
Center, Point Mugu, California, and the Naval
Weapons Evaluation Facility. Kirtland AFB, Al-
buquerque, New Mexico.

Additional planes were delivered to the training
college at NAS Cecil Field, Florida. Some 600 hours
of tests were to be flown at Cecil to insure a con-
tract specification that the plane requires no more
than 11.5 hours of maintenance for each flight hour.
Carrier qualification tests from a carrier in the At-
lantic were also scheduled. In all, 35 company,
Navy and Marine pilots participated in the first
year's test program and 2 Air Force pilots also flew
the A-7A to assess its capabilities.

At Patuxent, the Navy conducted an evaluation
of a flight path control innovation known as Direct
Lift Control (DLC), using an LTV F-8C Crusader.
The concept of DLC allows almost instantaneous
lift variations through the use of rapidly variable
wing flaps. By deflecting wing lifting surfaces, such
as flaps, airplane lift is directly varied in propor-
tion to the direction and degree of flap deflection.
This represents an improvement over the conven-
tional longitudinal control system which requires
rotating the aircraft with a horizontal stabilizer de-
flection to change lift on the wing since response
time is significantly reduced with DLC.

Also at Patuxent, the Navy conducted the second
preliminary evaluation and Board of Inspection and
Survey trials of the North American OV-10A light
armed reconnaissance aircraft. In tests of the
plane’s ability to operate from small, unprepar(;d
airfields, NATC Patuxent put the plane through its
paces over specially prepared strips which resem-
bled a giant washboard. Taxi tests and takeoffs
were made at speeds of more than 100 miles per
hour. By contrast, a passenger car driven over one
of the strips reached its control limits at 12 miles
per hour.

In 1966, the Navy initiated development of a
new version of its EA-6 electronic warfare aircru.ft
in service with the Marine Corps. Grumman Air-
craft Engineering Corporation was awarded a $12,-
400,000 contract for design and development of a
prototype EA-6B, with Airborne Ins.truments Lab-
oratory prime contractor for electronics. To be used
by both the Navy and Marines, the EA-GB_Wlll
carry a crew of 4, as opposed to 2 in the operational
EA-6A. The major design change involves a fuse-
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lage stretch of 40 inches. Five equipment pods con-
taining electronic gear will be mounted under the
wing, each pod containing a small propeller to
drive individual air-driven generators.

In the vertical lift field, the Navy conducted sea
trials of 2 V/STOL craft, the Ling-Temco-Vought
XC-142A and the XV-6A, U.S. designation for the
Hawker P.1127, undergoing tripartite testing by the
U.S., the United Kingdom and West Germany.

The XC-142A underwent an intensive 1-day car-
rier test program on May 16 from the USS Ben-
nington, purpose of which was to evaluate the craft
for shipboard operations in the VTOL and STOL
modes with wind over deck varying from zero to
32 knots. The XC-142A made 44 STOL and 6
VTOL descents and ascents using various glide
slopes, approach angles and aircraft wing inci-
dences. Some of the landings and takeoffs were
made by an Army pilot who had never before
been on an aircraft carrier.

The XV-6A, a jet V/STOL which grosses 15,400
pounds, made 22 flights from the aircraft car-
rier USS Independence and another 11 from the
amphibious transport dock ship USS Raleigh. This
constituted the Navy portion of the XV-6A test
program, aimed at demonstrating the feasibility of
operating jet-type V/STOL aircraft from carriers
or smaller ships with landing platforms (the XV-6A
was also being tested by the Army at Fort Camp-
bell, Kentucky, and by the Air Force at Eglin
AFB, Florida).

Other vertical lift testing involved new heli-
copters. At NATC Patuxent, the Navy conducted
a series of tests of the Sikorsky RH-8A, a modifica-
tion of the SH-3A which has the capability of
streaming, towing and recovering mechanical mine-
sweeping gear. The helicopter was to be used by
the Naval Air Mine Defense Development Unit,
Panama City, Florida, in its development program
of various other mine defenses. Also carried out,
aboard the USS Lake Champlain, were the first
compatibility evaluations (carrier flight deck land-
ing and hangar deck handling tests) of Sikorsky’s
CH-53A twin-turbine heavy assault helicopter.

In August, the Gyrodyne QH-50D, latest addi-
tion to the drone antisubmarine helicopter (DASH)
arsenal, completed 5 months of Board of Inspec-
tion and Survey trials. An improved version of the

H-50C, the new model has improvements which
enable destroyers to deliver ordnance against nu-
clear powered submarines at increased ranges and
which allow the destroyers to maintain the initia-
tive. Drone launches and recoveries were con-
ducted under various combinations of relative wind
heading and velocity. Radio frequency interference
tests were conducted by Weapons Systems Test
Division. During one period, the drone logged 27
hours flight time in 3%2 days. Trials included night,



as well as day operations. The QH-50D was pro-
visionally accepted for Fleet service.

During the year the Navy was running develop-
mental tests on a variety of missiles, notable among
them Poseidon and Phoenix. Built by Lockheed,
the 34-foot Poseidon is the fourth in the family of
submarine-launched Fleet Ballistic Missiles. For-
merly known as the Polaris B3, it will have approxi-
mately the same range as Polaris A3—2,500 nauti-
cal miles—but it will contain advances in accuracy
and penetrability.

On September 8 the first full scale test of the
Navy’s Phoenix missile system took place over the
Pacific missile range. An A-3A equipped with
Phoenix and its control system located a jet target
drone on radar, locked on at long range and inter-
cepted it in flight. The Phoenix missile system, de-
signed for use with the F-111B and being developed
by Hughes Aircraft Company, consists of the mis-
sile, designated XAIM-54A, the Advanced Radar
and Missile Control System, AN/AWG-9, and the
Missile Bomb Launcher, MAU-48A. XAIM-54A is
a long range, high performance weapon with all-
weather capability. Data from the radar is proc-
essed by a solid-state, high speed digital computer
and displayed on a 10-inch cathode ray tube and
a 5-inch multimode storage tube.

In space research, the Navy Astronautics Group
at Point Mugu was gathering data in a number of
areas from the Navy Navigational Satellite System
(NNSS). At NAG headquarters, computers accept
information from the navigational satellites, digest
it and send programmed messages back to the satel-
lites, which in turn relay them to ships and stations
around the world. Precise fixes obtained from the
system are opening new doors to charting the earth
and the ocean’s floor; once ship’s positions are ac-
curately established, the Navy can accurately chart
the bottom of the ocean. From satellite observation,
scientists can develop a more accurate concept of
the “astronomical unit,” which is the distance from
the earth to the sun. Once this is firmly established,
man will be able to measure accurately the distance
to other planets and possibly refine the picture of
the solar system. Additionally, new techniques in
time measurement will make it possible to use satel-
lites to synchronize time universally.

At Point Mugu, the NAG was updating each
satellite twice daily. Reports on the satellites’ be-
havior were being beamed to Mugu from tracking
stations in Maine, Minnesota and Hawaii, along
with those received from Mugu’s own Laguna Peak
installation. With such data, NAG was able to pre-
dict where the satellite would be at any given time.

In addition to work with the NNSS, the Navy
participated in a number of joint space launches

with the USAF. Details of these launches were
classified.
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FEDERAL AVIATION AGENCY

The Federal Aviation Agency’s highlight of the
year, an 18-month, $220,000,000 effort to design a
safe and economically viable U.S. supersonic trans-
port (SST) was completed on December 31, 1966,
with the selection of The Boeing Company and
General Electric Company as airframe and engine
manufacturers respectively. (See Aerospace
Events).

Two airframe and 2 engine manufacturers had
participated in this effort under government cost-
sharing contracts. Lockheed Aircraft Corporation
was the other airframe manufacturer, the Pratt &
Whitney Aircraft Division of the United Aircraft
Corporation the other engine manufacturer. The
cost-sharing arrangement was 75 percent govern-
ment/25 percent indhstry.

Objectives of the 18-month phase included com-
Rletion and optimization of airframe detailed de-
signs and extensive testing of wing and fuselage
sections. The airframe contractors also built full-
scale engineering mockups of their respective
designs.

The engine contractors, on the other hand, each
built apd tested 3 full-scale prototype engines. Pratt
& Whitney fired the first of its 3 engines in the
spring of 1966 with General Electric not far be-
hind. Each contractor accumulated more than 100
test hours on its engines,

On. September 6, 1966, the 4 SST contractors
s.ubmltted their final design proposals for evalua-
tion by a team of approximately 235 government
aeronautical experts. Team members were drawn
from the_ Department of Defense, the National
Aeronautics and Space Administration, the Civil
Aeronautics Board and FAA, Major General J. C.
Maxwell, FAA’s Director of SST Development
served as chairman of the group. ’

Cg)ncur're'nt with this effort, 10 domestic and 18
foreign airlines conducted separate and independ-
ent.analyses of the competing airframe and engine
d.e51gns..Each was asked to select an overall de-
sign which would best meet his equipment needs.

The government-airline evaluation reports were
the basic documents used ip determining whether
the SST program should move forward into the
prototype construction phase. They also formed the

basis for selection of contractors to continue in the
program.

The government’s master plan for development

’ Of the SST Called fOI‘ the Selection Of the Boeing_

GE airframe.-engine manufacturing team to push
ahead ecarly in 1967 with the construction of flying
prototypes. Actually 2 prototypes of the same de-
sign were to be built, the first to take to the air
in late 1969 or early 1970 to begin an intensive
flight test program. At about the same time, pro-
dUCtiOD development WOllld get under \Vay with






traveler during limited weather conditions while
also enhancing flight safety.

In 1965, the lowest weather in which planes were
permitted to land was a 200-foot vertical ceiling
and visibility of ¥2 mile. With new ground equip-
ment installed at 5 airports in the nation, appro-
priately equipped aircraft may now land if pilots
can see the ground from as low as 100 feet verti-
cally above the runway and with visibility of as
little as 1,200 feet horizontally. Undergoing evalu-
ation during 1966 was advanced ground and air-
borne equipment which will permit landings in
much lower weather conditions.

Under an extensive “crashworthiness” program
at NAFEC, FAA engineers in 1966 successtully op-
erated a jet engine on gelled fuel. The run-up tests
were conducted as part of a project to find ways
to reduce the fire hazard in aircraft accidents. Engi-
neers said that although the agency’s initial effort
in using gelled fuel to operate a General Electric
J47 engine appeared promising, much more re-
search would be required before in-flight tests
could be attempted.

In order to operate the engine, engineers had to
devise a makeshift arrangement to force the gelled
fuel from a tank 2 feet in diameter and 12 feet long,
A bladder inside the tank was inflated with an air
compressor to squeeze the gelled fuel into a 2-inch
hose leading to a booster pump, which forced it
through a similar line into the J47’s fuel system.
In monitoring the temperature of the gelled fuel
from tank to engine, engineers observed a 2 degree
rise at the booster pump, a 4 degree rise through
the engine fuel pump and a 40 degree rise across
the heat exchanger.

The successful tests cleared the way for more
advanced research work with solidified fuels. FAA
was considering bids for 2 contracts to advance the
work in thickened fuels. One contract calls for de-
veloping standards for rating the effectiveness of
various thickened fuels in reducing fire hazards,
and for determining which fuels will work best in
jet engines without requiring extensive aircraft and
engine modifications. The other contract is to be
for a study of the “compatibility” of fuel systems
in 4-engine commercial jet transports with gelled
and emulsified fuels.

The FAA also planned to enter into an inter-
agency agreement with the Navy Aeronauti'cal En-
gine Laboratory to study the effects of thickened
fuels on the operation of turbine engine compon-
ents. Also planned for the future was more ground
testing with closer observations of engine com-
ponents in full-scale engine tests. In addition, FAA
was to cooperate with the Army in expanded fuel
emulsion research.

The 1966 FAA research and development program
included projects in the following general areas:
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Air Traffic Control

Air Traffic Control System modernization, anal-
ysis of aircraft wake turbulence, improvement in
airport traffic lighting systems, visibility and ceiling
devices unique to aviation, enroute weather analy-
sis and prediction and statistical terminal weather
forecasting.

Communications

Short range air-ground communications systems
modernization, long range air-ground communica-
tion systems, ground-air-ground digital communi-
cations, air derived separation assurance including
pilot warning instruments and collision avoidance
systems, aviation weather system digital data auto-
mation, aviation weather detection and measure-
ment and hazardous weather detection.

Navigation

Approach and landing systems: improved instru-
ment landing system (ILS) for Category II opera-
tions, ground-based guidance equipment for Cate-
gory III All-Weather Landing, airborne control and
display equipment for Category III All-Weather
Landing, and V/STOL approach system. Short Dis-
tance Navigation Program: VORTAC system im-
provements for reduction in errors, development
of area navigation equipment, test of equipment
and techniques to supplement present rho-theta
navigation system and barometric altimetry investi-
gation of static system error and flight technical
error to determine aircraft height-keeping accuracy.
Advanced enroute (long-distance) navigation sys-
tems: self-contained systems and external reference
systems. Airport and heliport lighting and marking
and obstruction lighting and marking.

Environmental Program

Airport and aircraft fire protection, aircraft ar-
resting systems, airport slotted runways and surface
marking materials and control of birds at airports.

New Projects

Airport safety support for advanced aircraft, un-
interruptible and stable power for critical facilities,
air traffic control separation criteria, weather modi-
fication in terminal areas and adverse and hazard-
ous weather designations for air traffic control
functions.

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

Completion of Project Gemini, a soft landing on
the moon, and startling new photographs of the
earth and the lunar surface highlighted NASA’s
1966 activities.

When Gemini 12 splashed down in the Atlantic
Ocean on November 15, a major milestone toward



achieving the national goal of landing men on the
moon within the decade was reached. The crews
of Gemini 12 and the preceding 6 Mercury and 9
Gemini manned flights demonstrated that man
could withstand the rigors of space, maneuver their
craft, rendezvous and dock in orbit and generally
carry out activity in the hostile environment.

The 1966 portion of the manned space flight
program included 5 missions in the McDonnell-
built Gemini spacecraft, which brought the total
U.S. manned experience in space to 1,015 space-
craft hours and 1994 man hours. The missions
were:

Gemini 8, astronauts Neil A. Armstrong and
David R. Scott. launch and splashdown March 16,
7 revolutions, 10 hours 42 minutes. first docking of
2 spacecraft in orbit.

Gemini 9, Thomas P. Stafford and Eugene A.
Cernan, launch June 3, splashdown June 6. -6 revo-
lutions, 72 hours 21 minutes, 2 hours 9 minutes
extravehicular time by Cernan.

Gemini 10, John W, Young and Michael Collins,
Launch July 18, splashdown julv 91, 44 revolutions.
70 hours 47 minutes, 2 EVA’ periods, dual ren-
dezvous with Lockheed-built Agenas 8 and 10.

Gemini 11, Charles Conrad and Richard F. Gor-
don Jr., launch September 12, splashdown Septem-
ber'15. 45 revolutions, 71 hours 17 minutes, 2 EVA
periods, altitude record of 739.4 nautical miles.

. Gemini 12, James A. Lovell Jr. and Edwin Ald-
rin, launch November 11, splashdown November
15, 59 revolutions, 94 hours 36 minutes. record
EVA time of 5 hours 37 minutes.

