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FOREWORD

Significant progress in man’s quest to fly higher and faster marked 1956
as a banner year in aeronautical progress. On both the civil and military
fronts, the aircraft industry not only substantially maintained its production
schedules, but simultaneously brought into active service a variety of
manned aircraft and guided missiles of highly advanced capabilities.

New engines of greater thrust were introduced during the year and
aircraft safety and operation were vastly improved by development of new
systems and components.

Major advances were made in developing both the vehicles and the
markets for a new era in air transportation, using the best new design and
equipment ideas in both turboprop and turbojet powered aircraft. At the
same time, business and utility aircraft markets were importantly extended.

During the year, the Air Force accepted substantial numbex:s of the
“century series” supersonic fighters, and the Navy also took delivery for
its air arm of numerous supersonic aircraft. As a result, the nation’s three
Marine air wings and the Navy’s 17 carrier air groups are now almost
completely equipped with modern supersonic aircraft. ) )

America’s first supersonic jet bomber made its maiden ﬂlgl}t during
1956, and advanced production stages were attained on a fleet of jet tanqu
planes which will greatly increase the Air Force’s long-range combat air
capability.

It was during 1956 that man first flew a research aircraft at better than
2,000 miles per hour—a speed once believed totally beyond man’s reach
—and set an altitude mark of over 20 miles. L.

Overall, 1956 was a year that saw the aircraft industry doing its best to
arm America with the weapons it needs in a time of exploswt_e wor'ld
tensions, and at the same time to produce a vast armadz} of peacetime air-
craft, engines and equipment. The nation still is locked in a race for aerial
supremacy with potential enemies of freedom. If the aircraft industry
continues in 1957 to perform as well as it did in 1956, the deterrent power
of the free world may yet prevent that battle from ever being Jomegl.

This edition of the Aircraft Year Book reports not only on the aircraft
industry, but on many other aspects of aviation achievement. The activities
of the Air Force, Naval Aviation, the Marine Air Arm, and Army Aviation
are included. The Year Book likewise deals with the work of other govern-
ment departments and agencies. It reveals the major progress made by the
commercial airlines, which made more than a 10 percent gain over 1.9.55
in passenger miles in 1956. The Year Book also gives coverage to utility
aircraft and their progress as servants of business, industry and agriculture,
and on the development of the helicopter, which already possesses a major
military role and looks toward a bright commercial future. N

The Aircraft Industries Association believes that the 1956 edition of
the Aircraft Year Book will contribute to a more complete understanding
of aviation and its vital relationship to the general welfare, prosperity and
security of our nation.

Orvar R. Cook

President ) o
Aircraft Industries Association
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AVIATION BOOKS PUBLISHED IN THE
UNITED STATES IN 1956"

The following bibliography was compiled by Arthur G. Renstrom, Library of Congress

AIRPORTS AND AIRWAYS

AIRCRAFT OWNERS AND PILOTS ASSOCIA-
TION. Resort Airports, Eastern U. S. Rev.
Washington, The Association, 1955. 42p.

AVIATION WEEK AIRPORT AND BUSINESS
FLYING DIRECTORY, 24th Annual ed. New
York, McGraw-Hill Book Company. 274p.

$4.00

EIGHTH ANNUAL AIRPORT DEVELOPMENT
AND OPERATION CONFERENCE, SYRA-
CUSE, NEW YORK, SEPTEMBER 27, 1955.
Minntes. Albany, State of New York, Depart-
ment of Commerce. 95p.

PORT OF NEW YORK AUTHORITY. AVIATION
DEPARTMENT. Shipping Via Port of New
Yorks; Regulations, Facilities, Practices, Rout-
ings, Services, Charges, Rates. New York, The
Authority, 1955. 44p.

U. S. AIR NAVIGATION AND DEVELOPMENT
BOARD. 2nd Technical Symposium on
TACAN, November 3-4, 1955, Washington,
D. C. Washington, The Board. 1v.

U. S. AVIATION FACILITIES STUDY GROUP.
Aviation Facilities; the Report to the Di-
rector, Bureau of the Budget. December 31,
1955. Washington, Burcau of the Budget.

46p.

U. S. CIVIL AERONAUTICS ADMINISTRATION.
Federal Airway Plan, Fiscal Years 1957-1961.
Washington, Department of Commerce, 1955.
82p. $1.00

U. S. CIVIL AERONAUTICS ADMINISTRATION.
Federal Airways Air Traffic Activity, Fiscal
Year 1956. Washington, Department of Com-
merce. 35p. $.50

U. S. CIVIL AERONAUTICS ADMINISTRATION.
National Airport Plan, 1956. Washington, De-
partment of Commerce. 98p. 81.00

COMMERCIAL AVIATION

BEARD, CHARLES E. Thos. E. Braniff, 1883-
1954, Southwest Pioneer in Air Transport,
New York, Newcomen Society in North Ameri-
ca, 1955. 32p.

BEHLING, BURTON N. and RICHARD B. Black-
well., Federal Aids to Domestic Air Transpor-
tation. Washington, Association of American
Railroads. 18p.

FORD, NORMAN D. The Air Routes of the
World; the Passenger’s Directory to the
World’s Airways, Airplanes, Air Lines. 2nd
ed. Greenlawn, N. Y., Harian Publications:
Trade Distributor, Greenberg. 96p. 31_56

GOTCH and CRAWFORD. Promise, Progress
Performance Without Profit; a Report o:: t}u;
Earnings Expecrience of Local Airlines. Wagh-
ington, Conference of Loeal Airlines, 38p.

PORT OF NEW YORK AUTHORITY. AVIA.
TION DEPARTMENT. New York’s Air Trav.
elers. June 1955. Saugatuck, Conn. Eno
Foundation for Highway Traffic Conlrol’. 87

PORT OF NEW YORK AUTHORITY. AViA.
TION DEPARTMENT. Report of a Survey of
Passengers Leaving on Domestic Scheduled

———————
1Als0 includes 1955 books published too late
for inclusion in last year’s edition.

8

Flizhts from La Guardia New York Interna-
tional and Newark Aicports, September 1954.
New York, The Authority, 1955. 100p.
TAYLOR, JOHN W. R. Passcngers, Parcels, and
Panthers; the Story of Our Working Aircraft.
New York, Roy Publishers. 159p. $£3.00
TWA VACATION GUIDE AND WORLD ATLAS.
Compiled for TransWorld Airlines. Maple-
wood, N. J,, C. S. Hammond Company, Inc.
384p. $4.95
U. S. BUREAU OF PUBLIC ROADS. Reference
Guide Outline, Specifications for Acrial Sur-
veys and Mapping by Photogrammetric Meth-
ods for Highways. Washington, U. S. Govit.
Print. Off. 96p. $.55
U. S. CIVIL AERONAUTICS ADMINISTRATION.
Air Commecree Traffic Pattern, Calendar Year
1955. Washington, Department of Commerce.
$.50
U. S. CIVIL AERONAUTICS ADMINISTRATION.
The Airplane at Work for Business and In-
dustry; a 1955 Survey Covering 1954 Activity
with Estimates for 1955. Washington, U. S.
Govt. Print, Off., 1955. 75p. 81.00
U. S. CIVIL AERONAUTICS ADMINISTRATION.
Certification and Operation Rules for Sched-
uled Air Carrier Operations Qutside the Con-

tinental Limits of the United States. Rev.
February 1956. Washington, U. S. Govt.
Print. Off., 36p. (Civil Acronautics Manual

41) 8.7

U. S. CIVIL AERONAUTICS ADMINISTRATION.
Irregular Air Carrier and Offi-Route Rules.
Rev. August 1956. Washington, U. S. Govt.
Print. Off. 88p. (Civil Aeronautics Manual
42) $1.00

U. S. CIVIL AERONAUTICS ADMINISTRATION.
Statistical Study of U. S. Civil Aircraft as of
January 1, 1956. Washington, Department of
Commerce. 36p. 8.50

U. S. CIVIL AERONAUTICS BOARD. Analysis
of Transatlantie Passenger Traffic OQutbound
from and Inbound to New York City Via
Scheduled United States and Foreign Air
Carricrs. Washington, The Board.

U. S. CIVIL AERONAUTICS BOARD. Annual
Report, 1935, Washington, U. S. Govt. Print.
off. 35p. 8.55

U. S. CIVII. AERONAUTICS BOARD. Book of
Official C. A. B. Airline Route Maps and
Airport to Airpert Mileages. Washington, Air
Traffic Conference of America, Air Transport
Association of America. Loose-leaf. $35.00

U. S. CIVIL AERONAUTICS BOARD. Competi-
tion Among Domestic Air Carricrs. Washing-
ton, Research Department of the Air Trans-
port Association of America. 7v. $35.00

U. S. CIVIL AERONAUTICS BOARD. Economic
Decisions of the Civil Aeronautics Board, May
1951 to December 1951. Vol. 13. Washing-
ton, U. S. Govt. Print. Off. 1253p. $4.00

U. S. CIVIL AERONAUTICS BOARD. Origina-
tion-Destination Airline Revenue Passenger
Survey, Mareh 1.31, 1955. Washington, Air-
line Finanee and Accounting Confercnce, Air
Transport Association of America. 4v. $25.00

U. S. CIVIL AERONAUTICS BOARD. Safety De-

cizsions of the Civil Acronautics Board, June

4&.‘_;__&___!
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1943 - June 1953. Wuashington, U. S. Govt,
Print. Off. 650p. 82.75

U. S. CIVIL AERONAUTICS BOARD. Uniform
System of Accounts and Reports FProposed
for Air Carriers in Accordance with Scction
407 of the Civil Aeronnuties Act. Effective
January 1, 1957. Washington, The Board. 1v.

U. S. CONGRESS HOUSE. COMMITTEE ON IN-
TERSTATE AND FOREIGN COMMERCE.
Air Carrier Certificates, Alaska and Ilawaii.
Hearings on . . . H. R. 8252 and H. R.
9253, March 28 and 29, 1956. Washington,
U. S. Govt. Prini. Off. 151p.

VU. S. CONGRESS. HOUSE. COMMITTEE ON
INTERSTATE AND FOREIGN COMMERCE.
Civil Air Poliey. Hearings on . , . H. R,
4648, H, R. 4677, H. R, 8902, H, R. 8903,
March-April 1956. Washington, U. S. Govt.
Print. Off. 628p.

U. S. CONGRESS. SENATE. COMMITTEE ON

INTERSTATE AND FOREIGN COMMERCE,
International Air Agrcements; Report, April
30, 1956. Washington, U. S. Govt. Print,
Off. 30p. (8th Cong.,, 2nd sess. Senate

Rept. 1875.)

WARLEY, LILLTIAN R. C. Stewardess/Hostess
Training Manual. Newton Center, Mass.,
Mount Ida Junior College. Iv.

WHEATCROFT, STEPHEN. The Economies of
European Air Transport. Foreword by Peter
B. Masefield, Cambridge, Mass.,, Harvard
University Press. 358p. £6.00

WILLANS, GEOFFREY. Fasten Your Lapstraps.
New York, The Vanguard Press. 112p. §2.50

DESIGN
ACRONAUTICAL ELECTRONICS, 1936. Pro-

ceedings of the National Conference on Aero-
nauatjcal Electronics, Dayton, Ohio, May 14-
16, 1956. Dayton, Ohjo, P. O. Box 621, Far
IIills Branch, National Conference on Acro-
nautical Electronics, Publications Committee.
663p. $4.00
AMERICAN SOCIETY OF MECHANICAL ENGI-
NEERS. AVIATION DIVISION. Symposium
on Structures for Thermal Flight; a Com-
pilation of Papers Presented at the ASME
Aviation Division Conference, March 14-16,
1956, Las Angeles, California. New York, The
Society, 1v. $3.00
CHAPLYGIN, SERGEI A. Selected Works on
Wing Theory. Englich Translation from the
Original Russian by Maurice A. Garbell. San
Franeisco, Garbell Researeh Foundation. 97p.
$5.00
CROSS, ROY. Supersonic Aircraft. New York,
Hanover House. 63p. 82.50
DANTEL & TFLORENCE GUGGENHEIM AVIA-
TION SAFETY CENTER AT CORNELL UNI-
VERSITY. Survey of Research Projeets in
the Field of Aviaiton Safety. 5th Annual Sup-
plement. New York, The Center. 19p.
DRYDEN, HUGH L., FRANCIS D. MURNAGHAN,
and H. BATEMAN. Hydrodynamics. New
York, Dover Publications, Inc. 634p. $2.50
FIRST NATIONAL SYMPOSIUM ON FLIGHT
TEST INSTRUMENTATION, WICHITA, KAN-
SAS, MAY 3.5, 1956. Proccedings. Presented
by the Wichita Secction, Instrument Soecietv
of America with the Cooperation and Co-
sponsorship of the National Technical Com-
mittee of the Instrument Society of America.
Wichita, Kans,, Sympesium Publicity Com-
mittee, 2348 N. Rooscvelt, 148p.
GERARD, GEORGE. Minimum Weight Analysis
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of Compression Structures. New- York, Inter-

science Publishers. 194p. $6.00
HERMANN, RUDOLF, Supersonic Inlet Dif-
fusers and Introduction to Internal Aero-
dynamics, Minneapolis, Aeronautical Divi-
sion, Minnecapolis-Honeywell Regulator Co.
378p. 816.00
KUHN, PAUL. Stresses in Aireraft and Shell
Structures. New York, McGraw-Hill Book
Company. 435p. (McGraw-Hill Publications
in Acronautieal Science.) $14.00

PAI, SHI-I. Fluid Dynamies of Jets. Princeton,
N. J.,, D. Van Nostrand Company. 228p.
85.50

ROBINSON, A. and J. A. LAURMANN. Wing
Theory. New  York, Cambridze University
Press. 578p. £13.50

SECOND EXPLERIMENTAL TRACK SYMPOSIUM.
Seminar Reports and  Abstracts of Papers,
Held at Hollywood, Calif., and the Air Force
Flight Test Center, Edwards Air Force Hace,
Calif., September 26-28, 1 . Edwards Air
Foree Base, Calif.,, U. S. Air Foree Flight Test
Ccenter, Air Research and Development Com-
mand, 1955. 35p. .

STATLER, IRVING C. The Effects of  Nonsta-
tionary Acrodynamics on the Rigidbody Dy-
namic Stability of an Airplane. Pasadena,
Calif., California TInstitute of Technology.
229p.

SYMPOSIUM: THE VORTEX TUBE AS A TRUE
FREE AIR THERMOMETER. Held May 24,
1955, at Armour Research Foundation, Or.
ganized at the Request of the Air Research
and Development Command, Wright Air
Development  Center.  Chicago, Armor Re-
scarch Foundation, Illinois Institute of Tech-
nology, 1955. 167p.

U. S. DEPARTMENT OF THE AIR FORCE.
Proccedings of the Conference on the Re-
Iiability of Electronic Equipment Sponsored
by the U. S. Air Force and the Radio Cor-
poration of America. Held on 16 and 17
August 1955 at the Warwick Hotel, Philadel-
phia, Pennsylvania. Washington, Department
of the Air Force, 1955. 116p.

U. S. NATTONAL ADVISORY COMMITTEE FOR
AERONAUTICS. TForticth Annual Report. In-
cluding Technical Reports Nos. 1158.1209.
Washington, U. S. Govt. Print. Off. 1216p.

S8.50

U. S. NATIONAL BUREAU OF STANDARDS,

Handbook: Preferred Circuits, Navy Aero-
nautical Electronie Equipment. Washington,
U. S. Govt. Print. Off, 1955. 184p.
(NAVAER 16-1-519) 21.75

WOODHAM, R. M. Safety Through Steep Gra-
dient Aircraft; Supplement to the 1955 Sur-
vey. Reviewing the Status and Special Prob.
lems of Vertical (VTOL) and Short (STOL)
Take-Off and Landing Types of Aircraft.
New York, The Danicl & Florence Guggen-
heim Aviation Safety Center at Cornell Uni-
versity. 43p.

FICTION

ARKFELL, REGINALD. Miracle of Merriford.
New York, Reynal & Company. 187p. 8§2.45
BEATY, DAVID. Four Winds. New York, Popu-
lar Library, Inc. (Popular Library G168)
8.35

BENNETT, MARGOT. The Man Who Didn’t Fly.
New York, Harper & Brothers. 217p.  $3.00
DEPEW, WALTER W. Breakaway. New York,
Duell, Sloan and Peace. 276p. $3.50
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GEER, ANDREW CLARE. Canton Barrier. New
York, Harper & Brothers. 282p. $3.50
HUBLER, RICHARD GIBSON. Man in the Sky.
New York, Duecll, Sloan and Pcarce. 407p.
$4.50

JUDSON, JEANNE. Carol Trent, Air Stewardess.

New York, Avalon Books. 222p. S2.50
KELLAND, CLARENCE B. Dcath Keeps a Se-
cret. New York, Harper & Brothers. 220p.
82.75

LINDBERGH, ANNE MORROW. The Steep As-

cent. New York, Decll Publishing Co. $.35
MACKERSEY, IAN. Position Uuoknown. New
York, Henry Holt. 222p, $3.00

O'BRINEN, LARRY C. Earth Waits for Dawn.
New York, Vantage Press. 284p. S3.75
ROY, JULES. The Navigator. Translated from
the French by Mervyn Savill. New York, New
American Library of Literature. 124p. (Sig.

net Book S1323) S.25
RUSSEL, ERIC FRANK. DMen, DMartians and
Mauchines. New York, Roy Publishers. 191p.
$3.00

SALTER, JAMES. The Hunters. New York,
Harper & Brothers. 244p. $3.00

STINE, G. HARRY. Contraband Rocket; the
Forgotten Planct, by Lee Corey [pseud.] New
York. Ace Books. 14lp. $.33

TAYLOR, WARD. Roll Back the Sky. New York,
Henry Helt. 381p. $3.95

TREVOR, ELLESTON. Squadron Airborne. New
York, The Maemillan Company. 249p. $3.50

WALLIS, A. J. and CHARLES F. BLAIR, Jr.
Thunder Above. New York, Henry Holt. 253p,

83.50
WYLLIE, JOHN. Johnny Purple. New York,
E. P. Dutton & Co., Inc. 190p. $3.00

FLYING SAUCERS

BARKER, GRAY. They Knew Too Much About
Flying Saucers. New York, University Books.
256p. 83.50

GIRVAN, WAVENEY. Flying Saucers and Com-
mon Sense. New York, Citadel Press. 157p.

$3.50

JESSUP, MORRIS K. UFO and the Bible. New
York, Citadel Press. 126p. $2.50

MICHEL, AIME. The Truth About the Flying
Saucers. Translated from the French by Paul
Selver. New York, Criterion RBooks. 255p.

$3.95

RUPPELT, EDWARD J. The Report on Uni-
dentified Flying Objects. Garden City, N. Y.,
Doubleday & Company, Inc. 315p. 84.50

THE UFO ANNUAL. M. K. Jessup, editor, 1st
ed., 1956. New York, Citadel Press. 380p.

84.95

GENERAL

AIRCRATT INDUSTRIES ASSOCIATION OF
AMERICA, INC. U. S. Aviation Today. 3rd ed.
Washington, The Association. 93p.

FIFTH INTERNATIONAL AERONAUTICAL
CONGRESS, LOS ANGELES, JUNE 20-23,

1955. Convened by the Institute of the Aero-

nautical Scicnces and the Royal Aeronau-
tical Society. New York, Institute of the
Aeronautical Sciences, Inec. 560p. $20.00

FLOHERTY, JOHN J. Aviation From the
Ground Up. Rev. ed. Philadelphia, J. B. Lip-
pinecott, 192p.

INSTITUFE OF THE AERONAUTICAL
ENCES, INC. Your Career as an Engineer in
Aviation. New York, The Institute. 20p.

REICHERS, LOUIS, The Flying Years.
York. Henry Holt. 384p.
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$3.00
SCI-

New
$4.50

THOMAS, LOWELL, JR., and FAY THOMAS.
Qur Flight to Adventure. New York, Double-
day & Company, Inc. $5.95

SPECTORSKY, AUGUSTE C., cd. The Book of
the Sky; Being a Cellection of Wrilings
About the Sky in All Its Aspects. New York,
Appleton-Century-Crofts, 490p. $10.00

U. S. AIR COORDINATING COMMITTEE.
1955 Annual Report to the President. Wash-
ington, U. S. Govt. Print. Off. 35p.

U. S. CONGRESS. HOUSE. COMMITTEE ON
GOVERNMENT OPERATIONS. Federal Role
in  Aviation; Twenty-Seventh Intermediate

Report. Washington, U. S. Govt. Print. Of.
23p. (84th Cong., 2d sess. House Report No.
2949.)

U. S. CONGRESS. HOUSE. COMMITTEE ON
INTERSTATE COMMERCE, Study of Opera-
tion of Civil Acronautics Administration.
Hearings on . . . S. 2818. January 4 -May

28, 1956. Washington, U. S. Govt. Print. Off.

415p.
GLIDING

GOTCH, ARTHUR FREDERICK “BILL.” Play-
ground of the Sky; the Art and Joys of Glid-
ing. New York, Sport Shelf. 131p. $£3.23

WELCH, ANN. Come Gliding with Me. New
York, Sport Shelf. 160p. (Jr. Sportsman’s
Library) $2.50

WELCIf, ANN, LORNE WELCH, and F. G.

IRVING. The Soaring Pilot. New York, Pit-
man Publishing Corp., 1955. 227p. 83.75

GUIDED MISSILES

BONNEY, E. ARTIHIUR, MAURICE J. ZUCROW,
and CARL W. BESSERER. Aerodynamics,
Propulsion, Structures and Design Practice.
Princeton, N. J., D. Van Nostrand Company.
607p. (Principles of Guided Missile Design)
$10.00
MERRILL, GRAYSON, HAROLD GOLDBERG,
and R. H. HELMHOLZ. Operations Research,

Armament, Launching. Princeton, N. J.,
Van Nostrand Company. 603p. (Principles of
Guided Missile Design) $10.00
MISSILE PROGRESS HANDBOOK. Washington,
American Aviation Publications. 66p. $2.00
PARSON, NELS A. Guided Missiles in War and

Peace. Cambridge, Mass., Harvard University

Press. 161p- $3.50
HISTORY

BURLINGAME, ROGER. General Billy Mitchell,
Champion of Air Defense. New York, New
American Library of Literature. (Signet
Book $1280) 8.35
CRAWLEY, AIDAN. Escape from Germany. A
History of R. A. F. Escapes During the War.
New York, Simon and Schuster. 291p. £3.95
GARTMANN, HEINZ. The Men Behind the
Space Rockets. Translated from the German
by Eustace Wareing and Michael Glenny.
New York, David McKay Company, Inc. 185p.
§3.95

KELLY, FRED C. The Wright Brothers. A Bi-
ography Authorized by Orville Wright. New
York, Ballantine Books, Inc. 214p. 8.35
PICCARD, AUGUSTE. Earth, Sky and Sea.
Translated by Christina Stead. New York,
Oxford University Press. 192p. £4.00
SMITH, MAXWELL A, Knight of the Air; the
Life and Works of Antoine de Saint-Exupery.
New York, Pageant Press. 263p. $4.00
TAYLOR, JOHN W. R. A Picture History of
Flight. New York, Pitman Publishing Corp.
192p. $5.95
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U. S. BUREAU OF NAVAL PERSONNEL. Navy
Wings. Washington, U. S. Govt. Print. Off.,
1955. 216p. (NAVPERS 10822.4) $1.25

U. S. NATIONAL AIR MUSEUM. The National
Aeronautical Collection by Paul E. Garber.
9th ed. Washington, The Smithsonian Insti-
tution. 167p. (Smithsonian Institution Pub-
lication 4235) $1.50

JUVENILE

APPLETON, VICTOR II [pseud.] Tom Swift
and His Diving Scacopter. Illustrated by
Graham Kye, New York, Grosset & Dunlap.
214p. (His New Tom Swift, Jr., Adventure
No. 7) 8$1.00

CAMERON, ELEANOR. Stowaway to the Mush.
room Planet. With Illustrations by Robert
Henncberger. Boston, Little, Brown and Co.

226p. $2.75
COLBY, CARROLL B. Opcration Watchdog;
Rockets, Guided Missiles, Aircraft, and

Radar of Our Defenscs. New York, Coward-
McCann, 48p. 82.00
COLE, LOIS DWIGHT. Linda’s First Flight, by
Nancy Dudley [pseud.]. Pictures by Sofia.
New York, Coward-McCann. 48p. $2.00
COOKE, DAVID C. How Airplanes Arec Made.
Now York, Dodd, Mead & Company. 72p.

CORSON, HAZEL W, Peter and the Rocket Ship.
Pictures by William James. Chicago, Beckley-
Cardy Co., 1955. 96p.

DALGLIESCH, ALICE. Ride on the Wind, Told
by Alice Dalgliesch from the Spirit of St.
Louis by Charles A. Lindbergh. Picturcs by
George Schreiber. New York, Charles Scrib-
ner’s Sons. 32p. 82.75

DEL REY, LESTER. Mission to the Moon. Phila-
delphia, John C. Winston Company. 218p.
(A Science Fiction Novel) $2.00

DOUTY, ESTHER M. Ball in the Sky. Illus-
trated by Douglas Gorsline. New York, Henry
Holt. 190p. $2.75

GARDNER, CHARLES. Come Flying with Me.
New York, Sport Shelf. 158p. 83.00

GOODWIN, HAROLD L. The Real Book About
Space Travel, Illustrated by Clifford Geary.
Garden City, N, Y., Garden City Books, by
arrangement  with  Franklin  Watts. 192p.
(Real Books Secries) $1.95

HELMERICKS, BUD. Arctic Bush Pilot. Boston,
Little, Brown and Co. 180p. $3.00

HILL, LENA C. and H. E. MEHRENS. The
Farmer’s Wings. Washington, National Avia-
tion Education Council, 1955. 44p. 8.50

LENT, HENRY B. The Helicopter Book. New
York, The Macmillan Company. 144p. $2.75

LEWELLEN, JOHN. Tommy Learns to Fly. Il-
lustrated by Leonard Kessler. New York,
Thomas Y. Crowell. 42p. $2.50

LEWELLEN, JOHN. True Book of Airports
and Airplanes. Illustrated by Richard Galls.
Chicago, Children’s Press. 48p. $2.00

MEADER, STEPHEN WARREN. Sabre Pilot. Il-
lustrated by John Polgreen. New York, Har-
counrt, Brace. 183p. 82.75

MOORE, PATRICK. The Boy’s Book of Space.
New York, Roy Publishers. 144p. (The Boys’
Book Serics) $2.75

O’MALLEY, PATRICIA. Happy Landings for
Ann. New York, Dodd, Mead & Company.
241p. (A Dodd, Mead Carecr Book) $2.75

PATCHETT, MRS. MARY ELWYN. Flight to
the Misty Planet. Indianapolis, Bobbs-Merrill.

236p. $2.75
POTTER, JEAN CLARK. Flying Frontiersmen.
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New York, The Macmillan Company. 212p.
$3.00
ROCKWELL, CAREY. The Robot Rocket. Willy
Ley, Technical Adviser. New York, Grosset &
Dunlap. 181p. (Tom Corbett Spacc Cadet
Adventurce, 8) £1.00
SCHEALER, JOHN M. Zip.Zap and His Flying
Saucer. Illustrated by Hans Helweg, New
York, E. P. Dutton & Co. 118p. $2.50
WILKINS, HUGH P. Clouds, Rings, and Croro-
diles; By Spaccship Round the Planets. Il-
lustrated by Anne Marie Gauss. Boston, Little,
Brown and Co. 148p. $3.00
WOLLHEIM, DONALD A. One Against tho
Moon. Cleveland, World Publishing Co. 220p.
i $2.75
ZAREM, LEWIS and ROBERT II. MALTBY. New
Era of Flight; Acronautics Simplificd. New
York, E. P. Dutton & Co. 176p. $3.75

LAW
HART, M. J. Outline of International Aviation
Law. St. Louis, Parks College of Aeronau-
tical Technology of St. Louis University.
143p. $3.25

MAINTENANCE AND REPAIR

CIVIL AIR REGULATIONS AND REFERENCE
GUIDE FOR A & E MECHANICS. 13th ed.
Los Angeles, Acro Publishers, Ine. 120p.

8$2.00

U. S. BUREAU OF NAVAL PERSONNEL. Avia-
tion Electronics Technician 3 & 2. Wash.
ington, U. S. Govt. Print. Off. 467p. (s
Navy Training Courses) 81.75

U. S. BUREAU OF NAVAL PERSONNEL. Para-
chute Rigger 3 & 2. Vol. 1. Washington,
U. S. Govt. Print. Off. 497p. (NAVPERS
10453) 81.75

U. S. DEPARTMENT OF THE AIR FORCE.
Aircraft Mechanic (Reciprocating 1 or 2
Engine). Washington, U. S. Govt. Print. Off.
423p. $1.50

WRIGHT, WILLIAM N. A Simple Guide to
Blueprint Reading, with Application to Air-

craft. New York, MeGraw-Hill Book Com-

pany. 120p. 87.00
MANUFACTURE

AIRCRAFT INDUSTRIES ASSOCIATION OF

AMERICA, INC. Annual Report, 1955. Wash.
ington, The Association. 32p.

ALLEN, A. P. and B. V. H. SCHNEIDER. In-
dustrial Relations in the California Aircraft
Industry. Berkeley, University of California

Institute of Industrial Relations. 59p. 8.50
ASHMEAD, GORDON B. Aircraft Production
Methods. Philadelphia, Chilton Company.
293p. 87.50

THE AVIATION INDUSTRY—A REPORT ON
PLANTS AND FACILITIES. Edited by Hugh
C. Judge. New York, Aeronautical Engineering
Review. 32p.

DAY, JOHN S. Subcontracting Policy in the
Airframe Industry. Beston, Harvard Univer-
sity, Graduate School of Business Adminis-
tration. 339p. $4.00

DOUGLAS, DONALD W. “Wings for the
World!” The “DC"” Family in Global Service,
New York, Newcomen Socicty in North Amer-
ica, 1955. 24p.

HARLAN, NEIL E. Management Control in Ajr.
frame Subcontracting. Boston, Harvard TUni-
versity, Graduate School of Business Adwmin-
istration, 269p. §4.00

MANSFIELD, HAROLD. Vision, a Saga of the
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Sky. New York, Duell, Sloan, and Pearce.
389p. 85.00

NEWHALL, RICHARD G., ed. Metals-to-Mectal
Adhesives for the Assembly of Aircraft. San
Francisco, Western Business Publications,
1955, 63p. $4.00

NORTH CAROLINA. UNIVERSITY. INSTITUTE
FOR RESEARCH IN SOCIAL SCIENCE. The
Soviet Aircraft Industry, Chapel Hill, N, C.
The Institute, 1955. 228p. (Its Soviet Plan-
ning Study No. 4)

SOCIETY OF AUTOMOTIVE ENGINEERS, INC.
Aeronautical Drafting Manual, 6th ed. rev.
New York, The Society. 210p. 84.50

TITTERTON, GEORGE FRANCIS, Alireraft Ma-
terials and Processes. 5th ed. New York, Pit-
man Publishing Corp. 415p. (Acronautical
Engineering Serics) $6.00

U. 8. CONGRESS, HOUSE. COMMITTEE ON
ARMED SERVICES. Report on Alrcraft Pro-
duction Costs and Profits by the Subcommit-
tee for Spectal Investigations. Washington,
U. S. Govt, Print. Of. 37p.

U. S. CONGRESS. SENATE. COMMITTEE ON
SMALL BUSINESS, The Aircraft Industry.
Hearings pursuant to H. Res. 114, May 21
and 22, 1956, Los Angeles, Calif., June 27,
28, and 29, 1956, Washington, D. C, Wash-
ington, U. S. Govt. Print, Off, 306p.

MEDICINE

COOMBS, CHARLES 1. Survival in the Sky.
New York, Willinm Morrow and Company.
256p. 83.75

U. S. ‘\A]R FORCE MEDICAL SERVICE. Annual
Repdrt of USAF Medical Service, July 1,
1954—~June 30, 1955. Washington, Depart-
ment of Defense., 474p.

U. S. LIBRARY OF CONGRESS. TECHNICAL
INFORMATION DIVISION. Aviation Medi-
cine; an Annotated Bibliography. By Arnold
J. Jacobius and Madeleine J. Wilkins, Wash-
ington, Office of Technical Services. 204p.
(PB 121543) $4.00

MILITARY AERONAUTICS

THE AIR OFFICER’S GUIDE; A READY-
REFERENCE ENCYCLOPEDIA OF MILITARY
INFORMATION PERTINENT TO COMMIS-
SIONED OFFICERS OF THE UNITED
STATES AIR FORCE. 9th ed. Harrisbarg, Pa.,
Military Service Publishing Company. 561p.

£5.00

THE AIRMAN'S HANDBOOK; A READY REF.
ERENCE OF HELPFUL INFORMATION AND
COUNSEL FOR ALL AIRMEN OF THE
UNITED STATES AIR FORCE. 7th ed., Har-
risburg, Pa.,, Military Service Publishing
Company, 1955. 535p. £3.00

ARCO PUBLISHING COMPANY. How to Qualify
for the United States Air Force Academy; the
Arco Text for Test Training. New York, Arco
Publishing Company, 1955, 214 p. (An Arco
Career Book) $3.00

ARNOLD, ELLIOTT. Rescue! New York, Duell,
Sloan & Pearce. 348p. : $£5.00

BABA, KAZUO, ed. General View of Japanese
Military Aircraft in the Pacific War. Japanese
Text with Separate English Translation.
Hampden Bays, N. Y., Hampton Books, 1955.
2v. 86.35

BROPHY, ARNOLD. The Air Force; a Pano-
rama of the Nation’s Youngest Service. Fore-
word by Robert L. Scott, Jr. New York, Gil-
bert Press, distributed by Julian Messner.
362p. $5.00
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FAHEY, JAMES C. USAF: United States Air
Force and United Statcs Army Aircraft, 1947~
1956, Falls Church, Va., Ships and Afrcraft.
32p. $1.50

FRANCIS, CHARLES E. Tuskegee Airmanj; the
Story of the Negro in the U. S. Air Force.
Boston, Bruce Humphries, Inc. 225p. £35.00

GIBBS-SMITH, C. H. and L. E. BRADFORD.
World Aircraft Recognition. New York, John
de Graff. 269p. $£3.50

HEINKEL, ERNST. Stormy Life: Memoirs of a
Pioncer of the Air Age. Edited by Jurgan
Thurwald, Translated from the German. New
York, E. P. Dutton, 256p. $5.00

HESS, DEAN E. Battle Hymn, New York, Mec-
Graw-I1ill Book Company, 246p. $3.95

LEE, ASHER. Aijr Power. New York, Frederick
A. Praeger. 200p. $3.75

LOCKWOOD, CHARLES A. and HANS CHRIS-
TIAN ADAMSON. Zoomies, Subs and Zeros.
New York, Greenberg., 301p. $3.95

OKUMIYA, MASATAKE and JIRO HORIKOSHI.
Zero! With Martin Coidin. New York, E. P.
Dutton. 424p. 85.00

OUELLETTE, VERNON. Airforce Handbook.
San Francisco, Fearon Publishers. 460p.

£3.90

SCOTT, ROBERT L., Jr. God Is My Co-Pilot.
With a Foreword by Major General C. L.
Chennault, New York, Ballantine Books. 8.35

SHEA, NANCY B. The Air Force Dife. Rev. ed.
New York, Harper & Brothers. 407p. $3.50

STOCKWELL, RICHARD E. Soviet Air Power;
with Supplement. New York, Pageant Press,
Inc. 238p. £7.50

U. S. BUREAU OF. AERONAUTICS (NAVY
DEPT.) U. S. Nawy Aircraft Fire Fighting
and Rescue Manuals; Manusl .on Operational
Practices in Rescue and Extinguishment for
Naval and Marine Alr Stations and Facilities,
‘Washington, U. S. Govt. Print. Off. 235p.
(NAVAER 00-80R14) $2.00

U. S. BUREAU OF NAVAL REI(/SONNEL. Avia-
tion Ordnance-Man 3 & 2.”Vol. 2. Wash-
ington, U. S. Govt. Print, Off. 475p. (Navy
Training Courses)

U. 8. CONGRESS. HOUSE. COMMITTEE ON
APPROPRIATIONS. Department of the Air
Force Appropriations for 1957, Hearings . . .
Washington, U. S. Govt, Print. Off. 1600p.

U. S. CONGRESS. HOUSE. COMMITTEE ON
GOVERNMENT OPERATIONS. Naval Jet
Aircraft Procurement Program. Hearings . , .
October 24-27, 1956. Washington, U. S, Govt.
Print. Off. 306p. |

U. S. CONGRESS. SENATE. ARMED SERVICES
COMMITTEE. Study of Airpower. Hearings
. » . April 16-July 19, 1956. Washington.
U. S. Govt. Print. Off. 23 pts. $5.55

U. S. DEPARTMENT OF THE AIR FORCE, Air
Force Chaplain. Washington, U. S,
Print. Off. 167p. $2.00

U. S. DEPARTMENT OF THE AIR FORCE. Air
Force Register. January 1, 1956. Washington,
U. S. Govt. Print. Off. 711p. $3.75

PILOTING

CIVIL AIR REGULATIONS AND FLIGHT
STANDARDS FOR PILOTS. 16th ed. Los An-
geles, Aero Publishers, Inc. 144p. $2.00

LINDBERGH, ANNE MORROW. Listen! The
Wind. New York, Dell Publishing Company.
224p. (Dell Book D-182) $.35

LINDBERGH, CHARLES A. “We.” New York,
Grosset & Duanlap. 230p. (Great Adventure
Library) $1.95
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LYON, THOBURN C. Practical Air Navigation.
7th ed., rev. Annapolis, Md., Acronautical
Services, Inc. - 83.00

ROWE, BASIL L. Under My Wings. New York,
Bobbs-Mecrrill. 256p. $4.00

ROYCE, *MICHAFL. Studies for Student Pilots,
New York, Philosophical Library. 282p, $6.00

ST. EXUPERY, ANTOINE DE. Night Flight.
New York, New American Library. (Signet
Book) S$.25

U. S. BUREAU OF NAVAL PERSONNEL. Acrog-
rapher’s Mate 1 and C. Washington, U. S.
Govt. Print, Off. (Its Navy Training Courses)

81.50

U. S. BUREAU OF AERONAUTICS (NAVY
DEPT.) Survival Training Guide. Wasghing-
ton, U. S. Govt. Print. Off. 1v. (NAVAER
00-80T-56) 81.75

U. S. CIVIL AERONAUTICS ADMINISTRATION.
Facts of Flight; Information About the
Operation of Private Aircraft, Rev. ed.
Washington, U. S. Govt, Print. Off.,, 19535.
41p. 8.50

U. S. CIVIL AERONAUTICS ADMINISTRATION,
Flight Instructor’s Handbook. Washington,
U. S. Govt. Print. Off. 137p. (CAA Tech-
nical Manual 105) $1.50

U. S. DEPARTMENT OF THE AIR FORCE.
Aircraft Accident: Prevention, Investigation,
Reporting, Washington, U. S, Govt. Print. Off,
188p. (Air Force Manual AFM 625)

U. S. BUREAU OF AERONAUTICS (NAVY
DEPT.) High Altitude Sense. Washington,
U. S. Govt. Print, Off. 48p. (NAVAER 00.
80Q-R) $.35

U. S. DEPARTMENT OF THE AIR FORCE. Air-
eraft Engineering for Pilots. Washington,
U. S. Govt. Print. Off.,, 1955, 341p. (Air
Force Manual AFM 51-42) $3.50

U. S. DEPARTMENT OF THE AIR FORCE. In-
strument Flying Techniques and Procedures
for Jet Aircraft. Washington, U. S, Govt.
Print. Off. 107p. (Air Force Manual AFM
51-45) . $1.50

U. S. DEPARTMENT OF THE AIR FORCE. Sur-
vival Training Edition. Washington, U. S.
Govt. Print. Off. 373p. (Air Force Manunal
AFM 64-3) 75

U. S. DEPARTMENT OF THE AIR FOSI%C’;‘)
Weather for Airerew Trainces, Washington
U. S. Govt. I’rin)l. Off. 157p. (Air Force Mun:
ual AFM 1035-5 $1.75

ZWENG, CHARLES A. and ALLAN (, ZWSENE;,.
Airline Transport Rating. 8th rev. ed. North
Hollywood, Calif., Pan American Navigation
Service. 3534 p. 8$5.50

POWER PLANTS

FLICHT SAFETY FOUNDATION. Aircraft Fucl-
ing. New York, The Foundation. 42p,
GENERAL ELECTRIC COMPANY. AIRCRAFT
GAS TURBINE DEVELOPMENT DEPART.
MENT. Properties of Combustion Gases, Sys-
tem CaHZ2a-Air. New York, MecGraw-Hill Book
Company. 2v. 875.00
HUMPHRIES, JOHN. Rockets and Guided Mijs-
siles. New York, The Macmillan Cnmpany.
229p. $6.00
LEWIS, B., R. N. PEASE, and H. 5. TAYLOR,
eds, High Speed Aerodynamics and Jet Pro.
pulsion.  Veol. 2. Combustion  Processes.
Princeton, N. J., Princeton University Press,
662p. 812.50
NORTHWESTERN UNIVERSITY. Procecedings of
the Gas Dynamics Symposium, August 22.24,
1955. Edited by Donald K. Fleming. Spon.
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sored by Northwestern University and the
American Rocket Society with the Coopera-
tion of the Air Research and Development
Command, United States Air Force. Evanston,

11l., Northwestern University. 284p. $1.00
SMITH, €. W. Aircraft Gas Turbines. New
York, John Wiley & Sons. 448p. £8.75

SUTTON, GEORGE P. Rocket Propulsion Ele-
ments; an Introduction to the Enginocering
of Rockets. 2nd ed. New York, John Wiley &
Sons. 483p. $10.25

WILKINSON, PAUL If. Aircraft Engines of the
World, 1956. 14th cd. New York, The Au-
thor, 225 Varick St. 320p. $15.00

ZAEHRINGER, ALFRED J. Solid Propellant
Rockets; an Introductory Handbook. Wyan.
dotte, Mich.,, Box 1112, American Rockel
Co. 162p. 84.00
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Dodge. New York, Institute of the Aecronau-
tical Scicneces, 354p. 7.50
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nual cdition. Washington, Lincoln Press, Inc.
479p. £6.00
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AVIATION FACTS AND FIGURES, 1956. Edited
by Ben S. Lee. Official Publication of the
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Inc. Washington, Lincoln Press, Imc. 103p.

81.00

ESTEP, RAYMOND. Air Power Bibliography.
Maxwell Air Force Base, Ala.,, Documentary
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Air University. 200p.

GREEN, WILLIAM and GERALD POLLINGER.
The Aircraft of the World. Rev. and enl. ed.
New York, Hanover House. 211p, $7.95
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HEFLIN, WOODFORD AGEE, ed. The United
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Company. Iv. o 825.0
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Dynamic pressure transducers
Gravity-sensing switches
Magnetic modulators
Magnetic powder clutches
Ac and pc servo motors
Electric gyro motors

Flag motors
High-frequency motors
Torque motors

Power converters

Rate generators

Rate gyros

Resolvers

Synchros

Synchro repeaters

-

communications systems

UNF, VHF, HF, MF, and LF receivers
VHF transceivers

VHF, HF, and mF transmitters

ADF receivers

Airport traffic transceivers
Monitoring transceivers
Portable transceivers
Telemetering receivers

Test equipment

communications components

Audio frequency amplifiers
Vacuum tube amplifiers
Magnetic amplifiers

Power amplifiers

Printed and etched circuit amplifiers
Transistor amplifiers
Aircraft broadband antennas
Ground plane antennas
LF-MF whip antennas

Loop antennas

Mobile antennas

Trailing wire antenrfas
UHF-vHF whip antennas

VHF Omnirange antennas

o
for the precision needs of aviation

Antenna fairleads
Antenna reels

Antenna tuning coils
Cable assemblies

Coil assemblies

Crystals

Dynamotors

Headsets

Loudspeakers
Amplifying loudspeakers
Noise-cancelling microphones
Radio noise filters

test equipment

Bench test cable assemblies

Electronic test sets

Field strength meters

Pressurizing test kits

Universal electro-mechanical test stands
Universal motor test stands

fluid handling equipment

Absolute pressure switches
Bombsight and instrument desiccators
Canopy seal pressurizing kits

Cooling units for electronic assemblies
Dehydrators

Fuel flow dividers

Prneumatic actuators

Pressurizing control panels

Alcohol pumps

Anti-detonant injection pumps

Ballast pumps

Bilge and refueling pumps

Dry air pumps

Electric motor driven pumps

Ethylene glycol and coolant pumps
Ethylene oxide pumps

Fuel pumps

Fuel booster pumps

Fuel filter de-icer pumps

Fuel transfer pumps

Hand operated pumps

Heater fuel pumps

Hydraulic pumps

Hydraulic oil booster pumps
Hydrogen peroxide pumps
Lube o0il and scavenge pumps
Multiple-element pumps

©Oil transfer pumps

Scavenge pumps

Smoke pumps

Submerged fuel booster pumps
Vacuum pumps

Water pumps

Radar pressurizing kits
Rocket engine fueling nozzles
Air relief valves

Check valves

Hydraulic valves

Hydraulic servo valves
Isobaric relief valves
Pressure regulating valves
Vacuum valves

<7 miscellaneous

Airborne television installations
Airplane brake modernization kits
Auxiliary power supplies
Electronic chassis assemblies
Executive airplanes

Periscope prism selectors
Precision remote positioners
Printed circuits

Radomes

Wire harnesses

LEAR ©

N.W., Grand Rapids, Michigan « Aircraft Engineering Division : Santa Monica Airport, Santa Monica, California

Lear S.A.: Aeroport Cointrin,

Geneva, Switzerland - Lear Electronic GmbH : Munchen 64, Flughafen, Germany
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SUMMARY STATISTICS

The following statistics are as ncarly up-to-date as was practicable at the timic the Year Boaok
went to press. Wherever possible, lasteminute, 1936 figures were included in the main text

of the book, and may be found under appropriate chapter headings. R
The Editors

AVERAGE WEEKLY HOURS IN THE AIRCRAFT, ENGINE, PROPELLER,
AND PARTS INDUSTRY

(Source: Aircraft Industrics Association)

Other
Year Aircraft Aircraft Alrcraft Aircraft
and and Aircraft Engines Propellers Parts
Month Parts and and and
Parts Parts Equipment
1954 40.9 40.9 40.7 39.4 41.2
1955 41.3 41.2 41.0 41.6 41.7
1956
Janoary 42.0 41.7 42.7 41.6 42.3
February 42.0 41.7 42.4 41.8 42.5
March 41.7 41.6 41.7 41.4% 42.3 !
April 41.7 41.6 41.6 41.9 42.4 [
May 41.8 41.6 41.6 42.6 42.9
June 41.7 141.3 41.8 42.0 43.2
July 41.92 41.7 42.2a 42.6a 42.3a
August 42.3 42.0 43.1 42.3 42.5
AVERAGE WEEKLY EARNINGS
1954 85.07 85.07 85.06 82.35 85.70
1955 89.62 89.40 88.97 90.69 90.49
1956
January 92.82 91.32 96.08 92.77 95.18
February 92.82 91.74 94.55 92.38 95.20
March 92.57 91.94 92.99 91.91 94.33
April 93.83 94.02 93.35 93.44 95.82
May 91.47 94.43 93.18 95.42 97.38
June 94.66 93.75 91.89 94.92 99.36
Jaly 95.95a 95.19a 96.22a 97.132 96.87a
August 97.29 97.02 98.70 94.75 96.90
AVERAGE HOURLY EARNINGS
1954 2.08 2.08 2.09 2.09 2,08
1955 2.17 2.17 2.17 2.18 2.17
1956
January 2,21 2.19 2.25 2.23 2.25
February 2.21 2.20 2.23 2.21 2.24
March 2.22 2.21 2.23 2,22 2.23
April 2.25 2.26 2.22 2.23 2.26
May 2.27 2.24. 2.24. 2.24, 2.27
June 2.27 2.27 2.27 2.26 2.30
July 2.29a 2.29a 2.28a 2.28 2.29a
August 2.30 2.31 2.29 2.24 2.28
* Revised
i
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NUMBER OF ENGINES PRODUCED

1917-1956

Total Military Civil
1917-1919 .............. . N.A. 44,453 N.A.
1932 1,896 1,085 813
1933 1,980 860 1,120
1934 2,736 688 2,018
1935 2,965 991 1,974
1936 4,237 1,804 2,433
1937 6,084 1,989 4,095
1938 N.A. N.A. N.A.
1939 11,172 N.A. N.A.
1940 .. N.A. 22,667 N.A.
19418 .. N.A. 58,181 N.A.
19428 _, N.A. 138,089 N.A.
1943® N.A. 227,116 N.A.
19448 N.A. 256,911 N.A.
1945* ... N.A. 109,650 i N.AL
1946 43,407 2,585% 40,822
1947 21,178 4,808 16,370
1948 N.A. N.A. 9,039
1949 N.A. N.A. 3,982
1950 N.A. N.A. 4,314
1951 N.A. N.A. 4,580
1952 31,382¢ 26,000¢ 5,382
1953 41,147¢ 34,500¢ 6,647
1954 27,519¢ 22,000¢ 5,519¢
1955 20,639¢ 13,000¢ 7,639
1956 24,500¢ 12,500¢ 12,000¢

2Excludes aircraft engines produced for other than aircraft use.

bExcludes experimental engines, engines classified by the armed forces as secret or confidential,
engines for non-man-carrying, pilotless aircraft, jet assist mechanisms.

¢ATA estimate.

Source: 1917-1947—AIJA Aircraft Year Book, 1948, P. xxl.
19148-1956—DBurcau of Census Facts for Industry Series M42A.

SHIPMENTS OF CIVIL ATIRCRAFT ENGINES
1956

(Source: Bureau of Census, Facts for Industry, Series M42A.)

Total Value

Number of Horsepower (Thousands

Month Engines (in thousands) of Dollars)
January ... 930 381 6,800
February ... 976 401 6,923
March 1,065 432 7,600
April 949 431 7,967
May .... 1,038 503 9,159
June 977 459 8,682
July 996 444 8.420
August 1,038 432 8,036
September 793 481 9,938
902 536 10,677

October i
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U. S. CIVIL AIRCRAFT
By States

(Source: Civil Aeronautics Administration)

Number of civil aircraft!

Number of civil aircraft!

State Jan. 1, 1955 Jan. 1, 1956 State Jan. 1, 1955 Jan. 1, 1956
TOTAL ... 92,067 85,320 I\-lonlnnu . 1,168 1,123
Nebraska ... 1,737 1,565
Alabama ... 718 668 Nevada ...cccveennnn . 476 444
Arizona .. 1,259 1,174 New Hampshire . - 221 203
Arkansas 1,104 1,018 New Jersey 1,960 1,789
California 10,635 9,926 New Mexico 830 780
Colorado .. . 1,250 1,168 New York ... 4,598 4,255
Connecticut . . - 685 664 North Carolina 1,615 1,526
Delaware ...ciicessieenes [ 210 224 North Dakota ... 1,148 974
District of Columbia.... 512 446 Ohio ... 4,436 4,115
Florida .. 2,743 2,458 Oklahoma 1,958 1,812
Georgia 1,255 1,121 Oregon  ........ . 1,723 1,619
Idaho .... 855 802 Penngylvania .. 3,830 3,388
Illinois .. 5,152 4,741 Rhode Island ... 203 184
Indiana .. 2,786 2,538 South Carolina . 567 509
Iowa ... 2,066 1,966 South Dakota . 1,075 992
Kansas 2,433 2,200 Tennessee 928 845
Kentucky ... 721 641 6,829 6,617
Louisiana ... e 1,338 1,326 503 484
Maine .oeennns 515 434 Vermont .... 158 149
Maryland 913 799 Virginia ........ 1,244 1,075
Massachusetts 1,406 1,295 Washington 2,297 2,219
Michigan ...... 3,940 3,611 West Virginia ... 574 507
Minnesota 2,242 2,220 Wisconsin ... 1,908 1,689
Mississippi .... 936 867 Wyoming veee 514 477
Missouri ....ucceene vesenasres 2,123 1,965 QOutside U. Al s 1,770 1,708
ncludes gliders.
CIVIL AIRCRAFT PRODUCTION
Number of Units
(Source: Bureau of the Census, Facts for Industry, Series M42 A)

Month 1952 1953 1954 1955 1956

January ..... 224 365 278 350 537

February 227 382 240 357 614

March 248 358 312 480 656

April 291 402 359 453 692

May 330 417 309 492 714

Jane 335 339 316 543 648

Jaly 353 402 293 358 507

Angust 349 850 265 249 681

September 337 a59 265 352 613

October ..... 293 235 174 353 508

November 268 275 288 348 cernen

December 254 250 290 485 cevens

TOTAL 3,509 4,134 3,098 4,820
34
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AIRPORTS AND AIRFIELDS
1928-1955

(Source: Civil Aeronautics Administration)

Calendar Year Total Commercial Municipal CAA intermediate All others
1928 ........... Crvessesenrrssiennrvree 1,364 365 368 210 4217
1929 ... vessssesrareenensrnnn veeeee 1,650 495 453 285 3179
1930 ....ciiseerereeesserceeisnneeenee 1,782 564 550 354 3142
1931 .....ooeeenene cesesecarrecanreean . 2,093 829 780 404 80
1932 ..., cererenaene 2,117 869 77 352 119
1933 it cenvesenee 2,188 938 827 265 158
1934 .o, 2,297 872 980 259 186
1935 i e 2,368 822 1,041 291 214
1936 ....ccceeeee trversnness vereeenee 2,342 774 1,037 296 235
1937 avieremivrisiraienaeas cereneee 2,299 727 1,053 283 236
2,374 760 1.092 267 255
2,280 801 963 266 250
2,331 860 1,031 289 151
2,484 930 1,086 283 185
2,809 1,069 1,129 273 338
2,769 801 914 240 814
3,427 1,027 1,067 229 1,104
4,026 1,509 1,220 216 1,081
4,490 1,930 1,424 201 935
5,759 2,849 1,818 178 914
6,414 2,989 2,050 161 1,214
6,484 2,585 2,200 139 1,560
6,403 2,329 2,272 76 1,726
6,237 2,042 2,316 57 1,822
6,042 N.A. N.A. N.A. N.A.
6,760 N.A. N.A. N.A. N.A.
6,977 N.A. N.A. N.A. N.A.
6,839 N.A. N.A. N.A. N.A.

N.A.

Not Available.

%nclude auxiliary marked fields, later classified as to ownership, commercial or municipal.

1899
1900
1908

1909

1910
1912
1913
1914
1915

ALLOCATIONS AND APPROPRIATIONS
FOR AERONAUTICS, U. S. ARMY

Langley experiments.
Langley experiments,
Baldwin dirigible, revoked
and later applied toward
payment for Wright plane.
Herring & Scott airplanes.
Later for Wright plane.
Wright plane.

Signal Service of Army.
Signal Service of Army.
Signal Service of Army.
Signal Service of Army.