In addition to Gemini, NASA prepared for new
manned flights under Project Apollo by checking
out the Uprated Saturn I launch vehicle for Apollo
_earth orbital flights. Three flights were made dur-
ing the year, all unmanned. AS-201, launched Feb-
ruary 26, was a launch vehicle /spacecraft checkout
test; AS-203, August 5, was primarily an experiment
in observation of the behavior of liquid hydrogen
inorbital flight; and AS-202, September 25, was a
heat shield test (the shield was also tested on
AS-201).

Of the year’s unmanned space missions. the most
notable was Surveyor 1, which was launched on
May 30 to make a soft landing on the moon 2Y2
days later. A “closed loop” landing system—radar,
rockets and a re-programmed computer—slowed
the spacecraft from 6.000 miles per hour to only 3
miles per hour during the descent and Surveyor
(Jet Propulsion Laboratory/HugheS) touc}}ed
down gently in the moon’s Sea of Storms. During
its operational lifetime, Surveyor 1 sent back to
earth more than 11,000 Photographs of the lunar
surface. A second Surveyor, launched September
20, failed.

Two Boeing-built Lunar Orbiter spacecraft
backed up Surveyor in the 1966 portion of the
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project of photographing possible landing sites for
the manned lunar landing. Lunar Orbiter 1 was
launched August 10 and Lunar Orbiter 2 Novem-
ber 6; each sent back thousands of photos taken
from relatively low altitudes in lunar orbit. Lunar
Orbiter 2 made the first close-up pictures (28
miles) of the Crater of Copernicus, one of the most
prominent features on the moon’s face. This photo-
graph provided the first lunar picture that could be
related readily to earth topography. It clearly
showed mountains rising 1,000 feet from the crater
floor with slopes up to 30 degrees. This photo and
others taken by the Orbiters’ telephoto lenses were
being used in analyzing potential landing areas.

In the field of satellite applications research,
NASA launched a new member of the Nimbus
family of weather spacecraft and also participated,
as launching agent in 3 injections of ESSA satellites
with the Environmental Science Services Ad-
ministration.

Earth-oriented for greater daily coverage than
previous meteorological satellites, General Electric’s
Nimbus 2 was launched May 15 into a near-polar
circular orbit at an altitude of 700 miles. On July
15, the spacecraft achieved a major test objective—
2 months of 24-hour-a-day operation. During that
period, Nimbus 2 took more than 150,000 pictures
and received more than 23,000 commands from
ground controllers. It continued to operate long
after the initial 60 day period, photographing the
birth and death of Hurricane Alma and Typhoons
Irma and Kitt.

At year-end, NASA was assembling another
Nimbus for 1967 launch. A larger spacecraft weigh-
ing some 1,500 pounds, the third Nimbus was to
carry several new experiments, including sensors, to
measure the vertical structure of the atmosphere.
With this experiment, scientists hoped to be able
to make accurate weather predictions 2 weeks in
advance.

The 3 operational launches of weather satellites
included ESSA 1 (February 3), ESSA 2 (Febru-
ary 28) and ESSA 8 (October 2). The ESSA space-
craft were advanced versions of the TIROS devel-
oped for NASA by Radio Corporation of America.
Most advanced of the series was ESSA 3, a cart-
wheel satellite which rolls along in orbit like a
wheel, each of the 2 cameras on its rim pointing
directly toward the earth once in every revolution.
The cameras use l-inch-diameter vidicons of the
Advanced Vidicon Camera System, tested in the
Nimbus spacecraft but being employed operation-
ally for the first time on ESSA 3. ESSA 3 was also
the first TIROS-type satellite to carry solar and
terrestrial radiation sensors.

A highly successful project in the application
field was the launch of the first of 5 Hughes-built
Applications Technology Satellites. The 700-pound
ATS 1, launched on December 6, was a multi-






HL-10 spacecraft, wingless vehicles which derive
aerodynamic lift solely from their fingernail-shaped
bodies. Both were being readied for powered
flights early in 1967. The 2 research craft were to
be flown at altitudes up to 80,000 feet and speeds
of about 1,000 miles per hour, as part of a program
to test the conditions spacecraft encounter on re-
turn to earth..

In the field of aeronautics, NASA started in the
spring a planned 18-month research program in-
volving the USAF’s North American NB-70 experi-
mental aircraft. Purpose of the program was to ac-
quire new data on flight dynamics. flight loads,
structures, propulsion, air induction. environmental
factors and other areas. The program was to be a
joint USAF/NASA effort.

NASA also continued its high speed research
program with the North American X-15, which set
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a new speed record during the year. With USAF
Major William Knight at the controls, the X-15
made a 9-minute flight with a peak speed of 4,223
miles per hour. This topped the 1962 mark of 4,10
miles per hour. ;

In addition, NASA continued to be active in the
vertical and short takeoff and landing (V/STOL)
field. The agency was observing a number of exist-
ing craft, conducting wind tunnel research at Ames
and Langley Research Centers, and making ad-
vanced studies of new V/STOL concepts.

During 1966, NASA increased its tracking fa-
cilities around the world in support of manned
and unmanned space projects. It also expanded its
Technology Utilization Program, the dissemination
of information about specific inventions, innova-
tions and discoveries growing out of the overall
space research effort.


















THE AIRLINES

The airlines continued their investment in new
equipment during 1966, bringing commitments for
new aircraft to $6 billion for the S-year period 1966-
1970. The investment in this S-year program is
roughly equal to the value of all fight equipment
in service at the end of September 30, 1966, This
means that air transportation will double its in-
vestment in just 5 years. )

During the first nine months of 1966, the airlines
took delivery of 221 new aircraft, valued at $1.2
billion. Orders placed for delivery during the re-
mainder of the 5-year period come to 761 aircraft.

The following tabulation shows a breakdown of

deliveries received and scheduled for the 1966-1970
period:

Jets and
Turboprops Valued at
1966 Deliveries Jan. 1- :
Sept. 30 221 $1,177,000,000
Scheduled in 4th quarter
1966 81 384,000,000
Total 1966 302 31,561,000,000
1967 395 2,139,000,000
1968 207 1,223,000,000
1969 46 392,000,000
1970 32 717,000,000
TOTAL 982

Not included in the tabulation is the fact that
the local service airlines were planning to convert
63 piston planes to turboprops at an estimated cost
of $38,000,000. Also excluded are orders for 31 Con-
corde supersonic transport planes and tentative
delivery positions for 49 U.S. SST’s for delivery in
the 1970%. .

The great majority of the aircraft on order are
short- and medium-range jets, underscoring the air-
lines’ program to improve and expand service to
smaller communities. Of the 761 new aircraft on
order, 500 are twin-engine and 3-engine jet and
turboprop aircraft. As of July 1965, only 86 points
in the U.S, received jet service. With the continuing
emphasis on smaller jet aircraft, 117 points in the
U.S. were receiving regular jet transportation at
the end of 1966,

The multi-billion dollar investment the airlines
were making in new equipment, involving 85 per-
cent of all their earnings, allowed the airlines to
reduce fares. In contrast to the inflationary trend
that has been running through the national econ-
omy, the airlines lowered the average fare per pas-
senger mile 4 percent, comparing the first 6 months
of 1966 with the same period in 1965. )

Among the reduced fares were the following:

Family Fares. Full fare is paid by the head of the
family, 3 less for the wife and 25 less for each of

$6,032,000,000

the children. Significance: a family of 4 traveling
across the continent saves over $450,

Visit USA Fares. For 8150 foreign visitors have
unlimited travel to hundreds of cities across the
nation for 21 days. ' -

Discover America Fares. A round-trip fare at a
25 percent discount provided the return trip is not
made in the same calendar week as the originating
trip and the whole trip is completed within 30 days.

Youth Fares. Stand-by fares for young people be-

tween the ages of 12 and 22 at a discount of 50 per-
Ceg;ecial Fares for the Military. Also at 50 percent
below normal fares, servicemen may travel on a
stand-by basis and take precedence over youth
traveling at the same discount.
" For example, at the end of September 1966 more
than 9,000,000 servicemen had taken advantage of
the airlines’ half-fare military program and had
saved an estimated $180,000,000 under what they
would have paid at full fares. . '

Commenting on the airline .fare reductlons.g]
effect during the year, the chairman Of.thi Civil
Aeronautics Board, Charles S. Murph)f, said: .These
reductions in the aggregate will Prewde savings to
the traveling public of many millions of dollars—
estimated by the CAB staff to be more thj\n $200,-
000,000 for domestic air travelers in 1966.

It was estimated that the airlines would carry
112,000,000 passengers in 1966, up 18.2 percent
ove,r 1965 and almost double tl_le numbey t}'1ey car-
ried in 1961. The airlines reglstered t.hlS increase
despite the 43-day mechanics strike in Ju!y and
August, which represented a loss to the alrhn_es. of
about 5,300,000 domestic air traveler§ or 3.7 billion
passenger miles (a passenger mile is 1 passenger
carried 1 mile). These figures were ba:se.d on the
fact that, up to the day of the strike, airline trafﬁc
had been running 25 percent over the same period

in 1965. o o .

The airlines planned to expand their jet freighter
fleet by more than 160 percent in the next 5 years
to keep pace with the accelerating demand for air
freight.
fri&gs of September 30, 1966, the airlines had in op-
eration or on order 257 jet airliners capableiof all-
cargo operation. The total cost .-of_ these aircraft,
including spare parts, was $1.9 billion.

The airlines at year-end were operating 96 jet
aircraft capable of all-cargo service with a Capaelty
of 4 billion ton-miles of service per year assuming
average utilization of the aircraft. They represented
a total airline investment of $718,000,000, Of .the
96 jet aircraft, 52 were regular or convertl.ble
freighters, 15 were combinations and 29 the quick-
change variety. .

In 1965, air freight registered a gain of 33 percent
over 1964, and for the first 8 months of 1966 it was
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up 22 percent over the same period in 1965, despite
the strike.

The 161 new planes on order will expand the
present jet freighter fleet in terms of numbers of
aircraft by 167 percent, and provide 6.5 billion
ton-miles of capacity per year assuming average
utilization of the aircraft. Of the 161 jet aircraft, 88
are regular or convertible freighters, 4 are combina-
tions and 69 are the quick or rapid change variety;
49 of the quick change are medium-range aircraft
and 20 are shortrange. All other jets are long-
range. In addition to the jet orders, there were 2
turboprop freighters on order for delivery in 1967.

Each of the 600-mile-an-hour, 90,000-pound ca-
pacity jets represents a near doubling ‘of speed and
more than a threefold increase in capacity over the
DC-6A, for example, one of the largest of the
piston-powered aircraft still used in all-cargo op-
eration. In 1970 a still larger jet freighter, the Boe-
ing 747, will enter service. It will have a 214,000
pound capacity.

In addition to the improved service capability
provided by jet freighters, there are other factors
that have combined to stimulate cargo growth.
Automatic loading and unloading is one such factor.
Today freight is loaded and unloaded on huge pal-
lets which slip in and out of the airplane in
minutes.

Sorting and assembling loads in terminals has
also been automated. A modern air cargo terminal
can process half of a freighter load within an hour
of departure. This would have been impossible a
few years ago. Greater volumes of air cargo support
improved pickup and delivery service. Regular
daily shipments involving thousands of pounds can
now be handled and reliably.

Yet another development is a newly designed
family of standard containers for air freight. Air-
lines expect the newly designed containers to
stimulate larger shipments. Incentive reductions
averaging 10 percent will be offered to shippers
who make use of containers. Those using the con-
tainers will also save time, packaging and docu-
mentation costs. Containers varying in capacity
from 625 to 5,000 pounds, can be loaded at the
shipper’s own plant and delivered directly to plane-
side rather than moving through the terminal.

The new aircraft the airlines are adding to their
fleets, if needed, could be put to use quickly under
the nation’s streamlined Civil Reserve Air Fleet
(CRAF') program. Under this program, 220 jet and
turboprop aircraft are available on short notice to
the Department of Defense (DOD). They are cap-
able of providing 8 billion annual ton miles of lift
and more than 25 billion seat-miles annually to
meet the demand of limited emergency situations.

The airlines in their peacetime role account for
85 percent of all DOD domestic passenger travel
expenditures. The last 5 years have witnessed in-
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creasing use by DOD of commercial airline service,
which has consistently been able to supply the de-
fense establishment the airlift it needs.

AIR ALASKA

The beginning of 1966 saw a new name in the
northern sky: Air Alaska, the new title and symbol
of Wien Alaska Airlines, Inc., first airline to fly in
Alaska. From a humble beginning in 1924 when
Noel Wien made the first commercial flight in
Alaska using a World War I surplus standard J-1
aircraft, Air Alaska has grown and developed into
a position of prominence in Alaskan aviation. With
central home offices in Fairbanks, its 1966 route
structure extended from the capital city of Juneau
in the South to the northernmost community in
North America at Point Barrow, and in the west to
Nome. Air Alaska serves 85 communities in Alaska
varying in size from metropolitan areas to small vil-
lages of 15 and 20 people in an area totally de-
pendent on air transportation as the primary means
of communication and the only method of delivery
of mail and freight.

The year 1966 proved to be the most successful
in the airline’s history. Revenue passenger miles for
the first 9 months totaled 20,216,000, an increase of
well over 10 percent compared with a like period
in 1965. Total revenue ton miles during this period
were 4,349,619, a substantial increase over 1965.
Tourist activity during the summer months reached
its highest peak, both over Air Alaska routes and
the state of Alaska in general. Air Alaska main-
tained its own staff and ground facilities to accom-
modate the ever increasing number of tourists in
Point Barrow, Kotzebue, Nome, and Fort Yukon.

In anticipation of the state-wide Alaska ’67 Cen-
tennial celebration commemorating the 100th anni-
versary of the purchase of Alaska from Russia, Air
Alaska increased tourist facilities throughout its’
system and planned to double the number of tour
packages available to the tourist. The company
expected an increase in tourist travel by virtue of
the fact that Fairbanks was designated as the of-
ficial centennial celebration site and the location
for the exposition grounds.

The year also saw an improvement and expansion
of Air Alaska ground facilities. New hangers were
built in Kotzebue and Nome, a new terminal build-
ing was constructed at Point Barrow and ticket of-
fice facilities in the larger towns were moved to
more adequate quarters or underwent expansion.
The upgrading and expansion of flight equipment
was not neglected in the year 1966, Orders were
placed for 2 twin-engine turbine powered Skyvan
aircraft from Short Brothers in Ireland. The addi-
tion of this new equipment will augment the fleet
of Beavers and turbine powered Pilatus Porters and
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Gold Rush interior decor of the Golden Nugget
fanjets. The “sales auditorium on wheels” was to
cover the entire nation on an efficiently mapped-
out solicitation pattern. Self-contained with its own
independent power supply and fully air-condi-
tioned, the Jet-Van has a built-in automated sound
system and specially designed projection equipment
to show a concise sales film directed to travel agents
and airline reservations personnel.