$25,000
25,000

25,000

21,000
9,000
125,000
100,000
125,000
50,000

$505,000

AVERAGE SPEED
(Miles Per Hour)
Domestic Scheduled Air Carrlers
(Source: CAA Statistical Handbook)

Average speed

Year (miles per hour)
1946 160.2
1948 171.9
1950 181.2
1951 184.6
1952 190.8
1953 197.8
1954 205.8
1955 209.0
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U.S. AIRCRAFT PRODUCTION

(units)
1914-1956
(Source: Aircraft Industries Association)

Military Civil
Year Total Aircraft Aircraft
1914 49 15 34
1915 178 26 152
1916 411 142 269
1917 2,148 2,013 135
1918 14,020 13,991 29
1919 780 682 98
1920 328 256 72
1921 437 389 48
1922 263 226 37
1923 745 689 56
1924 377 317 60
1925 789 447 342
1926 1,186 532 654
1927 1.995 621 1.3714
1928 4,346 1,219 3,127
1929 6,193 677 5.516
1930 3,437 747 2,690
1931 2,800 812 1,988
1932 1,396 593 803
1933 1,324 466 858
1934 1,615 437 1,178
1935 1,710 459 1,251
1936 3,010 1,141 1.869
1937 3,773 949 2.824
1938 3,623 1,800 1,823
1939 5,856 2,195 3,661
1940 12,804 6,019 6,7857
1941 26,277°¢ 19,433 6,844"
1942 47,836° 47,836* a
1943 85,898¢ 85,8982 a
1944 96,318° 96,318 a
1945 49,761°¢ 47,714+ 2,047
1946 36,670 1.669 35,001
1947 17,717 2.100 15.617
1948 9,586 2,284 7,302
1949 6,089 2,544 3.545
1950 6,520¢ 3,000e 3,520
1951 7,877¢ 5,400 2,477
1952 12,509¢ 9,000¢ 3,509
1953 15,134e 11,000 4,134
1954 12,989¢ 9,600¢ 3,389
1955 13,220° 8,400° 4,820
1956 15,400¢ 7,900¢ 7,500¢

2Includes military aircraft for Lend-Lease
shipments.

bRepresents domestic civil production only.

¢Includes United States-financed aircraft
manufactured in Canada.

9No production except military.

¢Estimate.

e el o o
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UNITED STATES AIRCRAFT EXPORTS
Number and Value

(Source: Aircraft Industries Association)

Aircraft exported? Value of all aero-
Year! Number Value nautical exports?
1913... 29 $81,750 8107,552
1914. 34 188,924 226,149
1915... 152 958,019 1,541,446
1916... 269 2,158,395 7,002,005
1917... cevese 135 1,001,542 4,135,445
1918... 20 206,120 9,084,097
1919. 85 777,900 13,166,907
1920, 65 598,274 1,152,649
1921. 48 314,940 472,548
1922.., 37 156,630 494,930
1923... 48 309,051 433,558
1924... 59 412,738 798,273
19235... 80 511,282 783,659
1926... 50 303,149 1,027,210
1927... - 63 848,568 1,903,560
1928... 162 1,759,653 3,664,723
1929.., 348 5,484,600 9,125,345
1930, 321 4,819,669 8,818,110
1931. 140 1,812,809 4,867,687
032 289 4,358,967 7,946,533
1933, 406 5,391,493 9,180,328
1934... 490 8,195,484 17,662,938
1935... 333 6,598,515 14,290,843
1936 527 11,601,893 23,143,203
1937 628 21,076,170 39,404,469
1938... 875 37,977,324 68,227,689
1939. 1,220 67,112,736 117,807,212
1940... 3,522 196,260,556 311,871,473
1941... 6,011 422,763,907 626,929,352
1942... 10,448 879,994,628 1,357,345,366
1943... 13,865 1,215,848,135 2,142,611,494
1944, 16,544 1,589,800,893 2,825,927,367
1945. 7,599 663,128,543 1,148,851.587
1946... 2,302 65,257,749 115,320,235
1947... 3,125 74,476,912 172,189,502
1948. 2,259 66,354,000 153.629,000
1949. 1,2644 37,388,5534 282,984,025
1950. 7595 44,292,2225 242,362,699
1951... 8945 18,606,5285 301,424,786
1952... 1,18058 27,500,121° 603,181,876
1953... 1,3785 91,137,3265 880,634,000
1954... 1,1515 120,785,000° 619,384,000
1955. 1,714° 130,069,000°5 728,514,000

11913-18, fiscal years; 1919-54, calendar years. Data for the second half of 1918 is included
with calendar year 1919.

ZExclusive of gliders and barrage balloons.

®Total value of aircraft, engines, parts, ete. 1913-21 include values of aircraft and aircraft
parts. Prior to 1922, engine values were not reported separately, but were probably included
with either ‘‘other” internal combustion engines or with *“parts’ of aircraft. Values for para.
chutes and their parts have been included only since 1932,

4For security reasons the 1949 figures do not include exports after April on military and cargo
aireraft and engines of 400 hp and over. Right hand column includes military.

5For security reasons these figures do not include military, cargo and used transport air-
craft, engines of 400 hp and over, propellers, instruments nor any other parts or accessories. Right
hand column includes military.
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CIVIL AIRPLANE OUTPUT
By Power and Types

(Source: Burcan of the Census, Facts for Industry Series M42A)

1937-1956!

1937 1938 1939 1940 1941 1945

Total .ccveeriiniverrrnnnans Gieremriareerenceseserennae 2,289 1,823 3,715 6,785 6,844 2,047

By nrmber of engines

Single-engine ..oecovveeeiiiieenn EPTYSR 2,171 1,770 3,613 6,562 6,629 1,946
118 53 102 167 165 101
0 0 (V) 56 50 0

Multi-engine ...
Unclassified

By horsepower

50 hp. and under . . 1,393 1,350 1,686 490 7 0

51-70 hp. .eereeervnnranne 44 23 1,349 4,529 4,303 1,828
71-100 hp. .. 183 61 311 935 1,805 105
101-165 hp. 193 149 120 211 206 13
166-225 47 16 9 318 309 0
226-300 199 122 86 37 15 1}
301-600 142 54 76 72 31 28
601-800 88 48 78 137 118 63
4] (V] 0 0 o 10
Uneclassified ...icccvrvecereinianncntnineneennas conms (1] 0 (1] 56 50 (1}
By types

Landplanes:
1-2-place .ucerrercuriracnne coees 1,668 1,487 3,118 5,527 6,060 1,929
3-5-place cane 460 258 465 1,031 573 17
6-20-place vens 48 26 21 8 3 63
21-place and over . 57 17 55 132 112 10
Seaplanes .. 41 26 51 18 16 V]
Amphibians 15 10 5 3 30 28
Unclassified ...... e o (1] (4] ] 66 50 o
1950 1951 1952 1953 1954 1955 1956
Total Civil 3,520 2,477 3,507 4,134 3,389 4,753 5,048
Personal ...... 3,391 2,279 3,057 3,825 3,098 4,508 4,788
Transport ... 129 198 452 309 291 245 260

By Place:
, 9
2-place ... 1,029 ) 2,275 3,056 3,822 2,982 4,305 4,596
3« to S-place ...... 2,362 s
Over 5-place ...... 129 202 433 312 407 448 452
By Horsepower:?
b IS 7 SRR
597 ) 2,273 3,056 3,822 2,968 4,149 4,129
100- .
£00.5,999 2,789
- 134 204 453 312 421 604 619

4,000 and over .

11956 figure for eight months.
2Exports excluded 1938-1941; no civil production during 1942-44; exports included 1945-50.
3Total rated horsepower of all engines.
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Airline Statistics

AIRLINE REVENUE PASSENGER MILES
U. S. Domestic Air Carriers By Months

(Source: CAB Statistics, 1955)

Millions of Passenger Miles

Month

1948 1949 1950 1951 1952 1953 1954 1955

January
February
March -
April

May

June

Jualy
August
September
October
November

December

401,214 429,935 481,428 742,598 877,482 1,070,830 1,209,413 1,529,339
356,859 432,226 479,650 683,196 823,887 1,030,858 1,150,961 1,361,040
440,106 533,548 568,162 861,466 953,855 1,188,332 1,293,975 1,569,089
483,233 577,852 636,440 860,750 1,026,739 1,243,900 1,378,304 1,669,604
539,431 608,302 684,940 888,380 1,006,840 1,257,142 1,410,400 1,645,995
588,677 676,842 784,870 958,610 1,153,923 1,363,953 1,579,139 1,825,344
561,075 640,718 746,463 949,311 1,121,926 1,351,668 1,571,160 1,823,900
569,583 627,127 775,238 995,394 1,187,847 1,381,237 1,457,196 1,814,248
549,539 634,088 741,777 967,436 1,160,558 1,303,595 1,487,709 1,752,783
534,758 608,837 757,721 952,359 1,159,536 1,266,785 1,465,234 1,731,674
452,441 504,939 639,826 840,837 100,4,905 1,099,775 1,326,075 1,502,303
486,355 478,164 705,953 862,682 1,050,820 1,202,208 1,472,876 1,627,987

Total 5,963,271 6,752,578 8,002,46810,563,01912,528,318 14,760,28316,802,442 19,853,306

AIR CARRIER OPERATING EXPENSES

Domestic
(Source: Alr Transport Association)
Aircraft % of Ground and Total
Operating Total Indirect Operating
Expenses Expenses % of Expenses
Year (000) (000) Total (000)
1946 129,250 40.11 192,970 59.89 322,220
1947 169,165 43.80 217,033 56.20 386,198
1948 199,992 46.33 231,643 53.67 431,635
1949 223,463 48.33: 238,907 51.67 462,370
1950 241,060 . 48.73 253,586 51.27 494,646
1951 287,912 48.36 307,396 i 51.64 595,308
1952 361,465 49.97 361,947 50.03 723,412
1953 438,088 51.51, 412,360 48,49 850,448
1954 487,379 51.76 454,201 48.24 941,580
1955 551,495 51.21 525,480 48.79 1,076,975
BREAKDOWN OF DIRECT AIRCRAFT OPERATING EXPENSES
Direct
Flying Maintenance . Depreciation
Operations % of Flight Equip. % of Flight Equip. % of
Year (000) Total (000) Total (000) Total
1946 70,410 21.85 33,273 10.35 25,567 7.93
1947 88,840 23.0 42,903 11.11 37,422 9.69
1948 109,637 25.40 49,035 11.36 41,320 9.57
1949 127,539 27.58 54,102 11.70 41,822 9.05
1950 141,816 28.67 57,840 11.69 41,404 8.37
1951 172,466 28.97 71,681 12.04 43,215 7.26
1952 208,665 28.84 92,696 12.81 60,449 8.36
1953 253,091 29.76 102,401 12.04 82,046 9.65
1954 279,970 29.73 110,299 11.71 97,035 10.31
1955 323,149 30.00 135,409 12.57 92,937 8.63

Includes Trunks, Local Service and Territorial
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PASSENGER MILES, MAIL, EXPRESS AND FREIGHT
TON-MILES

Trunks—Iocal Service—Territorial—Helicopter

(Source: Air Transport Association)

Tlotal Air Mail Express Freight
Passenger Passenger Ton Miles Ton Miles Ton Miles

Year Miles (000) Load Factor (000) (000) (000)

DOMESTIC!:
1950 8,012,536 61.23 47,000 37,280 114,086
1951 10,566,141 67.88 63,849 41,268 102,356
1952 12,527,867 65.60 69,333 41,324 119,502
1953 14,760,309 63.45 72,905 43,4681 134,462
1954 16,768,706 62.45 81,600 41,1781 147,096
1955 19,819,671 63.32 87,445 51,006! 177,065
INTERNATIONAL:
(International and Overseas and Alaska)
1950 2,228,841 59.45 21,929 44,5132 16,050°
1951 2,635,424 59.31 22,845 2892 71,0042
1952 3,091,007 61.60 23,659 2812 72,3462
1953 3,473,480 61.25 26,453 2192 74,4272
1954 3,830,276 59.01 37,381 2172 81,886°
1955 4,520,024 62.38 54,788 2.432 89,598°
1Express N. A. for Territorial
“International and Overseas only.
AIR CARRIER OPERATING REVENULES
Domestic and International
(Source: Air Transport Association)
Passenger Mail Express and Other

Revenue % of Revenue % of Freight % of Revenue 9 of Total

Year (000) Total (000)1 Total Revenue (000)Total (000) Total Revenues
DOMESTIC:
1950 444,506 79.66 63,968 11.46 35,122 6.29 14,394 2.58 557,990
1951 591,186 84.17 57,420 8.18 36,914 5.25 16,846 2.40 817,686
1952 695,456 85.05 58,888 7.20 42,829 5.24 20,513 2.51 702,366
1953 803,869 85.75 65,114 6.94 47,791 5.10 20,708 2.21 937,482
1954 905,840 B86.87 65,726 6.30 49,897 4.78 21,330  2.05 1,042,793
1955 1,060,588 88.30 55,327 4.61 61,102 5.09 24,041 2.00 1,201,058
ncludes subsidy,
INTERNATIONAL:
Passenger Mail Express and Other

Revenue % of Revenue % of Freight % of Revenue 9 of Total
Year (000) Total (000)* Total Revenue (000)Total (000) Total Revenues
1950 163,431 60.63 58,628 21.75 22,303 8.27 25,207 9.35 269,569
1951 188,634 62.89 56,955 18.99 26,138 8.71 28,214 9.41 299,941
1952 218,315 65,98 59,057 17.85 28,291 8.55 25,216 7.62 330,879
1953 239,354 67.12 62,806 17.61 29,182 8.18 25,244 7.08 356,586
1954 260,713 68.96 58,418 15.45 31,521 8.34 27,401 7.25 378,053
1955 302,990 74.51 35,173 8.65 34,394 8.46 34,071 8.38 406,628

Includes subsidy.

48

LA a







T/e AIRCRAFT YEAR BOOK
PLANES IN USE

Domestic Airlines

(Source: Air Transport Association)

1946 1947 1948 1949 1950
Miles Miles Miles Miles Miles
No.of No. Per No. Per No. Per No. Per No. Per
Aircraft Engines Planes Day Planes Day Planes Day Planes Day Planes Day
Beechcraft 2 0.4 302 5.3 721 6.4 618 veer coes
Boeing
247-D 2 1.0 607 4.0 654 0.6 818 .- enre sase oeer
SA-3078B 4 5.0 1,695 5.0 1,344 5.0 1,362 5.0 1,365 5.0 656
377 4 asen vees 10.0 410 10.0 1,283
Convair 240 2 oo soee seee 16.2 899 93.0 853 103.0 940
Douglas
DC-2 2 - s . e
DC-3 2 426.6 1,638 +446.7 1,303 442.4 1,190 398.0 1,077 388B.0 972
DST 2 s .-
DC-4 4 85.8 1,758 149.6 1,546 150.8 1,318 160.0 958 150.0 1,324
DC-6 4 oo 21.1 1,462 54.4 1.864 104.0 1,655 111.0 1,751
Lockheed
Electra 2 3.0 587 . 3.9 591 e avee
Lodestar 2 16.7 1,285 11.5 1.086 12.0 335 11.0 975 11.0 969
Constellation 4 6.6 1,190 21.3 1,742 32.0 2,067 55.0 1,596 83.0 1,264
Sikorsky S-38 2 0.1 100 . . o
Stinson 4 11.0 445 7.8 420 7.0 447 e
Waco 1 were . aear waee
Martin 202 2 2.0 782 17.6 859 24.0 1,255 33.0 954
404 2 oo . cnnn ane.
Curtiss C-46 2 .- oo 0.2 802 2.0 224
1951 1952 1953 1954 1955
Beechcraft 2 . . . . . P o
Boeing
247.D 2 . . .- . .
SA-307B 4 e vees . oee " sess
377 4 16.0 1.630 16 2,202 16 2,370 11 2,057 10 2.292
Convair 240 2 102.0 1,102 99 -1,254 90 1,373 92 1,218 93 1,253
340 24 624 98 1,225 116 1,358 122 1,302
Dourlas
DC-2 2 oeas vee
DC-3 2 425.0 1.014 363 938 316 948 283 839 302 924
DC.4 4 137.0 1,614 124 1,666 126 1,751 109 1,484 89 1,547
DC.6 4 139.0 2,207 161 2,321 175 2,394 185 2,235 173 2,220
DC-7 . 10 2,348 61 2,286 63 2,416
Lockheed
Electra 2
Lodestar 2 11.0 1,152 11 1,184 11 1,212 11 748 10 487
Constellation 4 101.0 1,976 125 2,103 135 2,239 141 2,370 133 2,215
Sikorsky S-38 2 .- sees “ .
Stinson 4 . ves s oran .- e .
Waco 1 . -
Martin
202 2 12.0 786 21 1,017 25 966 25 1,003 18 1,062
404 2 18.0 1,089 96 1,206 100 1,373 100 1,393 100 1,138
Curtiss C-46 2 . e e oeee cene
Viscount 2 wear . . . v ceen . 5 1,610

50






The AIRCRAFT YEAR BOOK

COMPARATIVE TRANSPORT SAFETY RECORD

+  Passenger Fatalities per 100,000,000 Passenger Miles
(Source: Air Transport Association)

1946 1947 1948 1949 1950 1951 1952 1953 1954
Domestic Scheduled
Air Lines
Fatalities . 75 199 83 93 96 142 46 86 16
Rate ...... 1.24 3.21 1.30 1.30 1.10 1.30 - .60 .09
Buses
Fatalities 140 1.40 120 120 100 130 100 NA 60
Rate ...... .19 .21 .18 .20 17 .22 .16 NA .11
Intercity Railroads
Fatalities ...... 116 74 52 32 184 126 14 31 23
Rate .18 Jd6 13 .09 .58 41 04 .10 .08
Pass. Autos & Taxicabs
Fatalities ... 15,400 15,300 15,200 15,300 17,600 21,000 22,600 NA 22,500
Rate ....ccvveerers 2.5 2.3 2.1 2.1 2.2 2.4 2.8 NA 2.6
N. A. Not available.
Domestic Trunk Airlines 1948-1955
(Source: Air Transport Association)
1948 1950 1952 1954 1955
ASSETS (000) (000) (000) (000) (000)
Current Assets 178,535 213,480 357,274 374,538 452,962
Flight Equipment 307,640 387,687 589,900 809,148 918,896
Depreciation 114,661 180,141 267,881 408,240 493,101
Flight Equipment—Net 192,979 207,546 322,019 400,908 425,495
Ground Property and
Equipment—Net 76,278 61,666 81,220 93,8941 108,451
Property & Equipment—Net 269,257 269,212 403,239 4~94,8()2 533,949
Deferred Charges 18,020 18,247 9,934 10,535 10,626
Other Assets 34,696 62,173 39,149 38,659 50,233
Total Assets 500,508 563,112 809,596 918,534 1,047,770
LIABILITIES
AND CAPITAL
Current Liabilities 103,753 137,184 244,137 255,015 291,150
Long Term Debt 168,998 137,327 173,182 188,953 204,879
Operating Reserves 2,554 4,305 4,609 6,529 9,257
Capital Stock 128,284 132,947 155,944 149,755 119,032
Capital Surplus 65,399 69,209 96,007 98,883 147,277
Earned Surplus 12,558 61,610 131,297 206,805 251,298
Other Liabilities and Capital 18,962 17,530 4,420 12,594 24,877
Total Liabilities and Capital 500,508 563,112 809,596 918,534 1,047,770

52



GENERAL ELECTRIC

Airborne Systems and Components

Airborne ordnance

Airborne radar antennas

Aircraft energizers

Amplidynes

Amplistats

Autopilots

Ballasts

Capacitors

Circuit breakers

Computing sight systems

Electric control equipment

Electronic and communication
systems

Fuel turbopumps

Generator control systems

Generator turbodrives

Generators

Heating equipment

Hydraulic constant-speed drives

Hydraulic turbopumps
Instruments

Jet engine control systems
Jet engine ignition systems
Motors

Propeller control devices
Rectifiers

Relays

Rocket engines

Selsyns

Servo systems

Switches
Transformer-rectifiers
Transformers

Turbojet engines
Turboprop engines
Turboshaft engines
Turbostarters
Turbosuperchargers

For further information on these and other Gen-
eral Electric aviation products, contact your
local Aviation and Defense Industries Sales
Office or write Section 640-462A, General Elec-
tric Company, Schenectady 5, N. Y.

Pvgress /s Ovr Most Imporfant Product

GENERAL @3 ELECTRIC
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THE INDUSTRY

CHAPTER ONE
The Industry

months away from attaining the airpower goals (137 Air Force

wings, 17 Navy carrier air groups) set by the Joint Chiefs of Staff
m mid-19533. The aircraft industry’s output for the military services de-
clined from approximately 8,400 aircraft in 1933 to fewer than 7,000 in
1956, but the total number of planes produced remained at about the 13,000
level, primarily because of the increase in civilian production, notably for
business and personal use. Civil plane deliveries amounted to about 7,100

While deliveries to the Armed Forces in terms of units dropped. in-
dustry dollar volume, airframe poundage produced and employment re-
mained relatively stable. This occurred because output largely involved
heavier and more expensive aircraft and because deliveries of guided mis-
siles increased. Each month brought with it additional missile deliveries
and new missile orders.

The aircraft industry continued to book orders from airlines in the
U.S. and abroad for new jet and turboprop transports. By vear end, manu-
facturers held orders or options for more than 600 gas-turbine powered
airliners valued at more than $2-billion. The industry continued to fill
and obtain new orders for piston-engine transport planes.

The accomplishments of the various companies during the vear are de-
tailed on the following pages.

K 1956 CAME TO AN END, the military services were only six
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AIRCRAFT MANUFACTURERS
Aero Design and Engineering Co.

Production activity at Aero Design & Engineering Co. during 1956 was
centered on two versions of the Aero Commander 5-7 place twin-
engine executive transport. At the beginning of the year, the 560A model
was in full production with eight to ten units per month being finished. In
the Spring, production activity began to swing to the supercharged 680
model and by the end of the year the majority of the plant’s production was
centered on the 680 Super with 18 to 20 units being produced each month.

At the end of the year, the 560A was still in production and an option
in the use of engines in the 560A had been announced. The high compres-
sion 295 horsepower Lycoming engine was approved for the 560A and
Aero was producing a limited number of the 560A (high compression)
aircraft,

Major production activity was centered at the Tulakes facility with
modifications being done at Cimarron Field and additional contract work
being arranged at Downtown Airpark in Oklahoma City and Meachum
Field at Ft. Worth. Construction of a $1.5-million factory on private
property adjacent to Tulakes Airport was underway.

. Research activities were centered at the research and development divi-
sion on Max Westheimer Field at Norman, Oklahoma. Major research
activities were on product refinement and development.

Financial data was not readily available but it was expected that the
gross sales would go well over the 1955 $7.5-million figure. At the end of the
year, Aero was reporting a $2-million annual payroll with a total invest-
ment of some $5-million dollars.

Beech Aireraft Corporation

Beechcraft’s 24th year in 1956 was one of many milestones. Sales
of commercial aircraft increased: a new business aircraft model was
readied for production ; military aircraft contracts were extended into fu-
ture years ; the backlog of both commercial and military business increased
to more than $100-million; and the company formed two wholly-owned
subsidiary corporations: the Beechcraft Research & Development Corpora-
tion, as a further development of Beech Aircraft’s movement into advanced
and secret fields of powered flight ; and the Beech Acceptance Corporation,
as a further development of Beech Aircraft’s leadership in the field of
offering customer financing plans.

Total sales for the 1956 fiscal year ending September 30 were $74,-
538,948. Net earnings were $3,331,327 after taxes.

Commercial sales reached a new high of $32,091,761 during the year.
The previous record wag $27,245,940, made during the 1955 fiscal year.
Sales by Beecheraft’s U.S. distributors and dealers increased over 23 per-
cent and export sales continued at Jevels comparable to those achieved in
the 1955 fiscal year. Unit sales during the year increased for each of the
company’s busmesg_ aircraft models—the Beechcraft Super 18 eight-place
twin-engine executive transport, the Beechcraft Twin-Bonanza six-place
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Continued major assembly production of items for Republic's USAF
F-84F Thunderstreak and RF-84F Thunderflash jet fighters.

Plus new orders for major subassemblies for the Convair USAF
F102A, F106A, and F106B jet fighters.

As of October 31, 1956, Beechcraft's commercial and military backlog
totaled approximately $103-million.

As a follow-on development to Beechcraft's establishment of a special
engineering facility in Boulder, Colo., in July of 1955, Beech Aircrait
Corporation in February of 1956 formed as a wholly-owned subsidiary, the
Beechcraft Research & Development Corporation. Later in February the
company announced the purchase of 760 acres of land adjacent to Colo-
rado’s new Foothills Highway just north of Boulder. During the year a
special preliminary testing facility was constructed on the new site, but
military security regulations cover the research projects under considera-
tion.

" Beechcraft military projects developed and announced during 1956 did
include more information on the Beech-designed pilotless target-plane and
on a high-speed aerial tow-target.

The Beech-designed U.S. Navy XKDB-1 is a pilotless remote-con-
trolled target-plane planned for training both ship-to-air and air-to-air
Navy weapons systems crews. In 1956 Beech revealed that their new
drone was adaptable to photo and reconnaissance applications.

As a high-speed aerial tow-target, the Beechcraft Dart provides a long-
needed supersonic target for jet fighter gunner practice.

As another wholly-owned subsidiary, Beech Aircraft Corporation an-
nounced in November of 1956 the incorporation of the Beech Acceptance
Corporation, Inc., with nine Beech officials serving as its board of directors.

At year-end, Beech Aircraft had more than 134 million square feet of
plant area in use in its five major production facilities at Wichita, Liberal
and Herington, Kans., and employment was over 6,500.

Bell Aircraft Corp.

Emphasis on the world-wide commercial helicopter market and broad-
ening activity in the aircraft, rocket propulsion, electronics and servo-mech-
anism fields highlighted the company’s operations during the year. Bell
also moved to decentralize its diversified products business and to strengthen
product lines with a reorganization of its Niagara Frontier operations.

The Niagara Frontier Division was discontinued and its activities taken
over by two new operating groups, the Aircraft Division and the Weapon
Systems Division, which will have complete responsibility for the design,
production, procurement, sales and allied functions for their own products.
The Weapon Systems division was sub-divided into the Avionics, Rockets,
Guided Missiles and Research Divisions. The Aircraft Division is responsi-
ble for production of Bell airplanes and for Bell’s large aircraft component
sub-contracting programs for other prime contractors. It will have two
principal sub-divisions, production and engineering.

Bell also formed a new wholly-owned subsidiary, the Bell Automation
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Corporation, in Rochester, N. Y.. to specialize in the field of automatic
controls and systems. First product introduced was the Electro-Way, an
electronically-controlled continuous weighing system for the convevor belt
handling of bulk materials. Installations were made in a number of indus-
tries including cement. gypsum and power plants.

The year also saw Bell enter the field of nuclear research with the for-
mation of a nuclear engineering department. In the planning stage was a
nuclear research fac111t\ consisting of a “"Hot Laboratory™ and gamma
irradiation source with the La[)’ll)lht\ of expanding to include other phases
of nuclear research for military and commercial applications of nuclear
energy.

Loss of the stainless steel N-2 experimental rocket plane in September
left a gap in the USAF-NACA supersonic rocket research program, but
not until the airplane had rocketed to heights and speeds never before
reached by man, reportedly 126,000 feet and more than 2,100 miles on hour.