For the 9-month period ended September 30,
1966, Alaska Airlines reported a net profit of $955,.-
804. This compared with a net loss of $344,168 for
the 9 months ended September 30, 1965. For the
month of September, the company showed a net
profit of $104,005, which compared with a net loss
of $30,991 for the same month in 1965. September,
1966, revenues of $1,644,040 represented a 66 per-
cent increase over the same month a year earlier,
and the 9-month revenues for 1966 represented a
47 percent increase over the same period in 1965,

ALASKA COASTAL AIRLINES

For Alaska Coastal Airlines the year 1966 was
one of many changes. The Board of Directors
agreed to shorten the name of the airline in May
from Alaska Coastal-Ellis Airlines to Alaska Coastal
Airlines, Inc. The airlines was the result of a merger
on April 1, 1962, of Alaska Coastal Airlines and
Ellis Airlines.

New equipment consisted of the purchase of a
Convair 240 which was to be used on the airline’s
Juneau-Sitka-Annette Island route. This was a
change in status for the carrier, since prior to the
purchase of the Convair it operated a fleet of 25
amphibious aircraft serving Southeast Alaska from
Prince Rupert British Columbia, in the south to
Skagway in the north. In connection with the pur-
chase of the Convair, new service innovations in-
cluded the addition of stewardesses. The airline in
its amphibious division uses male cabin attendants.
Because of the relatively short distances between
the cities served, food service was not planned.

Alaska Coastal Airlines was in the final stage for
certification of one of its Grumman Goose aircraft
with turboprop power. When completed, the com-
pany was to evaluate the performance before mak-
ing ‘a determination of conversion of its entire fleet
of 14 Grumman amphibians. _

In connection with the opening of the new Sitka
Airport, Alaska Coastal Airlines filed with the Civil
Aeronautics Board to extend its route to Seattle.

Other changes included a new look among the
sales personnel, conforming to company colors. The
male sales agents wear black blazers with gray
slacks, while the female sales personnel wear red
blazers and gray skirts. The stewardess uniforms
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will follow a similar style but additionally, for
winter wear, ski pants and sweaters.

Alaska Coastal Airlines, in cooperation with
Pacific Northern Airlines, filed a special off-season
tour fare in its effort to extend the season in Alaska.

During the first 9 months of 1966, the airline
carried 128,516 revenue passengers and transported
3,730,323 pounds of cargo and 2,231,692 pounds of
mail, flying 1,757,522 revenue passenger miles. This
was a substantial increase over the same period in
1965.

Alaska was to celebrate the purchase centennial
in 1967, and Alaska Coastal Airlines expected to
share with the travel industry one of the best years
ever.

ALLEGHENY AIRLINES

The year 1966 was one of growth for Allegheny
Airlines, growth that almost overworked the word
“record.”

Throughout its 13 state system, the regional car-
rier boarded more than 2,000,000 passengers, up
considerably from its 1965 record total of 1,465,141.

Revenue passenger miles climbed from 292,302,-
135 in 1965 to more than 428,300,000 in 1966, an
increase of nearly 46 percent.

Allegheny also maintained its position as number
one cargo carrier among the nation’s 13 regional
airlines by boarding more than 55,700,000 pounds
of air mail, freight and express, outstripping the
old mark set in 1965 by about 17 percent.

One of the prime reasons for Allegheny’s 1966
growth record was its intensive program to convert
to an all turbine-powered fleet. Since June 1, 1965,
Allegheny has been adding a turbine-powered air-
craft to its fleet on the average of one every 18 to
20 days.

At the end of 1966, Allegheny was flying 10 F-
27] Vistaliners, 16 Convair 580 Vistacruisers and
one DC-9 Vistajet, along with about eight remain-
ing piston-engine Convair 440’s, which were slated
for conversion to jet-prop Convair 580s.

Allegheny began 1967 with about 75 percent of
its passenger airlift capability being flown with
turbine-powered equipment. This percentage was
to rise gradually up to 100 percent in mid-1967.
Delivery of 100 passenger DC-9 Series 30 fan-jets
was to begin during the early summer and 6 were
expected to be on hand at year-end.

Allegheny responded to two Civil Aeronautics
Board initiated investigations with suggestions on
how to improve its route structure,

As part of the Board’s New York-Florida Re-
newal Case, Allegheny asked for nonstop authori-
ties in 5 major markets, all included in its Segment
8, which was being considered for renewal at the



same time. These are: Washington-Boston; Phila-
delphia - Boston: Baltimore - Hartford / Springfield;
Baltimore-New York City; and Washington-Hart-
ford/Springfield.

Allegheny also suggested that the Board con-
sider the following route strengthening proposals
during the Allegheny Route 97 Investigation:

Lifting of operating restrictions which would
permit Allegheny to operate nonstop between Pitts-
burgh and New York City, and Pittsburgh and
Boston.

Addition of Allentown-Bethlehem-Easton, Penn-
sylvania, service between Pittsburgh and New York
City.

Allegheny also asked the Board for authority to
serve Chicago’s Midway Airport with nonstop
flights to and from Cleveland and Pittsburgh.

Among other route applications pending were
requests by Allegheny to extend its system south
to Nashville, Tennessee, and Le.\'ington/Frankfort,
Kentucky, to provide service between these points,
Pittsburgh, Cleveland and Detroit; and authority
to connect the Ohio Valley cities of Parkersburg/
Marietta and Huntington/Ashland with Cleveland
and Detroit.

A Board Examiner recommended that Allegheny
be authorized to provide service to Toronto, Can-
ada, from a number of cities throughout its system,
using Erie, Pennsylvania, as the port of entry.

Continuing the “New Look” program begun in
1965, Allegheny placed new emphasis on Customer
Care through a number of innovations.

Among these are Customer Service Representa-
tives, assigned to all DC-9 flights. These young
men are drawn from the ranks of experienced sta-
tion and reservation personnel to provide in-flight
advance ticketing, perform other speCial services
and generally monitor the airline’s initial jet-op-
eration.

The “New Look” also came to Allegheny’s in-
flight food service, which was expanded on meal-
hour flights to include “snack packs” consisting of
sandwiches and shrimp cocktails, in addition to
the regular offering of complimentary beverages
and cocktails.

Allegheny pilots also took on a “New Look” in
1966, switching to a smartly tailored, charcoal gray
uniform, trimmed with silver stripes, newly de-
signed wings and hat crests.

Allegheny lived up to its reputation as an inno-
vator in new customer services last vear by becom-
ing the first airline to establish a 15 discount,
space positive Young Adult fare.

Servicemen can also travel Allegheny at a Ys
discount, with confirmed space, thanks to a new
fare adoted by the airline when the government
became concerned about the number of military
personnel who were being left stranded by space
available fares.
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AMERICAN AIRLINES

In many ways, 1966 was the most challenging
year in American Airlines’ long history. The pre-
ceding year had been a record traffic and revenue
year. American was faced with not only continuing
the upward trend, but with preparing for the ra-
pidly-approaching new stages of the jet revolution.

This meant buying a wide range of new air-
planes for specialized markets, and ordering the
bigger, faster equipment of tomorrow. It meant
applying for extensions of American’s long-confined
route system, in order to make best use of that
equipment. It meant improving services to meet
stifening competition in the major markets. It
meant new special fares to open new markets, and
new facilities to accommodate the burgeoning pas-
senger and freight traffic.

And it meant realizing adequate profits, in the
face of rising costs, in order to meet growing in-
vestment needs.

American met all these goals in 1966. The fact
that it flew 10,800,000 revenue passengers more
than 9 billion miles during the first 3 quarters—up
30.3 percent from 1965—indicated its short-term
success. Freight volume for the 9-month period
was up to 252,400,000 ton miles, 45.1 percent more
than the same period the year before, and revenues
for the period set a new high of more than $545,-
000,000.

Part of this traffic volume came as an unexpected
burden, due to the strike that grounded 5 other
carriers in July and August. American was the onl
transcontinental carrier flying during the 43-day
strike. For the strike-affected third quarter alone,
revenue passenger miles totaled nearly 4 billion,
and freight ton miles exceeded 92,000,000. Under
an inter-carrier agreement, American paid $29,-
000,000 in mutual aid to the struck carriers.

Looking ahead, the company took 2 vital steps in
1966 to strengthen its future competitive position.
In January, it applied for new routes across the
Pacific—to Hawaii, Japan and beyond—becoming a
major applicant in the CAB’s Transpacific Route
Investigation. In November, it announced an order
for 10 Boeing 747 “jumbo jets,” the biggest order
to that point by any non-overseas carrier (Ameri-
can also held delivery positions on 6 U.S. super-
sonics and 6 British-French Concordes).

The transpacific routes were perhaps the most
important ever sought by American. The coming
supersonics require long-haul overseas routes for
effective operations, and American is the only major
transcontinental carrier without such routes. The
airline, however, is the major domestic carrier of
domestic air traffic headed for and arriving from
the Far East (where air trade is growing faster
than anywhere else in the world). Its proposed
routes would link that area with U.S. cities pro-
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ducing nearly 90 percent of all traffic between this
country and the Pacific.

Other route applications filed during the year
included Toronto-Chicago and Toronto-Los An-
geles, and routes between major Gulf State and
Midwest points. In August, American was granted
permanent rights to serve Acapulco.

American began direct, non-commercial service
to the Pacific in November, carrying top-priority
goods for the Military Airlift Command. The serv-
ice started with a new Boeing 707 jetfreighter, 1
of 4 American received during the year.

The freighters were among 52 new jets American
put into service during 1966. The new equipment
was highlighted by the March introduction of
twin-engine BAC 11I's (400 Astrojets) on short-
haul routes. In mid-December, the airline retired
its last piston plane from scheduled service and
became an all-jet carrier.

More than ever, the emphasis in 1966 was on the
personal and pleasure traveler. In January, Ameri-
can initiated a half-fare Youth plan; in February,
a reduced fare for jet coach excursions; in March,
a personal credit card. The company’s Military
Standby Plan was liberalized in August. In addi-
tion to several service improvements during the
year, the company began work on 2 innovations for
the future: first, installation of ultramodern buffets
in all 4-engine jets, for improved food preparation
and storage; secondly, installation of an advanced
inflight movie system.

Heavy promotions were conducted to bring new
passengers aboard. The most dramatic of these was
the Astrosphere, a huge, inflatable dome that serves
as a portable theater. Launched in September, the
Astrosphere will tour U.S. shopping centers across
the country for the next 2 years, and it was expected
to reach about 10,000,000 prospective passengers.

American made great strides in freight-handling
improvements during 1966, and several of its
freight facilities were enlarged and modernized.
The heavy focus on freight derived from the com-
pany’s expectation that freight revenues will exceed
passenger revenues within 2 decades.

BONANZA AIR LINES

Bonanza Air Lines was eyeing the international
market as 1966 drew near an end. Service to Mexico
loomed as a possibility after the regional service
carrier in mid-1966 presented route proposals for
consideration at the forthcoming bilateral route dis-
cussions between the 2 countries.

‘ Other highlights of the year included inaugura-
tion of DC-9 “Funjet” service to supplement the
F-27 turboprops with which Bonanza became the
first all turbine-powered airline in America, a half-
dozen consecutive monthly boarding records, CAB
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action to set up for hearing 2 separate route
strengthening cases, and inauguration of nonstop
Las Vegas, Nevada-Grand Canyon, Arizona,
service.

Bonanza anticipated marked increases in pas-
senger traffic for 1966: 845,000 passengers (up 26
percent over 1965) traveling 215,600,000 revenue
passenger miles, a boost of 27 percent over the
year previous.

At mid-year, the carrier completed removal of
its general offices and maintenance base from Las
Vegas to a new multi-million dollar facility in
Phoenix, Arizona, with a loss of less than 10 percent
of its employees and none of the supervisors.

CAB Chairman Charles Murphy delivered the
keynote speech when the new structure at Sky
Harbor Airport was dedicated in June.

While new routes were not discussed during the
U.S.-Mexico bi-lateral talks, the 2 countries planned
to meet again in late January or early February for
discussions limited to the question of new routes.

Bonanza proposed routes from Phoenix through
Tucson, Arizona, to the Mexican cities of Guaymas,
LaPaz, Mazatlan and Puerto Vallarta, and from
Las Vegas through Yuma, Arizona, to Mazatlan
and Guadalajara, Mexico.

G. Robert Henry, executive vice president of
Bonanza, said the routes would “open a new jet-
way between two of the most exciting tourist areas
in the western hemisphree and broaden the avenues
of exchange between” the U.S. and Mexico. Num-
erous officials in Mexico voiced support of the pro-
posed routes, including the governors of the Mexi-
can states of Jalisco, Sonora, Sinaloa and the terri-
tory of Baja California.

Expedited hearings slated by the CAB were
based on Bonanza’s subsidy elimination program.
Two proceedings were set. One would be limited
to (1) nonstop service between Tucson on one
hand and the cities of San Diego and Los Angeles,
California; Las Vegas and Reno, Nevada; and Salt
Lake City, Utah, on the other, and (2) service
between Tucson on all cities on Bonanza’s 2 north-
ern and its southernmost routes—the 5 cities named
above plus Phoenix, Kingman, Grand Canyon, Page
and Yuma, Arizona; Cedar City, Utah; El Centro
and Santa Ana, California.

In the other proceedings, the CAB was to study
Bonanza’s bid for a route between Salt Lake City,
Cedar City, Utah; Las Vegas, Palm Springs and
San Diego. This authority would also permit Salt
Lake City-Los Angeles service via Las Vegas.

Nonstop service linking Las Vegas and the Grand
Canyon, inaugurated April 1, proved highly suc-
cessful, with a 14-fold increase in traffic to the
Grand Canyon, which Bonanza previously served
only from Salt Lake City and Phoenix.

Promotional fares, such as the ‘Youth Fare’ orig-
inated by Bonanza in 1961—first in the industry—



continued as eftective stimulants of traffic through-
out the Bonanza system in Arizona, California, Ne-
vada and Utah.

For 1967, Bonanza anticipated 1,000,000 revenue
passengers, up 18.3 percent over estimated 1966
figures. Revenue passenger miles were expected to
climb 16 percent to 250,000.000.

A fourth DC-9 was expected to join 3 already
in service at about mid-vear, with 2 more, both
series 30 models, on order for early 1968 delivery.

BRANIFF INTERNATIONAL

New equipment and new services highlighted
the progress of Braniff International in 1966, the
first full year of command for President Harding
L. Lawrence.

During the year Braniff placed in service 10 new
Boeing 727 tri-jet aircraft and 5 Boeing 707-320C
intercontinental jets that were ordered soon after
Lawrence assumed control of the company on
April 5, 1965.

To be introduced in 1967 were 14 additional 727’s
and 4 707-320C’s,

Braniff, the first to introduce the revolutionary
new “Quick Change” cargo concept, ordered 18 of
its 24 727’s in the “QC” model which can be con-
verted between all-passenger, all-cargo or com-
bination cargo-passenger configurations, in 30
minutes.

Jet deliveries in 1966 enabled Braniff to phase
out all but 6 of its piston-engine aircraft by year-
end. BI planned an all jet-powered operation by
mid-1967.

The airline received White House approval in
October for a $30,000,000 purchase of Panagra from
Pan American World Airways and the W. R. Grace
Company. The combined South American opera-
tion of Braniff and Panagra, planned to begin the
first of the year, will provide service between the
U.S. and Panama City, Panama; Bogota and Cali,
Colombia; Guayaquil and Quito, Ecuador; Lima,
Peru; La Paz, Bolivia; Santiago and Antofagasta,
Chile; Asuncion, Paraguay; Buenos Aires, Argen-
tina, and Sao Paulo and Rio de Janeiro, Brazil.