- It was expected Bell's X-1B and NX-1E would be used to fill out. as
far as possible, studies in the regions of very high speeds and altitudes.
The Bell X-1E. NACA rocket aircraft. differs from Bell's earlier super-
sonic research aircraft because of its very thin wing and tail sections and
pumped propellants. The new wing is only 4 percent thick in contrast to
the 10 percent thick panels of the first X-1.

Work also was going forward on the Bell X-14, an advanced version
of the jet-powered VTOL test vehicle which was test flown successfully
in 1955. The original model was powered by two jet engines which al-
lowed the aircraft to take off vertically and were rotated for horizontal
fiight. The engines were returned to the vertical position to allow the plane
to land vertically.

The company also was one of seven contractors developing and manu-
facturing major sub-systems for the B-38 supersonic bomber being built
by Convair.

The Weapons Systems Division continued the operatlonal refinement
of the GAM-63 Rascal, an air-to-surface guided missile weapons system
for the Air Force.

As an outgrowth of the company's work with Rascal, orders were re-
ceived from other aircraft firms to supply guidance components and rocket
power plants for guided missiles and missile svstems. Among these were
liquid propellant ceramic rocket thrust chambers for the Axrmv> NIKE,
being built for Douglas.

Deliveries of the Bell- developed proportional control system to Chance
Vought Aircraft Company continued at an increasing rate for installation
in the Navy's Regulus missile.

The company worked closely with the Air Force on the development of
a completely automatic landing system, an adaptation of the Carrier Land-
ing System which was ormmallv designed to land piloted airplanes on air-
Cr'lft carriers in zero-zero weather. The system also has considerable civil-
ian potential. Automatic electronic devices can lock on ar incoming aircraft
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within radar range and bring it in to a safe landing in any weather without
help from the pilot.

‘Also in the electronic field, Bell's helicopter flight simulator underwent
further evaluation as a training device at the Navy’s helicopter flight school
in Pensacola, Florida.

Bell’s largest and longest production contract came to an end in 1956.
The last of more than 8000 jet engine nacelles was rolled off the production
line at the company’s Kenmore, N. Y., plant bringing to an end a $280-
million contract awarded Bell in 1949, .

Jet pods were delivered to three companies manufacturing the Boeing
B-47: Boeing’s Wichita division, Lackheed’s Mariétta, Ga., division and
the Tulsa, Okla., division of Douglas. Four hundred of the pods also were
built for the Convair B-36.

Comparable in size and weight to a modern interceptor, the nacelles
contain the necessary electrical, fuel, water and fire detection systems for
the jet engines which are contained in the unit.

The company began a multi-million dollar contract to produce jet engine
nacelles for the B-52 superfortress. Production under this contract was
expected to run well into 1959.

Bell Aircraft Corporation’s Texas Division, located midway between
Dallas and Fort Worth, Texas, celebrated its fifth birthday during the year
by announcing further expansion of its five facilities in the area.

As part of the company-wide reorganization, this division was sched-
uled to become a wholly-owned subsidiary, Bell Helicopter Corporation,
on January 1, 1957.

Volume production continued on both single and tandem rotor helicop-
ters, including commercial and military variations of the Model 47 Bell
helicopter series. The single rotor models are: three-place, 200 hp Model
47G (Navy HTL-6; Army, AF H-13G); three-place, derated 250 hp
Model 47G-2 (Army, AF H-13H) ; three-place, 200 hp executive Model
47H-1; and four-place, derated 250 hp Model 47] (Navy HUL-1).

Work continued on the tandem-rotor Navy HSL-1 anti-submarine
warfare helicopter during the vear. Although production of the 1800 hp
sub hunter began to phase out during 1956, the Navy announced that
tests were being conducted on a modified version of the powerful Bell
machine for aerial mine sweeping.

The turbine powered Army H-40 utility helicopter made rapid progress
during the year. First helicopter scheduled for production to incorporate
the T-53 free-turbine Lycoming engine, the single-rotor, low-silhouette
helicopter offers maximum versatility, speed and economy of operation.

Bell’s XV—3 tilting-rotor-type convertiplane underwent exhaustive flight
testing during the year. It was announced in August that the hybrid craft
had successfully made 15 degree conversions in flight, proven its autorota-
tive abilities from SOQ feet altitude, and promised to exceed the most op-
timistic speed predictions. Flight test operations continued at the Texas
Division.

During 1956 Bell announced the company’s tri-turbine helicopter trans-
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freighter programs were phasing out at Wichita and Renton, Wash., re-
spectively.

It was on July 18. just 21 months and 13 days alter being officially
ordered, that the KC-135, America’s first production jet transport, rolled
from the Renton plant near Seattle, following by only a few minutes the
appearance of the 888th and last of the piston-powered KC-97's.

The rollout of the two planes came within three days of coinciding with
the 40th anniversary of the Boeing company on July 15. Since that date
in 1916 more than 23,450 planes of well over 200 different tvpes have borne
the Boeing trade mark.

The rollout of the last KC-97 marked the 8+th consecutive month with
but one minor exception of on-schedule production of the big double-decked
planes. Now the Air Force's standard acrial refueling tanker and multi-
purpose transport, the Stratofreighters will be succeeded by KC-135's.

As the year opened, six commercial airlines in the U. S. and abroad
had announced their intentions of purchasing a total of 76 Bocing jet trans-
ports. I_jy fall of 1956, fAive others had joined them, and firm orders or let-
ters of intent for a total of 134 airplanes had been received. First produc-
tion 707 is scheduled for completion in late 1957. Pan American World
Airways will get the first of the new jets late in 1958.

Meamyhile the 707 prototype continued its intensive flight test program,
and by mid-October had passed the 600-hour mark in flight time.

Early in the year Boeing revealed details of the new 707 Intercontinen-
tal which will make possible non-stop airline schiedules between cities, con-
tinents apart, never before served on a non-stop basis. With full payload,
the Intercontinental wil] he capable of circling the earth in less than 40
hours flying time with only five stops for fuel. The plane will weigh more
than 280,000 pounds and will cruise at speeds of from 550 to 600 miles
per hour. .lee o.thers in ‘the 707 family, the Intercontinental will be
equipped with Boeing-develaped jet engine sound-suppressors and thrust-
reversers. Both have been under development by Boeing for more than
three years, with full-scale tests of the devices continuing on the 707 proto-
type at Seattle. _

Boeing also unveiled a full-scale $500,000 mockup of the 707 jet Strato-
liner during the year in a Manhattan building. The luxurious passenger
cabin, complete with axr—conditioning, lighting system, running water, ovens
and refrigerators, was the first such jet transport interior to be completed
in this country. It was also equipped to duplicate many flight conditions
such as jet engine sounds. and with lighting effects that give the impres-
sion of hoth day and night flights in Boeing jet transports. Primary pur-
pose of the mockup was to provide airlines with a means of visualizing the
potentialities of the 707 interiors,

The first Wichita-built B-52 heavy bomber, which had been rolled out
the previous December 7, made its maiden flight on May 14, and was de-
livered to the Air Force on June 26, being flown to Castle Air Force Base,
Calif. Loring Air Force Base at Limestone, Me., and Westover Air Force
Base, Mass. also received the intercontinental hombers during the year.
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Military sub-contract work continued to show healthy progress during
the year. Work on the program to provide the Boeing B-47 with empen-
nage assemblies phased out during mid-1956 with total billings amounting
to more than $56-million. A contract for horizontal stabilizer assemblies for
the Boeing B-52 was underway and contracts at year-end were expected
to carry production through June, 1958,

Sub-contracts from Republic Aviation to provide stabilizer assemblies
for the F-84F will extend production through June, 1957 while additional
sub-contracts for empennage and aft fuselage assemblies for the Lockheed
T2V-1 Navy jet trainer and the Lockheed T-33 will carry production
through August, 1957,

Chance Vought Aircraft, Inc.

Chance Vought Aircraft, Incorporated, its F8U-1 Crusader established
as the world’s fastest Navy fighter and holder of the Thompson Trophy
national speed record of 1,015.428 miles an hour, delivered the faster-than-
sound fighter to the Navy in December, 1956, for a fleet indoctrination
program.

At the same time, emphasis was placed on the company's newest guided
missile, the supersonic, high performance Regulus I

Development of both the Crusader and Regulus II, coupled with suc-
cessful utilization of Regulus I, introduced into the Fleet during 1955 as
the Navy’s first operational attack missile, was reflected in the company's
Il)gglélog of approximately $517-million for the period ending October 31,

Approximately 14,000 employees were on the payroll at year's end, in-
cluding employees stationed in California in connection with Regulus and
Crusader testing operations. The weekly payroll was approximately $1.4-
million. i

_ Keeping ahead of jet age requirements, Chance Vought broke ground in
December for a $3.8-million high speed wind tunnel designed to provide
for testing of models of aircraft and guided missiles at speeds up to 3,800
miles an hour, five times the speed of sound. The new wind tunnel, ex-
pected to be operationel early in 1938, will complement the company’s low
speed tunnel, completed early in 1956.

The Crusader, piloted by Commander R. W. “Duke” Windsor, USN,
swept the Thompson Trophy mark beyond the 1,000-miles-an-hour figure
for the first time in August over a 15.1 kilometer course on the desert at
China Lake, California. Announcement of the new speed record was made
by the Navy in September during the 1956 National Aircraft Show in
Oklahoma City, Oklahoma.

In October, the nucleus of the Navy’s first 1.000-miles-an-hour-plus
carrier fighter squadrons began training to fly the Crusader. An intensive
indoctrination course at the Chance Vought pvlant in Dallas, Texas, marked
the initial phase of readying trained pilots to man the faster-than-sound
FSU-1.

The company’s newest entry in the field of high performance military
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aircraft, the Crusader is equipped with a two-position wing, permitting
the airplane to flv not only at speeds of more than 1.000 miles an hour
but also at the comparatively low speeds required for aircraft carrier land-
ing operations.

The wing configuration was kept under a tight security wrap for more
than a vear but the Navy later disclosed that the Crusader has a two-posi-
tion wing which is hinged at the rear and raises in front for takeotfs and
landings. The thin swept wing is mounted high on the fuselage and is set
well back from the cockpit. The horizontal tail is joined low on the fuse-
lage. A short pointed nose, fairing smoothly into a small cockpit canopy,
helps reduce drag and aids over-the-nose visibility.

Powered by a DPratt & Whitney Aircraft afterburner-equipped J-37
turbo-jet, the aircraft made its initial flight in March. 1935—exceeding the
speed of sound—and went into production in September, 1955, Now in
quantity production, the airplane completed its carrier qualification trials
aboard the USS Forrestal in April, 1956.

Regulus 11, a larger, faster and longer-range version of Regulus I. was
developed from the successful accomplishments of the earlier missile. The
company entered the guided missile field in 1946 and development of
Regulus I began in 1947 when the Navy asked for design of a surface-to-
surface missile with provision for a recoverable test version as well as a
tactical version.

A Navy contract for production of Regulus II was announced in July.
Two months earlier, development of the new missile was revealed for the
first time in Chance Vought's annual report to stockholders. In December
the Navy announced that the new supersonic weapon had been successfully
fired and is currently under test.

Regulus I, now operating from aircraft carriers. submarines, cruisers
and from shore bases. is capable of delivering a warhead over a range of
hundreds of miles, guided by a built-in electronic ““brain.” The recoverable
test and training version, equipped with a retractable landing gear. flies
pilotless missions and lands intact to be flown again. As manv as 16 flights
have been made by single missiles.

Fleet introduction was underlined by development of a new weapon
system capability, the steam catapulting of Regulus from the decks of air-
craft carriers. The new capability was made possible by a launcher cart
developed by Chance Vought for the Navy.

Continued expansion of Regulus activities led to development of a target
drone version and confirmed the Navy's earlv confidence in the missile’s
broad weapon system capabilities.

In addition to being a prime contractor for the Navy, Chance Vought
manufactured components for the North American F-100 Air Force jet
fighter, the Boeing B-47 Air Force jet bomber and the Lockheed P2V
long-range Navy patrol bomber.

At year’s end, preparations were being made for celebration of the com-
pany’s 40th anniversary in 1957. as a designer and builder of high per-
lormance military aircraft.
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Convair
A Division of General Dynamics Corporation

Highlighting the 1956 production and facility progress and employee
activities of the Convair Division of General Dynamics Corporation at its
five San Diego and Pomona, California, and Fort Worth and Daingerfield,
Texas, operations were these events of record:

First flight of the Air Force B-58 Hustler, America’s first
supersonic bomber ;

Establishment of and ground breaking for Convair’s newest facil-
ity, the $40-million Astronautics Division; '

Announcement and initial sales of America's newest entry into

the commercial jet transport field, the Convair 880;

First simultaneous refueling on record of four fighters by any
tanker—a Convair R3Y-2 Navy Tradewind seaplane;
Establishment of a Hawaii-to-California seaplane speed record

by a Convair R3Y-1 Navy Tradewind seaplane tanker ;

Established of a world safety record by employees of the San

Diego plant;

Lease of new 500,000-square-foot central warehouse to serve all
facilities in San Diego ;

Recognition of Convair Pres. Joseph T. McNarney as ‘“National
Management Man of the Year.”

Following its initial taxi run on October 29, 1956, the delta-wing B-58
Hustler made a 38-minute successful maiden flight at Fort Worth on
November 11. At the controls was B. A. Erickson, chief test pilot and
flight manager for Convair-Fort Worth.

In late summer, ground was broken in San Diego for the newly-estab-
lished Astronautics Division, formed for the research, development, manu-
facture, and testing of the Air Force Atlas intercontinental ballistic missile.

In September, detailed specifications of the world’s fastest airliner, the
Convair 880 four-engine jet transport, were established and definitive con-
tracts signed with Trans World Airlines and Delta Air Lines, Inc., for 40
of the luxury planes.

September also saw four Navy FOF-8 Cougar fighters refueled at the
same time off the Southern California coast by a Convair R3Y-2 Tradewind
turboprop seaplane tanker, world’s first seaplane capable of multiple re-
fueling.

On October 18, a Convair R3Y-1 Tradewind tanker-transport spanned
the Pacific from Honol.ulu to Alameda, California, in six hours 45 minutes,
to break a record set in 1948 by a Martin Mars seaplane by three hours
49 minutes,

Both the San Diego and Pomona divisions broke the 1955 United States
safety record for the aircraft manufacturing and assembly industry, a record
set by Convair-San Diego in late 1955, while the San Diego plant went on
to work 21,814,875 successive manhours without a disabling accident,
July 22 to Nov. 3, 1956, to establish a world safety record in the industry
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the engines. These the government supplied. Total oi subcontractors and
other suppliers on the Hustler program numbered approximately 3,000.

In designing the B-58, Convair-Fort Worth employed the delta-wing
configuration pioneered by Convair in 1947 with the XF-92A research
interceptor, world’s first powered delta-wing aircraft. Convair also used
the delta-wing design for the F-102A supersonic all-weather interceptor,
now in volume production at San Diego for the Air Defense Command.

Even as preparations led up to the B-58’s taxi tests and flight, Fort
Worth was busy on other fronts. In April, the Air Force announced that
the plant had been awarded a contract to develop an airframe for a nuclear-
powered airplane. Since 1951, the company had been at work on an Air
Force contract for research and development leading to the design of the
airframe for such a plane. As part of the original study contract, the Fort
Worth plant conducted numerous flights in late 1955 and during 1956 with
the Convair-built Air Force NB-36H intercontinental bomber equipped
with a Convair-built atomic reactor.

During the year, the Fort Worth plant built nose sections for the
F-102A two-place combat proficiency trainer for shipment to San Diego,
and completed converting 36 C-54 transports for day or night all-weather
search and rescue operations over land or sea, by the Air Rescue Service
of the Military Air Transport Service. They are designated SC-54.

Strategic Air Command’s fleet of Convair-built B-36 bombers were
being rotated through the Fort Worth facility in a modernization, inspec-
tion, and maintenance program, while the plant continued production on an
undisclosed number of tail fins and outboard wing assemblies for the Boeing
B-52 jet bomber. The plant also began a modification “Test-to-Tact™
program on early F-102As built at San Diego, to match later versions off
the line and fit them for delivery to the Air Force for Air Defense Com-
mand tactical use.

Employment at Convair-Fort Worth reached its highest since 1952,
with 25,417 persons employed as of December 9, 1956.

The name of the new division—Convair-Astronautics—and the fact
that it would be devoted to the Atlas ICBM program were announced by
Convair July 10, with Air Force approval. In May, the Air Force itself
had announced that Convair would construct a new facility near San Diego
for the development and production of a guided missile system, and that
construction of facilities and equipment would cost nearly $40-million.

Convair-Astrohautics activities will continue to be centered in Convair-
San Diego’s Plant T until the new facility is completed, late in 1957. Em-
ployment was 6,395 on December 9, 1956.

In the commercial transport field, Convair’s decision in June to produce
the Convair 880 jetliner was the company’s biggest news of the year, next
to delivery of a third of the 119 Metropolitan 440 piston engine medium-
range transports on order as of November 1, 1956. TWA ordered 30
Model 880s, and Delta Air Lines ordered 10.

Performance guarantees for the Convair 880 include a level flight maxi-
mum cruise speed of 609 mph at 25,000 feet, at 130,000 pounds gross
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weight ; payload of 21,700 pounds for the 80-passenger configuration and
26,320 for the 108-passenger coach configuration : maximum takeoff weight
at sea level, 173,500 pounds; maximum allowable landing weight, 130,000
pounds; empty gross weight, 80,800 pounds; dimensions—wing span of
118 ft. 4 in.; length, 124 ft. 2 in.; height, 37 ft. 4 in.

Eight Metropolitan 440 piston-powered twin-engine transports were
being produced monthly toward the end of the year, and commercial and
military contract commitments were expected to keep the production line
open into February 1958.

Continued and anticipated production activities in San Diego boosted the
plant’s employment to 30,789 as of December 9, 1936.

Employment at Convair-San Diego will rise to a peak of about 33.600
by July 1957. Increase will be absorbed chiefly into engineering activities
and in the volume production of Air Force F-102A all-weather supersonic
delta-wing interceptors. The F-102As joined four squadrons of the Air
Defense Command initially in 1956, together with the side-by-side. two-
place TF-102A combat proficiency trainers, in limited Eroductlon at San
Diego. Twenty ADC squadrons are expected to receive F-102As and
TF-102As in 1957. In May, it was announced that Comnvair had received
an $83-million initial production contract for Air Force F-1_02B supersonic
interceptors, later designated as F-106A aircraft. The new interceptor was
scheduled for its initial flight in December 1956. .

During 1956, it was officially announced that the F-102A is armed with
Hughes air-to-air Falcon guided missiles, as well as rockets, electronically
controlled. The F-102A’s electronic gear enables it to mtercept enemy
bombers at stratospheric altitudes at any time of day or night. in any kind
of weather. . ..

The San Diego plant was scheduled to complete delivery of its 11
R3Y-1 and R3Y-2 Tradewind turboprop seaplane tanker-transports to
the U. S. Navy by year’s end. Six of the R3Ys were assigned to Air
Transportation Squadron 2 (VR-2) of Fleet Logistic Air Wing at Ala-
meda Naval Air Station, near QOakland. for transpactfic service.

R3Y Tradewinds established two records during 19:§. In September,
an R3Y-2—the bow-loading “Flying LST” version—simultaneously re-
fueled four Navy Grumman F-9F-8 Cougar jet fighters, first such operation
in aviation history. .

The other Tradewind record was set by an R3Y-1 conventional sea-
plane tanker-transport, when it covered the 2.433-statnte-mile homeward
leg of an Alameda-to-Honolulu round-trip flight in six hours 45 minutes,
flying at an average of 360 mph and cutting three hours 49 minutes from
the 1948 record. The Tradewind is the first turboprop seaplane to see
Navy service. .

Under another Navy contract, the San Diego plant @Qllvemd the re-
maining 16 of 36 R4Y-1 twin-engine land transports. a military version of
the Convair-Liner 340, The Air Force had already received a number of
this type of aircraft for training and transport purposes, all beanng C-131
designations. Testing continued at San Diego on the single-ski configura-
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tion of the XF2Y-1 Sea-Dart Navy jet seaplane fighter, while limited
developmental work was accomplished on the XFY-1 Pogo Navy vertical
takeoff turboprop fighter.

The National Safety Council reported that only one other company in
NSC record-keeping history, regardless of type of industry, ever achieved
so long a period of freedom from lost-time injury as Convair-San Diego.
Greatest safety record was that achieved by E. I. Du Pont de Nemours Co.,
a chemical firm, with 28,743,768 manhours. The San Diego record of
21,814,875 manhours, covering a 105-day period, earned the plant NSC's
Award of Honor, its third straight and the sixth since 1945. Convair-
Pomona received the same NSC award as it entered its second year of
freedom from a disabling accident. Pomona passed the 365-day mark
October 25 and was still accident free on December 18. Previous aircraft
industry safety mark was set by Convair-San Diego in 1955, at 9,075.355
manhours, during 68 days. Pomona exceeded this mark earlier in 1956
but fell short of a national record because San Diego was, at the same
time and with more employees, headed for its world record. NSC’s top
honor also went to Fort Worth for the fourth consecutive year.

In the spring of 1956, the second Navy guided missile cruiser, the USS
Canberra (CAG-2), was commissioned as a Terrier-equipped cruiser. The
first, the USS Boston (CAG-1), was commissioned in November 1955 as
the world’s first guided missile ship. Late in October 1956, the Bosfon
joined the Sixth Fleet in the Middle East, where trouble brewed over the
Egyptian-Israeli situation. Convair-Pomona also was producing Terriers
for the U. S. Marine Corps during the year, and likewise initiated produc-
tion of components for the Air Force F-102A interceptor. Pomona em-
ployment was 4,974 on December 9, 1956.

Convair Division employment as a whole increased from 46,403 in late
October 1955 to 68,191 on December 9, 1956.

In response to the ever-increasing demands made on fundamental scien-
tific knowledge by complex new products, such as hypersonic, high-
altitude missile and aircraft weapon systems, Convair in 1956 launched a
program of basic, scientific research in selected areas of the physical
sciences. At the factory level, new manufacturing techniques were perfected
through vigorous research and development programs in all Convair plants.

Convair’s scientific research program was formally initiated in March
1956. It called for support of scientific research (1) by the establishment
of the Convair Scientific Research Laboratory with a staff of full-time
scientists, (2) by letting contracts to research agencies outside Convair,
and (3) by supporting the work of the operating division personnel who
desire to conduct research. A staff of 15 scientists and technicians were
engaged in theoretical and experimental research at a temporary labora-
tory location in San Diego. Fields of research included fluid dynamics,
physics, chemistry, metallurgy, mathematics, and combustion, with some
emphasis on upper atmosphere study. The Scientific Research Laboratory,
while administered by Convair General Offices at San Diego, will be located
permanently at the new Convair-Astronautics Division.
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program of research, development and quantity production of supersonic
surface-to-air operational Terrier guided missiles. Work at Pomona in-
cludes weapons, systems analysis, and the preliminary design of new and
improved missiles and components. These projects were undertaken in
the Naval Industrial Reserve Ordnance Plant facilities, operated by Con-
vair under contract to the U. S. Navy Bureau of Ordance.

Although Convair-Astronautics will not move into its new facility in
suburban San Diego until late in 1957, certain research and development
projects were initiated and continued by division personnel leading to the
manufacture and testing of the Air Force Atlas intercontinental ballistic
missile.

As world conditions and industry-wide competition heightened the
need for better aircraft, Convair-San Diego broadened and laid new em-
phasis on its research activities during 1956. A new 300-foot model sea-
plane towing tank with electrically operated overhead monorail for high-
speed testing of model hulls was placed in operation in April. It is the first
unit of a tri-section tow basin eventually to be 700 feet long and the West
Coast’s largest.

Ejection seat system tests for supersonic aircraft were conducted by
Convair-San Diego engineers, using dummies placed in a rocket-driven
cockpit sled on a 10,000-foot long track. A similar rocket sled was used to
test rain erosion effects on aircraft fore-sections at supersonic speeds. Con-
vair was awarded an industry-wide contract to manage Air Force develop-
ment of upward seat-ejection systems for supersonic aircraft and in this
connection performed experiments with a rocket-propelled ejection seat.
It was found in matching this seat against the standard ejection system,
that the rocket-propelled seat materially reduced tumbling and the injurious
effects of deceleration after ejection.

Expanded research led to new facility construction at Convair-San
Diego during the year. A major addition to be completed in 1957 was a
new $3.5-million Mach 5 supersonic wind tunnel begun in May 1956 at the
division’s seaplane ramp.

At Edward Air Force Base, California, where F-102A flight research is
conducted, Convair moved into a new $600,000 hangar and office building.
The hangar accommodates ten F-102As. Also supporting the F-102A re-
search program is a new $120,000 fuel and oil systems evaluation labora-
tory at the San Diego seaplane ramp.

A new physics group of engineer-scientists was formed at Convair—S.an
Diego to pursue many facets of aircraft research. Projects included studies
of nuclear physics with respect to aircraft powerplants, upper atmosphere
operations, solid state physics, metallurgy, compressions, control systerns,
heat and presure resistant materials and other fields. A human engineering
group is studying such aircraft components as design of cockpit lqyouts,
instrument panels, high-speed seat ejections and other areas relating to
pilot and crew.

In April, the Air Force announced that Convair-Fort Worth had been
awarded a contract to develop an airframe for a nuclear-powered aircraft.
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Since 1951, Convair has been carrying out the first Air Force contract
for research and development leading to the design of the airframe for
such a plane.

As part of the original study contract, the Fort Worth plant conducted
numerous flights in late 1955 and during 1956 with a Convair-built Air
Force B-36 intercontinental bomber equipped with a Convair-built atomic
reactor. The reactor does not power the experimental plane, designated
NB-36H, but is activated in flight to study the problems of shielding the
crew and equipment against radiation and the effect of radiation upon
materials, the aircraft and its systems, and to develop nuclear instru-
mentation.

Construction of a new $2-million high-altitude test facility for aircraft
systems, parts and equipment started in October 1936 a Convair-Fort
Worth. Operating it, engineers will be able to simulate altitudes up to
100,000 feet and produce temperature from a minus 100 to a plus 300 de-
grees F.

Douglas Aircraft Co.

Phenomenal expansion of the world’s air transport industry had a sig-
nificant effect on activities of Douglas Aircraft Company during the past
year as it went into production with its DC-8, four-engined jet transport.
The 550-mile-per-hour luxury liner was ordered by 12 airlines around the
world. Firm orders for the craft totaled 118.

Douglas delivered the first of its DC-7C type aircraft to international
operators in mid-1956. Called the last of the big propeller-driven Douglas
transports, the long range of the “Seven Seas” permits schedules hereto-
fore impossible for airlines to maintain. Fourteen airlines had ordered
116 of these aircraft before the end of 1956.

The commercial model production line at Douglas’ Santa Monica divi-
sion was accelerated throughout the year, and going into the final quarter
it was turning out 10 aircraft per month of the DC-6 and 7 series. By
spring of 1957 the rate was expected to be 15 a month, an all time high.

On the military side, the Douglas Destroyer made its appearance in the
Air Force inventory of combat aircraft. First of the B-66 series was de-
livered to the Tactical Air Command early in the year.

The B-66, a 600-700-mile-per-hour light bomber of swept-wing jet
configuration, was produced at Douglas Long Beach division. along with a
reconniassance version, the RB-66. Still a third reconversion, the RB-66C
was built at the company’s Tulsa division.

Also at the Long Beach division the giant C-133A made its first flight.
The huge turbo-prop logistics carrier, largest production transport in the
world, is capable of carrying payloads up to 100,000 pounds.

Late in the year announcement was made of an even larger military
carrier, the C-132, being built at the Tulsa division. The C-132, with a
gross weight of approximately 400,000 pounds and a speed in the vicinity
of 500 miles per hour, will dwarf even the huge C-133A.