The merger of Panagra into Braniff also will
add 8 additional aircraft—S DC-8 jets currently op-
erated by Panagra and 5 DC-8 Super 62 long-range
jets on order—to BIs jet fleet.

Braniff was also prepared at year-end, pending
final award by the Civil Aeronautics Board, to in-
augurate service on new routes recommended by a
CAB examiner in the Pacific Northwest-Southwest
Service Investigation.

The examiner’s recommendations would extend
Braniff’s present routes which blanket the Midwest
and Southwest beyond Denver to Seattle via Salt
Lake City and Portland, and also provide for new
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segments between Dallas and New Orleans; Tulsa,
Wichita and Denver and Kansas City and Denver.

Direct flights would be provided by Braniff be-
tween the 3 cities in the Northwest, Seattle, Port-
land and Salt Lake City, and Dallas/Fort Worth,
Houston, San Antonio, New Orleans, Tulsa, Okla-
homa City, Wichita, St. Louis, Kansas City and
Denver.

Braniff also filed a number of other route appli-
cations during 1966, including:

Transpacific routes that would connect most of
the major U. S. mainland cities with Honolulu and
Hilo, Hawaii; Tokyo and Osaka, Japan; Saigon;
Bangkok; Taipei; Hong Kong; Manila; Singapore;
Djakarta; Melbourne and Sydney; Auckland; Fiji
Island; Somoa, and Tahiti.

First U. S. flag carrier service to the resort island
of Cozumel, Mexico.

An extension beyond Chicago to Toronto, Can-
ada, on flights from the Southwest.

New service between the Texas-Southwest area
and the Midwest Great Lakes area.

New service between Minneapolis-St. Paul and
California.

These were in addition to applications pending
in the U.S.-Caribbean-South America Service in-
vestigation for East Coast service between New
York and Miami, and for service between Dallas
and Miami.

The delivery in 1966 of the first aircraft in Bran-
iff's new jet equipment purchases the addition of
many new air services, including both cargo and
passenger flights.

On August 1, Braniff inaugurated the world’s
first Boeing 727QC “Quick Change” all-cargo
service between San Antonio, Dallas and Chicagc.
By December, BI's “QC” service had been ex-
panded to include all-cargo jet flights between
Houston, Dallas and New York, and combination
cargo-passenger jet flights between Newark and
Dallas, via Washington, D. C., Memphis and
Nashville,

Braniff also inaugurated combination passenger-
cargo flights to South America with Boeing 707-
320C jets capable of carrying 104 passengers and
33,000 pounds of cargo.

Other operational expansions during 1966 saw
increased service to Acapulco, one of the favorite
spots with the “in crowd;” new nonstop jet service
between Tulsa and New York, Houston and Den-
ver, and Memphis and New York, and the first 1-
stop service from Oklahoma City to New York.

Other advances during the year found Braniff:

Introducing the “Air Strip-II” for BI hostesses
with new Emilio Pucci-designed print leotards and
miniskirts in addition to the haute couture hostess
wardrobe unveiled in 1965. Another revolution in
hostess outfits introduced include a $1,200 Mon-
golian fox fur hooded coat issued to hostesses flying
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menis Delta does not now serve; and service be-
tween the Northeast and Florida.

EASTERN AIRLINES

The year 1966 was a period of continued growth
and improvement for Eastern Airlines. While net
profit for the first 10 months was only $9,500,000,
reflecting effects of the 43-day strike by machinists
during mid-summer which cost the company over
$60,000,000 in lost revenues, trafic towards the
year’s end showed promising gains and indicated
return to the previous level of approximately 17
percent higher revenue passenger miles than the
same periods of 1965.

Load factors in particular indicated a more effi-
cient operation, with the monthly average ratio of
seats filled to seats available running at their high-
est levels in a decade. In November, for example, the
load factor was 58.6 percent, an all time high for
this month, while in April, which was Eastern’s
busiest month of the year, it reached 66.1 percent.

Various factors contributed to these gains, among
them introduction of new jet services over many
routes; the new stand-by “Youth Fares” and other
promotional discounts; intensive advertising and
sales efforts; and the company’s determination to
make 1966 “A Year of Excellence.”

Eastern added 24 more jet aircraft to its fleet of
69 during the year and would have nearly doubled
this figure by December 31 had it not been for
delayed deliveries on the part of manufacturers,
caused largely by military requirements in Viet
Nam. The last of the company’s 4-engine DC-7B
propeller aircraft were sold, and new orders were
placed for 5 more Bozing 727 “Quick Change” pas-
senger/cargo “Whisperjets”; 2 more Douglas DC-8-
gl’s and 23 more advanced-model Douglas DC-

-31’s.

Eastern arranged $100,000,000 credit with a
group of institutional investors during September.
Coupled with funds still available from earlier loan
arrangements and internally generated revenues,
this will help pay for some $325,000,000 aircraft
commitments for the next 2 years.

Additionally, Eastern prepared for its future
entry into the supersonic age through the signing
of commitments for 4 of French/British “Con-
corde” aircraft and 2 of the SST’s to be built in
the U.S. '

Furthering its intentions to expand routes and
diversify operations, Eastern during the year re-
ceived permission from the Civil Aeronautics
Board, with White House approval, to merge
Mac}<ey Airlines, with corsummation expected by
years end and direct services to the Bahamas by
jets from northern cities on Eastern’s present routes
scheduled to commence January 10, 1967. Also,

218

Eastern acquired by purchase (still subject to CAB
approval) the firm of Remmert-Werner Inc., of St.
Louis, commercial sales representatives for the
North American Aviation’s “Sabreliner” executive
jet and for the Short Brothers” Belfast-built STOL
aircraft, the “Sky-Van.”

Contracts were also concluded with the U.S.
Air Force and several local service and foreign-
flag airlines for engine and airframe maintenance
work to be done at Eastern’s Miami Base, and 3
more airlines (Ozark, Lake Central and North
Central) were added to the 2 others (Mohawk
and Allegheny) already sharing the electronic res-
ervations and flight information facilities at Char-
lotte, North Carolina.

New international routes were inaugurated by
Eastern during the year between New York and
Acapulco, Mexico; between Toronto, Ontario, and
Miami via Buffalo and Tampa; and between To-
ronto and Washington via Buffalo and Philadelphia.
On the domestic scene, non-stop service was also
added between Huntsville, Alabama, and New Or-
leans, Louisiana, and reinstated between New York
and St. Louis.

The unique no-reservations “Air Shuttle” service
linking Boston-New York-Newark-Washington was
upgraded with the introduction of jets on prime
sections of certain flights, and major terminal im-
provements were completed at Newark and Wash-
ington National Airports for the benefit of patrons.

Notable also during the year was inauguration,
jointly with Braniff as part of its interchange serv-
ice, of non-stop flights between New York and
Lima, Peru, and between New York and Panama
City/Balboa, Panama.

Looking to the future, and to Eastern’s need for
longer routes to balance the shorter hauls it is now
obligated to operate, application was made for vari-
ous additional routes across the Pacific to Hawaii,
New Zealand, Australia and Southeast Asia, and
previous proposals were further refined and ad-
vanced before the CAB.

A Board examiner recommended during the year,
in connection with Eastern’s pending applications
for authority to serve the nation’s “Space Age Cor-
ridor” between the Southwest and the Northwest,
that the airline’s routes be extended beyond St.
Louis to Kansas City and Denver. Other requests
submitted by Eastern for new routes included pro-

osed links between Atlanta-Birmingham-Dallas/
Fort Worth; Dallas-St. Louis; Chicago-San An-
tonio; and St. Louis-Houston; and non-stop rights
from Montreal to Tampa and Miami.

Four stations formerly served by Eastern—
Beaumont/Port Arthur, Texas and Lake Charles,
Lafayette and Baton Rouge, Louisiana—were trans-
ferred during 1966 (with CAB authority) to Trans-
Texas Airways. In Detroit, Eastern shifted its op-



crations from Willow Run to the new Metropolitan
Airport.

Announcement was made early in 1966 of plans
for a $34,000,000 expansion of Eastern’s computer
facilities, with new IBM equipment to be installed
at Miami and an improved UNIVAC facility in
Charlotte. Plans for a new $1,500,000 cargo han-
dling center in Atlanta were also initiated.

FLYING TIGER LINE

Record revenues and earnings, firm arrangements
for a fleet of 10 DC 8-63F jet freighters, a new
maintenance base and general office building and
ironclad authority to sell blocked space were the
highlights of 1966 for the Flying Tiger Line.

For the first 9 months of 1966, Tiger earnings
reached $7,844,781 on revenues of $62,562,194 and
gross operating revenues for the year were expected
to be in excess of $80,000,000. This represents a
239 percent increase for the same period of 1965.

The company also announced arrangements to
acquire, through a leasing agreement, 10 DC 8-63F
Douglas jet freighters capable of 36 percent more
payload than conventional DC-8's and 70 percent
more than the Canadair CL-44 Swingtail propjets
which the airline was flying on its domestic routes.
Tigers’ combined fleet of 15 CL-44’s, 4 Boeing 707’s
and 10 DC 8-63F aircraft will give the airline ca-
pacity for about $150,000,000 per year of revenue.

In October the U. S. Supreme Court, by refusing
to hear further appeals from the major passenger
carriers, upheld the Civil Aeronautics Board 1964
decision to award exclusive blocked space authority
to the all-cargo carriers. Blocked space is a contract
between the all-cargo carriers and a shipper in
which the airline guarantees to move a specific
amount of freight at least once weekly between 2
terminals for a minimum period of 90 days. The
minimum volume of freight is 1,000 pounds per
shipment, but both the volume and the frequency
of shipment can be expanded according to the
needs of the shipper. Under these conditions the
shipper earns a discount ranging from 3 to 15 per-
cent below existing airfreight rates.

At a cost of $4,500,000 the new Tigers base at
Los Angeles International Airport occupied in mid-
February spreads over a total area of 212,340
square feet. Home to more than 1,000 people, the
new base is comprised primarily of a 2-story,
38,000 square foot general office building and the
largest maintenance hangar of its kind west of
Atlanta, A cantilevered structure, the hanger con-
tains 78,200 square feet, sufficient space for 3 Boe-
ing 707 aircraft wingtip to wingtip.

The Flying Tiger Line filed applications with the
CAB for a transpacific route to serve the expanding
trade between the Orient and the United States.
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FTL also filed for routes into Memphis, Nashville,
Charlotte, Atlanta, New Orleans and Miami. Ap-
plications were on file for routes into Toronto and
Montreal under the US-Canadian bi-lateral agree-
ments.

FRONTIER AIRLINES

As a result of introducing new passenger-ap-
pealing aircraft, innovating new low-cost fare plans
and aggressively pursuing new routes, the Denver-
based Frontier Airlines has grown ever year for
the past 5 and the trend continued in 1966.

For the first 10 months of 1966, revenue passen-
ger miles jumped 55 percent over the same period
in 1965. For these 10 months, 274,117,000 revenue
passenger miles were recorded compared with 176,-
498,000 for the previous year. This amount of
travel was performed by 850,785 passengers, a 42
percent growth over the 599,794 passengers using
Frontier in the first 10 months of 1965. A good per-
centage of the revenue passenger mile gain was the
result of Frontier’s average passenger haul increas-
ing to 322 miles per passenger compared with 294
miles in 1965.

Frontier's earnings paralleled its spectacular
growth in passengers. During the third quarter of
1966, net earnings of $817,229 were a 120 percent
increase over $370,649 reported for the third
quarter in 1965. This was the highest financial
quarter in Frontier’s 20-year history. At the end of
September, 1966, year-to-date revenues amounted
to $22,717,000, a jump of 25 percent over the
$18,149.000 recorded during the same 9 months of
1965. Net profit for the 9 months amounted to
$1,6083,000, an 87 percent increase over the $857,500
earned during the same 9 months of the previous

ear.
Y Confident that public use of its services would
continue to grow throughout its 1l-state system
and with the hope that new routes and new route
authority would give the carrier greater flexibility
in its operations, Frontier began scheduled opera-
tions with the first 2 of its 600 mile per hour Boe-
ing 727 jets in September and October of 1966. For
the first time, Frontier introduced coach service on
its system, providing 72 coach seats as well as 24
first class seats in its 96-seat configuration of the
727. Frontier also had a firm order for 3 more of
the 727’s with delivery planned for April, May and
June of 1967. Frontier had an option for an addi-
tional 5 727’s with deliveries in late 1967 should
the option be exercised. As the backbone of its fleet,
Frontier was operating 20 jet-prop Convair 580 air-
craft carrying 53 passengers at cruising speeds of
3855 miles per hour. This aircraft has been a major
factor in Frontier's spectacular passenger growth
for the past 2 yecars. The success in attracting ad-






To meet the required lift in 1967 prior to the
delivery of these 2 DC-9 Model 30’s, Hawaiian
leased 3 factory-new Japanese 60-passenger YS-11
jet-prop aircratt. These airplanes are very similar
to the Convair in design and size and utilize the
same Rolls-Royce Dart-10 engine that is installed
in Hawaiian’s Convair 640’s. The lease on these air-
craft expires in the fall of 1967 coincident with the
first delivery of the DC-9 Model 30.

High passenger acceptance of this most advanced
fleet gave Hawaiian a high of approximately 944,-
000 passengers carried, for a 13 percent increase
over 1965. This figure would have surpassed the
1,000,000 passenger mark for the first time in Hawi-
ian’s history if the costly airline strike during July
and August had not occurred. The impact on
Hawaiian Airlines was severe in that the tourist
traffic to Hawaii was markedly reduced right at the
peak of the tourist season.

The strike affected not only passengers but also
dollar volume. Revenues from total passenger,
cargo and other sources was estimated in excess of
$13,000,000. Assisting the dollar income was the
airline’s lifting of over 37,000,000 pounds of inter-
disland airfreight.

Greater freight lift was expected in 1967 as
Hawaiian’s jet power fleet moves into full operation
on all islands. An extended runway and improved
airport facilities completed in 1966 on the island
of Lanai, served exclusively by Hawaiian Airlines,
will assist this growth,

Hawaiian continued its proud record that since
November 11, 1929, when scheduled inter-island
air service was inaugurated by the line, no fatality
has befallen a single passenger or crew member.
Nearly 11,000,000 passengers have been carried in
that time.

With an eye to possible route expansion, Hawai-
ian Airlines was intensely investigating the potential
of a route west of Honolulu to the islands of
Kwajalein and Majuro, continuing ‘through the
Trust Territory with stops at Ponape, Truk, the
Palaus, Yap, Guam, Rota and Saipan, and continu-
ing to Okinawa and Taipei. Air service through this
area was being provided by recurrent annual gov-
ernment contract and it was Hawaiian’s conviction
that the route is ideally suited to a regional concept
with scheduled flights being provided by a federal-

ly certificated carrier.

LAKE CENTRAL AIRLINES

Lake Central expanded its service into its ninth
state on December 1, when service to Louisville,
Kentucky, was inaugurated. The local service car-
rier was also recommended by a CAB examiner to
extend services to Toronto, Ontario, Canada. With
the addition of Louisville, Lake Central at the end
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of 1966 served 46 cities in the Midwest and Appa-
lachian area.