In October the nation’s smallest jet combat aircraft, the A4D Skyhawk,
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went into service with the Navy. \Vith fleet delivery of this airplane, the
El Segundo division of Douglas hung up a record as the first manufacturer
to qualify three production aircraft for the fleet in a single year. )

The other two Douglas aircraft to enter fleet service during the year
were the A3D Skywarrior, the Navy’s largest carrier-based airplane, and
the F4D Skyray, supersonic, bat-winged jet interceptor.

A new supersonic fighter, the F5D made its first flight in April, and
another version of the historic AD Skyraider series, the AD-7, was pro-
duced at the El Segundo plant.

Alone or in collaboration with leading electronics firms the Douglas com-
pany was engaged in work on eight major missile projects for the Air
Force, Army and Navy during the year.

One of the newest of these was the Air Force intermediate range bal-
listic missile known as Thor, for which Douglas has the airframe develop-
ment responsibility.

While several of the Douglas missile projects are still in the develop-
ment stage, the company has produced three missiles now in the hands of
operational units. These are the Army’s Honest John and Nike and the
Navy’s Sparrow.

Stepped up volume of military and commercial business in the company
increased employment to more than 80,000, a new peacetime high for the
organization. Payroll at the five Douglas divisions, Santa Monica, El
Segundo, Long Beach, Tulsa and Charlotte, N. C., amounts to more than
$8-million weekly.

Going into the fourth quarter of last year, the company showed an
increase in sales but a reduction in earnings compared with the previous
year. .

At that time the company had orders valued at $2,279,842,000. And
for the first time in the history of Douglas the commercial portion was up
to an even 50 percent of the backlog.

Net earnings of $20,595,609, equivalent to $5.56 per share, were real-
ized on sales of $711,285,995 for the first three quarters of the year.

This compares with a net of $23,368,508, or $6.31 per share of capital
stock, on sales of $679,157,313 for the comparable period of 1955.

Higher development costs, largely attributable to the increased tempo
in the DC-8 program, accounted for a sizeable portion of the dip in earnings.
For that period the figure of $16,752,288 was more than twice the experi-
mental and development costs for the first three quarters of 1955.

Construction neared completion during the year on a giant new installa-
tion east of the Long Beach division plant. The new structure, covering 24
acres of floor space, will house the final assembly activity in connection
with DC-8 production.

The new facility at Long Beach represented an investment of $15-
million in actual construction costs. Another $5-million to $10-million
was slated for machinery and equipment for the DC-8 assembly installa-
tion. Meanwhile another $3-million worth of construction was underway
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additional contracts for guided missile systems highlighted activities of the
Fairchild Engine and Airplane Corporation in 1956.

Within a few months after announcement that Fairchild would manu-
facture and sell the F-27—designed as a successor to the DC-3—orders
and short term options for more than 60 of the 280-mile-per-hour, high-
wing aircraft were signed by local service airlines and corporations. Early
airline purchasers included Frontier Airlines, Mackey Airlines, West
Coast Airlines, Bonanza Air Lines, Piedmont Airlines, and Quebecair.

Tooling for production of the F-27 was underway at the Fairchild Air-
craft Division facility at Hagerstown, Md. First production model was
scheduled for completion late in the summer of 1957, with first deliveries
to customers expected to be in October, 1957. The F-27 was designed and
developed by Fokker Aircraft Company, Amsterdam, and Fairchild, and
prototype models have been undergoing extensive flight testing in Europe
for nearly two years.

Several corporations also have placed orders for F-27A’s to be used
for executive transport.

Air Force “follow-on” contracts for 42 more C-123’s increased the
number built or on order to a total of 279. Under present orders, produc-
tion was scheduled to run through 1958.

The Fairchild Aircraft Division became the largest of more than 2,000
Boeing B-52 subcontractors in 1956 with new contracts calling for the pro-
duction of two large fuselage sections and “follow-on” contracts for ver-
tical tail fins and outer wing panels. Fins and wing assemblies for the all-
jféts gntercontinental bomber have been manufactured by Fairchild since
1953. ,'
During the year, the Aircraft Division reported that it was entering the
light jet utility transport field with its M-185, a four-engine design under-
taken with Fairchild Engine and Airplane Corporation research and de-
velopment funds.

A mock-up of the M-185 was built, and the prototype model will be
started early in 1957, with late 1957 or early 1958 tentatively set for flight
testing. The M-185 will be powered by four Fairchild J-83 jet engines.

The scope of the division’s overhaul and repair work was expanded at
both the main plant in Hagerstown and the modification center in St.
Augustine, Fla., with contracts to inspect, repair and overhaul several
hundred B-26 bombers,

In April, the Army announced that it had awarded a research and devel-
opment contract to the Aircraft Division for an STOL-VTOL airplane.
Under the first such contract ever given directly by the Army, the project
calls for studies on a new type of high-lift aircraft employing conventional
piston engines located along the entire length of the wing.

Research work on the C-123 included the fatigue testing of standard
landing gear assemblies and the design and prototyping of a radical
wheel-ski landing gear for the assault transport. The wheel-ski system,
built and flown during the closing months of 1956, is designed for Arctic
operations where surfaced runway facilities are absent.
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less than two other automatic rifles undergoing tests by the military services.
It has a 700 shot per minute rate of fire. The shotguns, also employing the
Armalite principle, are designed primarily for civilian use.

All development work on the guns, which has been carried on since
1953, has been conducted with Fairchild funds as a part of Fairchild’s
extensive company-financed research and development program.

First details of the Fairchild Petrel air-to-surface missile, in produc-
tion at the Fairchild Guided Missiles Division’s plant at Wyandanch,
Long Island, were announced during the year by the Navy. Referred to as
“a sophisticated weapon” because its electronic brain enables it to think
for itself, Petrel provides long-range patrol aircraft with an all-weather
capability against surface ship targets. It is launched from Navy P2V-6B
aircraft. ‘

In addition to contracts for guided missiles systems received during the
year, continued -emphasis was placed on the research and development of
advanced missile weapon systems. These programs involved all three
branches of the military services.

The Division also redesigned and produced bombing system simulators
to train bombardiers for optical and radar bombing systems under new
contracts from the U. S. Naval Training Center at Sands Point, N. Y.

A stepped-up program was initiated at the Division’s Molded Plastics
Department at Copiague, Long Island. A number of new contracts for
plastic items were received, including an order from the U. S. Air Force
for J-57 turbojet engine containers. Other fiberglass reinforced plastic items
produced included bazookas, missile components, switchboard, battery,
radio, and sextant cases for the military services.

During 1956 the Stratos Division expanded its operations into the high
pressure pneumatic field, and enlarged its facilities for the production of
aircraft air conditioning systems, auxiliary power turbines and other engi-
neered aircraft accessories. The Division renovated the Manhattan Beach,
Calif., plant it acquired in 1955 for its Western Branch and approxi-
mately doubled the floor space of the Western plant through the addition
of a large new manufacturing section. Additional manufacturing space was
added to the Division’s main plant at Bay Shore, Long Island, N. Y., and to
a nearby Industrial Products Branch plant located at Babylon.

Stratos increased the production rate of air conditioning systems it
produces for the B-52, and developed several new air cycle air conditioning
systems. A considerable amount of development work on freon refrigera-
ting equipment for aircraft was completed.

The year 1956 also saw the introduction by Stratos of a new type of
compressor. Called the Heli-Rotor, the new machine was first used as a
compressor in freon refrigeration systems. Other aeronautical applica-
tions were under development as the year ended. The compressor is unique
in that it is both rotary and positive displacement, filling a gap between the
centrifugal and axial compressors and reciprocating positive displacement
machines.

A superior type of temperature-resistant, honeycomb-core material
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called "*Ribboncore™ was developed during the vear by the Fairchild Elec-
trotechuics Division at Costa Mesa, Calif. Machinery for the resistance
welding of this steel-honeyvcomb-core material to steel-skin facings, and
production of Ribboncore, is scheduled for completion in 1937,

Goodyear Aireraft Corp.

Production continued at Goodyear in the lighter-than-air field with the
models ZPG-2W and ZS2G-1 Airships. In addition to these, design
progressed on a new larger model designated as the ZPG-3W, this new
airship being a larger version of the ZPG-2\V designed specifically for air-
borne-early warning missions.

Three models of thrust reversers were completed and tested. Tests
showed excellent reverse thrust effectiveness and good engine modulation
characteristics. In addition, parallel investigations were conducted on jet
noise sound-suppression with promising results.

Goodyear Aircraft’s ejectable seat capsule was altered and redesigned to
permit use in tomorrow's aircraft. Aircraft designers were parrticularly
interested in personnel survival factor exhibited by the air-blast protection
provided.

Guided missile support equipment was in production. The prime mover
chassis was designed to accommodate the Terra-Tire. a product of the par-
ent company, Goodyear Tire and Rubber Company. The principles involved
greatly reduced the number of vehicles required ior squadron support and
permits operation over all types of terrain.

The corporation had more than 10,000 emploves working on assign-
ments at the six Akron plants and adjacent Wingfoot Lake Airship Base.
Another 2,500 were emploved at the company’s Arizona Division in
Phoenix.

Construction of a new building. housing all engineering personnel and
research and development programs at the Arizona facility. was completed.
A similar building was underway at the Akron site with occupancy expected
in early 1957.

Grumman Aireraft Engineering Corp.

During 1956 Grumman Aircraft Engineering Corporation continued
military deliveries of F11F-1 Tiger and FOF-8 Cougar jet fighters. the
twin-engine S2F-1 Tracker anti-submarine warfare aircraft. and the air-
sea-rescue Albatross amphibian, and. in addition, developed and produced
variations on each of these basic airframes. ‘

In August, Grumman acquired a fifty percent interest in Dynamic De-
velopments, Inc., a leading hydrofoil research organization. Initial joint
effort of the companies involved study on the application of hvdrofoils to
military craft, flying boats and amphibious aircrafr. _

The previous month, Grumman received a $3.5-million contract to build
Albatross amphibians for the Republic of Indonesia. Under terms of the
contract the first Albatross will be delivered in 1938 and continue at one a
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month until the agreement is completed. The Indonesian Air Force will use
the twin-engine aircraft for rescue and utility missions.

Re-entering the missile field, the company completed preliminary de-
sign proposals on three projects. As another step in its expanding research
and developmept program Grumman built a supersonic wind tunnel on the
facility of the Polytechnic Institute of Brooklyn Aerodynamics Laboratory,
Freeport, Long Island. Latest type testing equipment now in use includes
facilities for simulating flight loads of a complete aircraft, telemetering for
monitoring supersonic in-flight test data, and flight simulators. The Re-
search Department purchased an additional $.25-million worth of analog
computors. Cockpit capsule research and titanium development projects
were also underway.

Two prototype F11F-1F’s—faster versions of the Navy’s F11F-1 Tiger
—were developed and flight tested successfully at Edwards Air Force Base,
Calif. Equipped with a General Electric J-79 turbojet and afterburner, the
modified Tigers displayed a marked increment in performance while re-
taining the inherent stability of the F11F-1. Relatively minor revisions
required to install the larger J-79 powerplant included increasing the capac-
ity of the inlet ducts and rebuilding the aft fuselage.

Testing at Navy and contractor facilities continued on the basic super-
sonic F11F-1, which is powered by a Curtiss-Wright J-65 engine and after-
burner.

Early in the year the company received a Navy contract to build in
ercess of 100 F9F-8T Cougar fighter-trainers. This two-seat ver-
sion matches the performance of the basic operational F9F-8 Cougar
fighter. Armed with two 20mm cannons and capable of carrying a wide
variety of external stores, the FOF-8T will be used aboard carriers as an
operational fighter in addition to its advanced jet trainer mission. First
flight was February 29th, and during the next 29 days the aircraft com-
pleted 29 flights without incident.

A photo-reconnaissance version, the FOF-8P Cougar, was also delivered
in quantiy to the Navy. Equipped with the latest type cameras and cam-
era control installations, it provides the fleet with its fastest and most
versatile operational fighter-photo aircraft.

The operational FOF-8 Cougar jet fighter continued in production and
on October 5th demonstrated its speed and long range capabilities, setting
an unofficial round trip transcontinental speed record. On a navigational
training flight, three Navy pilots from Fighter Squadron 144 flew their
Cougars from San Diego, Calif., to Grumman’s Peconic River Plant on
eastern Long Island and returned to the west coast again in 10 hours,
49.41 minutes for the 4,924 mile trip. They refueled each way at NAS,
Olathe, Kans.

The FIF-8 Cougar’s ability as a gun platform was demonstrated at the
Navy’s first Air Gunnery Meet at El Centro, Calif., on June 23-25, placing
first in the squadron and individual flying competitions.

Delivery of the twin-engine S2F-1 Tracker, the world’s first carrier-
based aircraft specifically designed to detect, identify, track and destroy
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Helio Aircraft Corp.

The Helioplane, a four-place, all-metal executive airplane, was in pro-
duction at the manufacturing division of Helio Aircraft Corp. in Pittsburg,
Kansas. High speed, long range economy with stall-proof, slow flight and
ultra short field utility were combined to bring to the business market a safe,
convenient executive airplane,

At the company’s research and development shop in Norwood, Massa-
chusetts, sub-contract production more than doubled since the early part
of the year.

- Effective August 29, 1956, Helio Aircraft Corporation acquired com-
plete ownership and control of the aircraft plant, equipment and organiza-
tion which had for the preceding year been producing the Helio Courier as
an independent contractor. This plant, employing 150 production em-
ployees, incorporated as the Mid-States Manufacturing Corporation of
Pittsburg, Kansas, has now become the Mid-States Division of Helio
Aircraft Corporation. The transaction involved approximately $1-million
in common stock and notes.

- In line with new demand, another in the family of helioplanes was
added. The new addition was a 340 hp supercharged model to carry camera
loads to 30,000 ft. for aerial mapping and other specialized operations.

Hiller Helicopters

One of the most significant aviation developments in 1956 for Hiller
Helicopters was the rapidly increasing interest in VTO aircraft by all mili-
tary and commercial groups. As a pioneer in the field, Hiller shared a
large part of this interest, and continued its past diversification of projects
aimed to bring about practical aircraft for various ypes of missions embody-
ing vertical takeoff and landing capabilities.

A growing emphasis was placed on VTO research and development by
all the services, with the result that Hiller had major projects under way
with the Army, Air Force, Navy, and Marines.

One of the industry’s most significant projects of recent years was an-
nounced in 1956 when the Air Force revealed a contract with Hiller Heli-
copters for the development of a transport-size tilt wing propelloplane
research aircraft. With a design gross weight of 33,000 pounds and more
than 10,000 horsepower in twin nacelles, this aircraft, designated the X-18,
is to be flown to investigate the radical flight principle of tilting wing and
propeller units, to combine vertical takeoff and landing characteristics with
t}lle high performance characteristics of today’s conventional transport air-
plane.

Meanwhile, in the completely different category of ducted wing aircraft
(in which Hiller pioneered during 1955 with the announcement of its one-
man Flying Platform), the company, in close cooperation with the Army,
initiated the second phase of this development program. Prototypes of a
multi-engine Flying Platform were under construction at Palo Alto. As in
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the case of the original Hiller Platform model, the pilot stands above the
lifting duct and relies on instinctive body balance for directional control.

One of the Army’s principle concerns in using aircraft to attain mo-
bility is that vehicles be radically simplified, both from the standpoint of
logistics support and flight safety. \With the Army’s accepance of the ram
jet YH-32 at Fort Rucker for field evaluation in the fall, another forward
step was taken toward attainment of helicopter simpliciy. The YH-32 has
twin 12 pound ram jet engines with no moving parts, which develop 45
horsepower each, installed on rotor blades for tip propulsion. completely
eliminating complexities of conventional piston driven engines and trans-
mission drive systems; and makes extensive use of fiberglas for both
structural and non-structural parts. This aircraft, commonly called the
Hornet, is a two-place helicopter with a useful load equal to its own empty
weight,

Among other projects on which Hiller was engaged: development of a
retractable rotor system for the Air Force, which could be incorporated on
a convertiplane; and development of a compact one-man helicopter for the
Marines which is foldable into a small package for easy transportation or
parachute drop and quick assembly.

On the production front, the H-23C continued as the three-place heli-
copter produced in quantity for the Army. Although handicapped early in
the year by a model change-over from the “B” to the"C.”” the company met
all production schedules. The H-23D. to go into production the fall of
1957, is the first helicopter designed under the Army’s concept of achieving
lower operating costs through extended overhaul periods. The “D” will
have a Lycoming 265 horsepower engine and a completely new transmis-
sion system designed for 1000 hours™ service between overhauls.

Plant facilities continued to grow commensurate with projects. By
year-end Hiller had approximately 170.000 square feet of floor area in
nine buildings. During 1956 a small heliport was built into the newlv
landscaped front of the plant, on which visitors coming by helicopter can
now land less than 100 feet from the main lobby. Employment passed the
850 mark.

Hiller aircraft continued to play a vital role in the expansion of Army
aviation activities in field operations. Used in a variety of missions, includ-
ing observation, training programs. liaison, survey, and exploration, the
H-23C is in service throughout the United States and the Caribbean area.
The National Guard also continues to use these helicopters.

On the commercial sales front, the Hiller 12-C continued to go into
service in countries around the world. Typical examples: in England. the
helicopter training program set up by Air Service Training, Southampton,.
with 12-C’s was so successful that additional 12-C’s were added; in Viet
Nam, the government added more Hillers to the fleet which has seen much
service in years past; in Colombia, increasing exploration for oil brought
about the use of more Hillers: and in Melbourne, Trans Australia Air

lines purchased another 12-C following integration of the first helicopter
into its operations.
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Kaman Aireraft Corp.

Kaman Aircraft continued with a heavy program of research and
development during 1956 in addition to its production of HOK-1 heli-
copters for the Navy and Marines, and subcontract work on tools for the
Martin P6M Seamaster and canopy parts for the McDonnell F-101 Voodoo.

In research and development, Kaman Aircraft carried on twenty
research and development programs under contract to the Navy Bureau of
Aeronautics, the Navy Bureau of Ordnance, the Office of Naval Research,
the Air Force, the Army Signal Corps and the Army Transportation Corps.
Also the company executed several R&D programs with its own funds.
While most of the programs were under wraps for security reasons, several
significant ones were cleared for release, including the robot (remote radio
controlled) helicopter, rotochutes of varying sizes and uses, the application
of Lycoming’s new T-53 gas turbine as a helicopter powerplant, an auto-
matically hovered helicopter used as a surveying target, and research on
a3 ring-wing type aircraft.

Kellett Aireraft Corp.

Highlighting the continued growth of the company during 1956 was the
move to its new and larger facility at Willow Grove, Pa. Completed in
1956, the new building provides new and modern accomodations for the
firm’s engineering, manufacturing and flight test activities.

Kellett’s research and development activities in the field of rotary wing
continued with several prime contracts for the Army, Air Force, and Navy.
Work was started on the study, design, fabrication, and flight testing of
stabilizing devices as applied to both single rotor and tandem configurations.
An analysis of a propeller-rotor employing new design concepts was
initiated and will be applied to a tilting wing VTOL aircraft.

A Navy contract involving the installation of wings and several rotor
system modifications to a tandem helicopter was completed by the company.
The construction and instrumentation of a Model Rotor System relating
to a theoretical study of helicopter rotors employing large offset hinges were
completed. The system is currently undergoing wind tunnel tests for the
armed forces. :

Development of the small KH-15 rocket powered helicopter was con-
tinued, and its unique gyro stabilizing system was evaluated by the mili-
tary services.

Lockheed Aireraft Corp.

Lockheed Aircraft Corporation pilots unveiled the first in a series
of rapid-fire aviation advances in 1956, the stubby, thin-winged F-104A
Starfighter, the fastest combat airplane in the world. Its speed: secret.

The Starfighter is a sleek needle with a high, T-shaped tail and mosquito-
like wings that extend but 714 feet from the fuselage. Its straight wings
are so sharp they must be covered with felt to protect workmen servicing
the airplane.
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Almost simultaneously Lockheed announced the first of the two-seat
F-104Bs, expected to be the fastest two-place airplane ever built. First of
the two-seaters flew before the year was out, and both models moved into
quantity production.

A reconnaissance model of the F-104 was also in the early stages.

Lockheed’s Georgia Division established its nuclear aircraft research
center on 10,000 acres of undeveloped land near Dawsonville, Ga., in 1956,
and let contracts for facilities in a continuing program of atomic powered
aircraft research and development. During the year scientists and engineers
from the California Division joined the Georgia atomic aircraft staff for a
single coordinated program which first began at Lockheed in 1948.

Lockheed’s Missile Systems Division in Van Nuys, Calif., disclosed two
closely guarded unmanned vehicles, one designated the USAF X-7 with
ramjet power for development of new forms of power and other important
missile components, and the other of undisclosed designation with rocket
power for probing into key problems in the nation’s intercontinental ballis-
tic missile program.

These were but two of a dozen major projects, all highly classified, at
Lockheed’s 5,000-man Missile Systems Division.

The division’s installations at Van Nuys were kept in full operation.
Projected buildings in Northern California totaled 376,000 square feet,
and Lockheed employment in the Bay area was expected to be about 2,000
by the end of 1957. First moves into the division's scientific laboratories
near Stanford University in Palo Alto took place in September, and into
new engineering, administration and manufacturing facilities in nearby
Sunnyvale in October.

In El Centro, Calif., Georgia-built USAF C-130A Hercules transports
set records in 1956 for parachute discharge of cargo, including a 27,000
pound load as the heaviest single-item drop ever undertaken by parachute,
and a 29,000 pound load in 18 containers as the largest number of units in
a multiple cargo load ever dropped. Additionally the new propjet (a)
passed its USAF climatic tests at Eglin AFB, Fla,, and (b) successfully
completed personnel and cargo parachute delivery tests at Fort Bragg,
N. C,, prior to delivery of first units to the Tactical Air Command.

During August, Lockheed unveiled its experimental “flying saucer”
Super Constellation radar airplane built for the U. S. Navy. The saucer is
a radar housing that measures more than 30 feet across. The huge disk-
like structure is perched atop a modified WV -2 radar sentry airplane as the
latest advance in protection against sneak attack.

Soon after, the manufacturer rolled out a new Model 1049H Super
Constellation that looked like a standard Super-G luxury airliner. It meas-
ured the same and it performed the same. Yet it incorporated a beefed-up
flooring and an extra-sized door which permit the airplane to be assigned
to heavy cargo use when necessary.

Also in 1956 Lockheed introduced its new re-winged 1649A Super
Constellation as the longest-range airliner in the world. Measuring 150
feet from wingtip to wingtip and having a fuel capacity of 9,600 gallons, the
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first of the new challengers in the long-range luxury field rolled from Lock-
heed’s Burbank assembly lines September 13, four days ahead of production
schedules established 18 months earlier.

First flight of the Model 1649A took place October 10 to begin a six-
month certification program leading to delivery to Trans World Airlines,
Air France, Linee Aeree Italiane, Deutsche ILufthansa and Viacao Aerea
Rio Grandense (Varig of Brazil).

Concurrently with flight-testing the company’s new SeaStar jet trainer
for the U. S. Navy, research engineers slammed the T2V-1 to the ground
repeatedly in carrier landing qualification requirements—one of the toughest
test conditions to be met by any aircraft, lifting and dropping an entire
trainer from higher than a man’s head.

For Lockheed test pilots, 1956 was one of their busiest years. Their
test work included continuing production and development on Super-G
Constellations, RC-121C and WV-2 early-warning radar airplanes, and
P2V-7 Neptunes.

All of these airplanes—and the new propjet Electra—contributed to
Lockheed’s peace-time high in production backlog which amounted to $1.6-
billion at the beginning of the year’s fourth quarter.

Seven models of military planes, commercial transports and missiles
were included in the record backlog.

Sales through September totaled $514,433,000. Of this figure, military
sales accounted for $433,498,000, up $20-million from the first nine months
of 1955. Commercial sales of $80,935,000 were second highest nine-month
aggregate in Lockheed history.

Work was undertaken on more than $19-million worth of expansions
and improvements in 1956 as part of a multi-million dollar long-range
growth plan.

At the California Division construction of a new 80,000 square foot
flight test hangar was under way, first unit of a modern, fully equipped
engineering test center.

The year saw completion of a new paint hangar and a new tank seal
building, and renovation of the former Lockheed Aircraft Service, Inc.,
facilities to provide 279,000 square feet of hangar area for assembly opera-
tions on the Electra and P2V Neptune.

The Caliornia Division installed upwards of $1.5-million worth of new
machinery and equipment at Burbank and Maywood plants to meet press-
ing production demands imposed by the Electra and 1649A and increased
orders for the F-104A and F-104B.

MecDonnell Aireraft Corp.

McDonnell Aircraft Corporation’s sales for the year were up 20.4 per-
cent to an all-time record high figure of $186,204,381. This compares with
$154,588,816 for fiscal 1955. Earnings after taxes increased to $6,751,569
in fiscal 1956, from $4,555.795 in fiscal 1955, and backlog of orders more
than doubled. :

The expanded work load required commencement of a second five-year
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speed of sound, has been ordered in three versions by the U. S. Air Force.
It is scheduled to be the first tactical airplane to be utilized by all three
major commands of the Air Force.

As the only supersonic airplane to be exposed in flight to an H-Bomb
explosion at Bikini Atoll last May, the F-101A indicated its capability of
withstanding radiation and blast effects.

The F3H-2N all-weather Demon completed all Navy trial and evalua-
tion programs required for fleet release, and the first two Demon squadrons
went into service with the Atlantic and Pacific Fleets during the year.
Also, first F3H-2M missile-carrying Demons were delivered to fleet squad-
rons during the year.

Successful performance of the Demon, the Navy’s fastest all-weather
fighter, resulted in the placement of an additional $55-million order for
Demons in March 1956. Production under this contract was scheduled to
continue through March, 1958.

Radar-equipped FZH-3 and F2H-4 Banshees continued as the U. S.
Navy’s standard all-weather fighter and atomic weapon deliverer. Two
carrier squadrons of the Royal Canadian Navy based at Halifax, Nova
Scotia, also operated F2ZH-3 Banshees.

In the helicopter field, the XV-1, world’s first aircraft to make a success-
ful conversion from helicopter to airplane flight, continued its program of
development during the year, incorporating and testing many improvements
and modifications. The XHCH-1 flying crane program for the Navy also
made steady progress with a major portion of the rotor, power plant and
control systems being constructed and assembled.

Missile activity at McDonnell continued to increase, with work being
performed on two major missile programs in conjunction with the Navy
and on two with the Air Force.

The $34-million backlog of missile work represented a 126.5 percent in-
crease during 1956. In that same period, the number of Missile Engineer-
ing Division personnel increased nearly 50 percent. A number of versions
of Talos, a supersonic, surface-to-air missile, were successfully tested.

Martin Company

Focal points of greatest interest for Martin during 1956 were: (1) re-
ceipt of a contract to develop a new USAF experimental tactical bomber;
(2) announcement of successful first flight of the second XP6M-1 Sea-
Master and receipt of a contract for production quantities; (3) disclosure
of first flights and production of two new versions of the B-57; (4) revela-
tion by the Secretary of the Air Force that Martin’s Denver Division is
developing the ICBM Titan; (5) receipt of a contract for erection of a
nuclear power plant in the Dominican Republic; (6) disclosure that a new
guided missile, the Lacrosse, had gone into production for the Ordnance
Corps, U. S. Army; and (7) development of Missile Master, an electronic
system for controlling Army anti-aircraft batteries.

On May 29, 1956, the USAF and Martin announced that the Company
had been selected the winner of a competition to develop a new experimental
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tactical bomber. The previous August the Air Force had announced the
award of Phase I contracts to two aircraft manufacturers, one of which
was the Martin Company.