In March of 1966, Lake Central announced a con-
tract with Allison Division of General Motors to
convert 8 Convair 340’s to prop-jet power. Two of
the converted aircraft, designated Convair 580,
were introduced into scheduled service at 11 major
terminals during the third quarter of 1966. The
third Convair 580 was scheduled for delivery dur-
ing December, and the remainder were to be de-
livered during the first half of 1967. In order to
accommodate the conversion program, the Convair
340 fleet was expanded from 8 to 10, and Lake
Central held an option to convert 8 additional
Convair 340’s to 580’s, for a possible total of 16 of
the 55-passenger prop-jets.

Lake Central withdrew from service its fleet of
12 Nord 262’s during the middle of August, follow-
ing 2 in-flight engine malfunctions in which the
engines dispersed metal particles which penetrated
the fuselage of the cabin. At year-end, it had not
been determined when or whether the Nord 262’s
would be returned to service by Lake Central. Due
to the inoperative status of the Nord 262, and to
avoid needless interruption of service, Lake Central
returned to service its fleet of DC-3’s. Various pro-
visions of the airline’s contract with the manufac-
turer of the Nord 262 protected Lake Central from
economic loss while the prop-jet fleet was out of
service,

The company’s jet equipment program included
the purchase of 3 and an option for 3 Boeing 737-
200 QC aircraft. The 3 jets on order were slated
for delivery the latter part of 1968 and early in 1969.
In the interim, the airline will lease 2 Boeing 727s
to accommodate the longer haul routes before de-
livery of the 737s.

During August Lake Central became a partici-
pant in Eastern Air Lines’ Real-Time UNIVAC 490
computer system. Consequently, Lake Central was
able to provide immediate confirmation of reserva-
tions on its own flights as well as the flights of 16
other airlines.

Passengers carried during the first 3 quarters of
the year increased 19.3 percent over 1965’s similar
period. Revenue passenger miles were up 26.7 per-
cent, while available seat miles increased 16.4
percent. This resulted in an increase in passenger
load factor to 47.3 percent, compared to 44 percent
for the first 9 months of 1965. Cargo poundage was
up 22.8 percent.

LOS ANGELES AIRWAYS

Los Angeles Airways continued its record of con-
sistent growth and industry achievements durin
1966. Passenger traffic for the 10 months through
October totaled 264,056 persons carried, an increase






York City reservations operations to Syracuse, the
airline developed a capability of handling up to
26,000 calls daily from across its system. In addi-
tion, Mohawk became the first regional airline to
establish a full-fledged Tour Department to pro-
mote on-line and interline tour sales.

The Mohawk route system received a substantial
boost in March, when the Civil Aeronautics Board
authorized Mohawk to serve Washington, D.C.,
and Philadelphia from Elmira, New York, giving
the airline 2 new, strong southern terminals. The
service to Washington began July 1, and Philadel-
phia service followed on September 15.

By July 1, the airline was beginning the phase-in
of a new fleet of 18 FH-227 prop jets, and addi-
tional orders had been placed for a total fleet of 10
One-Eleven fan-jets, 9 of which were placed in
service by October 1. Route strengthening contin-
ued with an approval from the Civil Aeronautics
Board to begin Rochester-Toronto service, follow-
ing pending approval from the Canadian Air
Transport Board.

In September, the airline pressed for a new west-
ern terminal at Chicago’s Midway Airport. Mo-
hawk’s proposal would link several New York and
New England cities to Chicago with direct jet
service via Erie, Pennsylvania.

Practically a separate story itself, the major
strike of 5 trunk airlines in July and August pressed
Mohawk employees into ‘extra-effort service for
both civilian and military passengers. During the
strike, Mohawk operated 148 r?n'h'tary charters,
carrying 5,799 G.Is throughout the eastern third
of the nation. In addition, 38 civilian charters
carried 1,324 passengers during the 6-week strike.

NATIONAL AIRLINES

Highlighting 1966 for National Airlines was the
announcement of a $161,000,000 jet fleet expansion
program designed to develop the trunk carrier into
a major all-pure-jet airline by mid-1968. Orders
for 25 Boeing 727-235 “long-body” tri-jets and 1
DC-8 Super 61 stretched jet were included in the
program. National also sold all 17 of its Lockheed
Electra II’s. Addition of the new equipment and
phasing out of the Electra’s will take place between
late 1967 and mid-1968.

At the end of its fiscal year June 30, 1966, Na-
tional reported a net proﬁi for the period of $21.-
858,000, a 45 percent increase over fiscal 1965.
During the 12 months, passengers enplaned rose 28
percent to 3,983,000, revenue passenger miles were
up by the same proportion to 2.97 billion, and
capacity, through the addition of 3 Boeing 727
tri-jets in the fall, gained 26 percent to 5.57 billion
available seat miles.
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As a result of the shutdown of operations caused
by the International Association of Machinists’
strike beginning July 8, National Airlines reported
a net loss of $1,039,000 in the first quarter of its
new fiscal year. October net income of $1,135,0C0,
however, overcame the first quarter loss, leaving
National with 895,000 net profit for the 4 months
ending October 31.

During fiscal 1966, National set an all-time record
high in total cargo ton miles carried. The Miami-
based airline flew 40,563,142 tor: miles of cargo for
an increase of 24 percent over fiscal 1965.

National continued to conduct its extensive and
specialized advertising and sales promotion pro-

rams and in the summer inaugurated a new

$7,000,000 advertising program centered around
Florida, the company’s home base and hub of its
route system. As transcontinental carrier serving
main Atlantic Seaboard ports of entry for travelers
from Europe and South America and Pacific ports
of entry for travelers from the Orient, National
maintained sales offices in these areas.

The carrier, during 1966, filed for a scheduled
nonstop route between Miami and London and filed
to extend its service in an ll-state area from the
Great Lakes to the Gulf of Mexico.

An expanding jet fleet, with the addition of 3
Boeing 727’s in the summer, enabled National Air-
lines to offer more jet flights during the winter,
linking Florida with more northern and western
cities than have ever before been scheduled by the
carrier. The massive winter airlift was to give
vacationers seeking sunshine 79 daily flights be-
tween Florida and the eastern and western cities
served by the airline, plus 36 additional jet flights
on days of heavy travel.

A most noteworthy milestone during 1966 was

-the beginning of construction on a $15,000,000

terminal at John F. Kennedy Airport in New York.
Terminal facilities at various other key system cities
were being improved. They included Washington,
D. C., West Palm Beach, Jacksonville, Houston,
Newark, Orlando, San Diego and San Francisco.
At Miami International Airport, National put in
operation a new training building, a new reserva-
tions center and remodeled the main administration
building.

By most projections air travel will continue to
increase at a rate faster than the national economy
during the next 10 years. L. B. Maytag, Jr., presi-
dent of National, planned to take advantage of this
by vigorous promotional efforts and conservative
financing approaches.

NORTHEAST AIRLINES

During 1966, Northeast Airlines built its staff,
equipment, and facilities toward the goal of making






Grumman Mallards, 4 Pilatus Porters, and 2 Cessna
180’s on its bush runs.

NCA’s fishing camps were becoming more pop-
ular, and in 1966 24 astronauts, their geologists and
pilots spent a week in Katmai National Monument
conducting studies for their training. Europeans
were becoming more and more interested in visit-
ing NCA’s fishing camps. Since 1967 marks the
Alaska Purchase Centennial, it was expected that
there would be an increase in visitors to the state
and to NCA’s camps.

In 1966 NCA announced the purchase of 1 Short
twin-turbo Skvvan. This aircraft was due to arrive
late in the year and NCA had an option on a sec-
ond Skyvan. These aircraft will be used to increase
the airlift to all the local villages, since they can
land and take off in 2,000 feet or less, and carry a
payload of over 3,000 pounds; the rear of the air-
craft opens up and it is large enough to run a
Volkswagen Microbus into the fuselage. Its speed
is that of the DC-3, and it is a full instrument
aircraft. The final purchase of new equipment was
the Bocing 737-210C, with a capability of a 30,000
pound payload and up to 111 passengers. Its speed
is 560 miles per hour. Expected delivery date was
in the fall of 1968, enabling NCA to have all main-
line fields suitable for this type aircraft, which is
in the 5,000-foot class. ’

Late in the year, NCA applied for an Anchorage-
Fairbanks direct route instead of via McGrath, and
also an Anchorage-Kodiak route.

OZARK AIR LINES

The year 1966 surely must be considered a year
of action for Ozark Air Lines. The first jet aircraft
were delivered, jet service was inaugurated, new
propjets were delivered, reservations were com-
puterized, and new routes extended Ozark into a
new terminal city and another state, Denver, Colo-
rado. It would be difficult to determine one high-
light. However, since the jets became an actuality
during the time period, they must be considered
the turning point that will mark 1966 for years to
come.

Ozark received its first new twin engine Douglas
DC-9 on May 28. An intensive training program
was started immediately, for 2 more were to arrive
shortly, and pilots had to be ready for the big, fast
aircraft. The first DC-9 put into service was ac-
tually ahead of schedule because of the strike of
5 major carriers. Ozark asked for and got approval
from the Federal Aviation Agency to fly the jet on
an extra flight and charter basis starting July 8.
Because of a speeded up training program and a
total effort by FFAA inspectors, the early start was
made possible.
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A week prior to the scheduled July 15 inaugura-
tion date Ozark Air Lines entered the jet age, pro-
viding service to hundreds of persons inconven-
ienced by the situation.

The next 2 DC-9s were placed in service on
August 1 and August 15, providing pure jet service
to a total of 15 cities. These 3 new aircraft were
flying over 10,000 route miles daily, or about 14
of the total route miles flown by a fleet of 34 planes.

Shortly after the first DC-9’s were at work for
Ozark, the company went to Hagerstown, Mary-
land, to pick up its first Fairchild Hiller FH-227B
propjet. This is a stretched version of the F-27
which has been used on the system for about 6

ears. Ozark had 21 of the new planes on order.

The first began operation on December 1, 1966,
after interior work was completed. Others were
to follow until all are flying in 1967.

It is planned that the DC-9 and the FH-227B
will phase out all other aircraft in the near future,
including the F-27, the Martin 404, and the old
standby DC-3.

As flown by Ozark, the DC-9 carries 78 passen-
gers. The FH-227B propjet has a capacity of 48
passengers, an increase of 8 over the F-27 sister
ship.

On October 30 a new state, Colorado, and a new
city, Denver, were added to the system. Chicago-
Denver jet service was inaugurated with 2 round-
trips daily via Waterloo and Sioux City, Iowa, and
Sioux Falls, South Dakota. This provided the first
non-stop Chicago-Sioux Falls service, and the first
direct air link between Denver and Sioux City offer-
ing excellent connections to cities throughout Mid-
Illinois and Mid-Iowa.

In addition Ozark was authorized a route be-
tween Des Moines and St. Louis, providing changes
in service for such cities as Ottumwa, Iowa; Kirks-
ville, Moberly, and Columbia, Missouri; and
Quincy, Illinois.

One other route was granted between Louisville
and Indianapolis. The 2 cities already were served
by the carrier, but not directly. This closed a gap
on the system, opening Louisville from northern
points, and Indianapolis from southern points.

The company also filed applications in the Gulf
States-Midwest Points Investigation, and in the
Twin Cities-California Case.

All-time high traffic records were consistently
broken during 1966, then broken again. As an
example, the airline set a record during the first 9
months, carrying 1,080,057 passengers through Sep-
tember. This marked a 23 percent improvement
over 1965. The load factor was also up, about 1
percent, from 53.1 in 1965 to 54.2 in 1966.

This was the company’s second 1,000,000 pas-

senger year, with the point being reached about
2 months earlier than in 1965, the first year.






States and the heart of South America’s west coast.
It set up a completely new service of direct flights
between the U.S. west coast and Latin American
cities. Tt inaugurated new and faster flights be-
tween several key cities on its South American
route. And it retired its last propeller plane, en-
abling it to offer 100 percent jet service for both
passengers and cargo, throughout the wide inter-
national area in which it operates.

One of the last 2 propeller planes deactivated
was Panagra’s DC-7 freighter. It was replaced in
August with a DC-8F Douglas Jet Trader, which
immediately more than doubled the freight carry-
ing capacity of the airline. The jet was placed in
all-cargo service on regularly scheduled twice-
weekly flights out of Miami to cities on the Pan-
agra route as far south as Buenos Aires.

The most far-reaching development of the year
for the airline was, of course, the completion of
arrangements for a transfer of its ownership.

Early in the year Braniff International offered to
buy Panagra from its 2 equal owners, Pan Amer-
ican World Airways and W. R. Grace & Co., agree-
ing to pay each of them $15,000.000. Both com-
panies accepted, and in October the Civil Aero-
nautics Board and the President of the United
States gave approval to the transfer. The process
of amalgamating Panagra with the Braniff system
was set in motion, with the expectation that the
consolidation would be completed by the end of
the year. In the meantime, both airlines continued
independent operations.

The schedule improvements by Panagra in 1966
included new nonstop flights between New York
and Lima and Miami and Lima. The airline’s El
Inter Americano jets began flying between New
York and the Peruvian capital- in 7 hours and 40
minutes. The Miami-Lima nonstops cut the time
between those points to 5 hours and 10 minutes.

Early in the summer Panagra joined with Pan
American Airways to set up a schedule of new
direct flights between San Francisco and Los
Angeles and key cities in Central America and the
west coast of South America. One of these flights
carries passengers and cargo to Lima with no
change of plane; the others make fast and easy
connections in Panama.

The construction of the first jet rumway at C.a li
this past summer enabled Panagra to make major
improvements in its service to and from that f‘ast
growing Colombian city. The line’s DC-8 jets
began landing there when fast new direct service
was set up between Cali and Lima. ,

The Cali improvement did away with Panagras
last need for passenger propeller planes, and the
final run with a prop-driven DC-7 was made on an
epoch-ending flight from Quito through Cali to
Panama on June 27.
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The airline’s operating figures for the year re-
flected the steady growth of interest in South
American travel and the even greater increase in
trade between the United States and the rapidly
developing countries on the airline’s routes. For
the first 3 quarters of the year the number of
revenue passenger miles flown rose by 5 percent
and the number of revenue freight ton miles by 25

percent, as compared with the same period in 1965.

Among the developments in which Panagra took
special pride during the year was the recognition
it received from COTAL (Confereration of Latin
American Tourist Organizations) for its work in
promoting Latin American travel. At the confeder-
ation’s annual congress in Montevideo Panagra was
given the Albatros Award for being the transporta-
tion company which had shown the best results in

this field.

Obviously influential in this award was the fact
that Panagra continued to spend a greater part of
its income on promoting travel and trade to and
from South America than any other U.S. interna-
tional carrier. In its advertising in U.S. newspapers
and national magazines, as well as in its public
relations activities, the airline concentrated pri-
marily on publicizing the attractions of the coun-
tries it serves.

Special attention was given to skiing in Chile;
Panagra was one of the co-sponsors, along with the
Chilean Government and the Hotel Portillo, of the
annual Ski Carnival at Portillo in August. Fishing
in the Chile-Argentina lakes region was played up
in films, photos and news stories. The archeo-
logical treasures of Peru were covered in photos
and text in many releases and feature stories dis-
tributed all over the United States. Ecuador got
special attention for its amateur bullfights and its
scenic bus tours between mountainous Quito and
coastal Guayaquil. Other publicity material touched
upon seasonal attractions of Argentina, Bolivia,
Chile, Colombia, Ecuador, Panama and Peru.

Panagra participated with other organizations in
numerous special tours and promotions to focus
attention upon South America and attract travelers
to the area. The Overseas Press Club of New York
was aided extensively in sending a party of its
influential writers on a swing around the con-
tinent. A group of civic leaders of Cleveland, Ohio,
led by the Latin American editor of the Cleveland
Plain Dealer, were assisted on a study tour of South
American countries.

The airline again made special efforts to encour-
age travel agents to give greater attention to South
America. In conjunction with the American Society
of Travel Agents, it conducted a nationwide compe-
tition among agents for outstanding efforts in this
area and awarded its handsome ASTA El Inter
Americano Travel Trophy to the winner.
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Panagra cooperated with many leading travel
agents in setting up attractive package tours of
South America. These included made-to-order ex-
cursions for individuals and special groups, inde-
pendent tours, escorted tours and tours catering to
special interests such as gardening, archeology,
skiing, fishing and golf.

As in years past, Panagra made numerous con-
tributions in the area of non-commercial public
service to the countries it serves. These included
flying tons of relief supplies to victims of the
Peruvian earthquake in October, awarding travel
fellowships to 50 South American students for
study at U.S. colleges and universities, and, in
cooperation with the U.S. Air Force, providing the
top graduate of the air academy in each country
it serves with an Award of Honor and a trip to the
U.S., where the young officers were guests for a
2-week tour of air bases and key cities.

Challenging passenger and cargo assignments
which Panagra handled during the year included
making complicated air and land arrangements for
Latin American tours by the Philadelphia Orches-
tra, the Japanese Symphony Orchestra and Music
Theatre USA. The latter organization, based in
California, required transportation on its South
American tour not only for 65 members of the cast
and technical crews but the entire paraphernalia,
including a circus tent, for theatre-in-the-round pro-
ductions of 2 entire Broadway musical shows.

PAN AMERICAN WORLD AIRWAYS

Pan American World Airways enjoyed its most
successful year in history during 1966. The carrier
set new highs in revenue and earnings, while at-
taining new highs in both its passenger and cargo
operations.

Worldwide revenue passenger—miles increased 32
percent and cargo ton-miles jumped 30 percent to
new highs. Revenue and earnings continued at
record peaks with earnings increasing 62 percent
and revenues climbing 26 percent.

During the year Pan Am’s jet fleet was increased
to 112 aircraft and further additions were planned
as both passenger and cargo volume continued to
soar and as expansions were made in Pan Am’s
route structure,

Probably the most important company event dur-
ing 1966 was Pan Am’s announcement that it would
purchase 25 of a new type of jet transport—the
Boeing 747—at a total cost with spares of about
$525,000,000.

_ The new 747 Superjets will carry 490 passengers
in Thrift Class or 378 passengers in mixed Economy
and First Class configuration. The cargo hold below
the main deck will accommodate 26 containers
with a capacity of 16.5 tons for baggage, mail and
cargo. The 747 all-cargo type is designed for

o

automated, straight-in nose loading and unloading.
It will carry 214,000 pounds of freight, largely in
“highway size” containers 8 feet wide, 8 feet high
and in 10 to 40 foot lengths.

Incorporating the most advanced technology in
aircraft and engine design, the 747 Superjet will
contribute a major breakthrough in the progress
of subsonic air transportation. Pan Am’s 747 order
could lead to a worldwide market for 400 of the
747 Superjets. If so, the contribution of the pro-
gram to the balance of payments would be about
$3.4 billion. During 1966 Pan Am’s contribution to
the balance of payments deficit was about $200,-
000,000.

The company continued to press forward with its
worldwide See America-Sell American Program,
This program was undertaken in response to the
Federal Government’s request for voluntary efforts
on behalf of American industry to help ease the
balance of payments deficit.

As an important phase of the campaign Pan Am
arranged for a number of low cost charters with
social and industrial groups in Europe at a round-
trip cost per passenger of as little as $165.

In addition to its order for the 747’s (the first of
which was scheduled for delivery in September,
1969), Pan Am increased its order for the British-
French supersonic plane to 8 and held an order for
15 of the American-built supersonic transport. The
British-French Concorde deliveries were expected
to begin in 1971 and the American SST about 3
years later.

During 1966, Pan Am’s 39th year, several his-
torical milestones were reached. On October 22,
Pan Am marked the 30th anniversary of the first
transpacific passenger flight. Several weeks later,
on November 10, the company recorded its 150,-
000th Atlantic crossing and in October also noted
its 100,000th transpacific crossing.

The Pan Am global fleet at year-end was serving
90 lands and employing over 37,000 men and wom-
en highly skilled in operations, communications,
traffic, sales, service, and related areas. Part of this
work force staffed the 129 Pan Am stations which
form a global network of 75,730 route miles de-
ployed to handle airlift wherever needed. This
system is controlled through the world’s largest
privately operated communications network, which
is responsive to PANAMAC-an extremely high
capacity computer.

Pan Am continued to provide the bulk of the
military support airlift for the Government. During
1966 Pan Am provided 35 percent of the total
international industry CRAF capability. Among
the carriers participating in the Military Airlift
Command fiscal year 1967 awards, Pan Am pro-
vided 37.3 percent of the total CRAF turbine
powered capability, more than the next 3 carriers
combined.
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for Aviation Safety for its flight safety record of
the previous year. Piedmont’s safety record was
among the best in the industry.

Effective with Piedmont’s September 1, 1966,
schedule change, the company instituted a series
of new flights to test the market potential for
middle-of-the-night airline service. Three flights
were offered in the initial series, labeled the “Night
Owl Pacemaker” flights. Early reception of the
flights was quite gratifying.

In an unprecedented action, the Civil Aeronautics
Board on July 6, 1966, issued a “show-cause” order
tentatively approving Piedmont’s application for
service to New York City which had been filed in
August 1965. This July order by the Board afford-
ed any interested party 20 days within which to
file objections. For perhaps the first time in history,
in such a situation, there were no airline objections
and the CAB issued the final order authorizing
service on September 30, 1966. With 5 round trips
daily into LaGuardia Airport, Piedmont began its
service on November 15, 1966. Several of the flights
were also scheduled to serve Dulles International
Airport in Washington, D. C. Thus, Piedmont be-
came the first regional airline to serve Dulles, A
number of cities in Virginia and North Carolina
were provided with direct 1-plane service on the
initial schedule.

On October 18, 1966, the CAB issued an order
tentatively finding that the route system of Pied-
mont Airlines should be extended to Nashville and
Memphis, Tennessee. After a provisional period of
20 days during which interested persons might file
comments, objections, and motions the Board was
expected to set a date for a hearing to determine
whether Piedmont should not be granted this
authority.

During the first 10 months of 1966 Piedmont
Airlines was the only local service carrier in the
nation to have all its cities exceed the CAB’s min-
imum “Use It or Lose It” standard of 5 boarding
passengers per day at each point. The company,
in announcing this industry “first,” reiterated its
policy of serving each airport on its system with a
minimum of 2 daily round trips.

During the first 9 months of 1966 Piedmont
established passenger and revenue records that
were often supplanted within 30 days by more
outstanding records. The net earnings of the
company showed an increase of 14 percent over the
corresponding period of 1965. Total revenues for
the same 9 months were up 17 percent. The Airline
Division provided service to 1,201,069 passengers
during the first 9 months of 1966 as compared to
940,606 passengers from January through Septem-
ber of 1965, a 27.7 percent increase. These passen-
gers flew 285,685,828 revenue passenger miles, an
increase of 36.4 percent over the same period during
the previous year, Through November 1966, Pied-
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mont had the highest load factor of any of the
nation’s 13 regional airlines and higher than many
of the larger trunk airlines.

REEVE ALEUTIAN AIRWAYS

During 1966, Reeve Aleutian Airways continued
to serve a dozen points on the Alaskan Peninsula,
the Aleutians and the Pribilofs and at the same
time served the Air Force on a contract basis.
Reeve’s scheduled service included stops at Anchor-
age, the home base, Port Heiden, Cold Bay, the
Pribilofs, Dutch Harbor, Unmak, Atka, Adak, Am-
chitka, Shemya and Attu. The USAF job involved
services to 20 DEWline sites extending from Point
Barrow to Unmak. For this latter service the air-
line considered the old reliable Curtiss C-46 the
best aircraft, and the C-46 was also adaptable to
serving the oil industry with bulk cargo shipments.

The general economic growth of the Aleutians
during the year, particularly the king crab indus-
try, was highly beneficial to traffic increases over
Reeve’s regular route, and oil development con-
tributed to increased freight revenues. Reeve looked
forward to further increases in 1967.

During the year, the airline operated 4 C-46’s, 3
DC-6B’s, 1 C-54, 2 C-47s and 2 GR-21’s. Reeve
was studying medium jets and turboprops as re-
placements, but decision was deferred after “a long
look at national fiscal policies and inflated interest
rates.”

SFO HELICOPTER AIRLINES

San Francisco & Oakland Helicopter Airlines,
Inc., made tremendous progress in 1966. Passenger
traffic increased from 130,053 for the first 11 months
of 1965 to 214,393 for the same period of 1966, an
increase of 65 percent.

Equally jmportant was the fact that for the first
9 months, SFO showed a profit of $9,846 compared
to a loss in excess of $200,000 for the same period
in 1965. Revenues from contract maintenance of
fixed-wing aircraft, from the increased passenger
traffic and from additional support from TWA and
American Airlines all contributed to this result.

Agreements were concluded with TWA and
American Airlines by which these carriers under-
write the cost of SFO’s scheduled service and guar-
antee a profit of at least $9,000 per month. These
agreements are for 2 years and TWA and American
have the right to extend the agreements for 4 addi-
tional l-year periods.

As part of the same program, SFO was borrow-
ing $1,500,000 with which two Sikorsky S-61’s now
under lease will be purchased.
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Southern announced participation in three new
credit card plans: Diner’s Club, C & S National
Bank, and Carte Blanche, adding to already ac-
cepted American Express, Southern’s local Air
Travel and Universal Air Travel cards.

In July, Southern was hard hit by the machinist’s
strike against 5 other airlines. The company faced a
serious traffic loss because of passengers” inability
to reach Southern’s 10-state area. CAB approval
for temporary routes to off-line cities and nonstop
authority to on-system cities was immediately
granted. Requests by NASA for service to Wash-
ington, St. Louis and Orlando were quickly honored
with daily flights to those cities. A possible stagger-
ing loss in traffic and earnings was offset by re-
scheduling service, and Southern’s traffic during
the strike reached its normal projection.

Company management continued to observe ad-
vancements in aircraft manufacturing, with an eye
toward possible acquisition of prop-jets as replace-
ments for Southern’s piston fleet. Passenger and
cargo projections for 1966 continued to be ex-
ceeded and the goal of “a Million Passengers in
'66” was expected to be reached before year-end.

TRANS CARIBBEAN AIRWAYS

Trans Caribbean Airways took some great strides
forward during 1966. In November, a permanent
certification from the CAB allowed TCA to engage
in overseas air transportation of persons and prop-
erty between New York, Newark, New Jersey and
San Juan. The Bureau of Operating Rights of the
CAB also recommended TCA for new routes that
would allow service to a number of new destina-
tions.

Among those new destinations are Jamaica, Haiti
and the Virgin Islands. On December 7th a CAB
examiner recommended that TCA be authorized to
operate from Washington, D. C., to San Juan.

On December 5, 1966, Trans Caribbean carried
air mail for the first time. The U.S. Post Office De-
partment authorized a special flight cachet honor-
ing the inaugural mail flight and more than 50,000
letters bearing the cachet were carried on the first
flight.

Passengers at TCA’s new terminal will board
their flights via glass enclosed bridges which pro-
tects them from the elements. The jets they will be
boarding will be new, too. In 1966, Trans Carib-
bean took delivery of the first in a fleet of DC-8
Super 61 fanjets. By the middle of 1967, the com-
pany expected to double its mid-1966 capacity.
Trans Caribbean planned to operate its DC-8’s in a

219-passenger configuration, with 16 first class seats,
33 deluxe tourist, and 170 thrift.
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In 1966, TCA introduced a “new look,” comprised
of new colors—orange, blue and aqua—plus a dash-
ing orange palm tree on the tail. '

During the year, the company also introduced a
whole series of promotional fares. The most suc-
cessful of these was the $45 late-night fare from
New York to San Juan. In addition, TCA introduced
low-cost senior citizen fares, a positive space fare
for military personnel on leave and new excursion
rates for deluxe tourists. The $45 late-night fare was
expanded to every night in the week,

TCA was offering a college seminar on the his-
tory, culture, language and customs of Puerto Rico,
which in 1966 enabled 120 college students not only
to take a low-cost vacation, but also to learn some-
thing of the more cultural side of San Juan. This
program was hailed by the government of Puerto
Rico for pointing up the traditions and proud his-
tory of Puerto Rico. For 1967, TCA expanded the
program to three seminars in conjunction with the
University of Puerto Rico under the direction of
Manuel Diaz Soler, Dean of Humanities. The first
session was to begin January 27 and last through
February 2. Summer sessions were set for June 16
through 25, and August 18 through 27.

In conjunction with Sportsmen’s Travel of New
York City, the airline is offering a special “Scuba
Holiday” trip to the Virgin Islands. For as little as
$225, plus round-trip air fare from New York, the
would-be skin diver can spend 8 days and 7 nights
in the Virgin Islands, along with the use of all
necessary aqua-lung equipment, and instructions
from an underwater expert. For the experienced
SCUBA diver, there are escorted tours through the
scenic Virgin Islands’ reefs instead of lessons. The
SCUBA Holiday package includes the choice of
accommodations at either the Sapphire Bay Beach
Club or the Pineapple Beach Club, both in St.
Thomas.

On the marketing front TCA launched its biggest
advertising campaign, for the first time including a
major television campaign.

TRANS WORLD AIRLINES

For Trans World Airlines, 1966 was a year of
major decision and action on its long-range pro-
grams to anticipate the air transportation needs of
tomorrow and to provide new and improved serv-
ices to the air traveling and air shipping public of
today.

The year marked the 20th anniversary of TWA’s
international services, now spanning two-thirds of
the globe from San Francisco eastward to Hong
Kong. TWA hoped to extend its international serv-
ice in the Far East with a proposed transpacific
route and become a competitive round-the-world

U.S. flag carrier.



TWA’s application for authority across the Pa-
cific, linking Hong Kong and the West Coast of
the U.S. via Taipei, Osaka, Tokyo and Honoluly,
was one of the most significant events on the air-
line’s 1966 calendar. During the year TWA acquired
additional experience in the Pacific area with daily
flights for the Military Airlift Command, transport-
ing men and material between California and Sai-
gon. A TWA crew and aircraft also flew a 29,000
mile charter flights for the press accompanying Pres-
ident Johnsor on his historic Pacific mission in
October-November. The TIA charter operated
round trip from Washington, D.C., to Honolulu,
Samoa, New Zealand, Australia, Manila, Bangkok,
Malaysia, South Korea and Alaska.