The Navy's second XP6M-1 Martin SeaMaster made its first flight on
May 18, 1956, and was airborne for about 174 hours. In September, the
U. S. Navy announced it had placed an order totaling more than $121-
million for 24 SeaMasters, spares, ground handling equipment and special
tools.

On April 25, 1956, a statement revealed that two new versions of the
B-57 had completed first flights and were in production status: (1) the
RB-57D, a high altitude test bed for two J-57 engines, and (2) the B-37E.
a tow-target version of the basic B-57 with relatively quick convertability to
a tactical bomber.

Air Force Secretary Donald A. Quarles stated on March 21. 1936,
that the Denver Division of the Martin Company was developing the
Intercontinental Ballistic Missile Titan. Work on the Titan was started in
the Company’s Baltimore plant. Martin moved the work on Titan to Denver
when its new division was established there.

On June 12, 1956, Generalissimo Trujillo of the Dominican Republic
announced that pending U. S. agreement, an atoms-for-peace power plant
will be installed in his country by Martin. It is estimated that the Martin
nuclear power plant will increase the capital electrical supply by more
than 26 percent.

On October 5, 1956, the Company announced production of a new
surface-to-surface guided missile called Lacrosse for the Ordnance Corps
of the U. S. Army. Designed for close support operation on the battlefield,
with emphasis on accuracy and mobility, the essential components are the
missile, a launcher mounted on a standard Army truck, and a guidance
station.

The U. S. Army and Martin announced jointly on March 23, 1956,
the development of Missile Master, the country’s first electronic system
designed specifically for controlling and coordinating the use of Nike anti-
aircraft missile batteries and other advanced Army weapons as they be-
come available.

During the year production went forward on USAF B-57 bombers;
USN P5M-2 Marlin anti-submarine warfare seaplanes; USAF TM-61
Matador tactical missiles; and USN P6M-1 SeaMaster attack seaplanes.
On January 10, 1956, the USAF announced an additional order for a sub-
stantial quantity of TM-61 Matadors. and on September 3, 1956, the
Martin Company stated it had received a contract in excess of $4-million
calling for modification of a number of Matadors to increase still further
their effectivity. Farly in March the Martin Corr}pany revealed that suc-
cessful test firings had been made with a new version of the Matador—the
TM-61B. This version is longer than its predecessor, carries a larger nose
section, and has an entirely new airborne guidance system.

During the year, considerable progress was made also with Project
Vanguard, for which the Martin Company is building the launching vehicle,
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which will put the earth satellite into its orbit during the International
Geophysical Year. It was stated in September 1956 that before this occurs
a flight test program will be conducted at the Air Force Missile Test
Center, Cocoa Beach, Florida. First test firings were to begin during the
fall of 1956. The first Vanguard propulsion unit to be tested will be
the third stage solid rocket. This will be carried aloft in a modified Martin
Viking rocket. The final test configuration will consist of all three Van-
guard stages, and will, therefore, be virtually identical with the three-
stage rocket employed for launching the satellite. However, no orbit will
be attempted during the test program since all of the vehicles will be
heavily loaded with test instruments.

Disclosure was made on April 30, 1956, that engineering studies were
underway at Martin looking to development of an airframe for a nuclear
powered seaplane. At that time the program had been in operation for
more than a year under a special contract with the Office of Naval Research
and the Bureau of Aeronautics.

RIAS, Inc., moved into separate quarters in Baltimore during Septem-
ber 1956 with a staff of 25 scientists. The objectives of this facility re-
mained unchanged, i.e., to pursue fundamental research under industrial
management without constraining its investigating scientists to product
development. Fields under investigation include metallurgy, photo-syn-
thesis, mathematics, solid state physics and biochemistry.

Sizable new building facilities were completed and occupied at Middle
River while still others were in process of construction.

In August 1956, an addition to the Personal Building totaling 14,600
square feet was put to use, and two months later a new Engineering Build-
ing with 65,000 square feet was fully occupied. Meanwhile, a 22,400 sq. ft.
hanger was being built at the Martin Airport; a 40,000 sq. ft. structural
test facility was scheduled to be ready during the first quarter of 1957; a
structural test tower for the Vanguard rockets was nearing completion in
October 1956; and a three-story cafeteria building with more than 18,000
square feet of floor space was scheduled for availability at least by the
year’s end.

During the year of 1955 the Martin Company was using 275,000 square
feet in off-premise locations. In 1956, this total increased to 343,000
square feet.

On September 14, 1956, the Company announced it had purchased a
10 square mile site on the outskirts of Orlando, Florida, and the president,
George M. Bunker, said the new location is required to execute Martin’s
commitments in the fields of electronics, nucleonics, and missiles as well
as piloted aircraft.

During 1956, the Martin Manufacturing Research and Development
Laboratory developed Marbraze, a new aluminum dip brazing. It utilizes
a paste filler applied with a brush to the joints to be brazed instead of the
sheet or wire filler which formerly had to be formed to fit the joint.

Martin engineers worked out a process for welding titanium by flowing
inert gas over the joint being welded and using a metal or helium back-up.
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pany in October 1956, with awards totaling $24,000. Ten prizes totaling
$12,000 were offered students, plus duplicate awards to the accredited
institutions sponsoring winning papers. Contestants were required to write
on some problem associated with the design, manufacture, or use of
orbital vehicles.

In January 1956, announcement was made of a program involving the
loan of staff members of the Company to colleges as full-time professors
of engineering or science. In addition to this “professional lend-lease,”
Drexel Institute and Martin, later in the year, concluded an arrangement
by which any qualified engineer in the Company’s employ at Middle River
may earn an accredited master’s degree in engineering or physics while still
carrying on normal day-to-day work assignments.

Martin’s sales for the first nine months of 1956 were $228,766,424 as
against $194,805,592 for the same period of 1955. Current backlog is over
$660-million. Employment at the end of September 1956 was over 26,000.

North American Aviation, Inc.

In 1956, North American Aviation, Inc., had eight different models
of aircraft in production at its Los Angeles and Columbus plants, including
six jet fighters and two trainer types. In addition, an extensive moderniza-
tion and modification program was carried on at these plants and at the
Fresno, Calif., division.

Aircraft produced at Los Angeles included the F-86F Sabre Jet fighter,
the F-100C and F-100D Super Sabres, and a new two-place version of the
F-100, the F-100F. Initial delivery of the latter airplane to the Air Force
was scheduled for early 1957.

The Columbus Division produced the FJ-3 and FJ-4 versions of the
Fury carrier-based jet fighter, the T-28B trainer and the later T-28C
carrier-based version, and both the F-100C and F-100D.

Production of parts to support the assembly of Sabre interceptors and
fighters in Italy and Japan under Air Force contracts and licensing and
technical assistance agreements was also carried on. Fiat of Italy is cur-
rently producing the F-86K interceptor version of the Sabre for use by the
NATO countries, and the F-86F Sabre is being built by Mitsubishi Heavy
Industries Reorganized Ltd., in Japan; first of Japanese-built airplanes
was flown in August, with North American test pilot John Bryan at the
controls.

Sabre fighters are also produced by Australia and Canada under li-
censing and technical assistance agreements.

A similar agreement with Construcciones Aeronautics Sociedad Anoni-
ma (CASA) of Madrid, Spain, resulted in the repair and overhaul of
F-86F Sabres turned over to the Spanish government by the U. S. Air
Force.

Manufacture of F-86 Sabres at the Los Angeles plant was concluded
late in December, after eight years of production. In February, the first
of a number of F-100 Super Sabres was flown to Europe for Air Force
units there, to start conversion of the USAFE to supersonic status. Addi-
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The company’s operating divisions increased to seven during the year,
with the establishment of the Los Angeles aircraft operations as a separate
division.

In addition to Los Angeles, Columbus and Fresno, the divisions include
Autonetics and Missile Development divisions in Downey, Calif., and
Rocketdyne and Atomics International in Canoga Park, Calif.

Autonetics, engaged in the development of autonavigation, flight con-
trol, computing and other electro-mechanical equipment, announced that its
NADAR system was being installed in four types of Air Defense Command
interceptors. NADAR is a lightweight automatic recorder which translates
mission data from the radar system onto a tape which can be “played back”
for pilot and aircrew evaluation and training. Production of the MG-4
armament control system for F-86K interceptors was continued.

Rocketdyne was engaged in the production of liquid propellant engines
for most of the nation’s large intercontinental and intermediate range mis-
siles, including the Navaho, the Army’s Redstone, and the Air Force
ballistic missile program which includes the Thor, Atlas and Titan. Test-
ing was carried out at the company’s Propulsion Field Laboratory in the
Santa Susana Mountains in Southern California. Construction of a $13-
million rocket engine plant at Neosho, Mo., which will be government
owned and Rocketdyne-operated, was started in mid-year.

Atomics International, North American’s atomic energy division com-
pleted manufacture and installation of the nation’s first privately-owned
industrial research reactor, built for the Armour Research Foundation,
Chicago. The division also announced orders for smaller reactors from
several foreign countries, including Denmark, Japan and Germany, and
continued its work on the Sodium Reactor Experiment being constructed
in the Santa Susana mountains ; the latter will be used to generate electricity
for the Southern California Edison Company. A full-scale 75,000 kilowatt
sodium graphite nuclear power plant was designed in cooperation with the
Atomic Energy Commission, and an organic moderated 12,500 kilowatt
power plant was being designed for the city of Piqua, Ohio.

Construction of a new three-story building near Los Angeles Inter-
national Airport for North American’s general offices and related staff
functions started in January, and the building was scheduled for occupancy
in early 1957. Two wind tunnels, one in Los Angeles and one in Columbus,
were under construction or in the planning stage, and flight test facilities at
Columbus and at Palmdale, Calif., were expanded. Also being constructed
was a new headquarters building for Autonetics, and a number of new
engineering and manufacturing facilities were put into use by Rocketdyne,
Autonetics and Atomics International. Floor area in use as of September
30 by the company and its divisions totaled more than 11-million square
feet, an increase of 15 percent over 1955.

Employment reached a post-World War II high, with approximately
70,000 employees at the years end ; nearly 5,000 of these employees have
been with the company ten or more years.

During the year, purchase orders totaling in excess of $625-million were
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placed with some 12,800 firms, the majority of which were in the small
business class, with fewer than 300 employees.

Net sales were increased over 1955, and a substantial backlog of un-
filled orders pointed to a successful continuity of production and employ-
ment,

Northrop Aireraft, Inec.

Northrop Aircraft, Inc., of Hawthorne, California, recorded new strides
in the guided missiles and manned aircraft fields in 1936.

For the first time the U. S. Air Force permitted release of some infor-
mation congerning its Northrop Snark SM-62 intercontinental guided
missile. The swept-wing pilotless bomber is the first U. S. intercontinental
missile. Designed to deliver an atomic or thermonuclear warhead over
transoceanic distances, the Snark was first displayed to the public on Armed
Forces Day at Bolling Air Force Base.

A new version of the Scorpion—the F-89H—was introduced by
Northrop as the first operational aircraft armed with Hughes Falcon air-to-
air missiles. The F-89H carries six Falcons and 42 air-to-air rockets in
its wing tip pods. America’s most heavily armed fighter. it is operational
with units of the Air Defense Command.

Modification and modernization of earlier Scorpion models are being
conducted at Northrop’s Palindale facility where more than 1,250 persons
are employed. The modified aircraft will be re-designated the F-89]. The
conversion program is expected to continue through 1938.

In May, 1956, Northrop was awarded an Air Force contract for a super-
sonic jet trainer, based on a design developed by the company after two
years research.

The trainer plane is a high speed aircraft of advanced configuration. It
is simple in design, relatively inexpensive to produce. operate and maintain.
It is designed to match the performance of operational atrcraft of tomorrow.

Northrop will occupy one of the world's most advanced engineering
and science centers with the completion in early 1957 of multi-million
dollar facilities under construction at Hawthorne. It will house Northrop’s
advanced new engineering projects such as the new supersonic trainer
airplane.

Other new facilities. now well advanced and scheduled for completion
in early 1957, include a new engineering test laboratory, a new wind tunnel,
a cafeteria, guided missile engine test facility and an environmental and
electrical test laboratory.

Northrop’s Anaheim division now manufactures a diversified range of
products including optical, electronic and mechanical devices for all four
military branches.

An important product introduced by the Anaheim plant during the year
was “Sky Screen,” an optical projection device capable of rapid and accu-
rate transmission of radar. data into a viewing screen for aircraft control
and identification, ‘

Anaheim’s engineering department has been enlarged to provide greater
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potential capabilities and the secret Hawk missile program is advancing
under a sub-contract from the Raytheon Manufacturing Company.
Consolidated sales for Northrop and Radioplane Company, a wholly
owned subsidiary of Northrop, for the fiscal year ended July 31, 1956,
reached a record high of $332,513,290, as compared with $283,462,522 for
the 1954-55 fiscal year.
At year end Northrop employment totaled approximately 22,000.

Piasecki Aircraft Corp.

In 1956 Piasecki Aircraft Corporation acquired the 330-acre plant,
machinery and other physical assets of the Aircraft Division of the Bellanca
Corporation. Acquisition of the property increased Piasecki’s manufactur-
ing capabilities ten-fold.

Negotiations were also underway with Philadelphia’s Department of
Commerce and its aviation division for additional expansion including
production and administrative areas totaling 100,000 square feet at the
company’s Philadelphia International Airport plant that will remain the
company’s home base.

Piasecki Aircraft, one of the nation’s newest in the aviation field, was
chartered in Pennsylvania in June of 1955. It is engaged in research,
design, development and production of aeronautical products and equip-
ment with particular emphasis on vertical lift aircraft that can rise vertically
from a standstill.

In 1956 the company was awarded a contract by the Navy to design,
ground test and wind tunnel test a new concept of this VTOL aircraft. It
will combine the versatility of the helicopter with the capabilities of high,
level flight speed.

The company had eleven other prime contracts from the United States
Army and Navy. Seven of these have not been publicly announced. Nu-
merous other proposals were being evaluated by the armed forces.

Among its contracts, Piasecki had one for the original design of an
unmanned, remotely controlled configuration named the “Sea Bat” for
the Navy. It will have the capability to “hang in the air” and maneuver
in any direction under complete electronic control.

Piasecki was also working on advanced designs of “flying crane” heli-
copters that would lift up to 16 tons, distances up to 100 miles. These are
for the United States Army’s Transportation Corps’ Research and Devel-
opment Command.

In addition, the company also had a contract from the Army’s Trans-
portation Corps to design, manufacture and flight test a radically new,
low-maintenance helicopter rotor that will greatly reduce the cost of rotary
wing aircraft operations.

The company was also conducting engineering research on a mine-
sweeping system for the Navy.

Tayloreraft, Inec.

In 1956, Taylorcraft introduced another fiberglas series airplane, a
floatplane version, named the Seabird.
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Total Piper employment, numbering 1,600 during 1956, was expected
to be increased to 2,000 in order to initiate and handle Comanche produc-
tion.

During 1956 Piper established a world-wide network of factory certi-
fied service centers, staffed by service personnel who attended a special
Service School conducted at the Piper plant. Graduates of this school
numbered 118 in 1956.

Piper Apache sales passed the 800 mark in 1956. The Apache is pow-
ered by two Lycoming O-320 engines rated at 150 horsepower, driving
Hartzell full-feathering, constant speed propellers. Apache cruising speed
at 6,000 feet at recommended 75 percent cruise power is 170 mph.
Fuel capacity of the Standard and Custom models is 72 gallons for 4 to 5
hours’ range, depending on power setting. The Super Custom Apache
carries 108 gallons for a range up to 1,200 miles. Dual generators and
dual vacuumn pumps are also offered in the Super Custom model. )

The 4-passenger Piper Tri-Pacer, powered by a 150 hp Lycoming
engine, continued in great demand during 195_6. Over 4,000 Tri-Pacers
have been delivered since this tricycle-gear business plane was introduced
in 1951. Simplified controls, with inter-connected springs linking rudder
and aileron, permit the Tri-Pacer to make coordinated turns with wheel or
rudder pedals alone.

The Tri-Pacer is offered in Standard, Custom and Super Custom
models. The Super Custom, which represented approximately two-thirds
of Tri-Pacer sales in 1956, includes full instrumentation with all gyro and
other flight instruments mounted in a panel to the left directly in front of
the pilot and all radios in the center. ]

The Piper Super Cub, general utility plane w1dc_=,ly used for farm and
ranch work, uranium hunting, survey and patrol, military liaison and train-
ing, was offered in two versions—model “95” with a 90-hp Continental
engine and model “150” with a 150 hp Lycoming engine. Equipped with
flaps, the Super Cub 150 will take off and land in less than 50 yards.

Piper also offered the PA-18-A, agricultural version of the Super Cub,
either as a duster or sprayer or as a combination unit which can be quickly
converted for the application of either dry or liquid chemicals. The PA-
18-A hopper has a capacity of 110 gallons of liquid or 18 cubic feet of dust.

Preliminary details of the new Piper Comanche disclose that the all-
metal, low wing plane will make its debut in April, 1957, with a 4 cylinder,
180 hp Lycoming engine. A second Comanche, powered by a new 250 hp,
6 cylinder engine, will be ready for delivery late in 1957.

Radioplane Co.

In 1956, Radioplane Company, a subsidiary of Northrop Aircraft,
broadened the scope of its activities by moving further into the field of
complete drone and missile systems. :

A principal production item continued to be the OQ-19 target drone
system, used in large quantities by the Army and Air Force as a radio-con-
trolled target for anti-aircraft gunnery and missile training. Large scale
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production was also initiated on the KD2R-3 drone for the Navy. Features
of this improved model include increased radar tracking capabilities and an
advanced control system. Considerable production was also accomplished
on the RP-71 surveillante drone for operational suitability testing by the
Army Signal Corps. This drone system provides a completely mobile
operating unit designed to provide close-in reconnaissance -photographic
support to front-line commanders. '

Other developments beyond the 200-knot OQ-19 class included the
RP-77 series of intermediate capability drones culminating in supercharged
and turbo-prop versions, and the RP-70 rocket-powered series designed for
speeds in the Mach 0.9 range. Both of these drones have highly increased
altitude capabilities and are significantly advanced in other design features
which include new control and scoring systems, and use of glass-fiber
reinforced plastic construction for maximum strength and economy.

Other details of the company’s increasing activity in Air Force Research
and Development programs concerned with supersonic drones and guided
missiles have not been released for reasons of military security.

Besides its work in the drone and missile fields, the company continued
to engage in research and production of parachute deceleration and re-
covery ‘systems.

Radioplane during the year carried out an intensified plant expansion
program including the addition of a new facility in El Paso. Texas. Plant
space was increased from 215,000 square feet to 385.000 square feet. Em-
ployment grew from 2,200 at the start of the year to approximmately 3.200
at year’s end.

This company maintains a large field support and service organization
and also specializes in the development and organization of contractor-
operated service programs for the military. Complete drone systems are
provided to customers, including all accessories and support equipment,

Republic Aviation Corp.

In 1956, Republic’s silver anniversary vear, the company took a search-
;;ng look at its past and present, then laid the foundation for an aggressive
uture.

In 1956 the F-84F Thunderstreak fighter-bomber and RF-84F Thun-
derflash reconnaissance fighter were supplied in increasing numbers to
North Atlantic Treaty Organization nation air forces. Both aircraft are
active around the world with the U. S. Air Force and also serve in the Air
National Guard. :

The new West German Air Force received its initial complement of
Thunderstreaks and Thunderflashes. Backing up integration of these air-
craft into Germany's re-vitalized air force, the company, through its wholly-
owned European subsidiary. Republic Aviation International signed an
agreement with the Weser Company of Bremen, Germany, for providing
technical assistance, equipment and personnel to Weser as that firm proc-
esses Thundercraft for delivery to GAF.

The agreement was one of a series of steps increasing Republic’s Eu-
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ropean facilities in support of the more than 2,000 Republic-built aircraft
on the continent and in the Near Last.

In 1956 initial production was begun on the F-105 supersonic fighter-
bomber. Still a military secret, the F-105 is described as having short, very
thin swept-back wings and a long cylindrical fuselage. Air intake ducts
are installed at the wing roots, permitting radar equipment to be installed
in the needle nose. A one-piece flying tail (stabilator) is set low on the
aft section of the fuselage, on the underside of which is located a ventral
fin to provide lateral stability. Several variations of the F-105 have been
designed, the "F” fighter-bomber and “RF"” reconnaissance models being
the only ones revealed to date.

During the year drag parachutes and Republic-developed hydraulic
tandem actuators for aircraft primary controls were introduced into the
latest F-84s coming off the assembly lines. A modification program pro-
vides for retrofit of these items into earlier Thundercraft both at Republic
and in the field. Primary purpose of the drag chute is to enable landings
on short runways, while the new tandem actuator provides the pilot with
an automatic emergency control system.

In the field, F-84 Thundercraft distinguished themselves in Operation
Sagebrush, mock atomic war; USAF World-Wide Weapons Meet ; Inter-
national Reconnaissance Competition; and other “hattle skill” maneuvers.

All rights to the Republic Seabee light amphibian plane were sold in
1956 to American Aviation Corporation, Saginaw, Mich. The sale in-
cluded all of the tools, dies, jigs, engineering data and records and was
based to a large extent on American’s ability to continue supplying Seabee
owners with the same spare parts service they had heen getting at Republic.

In 1936 Republic’s Guided Missiles Division revealed two new prod-
ucts, a two-stage high altitude research missile which streaks 80 miles into
space at Mach 5.6 and a nuclear bombing-trainer designed to teach pilots
to drop atomic hombs accurately.

The bomb-trainer, which carries four miniature practice bombs and
electronically simulates an actual bomb drop, has been ordered into initial
production for the U. S. Navy. A similar unit is also being developed for
the Air Force.

Terrapin, Republic's low-cost research rocket, was developed in con-
junction with the University of Maryland for a Department of Defense
upper atmosphere research program administered by the University. Less
than 15 feet long, 6!4 inches in diameter at its thickest point, and weighing
only 224 pounds, Terrapin reaches its 80 mile peak altitude in a matter
of minutes, then radios measurements of primary cosmic radiation, tempera-
tures and other “space” data. The missile plus its zero-length launcher
costs less than the fins of many of its “big brother” research missiles.

During 1956 the Guided Missiles Division was also engaged in devel-
opment of guidance systems for an air-to-surface missile and a surface-to-
surface missile, an air-to-air missile system and a project described only as
“more advanced than the earth satellite.”

To keep pace with these and other projects still secret, the company’s
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plastic tooling, honeycomb structures, chemical milling and new welding
and fabricating techniques.
lem. Five Dura-Stack type engine run-up mufflers were installed. Tests
have shown that the mufflers reduce engine noise intensity about 90 percent.
Other measures taken included construction of specially-designed “‘baffle”
fences to divert sound, repositioning of aircraft in engine-test lines and
rescheduling of engine test periods.

Net income for the first nine nionths of the year was $4,814,705. Sales
for the period amounted to $232,370,178.

Ryan Aeronautical Co.

The year 1956 marked broadening of Ryan Aeronautical Company's
aircraft engine production line. At thesame time tooling for accelerated
prodyction of giant airframe components reached its peak and significant
progress was made in the development of advanced electronic devices.
Ryan also-continued to improve its famed Firebee jet target drone missile,
for which increasing output was ordered by the Air Force and the Navy.

Entry into the field of ready-to-install jet power packages was heralded
by award of a $20-million initial contract by Douglas Aircraft Co. for
production of the complex engine pods for the DC-8 jet airliner. The order
also calls for building access doors and the pylon structures which support
the engines beneath the wing. During the course of production adaptations
will be made for three engine types, the Pratt & Whitney J-57, the more
advanced P&W J-75, and the Rolls-Royce Conway.

This work widens Ryan’s already highly diversified activity in the jet
and piston engine field, encompassing afterburners, exhaust systems, com-
plete rocket motors, ramjet engine assemblies, and components for turbo-
compound engines,

The year also marked the end of an era, with completion of the last
of almost 900 Boeing KC-97 aft fuselage sections over a period of more
than seven years uninterrupted, on-schedule production. At the same time,
work on a much bigger job for Boeing, the aft sections and other com-
ponents for the KC-135 jet tanker-trahsport and the 707 commercial
Stratoliner was stepped up, and deliveries of KC-135 units to the Boeing
plant in Renton, Wash., begun,

Already in high gear was production of other airframe units, including
the aft fuselage of the North American F-86 Sabrejets and complete Fire-
bee missiles.

Ryari’s dedication to a daring concept in aviation, vertical takeoff and
landing (VTOL) of ﬁxed-wing aircraft, was further exemplified during
1956 with the unveiling of plans to build its “Vertiplane” for the Army
in a contract administered by the Office of Naval Research.

Already under test at Edwards Air Force Base is the Ryan X-13
Vertijet, built for the Air Force as the world’s first jet VTOL plane. In
contrast to the Vertijet, the Vertiplane will be propeller-driven, and its
ability to take off straight up and land without a ground run will depend
on employment of the deflected slipstream principle through use of large
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propellers and double, retractable wing flaps extending far below and to
the rear of the wing's trailing edge. A true VTOL, the Vertiplane will
hover, make full transition from vertical to horizontal flight, and be capable
of flying backward, forward and sideways.

On the heels of a multi-million dollar contract from the Navy for a
new system of automatic navigation (the AN/APN-67). obtained in 1955,
came another Navy contract during 1956 for a new helicopter ground speed
indicator which enables pilots to safely place their craft in the motionless
position necessary for detection of enemy submarines. Neither the auto-
matic navigator nor the helicopter hovering detector needs aid from ground
stations or wind data.

The automatic navigator system, which was used in flights over the
South Pole during the year with Admiral Byrd's Antarctic expedition, has
become the first operationally suitable, light-weight, self-contained naviga-
tion system which inherently and automatically compensates for the effects
of wind drift in navigation. It is the only light-weight svstem of its type in
production today.

A study into the unique problems confronting pilots of VTOL aircraft
was launched by Ryan during the past year in a contract from the Air Force
to make a major human engineering dynamics analysis of cockpit arrange-
ment and instrument display requirements. A mock-up of a cockpit will
be built to incorporate recommendations describing optimum cockpit and
instrument arrangement, from the standpoint of most efficient pilot use.

To cope with skyrocketing production demands. new company-owned
machine tools valued at approximately $1-million were installed during
1956, and construction of new warehouse, office and production areas
sent the floor space under roof to over 900.000 square-foot mark. With
additional facilities being planned. it is anticipated that by the end of 1957,
Ryan will have 1-million square feet of floor space under roof on its
44 acre site at Lindbergh Field, San Diego's municipal airport.

Ryan’s payroll also continued to climb, reaching by vear’s end a total
of approximately 5,500 employees (almost 1.000 above the 1933 figure),
the highest since the peak of World War II. and continued increases are
anticipated.

Based on the financial report for the first nine months of the fiscal vear,
sales during the full year were expected to approximate $43-million. com-
pared with $41.5-million in 1955. Net profits. due to the extensive “make-
ready” tooling program, were expected to be slightly below the $1,550,590
amount for fiscal 1955.

Sikorsky Aireraft Div.

United Aireraft Corp.
In 1956—15 vears after the first flights of Igor Sikorsky’s VS-300
—the Sikorsky Aircraft division of United Aircraft Corporation continued

full production of S-55 and S-56 helicopters at its Stratford, Connecticut,
plant, turned out quantities of S-58s at its Bridgeport, Connecticut, plant,
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and put into operation a complete overhaul and repair facility at the Bridge-
port Airport.