On September 2, TWA placed an order for 28
more Boeing jet airliners, including 12 giant “next-
generation” 747’s. Total cost of the order, largest
in TWA history, was nearlv $410,000,000, including
spare parts and related equipment.

The announcement was followed in October by

distribution to 200,000 frequent air travelers, in-
cluding 12,000 travel agencies around the world, of
a questionnaire seeking the consumer’s views on
how the interior of TWA'’s 747’s should be designed.
Believed to be the largest and most comprehensive
passenger preference study in airline history, the
sur\;ey will help TWA “fit the plane to the passen-
ger,
“Despite all the publicity regarding its near 500-
seat capacity, it will not be, at least as TWA flies
1t, just a larger sardine can,” said TWA president
Charles C. Tillinghast, Jr. “Configured to about 350
seats, it will achieve new levels of comfort, spac-
lousness and service to the passenger as well as
speed in the air.”

Despite an aircraft delivery lag in the latter half
of the year, TWA moved steadily throughout 1966
toward one of its immediate goals—to become, early
In 1967, an all-jet airline.

Already all-jet on routes throughout the West,
TWA replaced piston flights serving many Eastern
and mid-West communities with DC-9 twin-jet and
Boeing 727 tri-jet schedules. By the end of April,
95 percent of TWA’s domestic scheduled passenger
Plane miles were operated with pure-jet equipment.
On international routes, TWA has operated jet
schedules exclusively since 1961. TWA also in-
creased its transcontinental nonstop services during
the year, providing hourly departures during the
day and early evening from New York for the West
Coast.

TWA also increased its transcontinental all-cargo
jet airlift by 75 percent, adding nine transcontinent-
al round trips for a total of 21 weekly. Four new
markets—Kansas City, Detroit, Newark and Hart-
ford-Springfield—were also added to cargojet
schedules, bringing the total number of city areas
served by TWA jetfreighters to 13.
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TWA carried 9,731,381 passengers 10.4 billion
passenger miles across its 4-continent system in
1966, for gains of 1.6 and 2.1 percent, respectively,
over 1965.

System cargo ton-miles totaled 329,660,000, an
increase of 5.8 percent over 1965.

The 1966 growth rate, substantially below recent
prior years was attributable to the 43-day strike of
the International Association of Machinists against
TWA and 4 other major U. S. airlines.

By the end of 1966 TWA had 140 aircraft in its
jet fleet, including Boeing Intercontinental and
transcontinental 707’s, Boeing cargo 707’s, Boeing
727 tri-jets, Douglas DC-9 twin jets and Convair
880’s.

TWA expected delivery in 1967 of 33 more jet
aircraft ordered in 1965 or earlier, including Boeing
727 “Quick Change” jets, convertible from pas-
senger to all-cargo configuration.

The 28-jet order announced by TWA in Septem-
ber 1966 included 9 4-engine jumbo 747s for de-
livery in 1969-70; 3 all-cargo 747-F’s for delivery
starting in 1970, and 8 3-engine “stretched” Boeing
727-200’s for delivery in 1968, in addition to Boeing
707 Intercontinental, transcontinental and 707-
331C’s for delivery in 1968.

The 28-plane order of 1966 will expand the TWA
subsonic jet fleet to 201 by the early 1970s. TWA
also had 16 supersonic transports on order.

TWA advanced its plans for U. S. flag service
in the Far East and Pacific with the extension of
intercontinental jet schedules beyond Bombay to
Bangkok on July 4, and to Hong Kong on October
31. Initial schedules provided 2 round trips weekly
between U, S. cities and the Far Eastern points.

TWA also increased Bombay schedules to 3
roundtrips weekly. All flights are extensions of
TWA’s daily transatlantic flights between the U. S.
and Europe, North Africa and Asia. TWA, certifi-
cated to Hong Kong by the U. S. government since
1961, received British government approval in 1966.

In mid-1966 TWA added daily nonstop flights
to its schedules between the U. S. and Switzerland
where it serves both Geneva and Zurich. Also in
June, TWA added twice-weekly nonstop service be-
tween the U. S. and Greece to its daily schedules at
Athens.

In both summer and winter of 1966 TWA
scheduled the highest seasonal schedule frequencies
in its history.

Extension of service on routes from Europe and
North Africa to East Africa, for which the U, S.
government granted operating rights to TWA in
1965, awaited completion of negotiations with the
respective East African governments.

Elsewhere in Africa, between January 16 and
April 10, 1966, TWA participated in the Zambia
oil airlift under contract to the Agency for Interna-
tional Development of the U. S. State Department.






would top its previous records for revenue passen-
gers carried, revenue passenger miles and mail ton
miles, and there was also a possibility of a new
record in the express category.

President G. E. Keck estimated that United
would carry 18,400,000 passengers in 1966 as com-
pared with 17,340,000 in 1965. Other estimates in-
cluded: revenue passenger miles of 13.4 billion, up
8 percent; freight ton miles, 326,000,000, up 41 per-
cent; mail ton miles, 84,000,000, up 15 percent; and
express ton miles, 19,000,000. The latter figure
represented a decrease of 5 percent, but a strong
month of December could also swing this category
into the record class.

On the basis of these estimates, Keck forecast
another banner year for air transportation in gen-
eral and United in specific in 1967. He prediCtEd
that industry trunkline  passenger miles would in-
crease from 13 to 18 percent over 1966. As for
United’s outlook, Keck anticipated an increase of
15 to 20 percent as measured in revenue miles
flown. Cargo, particularly air freight ton-mile vol-
ume which might go up more than 40 percent, was
expected to continue its brisk expansion.

Summing up the industry outlook, Keck said that
factors favoring growth in 1967 include still wider
acceptance of air travel by the public, additional
traffic generated by military activity and the bar-
gain status of airline fares.

“As for fares and tariffs, it seems obvious that no
additional general reductions would be prudent
until the record is clear as to the net effect of higher
cost levels and declining yields resulting from the
multiplicity of promotional fares instituted in .the
past few years. In the 5 years 1962:66, the yield
of domestic trunklines has gone down 11.3.Percent
per passenger mile and 9 percent per freight ton
mile. .

“In our case the trend is even more pronpunced.
In the 5 years ending with 1966, United’s yield per
passenger mile flown in domestic operations de-
clined 14.6 percent and freight yield was down 10
percent.”

During the year United stre“gthened it? eqL
ment Do%ition zvith the addition of 15 Boeing 727-
QC’s, or Quick Change jets that convert from ptqqs
senger to all-cargo conﬁguration n 300 monslu ::r:
United planned to expand its capacity by 202 P
cent in 1967 with deliveries of 45 new planes in-
Cluding 2 new types of thS, the short-range BOfeH’g
737 and the 200-passenger Super DC-8. Two Od o
latter craft were to be delivered in January an in-
troduced to service on the Calif(n-nia-Hz}wan run in
February. The 737s were scheduled for dellveli)z
late in the year. The anticipated delivary’scl‘l)eclljuc e
for 1967 included 2 737's, 11 Super DG-85, ndard
8F Jet Freighters, 15 more 727QC’s and 17 standar
Boeing 727’s.
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WEST COAST AIRLINES

New pure jets, new service, new records. That, in
brief, summed up 1966 at West Coast Airlines.
Even in a business characterized by growth and
change, the results achieved during the year were
little short of spectacular.

The month of November was particularly signi-
ficant: West Coast marked the completion of its
20th year of operation with the beginning of new
DC-9 Fanjet service to 7 of the 42 cities on its
4,000 mile, 6-state system.

The jet service was initiated in time to help the
airline set an all-time record November passenger
total of 50,635—a gain of 25 percent over the pre-
vious year and 93 percent over the same month in
1964. It was West Coast’s 385th consecutive
record-setting month in a string extending back to
January of 1964. Moreover, cumulative boardings
for 1966 (through November) were 585,540—26
percent ahead of the preceding 12-month total.

It was also a year of record earnings. For the
first 9 months of 1966, passenger revenue was 38
percent ahead of 1965, and net income per share
was 81 cents, compared with 55 cents for the same
period of the previous year.

During the year, schedules were improved vir-
tually throughout the entire West Coast system. A
new, non-stop “Jetbus” service was initiated be-
tween Seattle and Portland, and existing Jetbus
schedules between Seattle and Spokane were ex-
panded. The Jetbus commuter concept eschews all
passenger delays, providing specially simplified
boarding and baggage-handling techniques.

In Oregon, West Coast inaugurated the first
known regularly-scheduled “light-plane” service,
utilizing twin-engined Aztecs to provide several
small, low-volume airports with convenient connec-
tions with larger towns. Other innovations included
a new fly-and-drive package plan, which permits
West Coast passengers to reserve rental cars at the
same time they make flight reservations. The plan
also provides special rental-car rates, approximately
40 percent less than the average.

West Coast’s optimistic outlook for the future
appeared altogether justified. Its first DC-9 Fanjet
already reduced many previous time barriers which
restricted the swift and easy flow of passenger traf-
fic within and beyond the Northern West. For ex-
ample, where the flight between Portland and San
Francisco formerly took 6 hours or more, a DC-9
makes the trip in 3 hours without the need for
changing planes. But the airline has only begun to
realize the effects of jet service. With the addition
of 5 more Fanjets in 1967-68, the country’s first
regional-service airline expected to effectively re-
orient the travel habits of commuters throughout
its entire system. The company planned on 2 addi-
tional 75-passenger models and 3 99-passenger,
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8 months, the film was shown in 24 states, the

District of Columbia, Canada and Viet Nam. AIA/
VLAC also published an illustrated Directory of
Hospital Heliports. By year-end, the number of
hospitals with landing facilities for helicopters had
more than doubled since 1965.

A direct result of the Council’s heliport program
was the Montana Aeronautics Commission inaug-
uration of a Hospital Heliport Program. Under
this program, the Commission will construct hos-
pital heliports at any location in Montana where
hospital administrators are willing to set aside a
usable ground level of rooftop area. The Commis-
sion will provide the surfacing, safety barriers and
marking for the hospital heliport. The Commis-
sion Director predicted that hospital heliports would
add substantially to the handling of emergency
cases, would increase the use of helicopter am-
bulances and result in the saving of lives. Michigan
and Wyoming announced plans for a similar pro-

ram.

The Council, in 1966, named a committee to
prepare an analysis of current and projected VTOL
capabilities, in relation to the short haul intercity
transportation problem for presentation to the Gov-
ernmental Task Force on Interurban Air Transpor-
tation. The report generated interest in the pro-
posal that VTOL offers one solution to the problem
and awareness of industry’s capability to provide
safe, reliable, profit making equipment.

In the report, the Council specifically recom-
mended the establishment of a national policy for
VTOL development to identify the short-haul inter-
city transportation requirements and that a solution
with VTOL aircraft be pursued as a national
objective.

National attention was dramatically focused on
other capabilities of VTOL aircraft during the
Metro Air Support '66. This 2-day program was
designed to show how VTOL helicopters and STOL
airplanes could be used to re-supply and support a
large metropolitan city in an emergency. It was
sponsored by the Federal Aviation Agency with the
active cooperation of members of the VLAC, STOL
airplane manufacturers, the military and the New
York and New Jersey State Governments.

More than 200 aircraft, fixed wing and helicop-
ters converged on Manhattan as a part of Metro
66 to show that vital supplies and personnel could
reach New York City quickly, even if ground trans-
portation was halted during an emergency.

A l-year study of a combined ground-air trans-
portation system—the Sky Lounge—was initiated for
the Los Angeles Department of Airports. The
unique system plans to use a 40-passenger vehicle
to pick up passengers and baggage at different
downtown sites. The vehicle would then be driven
to a central pick up station where a flying-crane
helicopter would airlift the vehicle to Los Angeles
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International Airport. After landing, the vehicle
would then be driven to the various airline termi-
nals or aircraft. The flight from downtown Los
Angeles to the airport is expected to be 8 minutes,
compared to ground travel time of 1 hour or more.
This $735,000 study is being funded by the U.S.
Department of Housing and Urban Development,
by the City of Los Angeles and by the project par-
ticipants.

The 2 goals for the Skylounge study are to define
a system adaptable for other metropolitan areas and
to design a specific configuration for metropolitan
Los Angeles.

Department of Commerce interest in a helicopter
highway test program was first reported to the
Vertical Lift Aircraft Council in December 1965,
Discussions were held with department officials on
the possible application of vertical lift aircraft for
highway accident patrol and rescue operations. As
a result, the new National Traffic Safety Agency has
been delegated responsibilities which include
emergency service and demonstration of Highway
Safety Research and Development. The Agency’s
Administrator, Dr. William Haddon, Jr., was to
name an Agency-Industry Task Force to assist in
developing a proposed test and evaluation program.
Members of the Vertical Lift Aircraft Council to-
gether with representatives of the helicopter opera-
tors and the military will serve on this Task Force.

The School of Medicine of the University of Cali-
fornia at Los Angeles was engaged in a study of
traffic accidents. The study will now include the
use of helicopters both for traffic accidents investi-
gation and for transportation of accident victims.

GENERAL AVIATION

The spectacular increases in general aviation
which began earlier in the decade accelerated in
1966. Production of new equipment and utilization
of the existing fleet leaped to new records during
the year.

By September the industry had delivered more
new airplanes than were delivered in the full 12
months of 1965, which had been a record year.
Total production reached the 16,000 mark., While
all categories of models showed substantial gains,
the largest numerical increase came in the smaller
single-engine models. This growth in numbers of
aircraft in which most flight training is accom-
plished reflected both the industry’s efforts at broad-
ening the base of general aviation and the public’s
widening moves to use their own airplanes.

Supercharged engines appeared in greater num-
bers on single-engine as well as twin-engine air-
planes. These pushed more airplanes into the en-
vironment of higher altitude operations. Jetprop
and pure jet powered general aviation airplanes in-



creased substantially in number. By mid-year there
were about two-thirds as many jet powered air-
planes in the general aviation fleet as in the sched-
uled airline fleet. Total general aviation airplanes
outnumbered the airlines by more than 50 to 1.

Early in the year the Federal Aviation Agency
issued the results of a study which showed that gen-
eral aviation airplanes carry about half as many
passengers on intercity flights as do the airlines.
The report further stated that when other activities
of general aviation are taken into account-—patrol
work, agricultural application, flight training, local
pleasure flights and similar types of flying—as many
people get into the air each year in general aviation
airplanes as in all the domestic airlines combined.

Indicative of the utilization of general aviation
airplanes is the traffic count made by the FAA at
the 302 airports where traffic control towers are
maintained. Two of the 3 busiest fields in total
traffic are exclusive general aviation airports having
no scheduled airline service. In September, 1 of
these 2 general aviation airports moved into first
place in total traffic, displacing Chicago’s O'Hare
as the busiest airport in the world.

Air taxi and commuter airline operations con-
tinued to lead as the fastest growing segments of
general aviation. More than 5,000 airplanes were
operated by 3,200 air taxi companies. Of these, more
than 100 were operating over scheduled routes. In
1964 there were only 12 scheduled commuter air-
line operators.