Early in the.year, administrative offices were transferred from Bridge-
port to the Stratford plant. Engineering remained at Bridgeport. Flight
testing operations were begun at Stratford, adding to those already con-
ducted at Bridgeport. Company pilots were also engaged in checking out
modified or overhauled aircraft at the Bridgeport Airport.
 During the spring, CAA testing of the 12-passenger S-38, already
in service with the United States Army and Navy and the Royal Canadian
Air Force, was completed. Upon certification in midsummer, initial de-
liveries of the commercial version were made to Sabena Belgian World
Airlines, New York Airways, and Okanagan Helicopters, Ltd., of Canada.
Additional orders for the S-58 were placed by the oil industry to supple-
ment fleets of S-55 helicopters now -being used in survey work and for
transport of equipment and personnel in the Gulf of Mexico. the Canadian
bush, and other inaccessible areas.

The 1,000th S-55, a Marine HRS-3, was delivered in late sunumer.
Orders on hand indicated production of the eight-passenger aircrafi
would continue several more years. The S-55, in service with all U. S
armed forces, continues as the mainstay in air-sea rescue services with
domestic and foreign military units. Featuring the typical Sikorsky single
main rotor configuration, the S-55 is powered, depending upon the model.
by the Pratt & Whitney Aircraft R-1340 engine or the Wright R-1300.

Deliveries of the S-56, known as the HR2S by the Marine Corps and
designated H-37 by the Army. were begun in the spring. The first aircraft
was flight-delivered to the Naval Air Test Center, Patuxent River, Mary-
land. Upon acceptance of a number of the twin-engine helicopters, an
extensive testing program was begun and is still in progress. The Army's
first H-37 also went to N.A.T.C. for testing by Navy personnel.

Powered by two Pratt & Whitney Aircraft R-2800 engines, the heli-
copter was designed for the Marines as an assault transport capable of
carrying 26 fully equipped troops. It has a single main rotor of five blades
coupled with a four-bladed, torque-compensating tail rotor.

In October, the HR2S5-1W, a new configuration of the S-56, was
unveiled by the U. S. Navy. Equipped to carry radar, the helicopter will
operate from fleet aircraft carriers, considerably extending present sea
radar coverage.

Army Captains Clande Hargett and Ellis Hill, flying an H-34 (S-58).
in the summer of 1956, established new F.A.l.-acknowledged speed records
for closed circuits. The new world records were 141.9 mph for the 100-kilo-
meter course, 136 mph for 500 kilometers, and 132.6 mnh for 1.000 kilo-
meters. An unofficial endurance record was set by Marine Lieutenants
I. K. Donaldson and D. B. Waldron in an HO4S (S-55), remaining aloft
13 hours, 2 minutes, without refueling. The international straight run speed
record of 156.006 mph, established by a Sikorsky $-59 in 1954, remained
unbroken.

Commercially, a Sabena S-58 set an unofficial “city center” to “city
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center” speed record. On the last leg of a delivery flight from Paris to
jrussels, a distance of 185 miles, the aircraft averaged 146 mph.

Iate in the vear, Sikorsky Aircraft disclosed p]am for the expansion of
its vear-old Stratford plant. The new addition is to house engineering and
experimental offices, laboratories, and test areas. It will consist of 433.000
square feet and will include the engineering, service. and technical publica-
tions departments, now located in Brxdgeport. The company estimates
future expansion of the engineering department will amount to nearly
25 percent.

Altogether, Sikorsky Aircraft emploved approximately 10.000 office,
production, and test personnel as 1956 drew to a close.

Stroukoff Aircraft Corp.

1956 was a year of continued engineering. design and manufacturing
by the Stroukoff Aircraft Corporation at its facilities in West Trenton,
N. J. It also proved to be a most successful yvear from the angle of engineer-
ing accomplishment. Early in the vear the Stroukoff developed USAF
C-123-E Pantobase established itself unquestionably as the most versatile
assault transport.

Early in 1956 the C-123-E Pantobase aircraft proved itself as a com-
pletely amphibious craft through a series of stringent land and water tests
out of Palm Beach Air Force Base and on Lake Okeechobee. These tests
were made in water conditions approaching gale force. The ship was then
flown to Bimidji. Minn., for a complete cvcle of flights which were
made under semi-Arctic conditions. One of these flights, March 10, 1936,
established a new record for takeoff from snow for skis. The C-123-E ook
off without Rato, and without the assistance of flaps. at a gross weight of
55,165, exceeding its own standard gross weight of 50.000 b\ 163 poun(h
This was accomplls ted with surface conditions of 21 inches of unpacked
snow plus drifts at a temperature of 17° Fahrenheit. Prior record for
straight ski operation, incidentally, with flaps was for 32.800 pounds in
February of 1933 in Newfoundland, made by the Navy. during tests for
an Arctic type transport. All flights and instrumentation tests were suc-
cessfully completed by the U. S. Air Force. Wright Air Development Cen-
ter Directorate of Flight, and the C-123-E was approved by the Air
Research and Development Command.

By year’s end the newest Stroukoff design for the U. S. Air Force, the
YC-134 number one was ready. The YC-134-A is a series of aircraft that
will have the Stroukoff developed Boundary Laver Control System, and
Pantobase gear, a new landing gear system, a new loading and unloading
svstem as well as numerous alrcraft operational improvements. The ﬁrst

ship deswnated the YC-134 was predecessor and test vehicle for the YC-
134- A series which will be the true advanced model. These latter aircraft
will be flying in the early spring. Powered with two Wright R-3350 Turbo-
Compound engines plus the added lift of a new BLC, the YC-134-A series
will provide the Alr Force with a completely amphibious to any surface,
assault transport of over 66.600 pounds gross weight capable of taking off
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in less than half the time and distance for ordinary aircraft from regular
runways.

During 1956 Stroukoff conducted a series of advanced investigations
in the field of Boundary Layer Control developments, as a sequel to the
successful experiments completed three years ago. These engineering ef-
forts were conducted in the laboratories and wind tunnel that are part of
the aeronautical engineering establishment of Stroukoff at \Vest Trenton.

Temco Aircraft Corp.

Highlight of the year’s activity for Temco Aircraft Corporation was
acceptance by the U. S. Navy of Temco’s Model 51 primary jet trainer.
Designated TT-1 by the Navy, 14 of the trainers are now in production at
the Temco-Dallas, Texas, plant. Delivery of the first production model was
scheduled for July of 1957.

Primarily designed-to shorten the number of hours required to com-
plete a student’s flight training, the TT-1 introduces a new trend in mili-
tary aviation training—that of commencing a student’s flight training in jet-
propelled aircraft. Powered by a Continental J-69-T-9 turbojet engine
developing 920 pounds of thrust at sea level, the TT-1 combines an un-
usually high dive speed (450 knots) with a stall speed (62 knots) low
enough for a student’s first solo.

The TT-1 is the first jet aircraft to be completely designed, built, anu
flight tested by the 11 year old company.

In addition to the development and subsequent acceptance of the TT-1
by the Navy, 1956 found Temco’s engineers busily engaged in research and
development projects on missiles and weapons systems of the company’s
own design.

A Navy contract for development and testing of the XKDT-1, a rocket-
powered target drone, was awarded Temco in October. The contract calls
for an extensive test and demonstration program in 1957 at the Point
Mugu Naval Air Missile Test Center. Designed to fly at predetermined
altitudes and at speeds of Mach .95, the XKDT-1 is a low-cost, expendable
target system for air-to-air and surface-to-air missile practice.

Temco also continued to make appreciable gains in sub-contract proj-
ects. Work continued at the Dallas and Garland plants for production of
parts and assemblies for the Boeing B-52 and B-47, Lockheed’'s P2V-7,
C-130 and Electra propjet transport, McDonnell's F-101, RF-101 and
F3H, Republic’s F-84F, North American’s F-100, and engine test stands
for Lockheed’s C-130 Hercules propjet transport. In addition, contracts
were let during the year for tooling and production of wings for the Lock-
heed F-104 Starfighter, power packs for the Fairchild C-123, compressor
assemblies for the Ford version of the J-57 jet engine and design and tool-
ing for Convair's supersonic B-58 Hustler bomber.

In_ the field of overhaul, 1956 saw Temco receiving its first contracts
COVEring a jet aircraft, the Republic F-84G.

Electronic modification activities as well as Air Force orders for over-
haul and IRAN (Inspect and Repair as Necessary) of C-54 and C-97 type
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aircraft continued at the Temco-Greenville, Texas, plant. In addition, con-
version of the single-engined Navion into an executive transport, the Riley-
Twin, contributed in filling that facility to its capacity.

As a result, Temco's policy of diversification in the fields of aircraft
reearch and development, aircraft subcontracting. and aircraft overhaul
and modification had produced active engagement in some 79 different and
distinct projects by October 1956.

Employment continued to break all previous records, topping the 10.000
nmark in early August.

Co-incident with employment increases. Temco in July announced that
contracts had been let for the construction of a new $1-million engineering
center to be built adjacent to the Garland plant. Ground breaking for the
new center took place on October 31, 1956, and work on the building
commenced immediately thereafter. Scheduled for completion early next
vear and covering more than 100.000 square feet of floor space, it will
provide space for administration, design laboratories and a high bay area
for experiment operations and testing. All engineering functions with the
exception of liaison are to be transferred to the new building.

With the addition of the new engineering center, Temco’s total square
footage for its three plants will be increased to more than 2-million.

Temco’s total sales for the nine month period ending September 30.
1956, registered $61,196,203—a gain of 6.6 percent over the $57.428,170
recorded in the first nine months of 1955, Net earnings after provision
for Federal Income Taxes totalled $2,059,189—a decline of 12.4 percent
from 1955 earnings of $2.350.708. This drop is attributable primarily to
the increased amounts Temco is spending in research and development
projects.

United Aircraft Corp.

Because United Aircraft Corporation’s three divisions operate autono-
mously. discussion of the company's 1936 operating activities is found
under the names of the divisions: Pratt & Whitney Aircraft (engines),
Hamilton Standard (propellers and aircraft equipment). and Sikorskv
Aircraft (helicopters). All of the divisions maintained a high level of
development and production during the vear.

The company’s postwar expansion continued during the vear, with
large additions fo Pratt & Whitney Aircraft’s North Haven branch plant
and the Willgoos Gas Turbine test facility. Work was started on a major
expansion of the Hamilton Standard plant in Windsor Locks. Connecticut.

The Research Department of United Aircraft Corporation made sub-
stantial contributions in support of the research and development proarams
of each of the three operating divisions. A hypersonic tunnel, capable of
simulating flight conditions at very high’altitudes and operating at speeds
ten tlmes the speed of sound., was put into operation during the vear.
This was one of three new tunnels installed in the high-speed laboratory
of the Research Department. An addition to the wind tunnel facility was
under construction to house the growing array of electronic computer
equipment in the department’s computation laboratory.
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In 1955, the last complete year for which figures are available, United
Aircraft Corporation reported a net income of $31,064.924 on sales totaling
$697,921,704. Total current assets at December 31, 1955, amounted to
$197,910.346 compared to total labilities of $109,161,770 at that date.
Contracts, orders, and government letters of intent at December 31, 1955,
amounted to $1.4-hillion.

Vertol Aircraft Corp.

Peak production of the H-21 type helicopter continued throughout 1956
for Vertol. Along with deliveries of the H-21 to the U. S. Army, U. S. Air
Force and Royal Canadian Air Force, deliveries were hegun on contracts
for 100 H-21's, awarded Vertol by the French government. Negotiations
were underway with other European countries for sale of H-21's.

At the same time, U. S. military services assigned H-21's to Europe and
the Far East, With this broadening of the hase of operations for the H-21,
Vertol was moving quickly to certify the aircraft for commercial use. The
program was the first joint certification to be carried out by the U. S. Civil
Aeronautics Administration and the Canadian Department of Transport.

A contract for development of a twin turbine version of the H-21 was
announced in mid-1956. Designated the H-21D, the advanced model will
be powered by General Electric T-58 gas turbine engines.

Interest in multiple engine installations in helicopters has heen strongly
expressed by hoth military and commercial operators. Installation of the
twin turbine power plants in place of the single piston engine, now in use,
will give the helicopter multi-engine reliability, higher payload and in-
creased speed. It will also improve the helicopter’s all-weather flying
potential. Combined, these advantages will provide a new standard in air
convenience and reliability.

Payload of the turbine powered H-21 will be increased by 40 percent
over the piston engine version. The turhine power plants will make possible
cruising speeds- up to about 150 mph, or 50 mph faster than the current
aircraft. The increases in cruise speed and payload will more than double
the ton-mph capability of the H-21. The hovering ceiling also will be in-
creased by several thousand feet.

The company has indicated it will seek CAA certification for this multi-
turbine model.

The company’s name was changed to Vertol Aircraft Corporation in
March 1956. At that time, the company announced it was placing increased
emphasis on research and development in the broader field of vertical take-
off and landing aircraft.

Employment remained close to 5,000 throughout the year.

During the year, Vertol completed comparative studies of a variety of
types of VTOL designs for a specific Army mission. As the result of the
work done, the tilt-wing configuration was chosen as a promising arrange-
ment and a test bed program was initiated by the Army and Office of Naval
Research. The flying test bed was in final design stage by year-end.
Completion of the test craft is scheduled for late spring 1957.
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Research and Preliminary Design engineers pursued further VTOL
studies for high speed flight. In addition, feasibility studies of STOL. type
aircraft were conducted and preliminary designs completed. Wind tunnel
tests of STOL models were conducted 1 conjunction with these studies.

Sales and earning were expected to be substantially higher than in 1955
when earnings were $1,550.937 on sales of $57, 690. 074. The company's
hacklog was a little over $134-million.

On August 12, 1956, an Army H-21C established a new world heli-
copter record for distance-within-a-closed—circuit. The helicopter, flown by
Lt. Col. Harry L.. Bush and Major William C. Dysinger from the Army’s
CONARC Board Nr. 6. completed a 1,199.07 mile non-stop flight in 11
hours and 58 minutes. The flight was carried out according to the require-
ments of the Federation Aeronautique Internationale, of Paris, in order to
receive official recognition.

The H-21 also made the first successful non-stop transcontinental heli-
copter flight in August. Emploving in-flight refueling techniques, the
H-21C flew from San Diego, Calif. to Washington, D. C., a total oif 2,610
miles,

ENGINE MANUFACTURERS
Aerojet-General Corp.

Aerojet-General Corporation continued design and production of both
solid and liquid propellant rocket engines during 1936, expanding its Sac-
ramento facilities over a 20,000 acre site and inaugurating new construction
which will bring the total value of facilities there to approumateh $60-
million. Durm<r the year. the company also organized a subsidiary. Aerojet-
General \Tucleomcs. located in San Ramon. California, the first privately
owned production plant for nuclear reactors intended to be sold directly
to outside consumers, The company also expanded its Architect Engineer
Division by opening a permanent branch office of this unit in Orlando.
Florida.

At its Azusa, California, headquarters, the company began construc-
tion in mid-vear of a new two-story engineering building to cost an esti-
mated $9OO thousand. The buil dmrr 15 de\lcrned to house between 800 and
1,000 engineering personnel and is “scheduled for completion early in 1957.
Eary in October ground was broken at Sacramento for a $13-million
facility for prodmtlon of large liquid rocket engines for the Air Force's
ballistic missiles program. The company’s Liquid Rocket Plant at Sacra-
mento also was expanded to comprise eight huge rocket test stands. pro-
viding a total of 24 test positions, the largest of which can handle engines
up to l-million pounds thrust. Emplovment at Aerojet passed the 8,600
mark at the end of October.

In the solid propellant rocket field the company expanded both. is devel-
opment and production facilities and schedules. A new solid rocket test
facility was put into operation at Sacramento. Production of the Solid
Rocket Plant is largely under U. S. Navy contract.
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Aerojet also engaged during 1956 in two major projects for the Inter-
national Geophysical Year. The first was the design and fabrication of the
liquid-propellant second stage propulsion system for Project Vanguard,
the earth satellite vehicle, which is expected to be lauuched by the United
States sometime during 1957. Production also went forward on a large
number of Aerobee and Aerobee-Hi high altitude sounding rockets to be
used by the Office of Naval Research and the Air Force’s Cambridge Air
Research Center during the year. Aerojet-General constructed launching
facilities at Ft. Churchill, Manitoba, Canada, for the launching of these
and other research rockets during the Geophysical Year.

On June 29, 1956, a Navy-launched Aerojet Aerobee-Hi reached a rec-
ord altitude of 163 miles for a singe stage “boosted” rocket. International
interest in the Aerobee-Hi resulted in the display of a precisely-built work-
ing mode] of this rocket at the Berlin International Trade Fair, September
15 through October 1. A full-scale Aerobee was also loaned to the Air
Force for display at the International Astronautical Conference in Rome
during September.

The development and production of underwater propulsion devices,
electronic equipment and various types of ordnance was expanded. In No-
vember, the Army Chemical Corps announced satisfactory tests of Aerojet’s
new light-weight “one shot” flame thrower for use by parachute troops.
This unit weighs only 2674 pounds when combat loaded, as compared with
72 pounds for the conventional multiple-shot models. Continued work was
carried on by the company on its AEROmarker and AERObrake, develop-
ments which gave great promise for both military and civilian applications.
The AERObrake, which permits up to 50 percent reverse thrust to be
obtained, may find application in commercial aviation which is about to put
jet transports into use on major air lines. The AERODbrake is an American
application by Aerojet of a device developed by the Societe Nationale
d'Etude et de Construction de Moteurs d’Aviation (SNECMA) of Paris,
France.

Officials indicated that the company’s sales for 1956 would be approxi-
taately $130-million as compared with $70-million in 1955.

Allison Div,
General Motors Corp.

On-schedule testing and evaluation of the Allison Model 501 comniercial
Prop-jet engines and Aeroproducts 606 propellers during 1956 brought
Allison Division of General Motors Corporation another step closer to the
first flight of the Allison-powered T.ockheed Electra commercial airliner in
early 1958. '

Around the clock engine testing was accomplished on permanently
installed indoor and outdoor test stands which permitted the 501 to be run
through complete airline operating schedules from starting, idle, taxi, take-
off and climb out, short and long range cruising, and let down. Using an
actual commercial airline operating schedule, the Allison engineers paral-

140






The AIRCRAFT YEAR BOOK

figure is expected to be increased to more than 800,000 flight hours
before the Electra enters commercial service in September of 1958. Con-
tmumg its program of flight testing its own engines in operational aircraft
Allison received on ballment from the USAF a (, 130 in October and flights
immediately were started from the Allison Flight Test Research facilities
at Weir Cook Municipal Airport in Indianapolis logging more than 60
hours.a month.

The USAF B-17 Allison flying test bed, with four conventional piston
engines and a T56 Prop-jet in the nose (bombardier position), gave
impressive results with air starts and high altitude operations.

Braniff, KLM Royal Dutch, and Western Airlines purchased Allison
Model 501 Prop-jet engines in 1956 to power their Lockheed Electras
bringing sales to 128 planes and 512 engines purchased by the above three
airlines and American, Eastern, and National Airlines. Five of the airlines
have purchased Aeroproducts 606 propeller giving them the complete
General Motors power package.

The 501 engine consists of a single turbine power section connected by
an extension shaft and a.supporting structure to a reduction gear assembly
having a single propeller shaft. The 13.54:1 ratio reduction gear assembly
reduces the power section shaft speed of 13,820 rpm to the rated propeller
shaft speed of 1020 rpm. The engine has a 14- stage axial-flow tompressor,
six combustor liners, and a four-stage turbine. It welghs only 1750 pounds
and is- 145 inches lonor 27 inches wide. The Aeroproducts propeller is
of hollow steel construction and measures 13:5 feet in diameter. The engine
produces 3750 horsepower and testing is underway on a greater 4050 horse-
power engine.

At year’s end Allison had accumulated an_ impressive 120,740.8 hours
in Prop-jet experience including Turbo-Linér, C-130, R3Y, YC-131C,
B-17, and Constellation flight time and development test and test cell
operations. Before the Electra enters commercial service it is expected
that Allison will have compiled more’than one million hours of Prop-jet
experience. -

Culminating 10 years of extensneq*esearch vy the Navy, Allison, and
Convair, a Navy R3Y-1 Tradewind water-based inflight refueling tanker
made its first flight from Naval® Air Station, Alameda, Calif., to
- Keehi Lagoon, Honolulu, Qctober 16 anct returned to Alameda October 18
Setting a new seaplane record on the return trip of six hours and 41 minutes.
Powered by four Allison T40 .Prop- iqt engings, each developing 5850
horsepower and driving six-bladed Aeroproducts‘contra-rotating propellers,
the first Tradewind was delivered to Navy Air Transport Squadron TWO
(VR-2) at Alameda March 31 makmo*VR 2 the first squadron in the
world to place Prop jet powered seaplanes into operational service. The
squadron was up to-its: full;allowance qftseven planes by October. .

VR-2 pilots eagerly accepted the new revolutionary- powered planes,,
remarking that an entirely new concept of powered flight is offered by the.
Prop-jet Tradewinds. Complete revision of squadron training syllabus:
incorporating new water-handling techniques, instrument range work, and

142



THE INDUSTRY

beaching operation has resulted from the enormous power offered by the
Prop-jet. Navy will use the Tradewind series for inflight refueling
tankers for carrier-based jet fighters and bombers thus extending the
operational range of these planes of the Navv's Fast Carrier Task Forces.

Another Allison-powered Navy plane, the McDonnell F3H-2N all-
weather day and night fighter, )omed Navy operational squadrons and
hecame the backbone of the fleet's night fighters with its single Allison
J71-A-2 turbojet engine. In the 10,000 pound thrust class the J71 gives
the Demon speeds in the 600 mph bracket. Five squadrons in the Pacific
and Atlantic Fleets are flying these swept-wing fighters which are operating
from both Essex and Forrestal class carriers. J71 production for the
Demons is scheduled through 1938.

Allison J71-A-11 continued in production for the twin-jet USAF B-66
bombers and RB-66 reconnaissance bombers which made their first
appearance in Europe in the fall when the USAF deploved an undisclosed
number of Destroyers to Germany and Italy.

J33 engines, Allison workhorses in the jet field for more than 11 vears,
continued in production to power USAF Martin TM-61 Matador and
Navy Chance \"ouvht Regulus guided missiles, USAF Lockheed T-33 and
Navy TV-2 jet trainers.

In January 1956 Allison rolled off the production line its 100.000th
engine. a T56 Prop-jet, giving Allison a yvearly average of 5.900 Prop-
jet. turbo-jet, and piston engines since 1939.

Construction of new Engmeermcr Administration Building and Re-
search and Development Center in Indianapolis continues on schedule with
target date for complete occupancy in'1939. Allison sales and engineering
administrative staffs hegan moving to the new quarters in late December,
The Allison Flight Test Research facility gained new aircrait parking
ramps and taxi-ways, adding 166.100 square teet of cemented areas to the
facility.

Allison emplovment including —\eroproduct\ Operations 1in Davton,
Ohio. was 18,871 in 1956, an increase of 11.6 percent over previous yvear.
Total floor space reached nearly 5¥4-million square feet.

Curtiss-Wright Corp.

During the year 1956 the Curtiss-Wright Corporation continued to
grow and to ex vand its activities in both aircraft manufacturing and re-
lated fields. \th]e many of its new divisions produced ~Decmc products
with wide apy plication in orener'il industry, 1t is xmportam to note that such
new activities as .the dev elopment and production of ultrasonic devices.
plastics, nuclear equipment, castings, forgings and electronics are of prime
importance to the aircraft industry.

In a major transactionn of national sigmficance, Curtiss-Wright Cor-
poration and Studebaker-Packard Corporation announced a program for
the design, developmerit, testing and production of diesel and gasoline

engines and components tor the aviation, automotive, industrial and marine
fields.
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Under the new program, Curtiss-Wright made payments aggregating
$35-million for long term leases on the automotive company’s Utica, Michi-
gan, and Chippewa, South Bend, Ind., plants, each of which exceeds 1-
million square feet in floor area ; for the outright purchase from Studebaker-
Packard of Aerophysics Development Corporation of Santa Barbara,
California, and for the purchase of certain defense assets. All three plants
will be operated as wholly-owned subsidiaries of Curtiss-Wright.

. By the terms of the agreement, Curtiss-Wright will be able to place
approximately $100-million of defense orders annually in the leased plants.
The new, leased facilities will be used to produce engine components, spare
parts and diesel engines, and ultimately also to manufacture aircraft turbine
engines and missiles now under development.

During 1956 expansion of the company’s facilities continued on a major
scale. A $50-million expansion of facilities at the Curtiss-Wright Research
and Development Center in Quehanna, Pa., where $20-million already has
been invested, was announced.

Jet engine production and development continued at an accelerated pace
during 1956. In addition to the Curtiss-Wright J65 turbojet which powers
modern fighters .and bombers, the Company has under development a
family of turbojet, turboprop and other jet engine types. During the first
half of 1956 at the Wright Aeronautical Division Jet Overhaul Facility in
Clifton, N. J., J65 tngine overhaul reached a new low price—signifi-
cantly lower than any price for comparable engines in any facility in the
country. The Navy’s new supersonic fighter, the F11F-1 Tiger, went into
production during 1956 powered by the Curtiss-Wright J65 turbojet with
afterburner. Rated at 7,800 pounds thrust without afterburner, the thrust
of the afterburner is sill classified. The J65’s also power he Republic FR4F
and RF84F, the North American FJ-3 and FJ-4 Furies carrier-based
fighters, the Douglas A4D Skyhawk bantam attack plane, and the twin-jet
Martin B-57 attack bomber. Advanced models of J65 have been specified
for additional projects of classified status.

The Curtiss-Wright Turbo Compound engine exceeded the 26-billion
seat-mile mark in commercial service with a perfect safety record during
1956. Rated at 3400-3700 hp, this 18 cylinder, radial engine has power
recovery turbines to utilize normally wasted exhause gases. This com-
hination makes it one of the most efficient engines ever huilt. The Turbo
Compound presently powers fleets of LLockheed Super Constellations and
Douglas DC-7’s of 41 of the world’s leading airlines. The EA-2 Turho
Compound with a 3:5 to 1 reduction gear has been designated to power
the new Lockheed 1649A Super Star Constellation extra long range trans-
port. ’

The Curtiss-Wright throttleable rocket engine, developed by Curtiss-
Wright’s Propeller Division, powered the Bell X-2 to an unofficial speed
mark of better than 2,200 mph and a new altitude mark of 126,000 feet
at Edwards AFB, California. Known as the XLR25-CW-1, it is the first
throttle engine in the rocket field. and will idle with no thrust. Thrust
rating of this engine is still classified as secret.
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Construction of new facilities on the west coast is nearing completion
in North Hollvwood, California, and Santa Barbara, California. At North
Hollywood, a new overhaul plant of the Caldwell-Wright Division will con-
tain 74,000 square feet of space for offices. modern overhaul facilities and
specialized machinery for the efficient production line handling of the over-
haul of more than 40 Turbo Compound engines per month. Significantly,
its first orders for engine overhaul are contained in a $10-million contract
from Flying Tiger Line, which is the largest commercial overhaul agree-
ment of its kind ever negotiated. The contract will provide for major
overhaul of the Curtiss-Wright EA-3 Turbo Compound engines to be
used on FTL’s new fleet of ten Lockheed 1049H Super Constellation air
freighters.

At Santa Barbara, a new plant of 100.000 square feet for the Aero-
physics Development Corporation, a whollv-owned subsidiary, is under
construction for the production and development of guided missiles and
missile systems. Aerophysics has successtully developed the Hypersonic
Test Vehicle, a two-stage solid propellant rocket vehicle that reaches
seven times the speed of sound in two seconds. Fifteen experimental models
have already been fired and tested at ARDC’s Holman Air Development
Center, Alamogordo, New Mexico. The Dart. a new anti-tank missile for
the Army, is in production at the Utica-Bend Corporation following suc-
sessful development by Army Ordnance under research and development
contracts with Aerophysics. The Dart is designed for employment against
tanks by infantry and armored combat units.