At just the 302 airports where the FAA maintains
air traffic control towers, takeoffs and landings
averaged better than 1 a second every second of
the day and night. These movements, representing
only 3 percent of the nation’s airports, showed a
gain of 27 percent over the previous year. Three
out of every 4 movements recorded at these airports
were made by general aviation airplanes.

General aviation handled under IFR (Instrument
Flight Rules) increased 44 percent over 1965. More
than half as many landing approaches were per-
formed under IFR by general aviation as by the
scheduled airlines.

Flight training showed similar growth, boosted
by both a public interest in general aviation and
industry promotion. In the first 6 months of the
year issuances of new student pilot certificates in-
creased 54 percent over the same period of 1965.
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By year-end an estimated 130,000 new pilots had
been licensed, raising the total pilot population to
over the 500,000 mark.

Air cargo operations in general aviation airplanes
began to burst at the seams during 1966. Airplanes
designed with special, wide cargo doors and quickly
removable seats appeared in greater numbers and
varieties from the manufacturers. With past major
emphasis placed on transportation of people, little
attention had been paid to the looming cargo
market. Now, however, manufacturers, operators
and shippers are recognizing the potential of cargo
transportation by air, with the future growth termed
“fantastic.”

Along with cargo, other “non-people” use of gen-
eral aviation airplanes continued to advance. Aerial
application, power and pipeline patrol, police traffic
monitoring and fire fighting are a few of the work-
horse jobs general aviation was performing.

Business twins expanded in both numbers de-
livered and models available. By year-end, deliver-
ies of multi-engine airplanes totaled approximately
2,500, a 25 percent increase over 1965.

As an example of the trend by business to use
their own air transportation, in one Midwest com-
munity 3 new twin-engine airplanes were purchased
by local industry within 3 months after the local
airport had been improved to accommodate the
larger equipment. Airports were still one of the
major problems facing full utilization of airplanes.
This was becoming particularly acute in major
metropolitan areas where travel is concentrated
and where land values are at a premium. Man-
power also loomed as a major concern. Shortages
were felt in all areas, from designers and produc-
tion workers to pilots and mechanics.

One of the most encouraging signs for the future
of general aviation was the upsurge in interest by
non-industry-related groups. General media—news-
papers, magazines, TV and radio—“discovered” gen-
era] aviation during 1966. The general aviation air-
plane showed up with increasing frequency in tele-
vision commercials and printed advertising as
background props. Security analysts probed the in-
dustry. Educators at all levels showed interest in
including aviation-oriented curriculum as a require-
ment for preparing today’s students for the air trans-
portation society in which they will live.




















































































































































































































































































































































































STANDARD SHIPBOARD MISSILE

P”m.e Contractors: Pomona Division of General Dy-
?ammS Corporation (guidance, control and air-
PT}«]lme) The Johns Hopkins University Applied

¥sies Laboratory (consultant to Ordnance System
Command). ’

Remarkg

IIhC Standard  Missile program implements the
Navy's concept of a standardized shipboard missile
svstem for defense of the fleet against surface and
“Cri:dl threats. Primary objectives in attaining the
performance impmverﬁents are maximum reliability
ul“d overal] cconomy, all to be achieved with simpli-
fied logistics and compatibility with existing Ter-
rier/ Tartar handling and shipboard weapon systems.
There are two versions of Standard Missile: ex-
tended range (ER) and medium range (MR). The
principal difference between the two is in the pro-
pulsion svstems. ER has a separable booster while
MR has an integral dual-thrust rocket motor. Ad-
vanced solid-state electronics and state-of-the-art
miniaturization techniques have afforded space sav-
ings for functional growth potential without com-
promising external dimensions of this all-electric
missile. The weapon is in development status.

Specifications

Length 27 feet (ER) and 15 feet (MR): diameter
1 foot.

Pertormance

Speed, supersonic: range, classified.

R-115
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ANTI-SATELLITE WEAPONS

Prime Contractors: The Boeing Company (Air Force
Program); Douglas Aireraft Company (Army Pro-
gram)

Remarks

The Department of Defense is developing two tyvpes
of weapons designed to destroy hostile space satel-
lites. Both are in operational status but advanced
development continues. Test firings are conducted
at Johnston Island in the Pacific and intercepts have
been made at distances of “‘hundreds of miles.”
The Air Force and the Army are developing separate
weapons based on existing missiles. The Air Force
syvstem consists of a Thor-Agena combination with a
terminal stage; the Army emplovs a Nike-Zeus with
a terminal stage. Other details are classified.

SEA SPARROW SURFACE-TO-AIR MISSILE

Prime Contractor: Raytheon Company

Remarks

Sea Sparrow (AIM 7E) is under development for
use by the Navy and the armed forces of NATO
nations as a basic point defense missile system.

Specifications

Length 12 feet; maximum diameter .67 feet; span
over fins 3.3 feet; launch weight 400 pounds; guid-
ance semi-active homing radar.











































































SPACECRAFT

APOLLO

Prime Contractor: North American’s Space and In-
formation Systems Division

Major Subcontractors: Aerojet General Corporation
(service module propulsion motor); Aeronca Man-
ufacturing Company (honeycomb panels); Avco
Corporation (ablative heat shield); Beech Aircraft
Corporation (super critical gas storage system); Bell
Aerosystems Company (positive expulsion tanks for
reaction control system); Beckman Instruments, Inc.,
(data acquisition equipment); Collins Radio Com-
pany (communications and data); Control Data Cor-
poration (digital test command system): Dalmo
Victor Company (main communications antenna
systems); Electro-Optical Systems, Inc,, (Micro Sys-
tems, Inc. (Subsidiary) (temperature and pressure
transducer instrumentation); Garrett Corporation,
AiResearch Manufacturing Division (environmental
control system); General Motors Corporation (fuel
and oxidizer tanks); General Precision, Inc., (mission
simulator trainer); General Time Corporation (cen-
tral timing system); Honeywell, Inc. (stabilization
and control); Lockheed Propulsion Company
(launch escape and pitch control rmotors); Micro
Systems, Inc., Electro-Optical Systems (pressure and
temperature transducers); Motorola, Inc., (up-data
link digital); The Marquardt Corporation, (reaction
control motors service module); Northrop Corpora-
tion Electronics (Astro Division) (television cameras)
Remanco, Inc., (rocket engine test set); Sciaky Bros.
Inc., (tooling, welding and machinery); Simmond;
Precision Products (propellant gaging mixture ratio
contr'ol);. Thiokol Chemical Corporation (escape sys-
tem jettison motors); Transco Products, Inc., (telem-
etry antenna system); United Aircraft Corporation
Pratt & Whitney Aircraft Division, (fuel cell)j
Westinghouse Electric, Aerospace Electrical Divi:
sion (static inverter conversion unit),

’

Remarks

Project Apollo is the United States’ program to place
Americans on the moon for scientific exploration and
safe return to earth. The Apollo program is dj-
rected by the National Aeronautics and Space Ad-
ministration. Technical management of the Apollo
Spacecraft is under NASA’s Manned Spacecraft

R-140

Center, Houston, Texas. The Apollo spacecraft
comprises 3 separable major parts called “modules”
which are fastened together in tandem. North Ameri-
can’s Space Division is producing the Apollo space-
craft Command and Service Modules. The Lunar
Module is being built by Grumman Aircraft Engi-
neering Corporation. The Command 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 com-
partment and an outer heat shield. Ablative ma-
terials are applied to the outer structure after it has
been assembled and fit-checked to the crew compart-
ment.

The Service Module houses the main propulsion
motor and its propellants for return from the moon
and for midcourse corrections. It contains the elec-
trical system, reaction control engines and part of
the environmental control system. Propellants and
various systems are housed in pie-shaped sections
surrounding the main engine. Attached to the Com-
mand Module during the flight to the moon, the
Service Module is jettisoned prior to earth re-entry.

Command Module Specifications

Shape, conical; height 12 feet; diameter (at the
base), 13 feet; launch weight 11,000 pounds (ap-
prox.); outer structure: stainless steel honeycomb
bonded between aluminum alloy sheets; inner com-
partment: primarily aluminum honeycomb bonded
between aluminum alloy sheets; insulation: a two-
layer microquartz fiber insulation separates the
walls of the inner and outer structures; environ-
ment: shirt-sleeve temperature of about 75 de-
grees, and 100 per cent oxygen; couches: aluminum
and titanium padded with plastic encased nylon
webbing.

Service Module Specifications

Shape, cylindrical; height 22 feet (including engine);
diameter 13 feet; construction: mostly aluminum
alloy; the outside skin is honeycomb bonded be-
tween aluminum sheets; launch weight 50,000 pounds
(approx.).










































































































































































































































































































































































































































































































































SOUNDING ROCKETS

HYDRA-IRIS

Two-stage solid sounding rocket, lst—3 clustered
Aerojet Sparrow 1.8-KS-7800's (22,400 pounds total
thrust), 2nd—ARC 52K S-4375; weight 1,350 pounds;
length 24 feet; 100 pound payload to altitude of 200
miles; Navy

IRIS

Single-stage solid sounding rocket, ARC 52KS5-4375;
weight 1,350 pounds; length 24 feet; 100 pound pay-
load to altitude of 200 miles: all services and NASA

METROC

Single-stage solid sounding rocket, ARC 16KS-140;
weight 15 pounds; length 4.6 feet; 2 pound payload
to altitude of 20 miles; all services and NASA

METROC, BOOSTED

Two-stage solid sounding rocket, 1st—ARC Metroc
16KS-140, 2nd—2.75 FFAR (Navy rocket, 720
pounds thrust); weight 26 pounds; length 8.8 feet;
2 pound payload to altitude of 52 miles; all services
and NASA

NIKE-APACHE

Two-stage solid sounding rocket, 1st—Hercules M-5
Nike (48,700 pounds thrust), 9nd—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

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 pavload to altitude of 230 miles; all services
and NASA

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

R-308

SIDEWINDER-ARCAS

NPP Sidewinder

(29-KS-
length

all

Two-stage sounding rocket, lst—
Mk 17 Mod 1A, 2nd—ARC HV ARCAS
324); weight 168.4 pounds plus payload;.
14 feet 2 inches; 12 pound payload to 72 miles;
services, NASA and Norway

SPARROW-ARCAS

Two-stage sounding rocket, 1st—Aerojet Spar.row
Mk 6 Mod 3, 2nd—HV ARCAS (29-](5-324); weight
206 pounds plus payload; length 12 feet 6 inches;
12 pound payload to 109 miles, all services and ESRO.

SWIK

Two-stage solid research rocket, 1st—Thiokol Castf)r
TX-33 (55,000 pounds thrust) 2nd—Hercules X254
(14,100 pounds thrust); weight 13,200 pounds;
length 35 feet; 300 pound payload to altitude of 750
miles; Army, AF

TRAILBLAZER 11

Four-stage solid research rocket, 1st—Thiokol Cas-
tor TX-33 with 2 Thiokol Recruit TE-29's (122,000
pounds total thrust), 2nd—ILockheed Lance (47,000
pounds thrust), 8rd—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 downward to achieve re-
entry velocity of 22,000 feet per second; NASA,
Army, AF.

HERCULES INCORPORATED

DEACON (POGO-HI)

Single-stage Hercules X-220 solid motor (6,400-
pound 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 11); 6-stage solid research
rocket; 1st—Thiokol Castor TX-33 with 2 Thiokol
Recruit TE-29's (122,000 pounds total thrust), 2nd—
Lockheed Lance 47,000 pounds thrust), 3rd— Hercu-
les Altair X-248 (3,000 pounds thrust), 4th—NASA
Cygnus-15 (3,200 pounds thrust, 15-inch diameter



spherical), 5th—NASA Cygnus-5 (350 pounds
thrust, 3-inch diameter spherical), 6th—Army Bal-
listics Research lLaboratory shaped-charge accelera-
tor and re-entry pellet; ARC spin-stabilized velocity
package contains last 4 stages; 13,500 pounds, 51.5
feet; 2 stages up to 300-kilometer altitude, remaining
stages packaged in reverse to achieve 20-kilometer-
per-second re-entry velocity, 15 degrees off vertical
at 75-kilometer altitude; NASA

METEOR SIMULATION VEHICLE (2)
(Modified Nike-Cajun); 4-stage solid research
rocket; 1st—Hercules Nike (33,000 pounds thrust),
2nd—Thiokol Cajun TE-82 (8,600 pounds thrust),
3rd—NASA Cygnus-5 (550 pounds thrust, 3-inch
diameter spherical), 4th—Armyv Ballistics Research
Laboratory shaped-charge accelerator and re-entry
pellet; 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 re-entry velocity, 15 degrees off
vertical at 75-kilometer altitude; NASA ’

NAVAL MISSILE CENTER,
POINT MUGU. CALIFORNIA

SPAROAIR

Air-launched 2-stage research rocket for use on
F3B or F6B jet aircraft; Mach 0.8 at 32,000 feet; 1st
and 2nd—Aerojet Sparrow 111’s; 35 pound payload
to altitude of 65 nautical miles: used in Projects Tee
Pee, Jane, and Night Owl for plasma generation, in-
frared and ultraviolet research, rcspectively; Navy,
Army, General Motors Corporation

NAVAL ORDNANCE TEST STATION
CHINA LAKE, CALIFORNIA

HOVERING ROCKET SYSTEM

Two-stage research rocket; 1st—Thiokol Pershing
TX-175 2nd stage, 2nd—NOTS to develop 19 by 3-
foot-diameter liquid engine (8,000 pounds thrust);
weight 700 pounds; length 27 feet; recoverable pay-
load to altitude of 65,000 to 50,000 feet; 2nd stage
carries command guidance capable of stabilized
120 to 130 seconds hovering; 2 vehicles in develop-
ment for upper-atmosphere research measurements

R-309
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and possibly surveillance use; Defense Atomic

Support Agency

ROCKET POWER, INC.

HOPI CHAFF DART
Single-stage RPI 2.4-5600 HOPI-II solid motor;

weight 95 pounds; length 11 feet; 11.5 pound pay-
load to altitude of 380,000 feet; NASA

JUDI BALLOON DART

Single-stage RPI 1.9KS-2150 JUDI-I solid motor;
weight 83.7 pounds; length 9 feet; 10 pound pavload
(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-1 solid motor;
weight 83.7 pounds; length 8.6 feet; 10 pound pay-
load to altitude of 240,000 feet; all services, NASA

and foreign governments.

JUDI INSTRUMENTED DART

Single-stage RPI 1.9KS-2150 JUDI-T solid motor;
weight 33.7 pounds; length 9 feet; 10 pound payload
to altitude of 220,000 feet; all services and foreign

government&

PHOENIX-1

Two-stage solid sounding rocket; 1st—RPI 5.5KS-
6100 KIVA-L 2nd—RPI 3.0KS$-4000 HOPI-II:
eight 320 pounds; length 18 feet; 10 pound payload

w
e of 225 miles; all services.

to altitud

RAVEN

Single-stage RP1 7.8KS-1945 HOPI 1V 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; lst—Naval Propel-
lant Plant, SIDEWINDER 1A, 2nd—RPI 7.8KS-
1945 HOPI 1V; weight 208 pounds; length 17 feet;
20 pound payload to altitude of 400,000 feet: all

services.
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