Ground-breaking ceremonies for a new plant for Turbomotor Division

"at Princeton, New Jersey, were held late in the year. The Turbomotor

Division formerly of Hempstead. Long Island. N. Y., was acquired by
Curtiss-Wright in January 1956. Operated independently of other divisions
of the company, it will contribute to the development of engines in cate-
gories suitable for aircraft, helicopters., missiles, drones and non-aircraft
uses. In addition, it will contribute to the overall advancement of the science
of propulsion.

A Curtiss-Wright Turboelectric propeller installed on a Boeing YC-97J
Turbofreighter became the first propeller on a 6,000 hp turbine-pro-
peller engine to exceed 1,000 hours’ flying time. according to an announce-
ment made by MATS’ 1700th Test Group. Kelly AFB, Texas. MATS
officials also revealed that the Curtiss-Wright Turboelectric, also in use on
the Douglas C-133A transport, is the first Turboprop type propeller to
operate 300 houts without a periodic inspection, and that overhaul time has
been advanced from 800 to 1100 hours. with a further extension to 1500
hours expected in the near future.

The Curtiss-Wright Electronics Division received five more orders for
B-52 Simulators from the Air Force. During the vear orders were received
for Simulators for the Lockheed C-130A turhoprop military transport. De-
sign work was started on the first Simulator for the Douglas C-133A
turboprop. The Simulators are exact reproductions of the flight cockpits
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of the aircraft they represent, incorporating intricate electronic computers
which simulate all flight characteristics, and include every conceivable
flight condition associated with aircraft operation.

Widening acceptance of Curtiss-Wright Simulators in civilian aviation
was evidenced during the year as additional orders were received from
many of the world’s leading airlines.

Implementing Curtiss-Wright's policy of diversification and fortification,
many new products were added to the list. In addition to Flight Simulators,
the Electronics Division in Carlstadt received orders for recently developed
electronic equipment. Nuclear measuring systems to control uniformity
of any material produced continuously in sheet form, such as paper,
represent the most modern techniques in quality control. The measurement
instrument is called the Beta Gauge, based on the principle of the absorption
of beta rays emitted hy radio-active isotopes.

The Industrial and Scientific Products Division continued active in the
field of ultrasonics by introducing the portable Ultrasonic Immerscope and
Dual Channel Flaw Calibrator to its non-destructive test equipment which
includes immersion tanks, “B” scans, and automatic scanning machines.
These products are used in conjunction with each other for immersed non-
destructive testing of metal parts. The division also is producing ultrasonic
cleaning and degreasing equipment of various capacities.

The Curtiss-Wright Plastics Division, located in a modern plant in
Quehanna, Pa., has made strong impact on domestic markets with Curon—
a new family of multi-cellular plastic materials.

Production operation of the world's largest horizontal steel extrusion
press, a 12,000-ton giant, with a planned capacity in excess of $20-million
per year, is in use at the company’s Metals Processing Division in Buffalo.
Shipments during the year included extrusions of alloy and stainless steels,
titanium, and vacuum melted alloys.

Curtiss-Wright Europa, N. V., with offices in Amsterdam, the Nether-
lands, continued during 1956 to service and supply the corporation’s
products to NATO nations.

The sale of spare parts and servicing of Curtiss-Wright engines and
other equipment for the military, the airlines, and private plane operators is
a function of Caldwell-Wright Division.

Marquette Metal Products, a corporation subsidiary at Cleveland. Ohio,
continued producing electric and hydraulic windshield w1pelq for all types
of aircraft, including high-speed jet fighters.

Curtiss-Wright reported for the nine months ended September 30, 19506,
a consolidated net profit of $30.912,561 after provision for federal income

taxes. This compares with a consolidated net profit, after taxes, of
$24,012.833 for the nine months ended September 30, 1955.

Unfilled orders, plus scheduled production under advance contracts, of
Curtiss-Wright Corporation and its subsidiaries totaled approximately
$770-million as of September 30, 1956.
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Fairchild Engine Div.
Fairchild Engine and Airpiane Corp.

The state of the art of small turbojet engines received a substantial
boost during the vear when the USAF announced that more than $35-
million in contracts have been given to the Fairchild Engine Division to
speed the development and production of an entirely new type lightweight
turbojet engine designated the XJ-83. in the 2,000 pound thrust category.

The Long Island Engine Division of Fairchild began initial design and
development work more than a year ago. and it is expected the first engines
under the program will be scheduled for installation in both pilotless and
piloted air vehicles.

In addition to the new engine development. Fairchild received continued
orders for the bantam-weight J-4+4, 1.000 pound thrust engine. This was
the first midget engine to pioneer the small engine field and the first to
receive an Approved Type Certificate from the Civil Aeronautics Ad-
ministration. It also received certification for the 130 hour Military
Qualification Test.

Orders from the U. S. Navy for these additional engines, plus funding
for further product improvement, amounted to more than $3-million. The
engines were slated for installation in the Ryan-built KDA Firebee target
drone.

The first inhabited aircraft installation of the J—H on a commercial
aircraft was completed during the latter part of 1956, when a J-H was
installed on a Trans World Airlines cargo plane 1o provide thrust assist.
The TWA craft is scheduled for operation in Europe and the Middle East.

During the year the Division paused in the production of major com-
ponents for the newer, larger turbojet engines, and continued its sub-
contract activity for the four major large engine producers. A substantial
amount of this new business includes major components for the General
Electric J-79. Production of J-47 components also continued during 1'956.

Advance testing and crew training continued on Fairchild's X-1 nudget
submarine under the direction of the U. S. Navy at eastern submarine
training bases. This tiny underwater craft, dubbed the “vest pocket sub-
marine,” was due for further testing. evaluation and many specialized
luties. B

Research and development in the Division's new gas turbine research
jaboratory moved into high gear the latter part of 1936 upon completion
of instrumentation and equipping of the new facilitv. The laboratory has a
capacity for testing small jet engines at altitudes up to 30.000 feet and at
Mach 1 speeds.

The Al-Fin Division developed many application: of bonded bi-metallic
products for the aircraft industry. These include low inertia gimbals for
flight simulators. hydraulic manifolds, lightweight hydraulic elbows. fuel
pump impellers, and cast aluminum aerodvnamic control surfaces with
honded-in alloy steel shafts. These and other molecularly bonded bi-metallic
products have heen developed by Al-Fin and its licenses, which include
the Aluminum Company of America, Bohn Aluminum and Brass Corpora-
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tion, Brown LEngineering Service Co., R. C. Hitchcock & Sons, Inc., Rolle
Manufacturing Co., South Gate Aluminum and Magnesium Company,
Arthur Tickle Engineering Works, Inc., and others.

General Eleetric Co.

Total General Electric owned facilities of the Aircraft Gas Turbine
Division represented a replacement value of $100-million in 1956, and
there were 14,400 employees in this Division at Evendale, Ohio.

The J79 engine was in production but the specifications and perform-
ance were classified. The J79 powers the Air Force’s Lockheed F-104A
Starfighter and Convair B-58 Hustler, a supersonic bomber which made
its first flight early in November. This engine has also been used in a
prototype model of the Navy Grumman F11F.

General Electric engineers developed a technique that enables them to
evalculate the performance of a jet engine that is still in the design stage.
Using the IBM 704 computer, one of the fastest large-scale scientific com-
puters on the market, company technicians can “fly” a theoretical engine.
Two of the giant electronic brains were installed in General Electric’s new
computation building.

In April, the Air Force authorized the General Electric J47-25 jet en-
gines to be operated up to 1,700 hours before major overhaul—longer than
is permitted for any USAF reciprocating engine and the most permitted
for any axial flow turbojet engine. This was the second increase in allowable
operating time during a six-month period for this J47 model. The first
increase was from 1,200 to 1,400 hours.

In June, General Electric announced that a jet engine flight test record
had been set by accumulating on a J73-3 engine more service hours in a
shorter period of time than has ever been achieved before on either a mili-
tary or commercial jet engine. In less than four months a 500-hour acceler-
ated service test was performed on the J73 engine in a North American
F-86H aircraft. Normal time for completion of such a test is from 10 to 12
months.

In April, General Electric announced that the J79 successfully powered
a Navy Douglas XF4D fighter, a test aircraft, in flight. This flight marked
the first time a U. S. engine manufacturer has flight-tested a military jet
engine in a single-engine aircraft before turning the engine over to an
airframe manufacturer for testing in the aircraft for which it is scheduled.

In June, it was announced that General Electric’s CJ805 jet engine, a
commercial version of the new GE J79, would power the Convair 880,
ordered in quantity by Trans World Airlines and Delta Air Lines. The
Convair transport is currently the only commercial liner to cruise at more
than 600 miles an hour. General Electric’s light-weight engine will produce
more thrust per pound of engine weight than any other engine in its
power class.

A major innovation fith far reaching effects both for the Air
Force and industry in the support of aircraft engines reached a mile-
stone early in November with the first shipment of jet engine spare parts
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The T58 was received with keen interest and enthusiasm by the aviation
industry when it was shown publicly for the first time in 1956. Revelation
of the engine’s specifications indicated the T58 to he *‘pound-for-pound™ the
most powerful turboshaft yet announced. It produces more than 1,000 hp
while weighing only 325 Ibs. including reduction gearing which is believed
to be the most favorable power-to- \VC]O’hL ratio of any similar engine in the
medium-small class of power plants. Compaled to the T58's hetter than
3-to-1 power to weight, today’s conventional piston engines deliver one b,
for every pound of power.

Designed and developed by General Electric’s Small Aircraft Engine
Department for the Navy's Bureau of Aeronautics, the T58 is less thun
five feet long and measures 16 inches in diameter. Specific fuel consump-
tion is 0.69 Ibs. per hour per horsepower at normal rating. This combina-
tion of low specific fuel consumption and outstanding power-to-weight
ratio will give T58 powered helicopters superiority over equivalent piston-
powered helicopters in endurance, payload, range and speed in several
applications.

Fast, economical servicing of the T58 will be possible because the engine
can be handled without the use of extensive ground equipment. A minimum
of special tools is needed to disassemble all major components of the engine.

A free turbine incorporated in the T38 introduces fluid power trans-
mission to helicopter powerplants. The fluid is combustion gases which
after passing through a two-stage turbine connected to the compressor
sends an unconnected (free) turbine which via a shaft turns the helicopter’s
rotors.

Because of its ability to use a variety of low-cost fuels the T58's
operating cost should he reduced and supply made easier.

The benefits which the T58 will bring to military users will be available
to commercial operators as well.

While the T58 has been designed for use initially as a helicopter power-
plant it can be used for various other aviation and non-aviation applications.
In addition, it can be modified as a powerplant for fixed-wing aircraft
either as a turboprop or turbojet.

Another small gas turbine engine under development by the department
received the official designation J85. This small lightweight turhojet is
Lzing developed for the Air Force.

Successtully tested in 1956 by GE’s Aircraft Accessory Turbine Dept.
was a 5}5-ounce turbine wheel that generates 20 hp and utilizes 76 titanium
buckets loosely pinned around its disc. Developed for an air turbine-
driven pump, the wheel directly drives a 25,000 rpm radial-action ball-
piston pump producing 8 gpm at 3,000 psi.

A new and lighter fuel pump weighing only 30 pounds delivers fuel to
the afterburner of a jet engine at the rate of 120 gpm and 850 psi when
sudden accelerations are required. Turbine driven, it replaces heavier
equipment involving combinations of electrical and pneumatic systems.

Also nearing completion by the Department was a turbine-driven
fuel-boost and transfer pump. A small turbine driven by air drawn from the
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jet-engine compressor connects directlv to the pump. Located within the
tuel tank, the complete unit incorporates a separator to insure delivery of
vapor-free fuel.

In conjunction with Standard Oil of Indiana, a new, smokeless pro-
pellant was developed for use in a jet-engine starter. Weighing only 60
pounds, the complete unit starts and assists jet engines to idling speeds
within 235 seconds, The starter cartridge burns for about 10 seconds.

The Specialty Heating Operation of GE in Coxsackie. N. Y., produced
electric blankets for guided missiles, naval torpedoes, and aerial cameras.
This organization, through successful design of electric coverings. greatly
improved the performance of many weapons by protecting delicate control
mechanisms and propellant fuels,

Although development of the B-47 turret was announced prior to 1956
by the Aircraft Products Department. Johnson City. N. Y., the first photo
stories concerning test flying of this equipment on indoor ranges and actual
operation of the turret at a SAC base (Portsmouth) were released during
the year. The 20 mim Vulcan cannon for jet aircraft, developed by A&OS
(now Aircraft Products), was announced in 1936. Based on the principle
of the old Gatling machine gun. the Vulcan gun was developed by U. S.
Army Ordnance and General Electric engineers. starting in 1946. Capable
of an outstanding rate of fire, the weapon can be fired elther electrically or
nydraulically.

In late 1956 Specialty Heating, and A&OS (Aeronautical and Ordnance
Systems) merged with the Johnson City operation under the heading of
Alrcraft Product\ Department. The department now includes fac111t1es
at Johnson City, Coxsackie. and Schenectadv. N. Y., and Burlington, Vt.

During the vear General Electric furnished the M-A-1 Compass System
to the Bureau of Aeronautics for use on Navy fighter aircraft. This equip-
inent demionstrated its ahility to operate \ah\tactonl\ under difficult condi-
uom during “Operation Deep Freeze”—the United States expedition at

the South Pole earlier this vear. Thirtv-five aircraft with the Admiral Byrd
task force were outfitted with General Electric compass systems three to four
times more accurate than previous navigational aids. The devices. on rescue
helicopters and transport planes. were found to provide consistently accu-
rate heading information.

The secret of the system’s accuracy in polar regions is a component
which provides latitude-drift compensation, xmper'ltne in areas where
directional reference from the earth’s magnetic field is unreliable.

Developed by Instrument Department engineers at \West Lynn, Massa-
chusetts, the MA-1 meets today's low-drift requirements and vet weighs
less than 20 pounds.

In production since early 19534, GE MA-1 C01np'15> Systems are in
operational use on Navy aircraft including helicopters, piston-driven attack
planes, transports, and jet fighters.

The Instrument Dept al<0 supplied to the Bureau of Aeronautics small-
size compass transmitters designed for use in thin-wing aircraft where
space is at a premium.
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Announcement of plans for a new multi-million dollar research and
development headquarters at Valley Forge, Pa., for work on special
defense systems was made in the spring by the former GE Special Defense
Projects Department. Later in the year a merger of the department with
the Naval Ordnance Systems Department was effected under the new name
of Missile and Ordnance Systems Department. By the end of 1956 the
department expected to employ 1,000 persons at its temporary headquarters
in Philadelphia.

During the year three new advanced engineering operations, covering
the areas of guided missile airframes, guidance, and nuclear weapon
utilization, were organized in the department.

Multi-million dollar contracts for the development and production of
arming and fuzing systems to ready and detonate guided missile warheads
were received from the Army Ordnance Corps.

The department also was awarded a U. S. Air Force contract for
the development of nose cones for strategic ballistic missiles.

The first long-range operation of electronic components for atomic
reactors at high temperatures and in high-intensity nuclear radiation was
announced by General Electric Company’s Aircraft Nuclear Propulsion
Department in 1956.

It was announced that two important electronic assemblies used in
power reactor controls had been tested successfully by ANPD inside a
reactor for more than 1,000 hours under 90 percent of maximum reactor
radiation and in temperatures up to 842 degrees Fahrenheit.

Lycoming Div.
‘Aveo Manufacturing Corp.

Development of new aircraft engines and components plus heightened
activity in production on prime and sub-contract items highlighted Avco
Lycoming’s year.

At the Stratford, Conn., headquarters, the T53, first in a family of gas
turbine engines being developed by Lycoming, was first in its field to com-
plete the 50 hour preliminary flight rating test. Pre-production contracts
for the Army-funded engine were received, and engines were dispatched to
the Kaman and Bell Aircraft Companies for experimental flight tests. Both
the Kaman HOK and the Bell XH-40, powered by these engines, were
successfully test flown under Army sponsored programs. The engine was
also being adapted for Navy use and for applications in VTOL-STOL air-
craft. At the same time, development of a classified gas turhine engine of
similar design but with a higher horsepower rating continued.

At the Williamsport, Pa., section of Avco Lycoming a new four cylinder
opposed aircraft engine with the highest horsepower rating of any certifi-
cated engine in its class was announced. The O-360 powered the new
light twin engine Beech and the prototype of the new Piper Comanche. Tt
is rated at 180 hp at 2,700 rpm, weighs 282 pounds, including starter and
generator. Also, new engine type certificates were received for Lycoming
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B-50 tanker conversion program, major components of the pneumatic hy-
draulic power pack and turbo-alternator for the B-52 program. precision
machine parts and assemblies for the J57. J75 and J79 jet engines, and hy-
drospin components for guided missiles. Lycoming also became the major
source for rotor components for the Vertol H-21 helicopter and undertook
substantial precision machine part work for Sikorsky aircraft.

Production of private and executive plane aircraft engines and large
reciprocating engines in both Willlamsport and Stratford plants showed
marked increases during the year.

Marquardt Aircraft Co.

Expansion was the keynote at Marquardt Aircraft Company during the
year. Production programs for the supersonic ramjet and emergency ram
air turbines plus accelerated research and development in supersonic and
hypersonic propulsion were among the growth factors.

Early in 1956, Marquardt received contracts from the U. S. Air Force
for production quantities of one model of supersonic ramjet, being built in
support of Boeing Airplane Company’s Bomarc interceptor missile. Two
ramjets provide the cruise power for this missile.

The same basic engine configuration is also used on the Lockheed X-7.
a test vehicle that has played a major role in the development of ramjet
engines for the Air Research and Development Command's missile pro-
gram.

Under the Department of Defense dispersal policy, Ogden, Utah, was
selected as the site for production of Marquardt ramjets “for the Bomarc
program. Ground was broken on July 11, 1956. A production acceptance
test facility was also to be constructed at Ogden.

In the interim, Marquardt was occupying leased space in downtown
Ogden to get its staffing, training and ramjet manufacturing operations
underway.

At the same time Marquardt was expanding its production, research and
development, testing, and administration facilities at Van Nuys, Calif., in
order to keep pace thh accelerated ramjet development and allied activities.
New construction and additions doubled the floor space at the Southern
California site during 1956. Capacity of the Marquardt Jet Laboratory,
one of the most powerful jet engine research and development test facilities
in the country, was being doub}ed under an expansion and modernization
program.

Marquardt’s hiring plogram was paced with this over-all expansion.
Employment increased 70 percent during the last half of the year, having
passed the 2,000 mark in September.

Ramjet engine projects accounted for approximately 85 percent of
Marquardt’s gross sales. The balance was divided among development
and production of ram air turbine power units and development projects
such as afterburners for turhojet engines, turbojet engine controls, and
variable inlet controls for turhojet engines.

Marquardt’s ram air turbine power units provide a source of emergency
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electric and hydraulic power in the event of failure of the main engine on
single-engine fighter aircraft. Two such units were in production during
the vear for supersonic fighters.

Marquardt also participated in an integrated research and development
program established jointly with Olin Mathieson Chemical Corporation
(fuels) and Reaction Motors, Inc. (rockets). The three companies par-
ticipated in an inter-company team etfort known as the OMAR program.

During the vear Marquardt completed a financing program to cover its
immediate expansion needs. Approximately $3-million was being expended
for expansion of the company’s Van Nuys facilities and for construction of
the Ogden manufacturing plant.

Pratt & Whitney Aircraft Div.
United Aircraft Corp.

Expansion of its research, development, and production facilities was
a major program of Pratt & \Whitney Aircraft division of United Aircraft
Corporation in 1956. The expansion of the physical plant required in turn
a new alignment of the division’s top management.

At the year end, Pratt & \Whitnev Aircraft occupied more than 7
million square feet of floor area in Connecticut. Satellite activities occupied
division personnel in 12 Connecticut towns in addition to the main plants
in East Hartford. Requirement for a total of 40.000 emplovees was close
to fulfillment at the end of December.

With urgent need for additional and special research and development
area the division found no available room within the state. Further, the
area’s reservoir of manpower had been practically exhausted.

Consequently a site in a remote section of Palm Beach County. Florida,
was obtained, and in September plans were announced for the construction
there of a facility for the design and development of highly advanced turbine
powerplants.

Meanwhile the division's main production continued to be the J-37.
This twin-spool, axial-flow jet-turbine engine continued through 1936 to
demonstrate outstanding performance and fuel economy in a large number
of first line Air Force and Navy fighters, interceptors, bombers. and mili-
tary tanker-transports. The never-ending process of development sub-
stantially increased the thrust of the J-37 which had been the first pro-
duction engine in the 10.000 pound class. With afterburner, additional
thrust became increasingly available. At the vear end. more than 6,500
J-57's had been delivered. This total included the engines manufactured
by the Aircraft Engine Division of the Ford Motor Company under a
Pratt & Whitney Aircraft royalty-free licensee arrangement.

Progress was also made on the development and flight testing of the
more advanced J-75 jet-turbine and the T-37 propeller-turbine engines.
An accelerated research and development program on a nuclear-powered
aircraft engine Pratt & Whitney Alircraft is designing and developing was
continued.

Commercial version of the J-57 and J-75 engines, designated the JT-3
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and JT-4 respectively, improved their positions in 1956. Most of the
world’s leading airlines have specified either the JT-3 or JT-4 to power
the more than 200 Boeing 707’s and Douglas DC-8's now on order. By
mid-October some 400 J-3's and 1,300 JT-4's had been ordered for installa-
tion in these four-engined transports.

The Air Force-sponsored J-57, in its fourth year of production, earned
the distinction of having powered more aircraft faster than the speed of
sound in stablized level flight than all the other jet engines in the Western
world combined. It also powered the Navy’s Chance Vought F8U Crusader
to a new official national speed record of 1,015.428 mph on August 21, 1956.

Fighter aircraft powered by the J-57 with afterburner included the
Air Force’s North American F-100, McDonnell F-101, and Convair F-102,
and the Navy’s Douglas F4D and Chance Vought F8U.

Bombers included the eight-engined Boeing B-52 intercontinental
bomber for the Air Force, and the Navy’s Douglas A3D carrier-based
attack bomber. The world’s first jet tanker-transport to come off the
production lines, the Boeing KC-135 is powered by four J-57's, and by the
end of the year was undergoing extensive service flight testing prior to
being placed in operational use.

Development of the larger and more powerful J-75 was stepped up
sharply. An intensified program of flight testing with the J-75 mounted
in the bomb bay of a modified B-45 bomber was started during 1956, and as
this engine nears the production stage it has already been specified to power
the Air Force’s Republic F-105 and all production models of the Navy’'s
four-engined Martin Seamaster, plus several other military aircraft still
classified.

The T-57, a propeller-turbine adaptation of the J-57, took to the air
for flight testing in the late summer of 1956. Mounted in the nose of a
modified Air Force C-124, the T-57 steadily indicated outstanding power
and excellent fuel economy. The Air Force had a project under way for
a propeller-turbine powered transport capable of carrying extremely large
payloads on intercontinental missions. The T-57 is slated to be the power-
plant for this aircraft.

The 6,000 equivalent shaft horsepower T-34 propeller-turbine registered
satisfactory performance in Military Air Transport Service testing.

Production of the 7,250 pound thrust centrifugal-low J-48 jet turbine
continued throughout the year. This engine powers the Grumman F9F-5,
FOF-6 and F9F-8 for the Navy, and an afterburner version powers the
Lockheed F-94C for the Air Force.

Manufacture of the R-2800 piston engine continued at a steady pace
with many new orders, both military and commercial, being received.
While this was the only Pratt & Whitney piston engine in production,
spare parts were heing made for other piston engines.

In addition, good progress was made on several advanced jet-turbine
projects for both the Air Force and the Navy.

Research and development work on an atomic-powered aircraft engine
under way since 1951 was stepped up sharply in 1956. Increased personnel
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and facilities assigned to the project were significant. Besides the main
effort being conducted at leased facilities in South Windsor, operations
were started in an AEC laboratory in Livermore, California, and engineers
and scientists were substantially supporting reactor research at the Oak
Ridge National Laboratory.

Work on the new Connecticut Aircraft Nuclear Engine Laboratory
(CANEL), under construction in Middletown, Connecticut, by the Air
Force, proceeded satisfactorily. and it was expected that Pratt & Whitney
Alircraft would begin operating this plant in 1957 for continuing develop-
ment of an aircraft nuclear powerplant.

A major development in the reduction of sound from jet aircraft engines
being ground tested was designed and built by P&WA, and in late May, the
company made the design available free of charge to aircraft manufacturing
firms, the airlines and the military. Pratt & \Whitney Aircraft also offered
to license qualified companies specializing in acoustical engineering and
equipped to produce the device under rovalty free contracts.

As 1956 drew to a close. Pratt & Whitney Aircraft neared an all-time
peak of 40,000 employees, had greatly enlarged its production and develop-
ment facilities, and was still moving forward as advanced aircraft engine
developments were brought nearer to reality.

Westinghouse Electric Corp.

The diversified activity of Westinghouse in the aircraft industry con-
tinued during 1956. . .

At the aviation gas turbine division, the Westinghouse J34 turbojet was
once again placed in production for the Navy, nearly ten vears after the
first J34’s were delivered. Through continuous development effort. West-
inghouse has kept the J34 modern. The new engines will be used in a
new single-engined Navy trainer and as auxiliary powerplants on two
other Navy aircraft. In response to commercial interest in the J34, West-
inghouse requested and received in 1936 CAA approval of one of the latest
versions, designated as the \W-340, for commercial aircraft use.

Westinghouse continued its leadership in the field of wind tunnel drive
and control. One outstanding achievement in this field was the design and
construction of the world’s largest axial-flow compressors and drive motors
(two 83,000 hp synchronous motors each stal'tec_l by a 25,000 hp wound
rotor motor) for the Air Force’s giant Propulsion Wind Tunnel at the
Arnold Engineering Development Center, Tullahoma. Tenn.

The transonic tunnel was expected to be in operation in January, 1957,
and the companion supersonic tunnel will be completed later. Each tunnel
will be served by its own enormous axial-flow compressor and both will be
driven by four motors totaling 216,000 hp. the largest concentration of
motor horsepower on a single shaft in the world.

Westinghouse has also designed and built precision wind tunnel com-
ponents such as a sting support and a side-wall balance for the transonic
loop of the PWT.

An extremely lightweight, mobile radar set of revolutionary design and

157







THEFE INDUSTRY

for many temperature deviations in transistor characteristics. Another
advantage of the transistorized circuit is the low-power consumpion. This
is especiallv true during nulls. when the power consumption of the transis-
torized amplifier is about one watt—the previous svstem required 40 watts.

Size reduction was also aided by fewer total components—39 for the
original version to 24 for the transistor servo. This includes such items
as resistors. capacitors, diodes, and transformers. For example. six tubes
in the original version have been replaced by five transistors.

A new air-cooled generator that produces three-phase power at 400
cycles, 208/120 volts has been developed by the Westinghouse Small Motor
Division. Lima, Ohio. The machine is driven by a constant-speed drive.
Excitation power is fed to the shunt winding on the exciter stator poles
from a Magamp regulator. The three-phase power generated in the rotating
exciter armature is fed to a three-phase full-wave bridge of silicon recti-
fiers mounted inside the shaft, D-c power from the bridge is fed to the
main rotating field. The main three-phase power is generated in the a-c
stator. Both 30 and 40 kva ratings are now designed and in production
for the Boeing 707 jet liner.

Teaming up with the new brushless generators is a Magamp regulator
that controls their output voltage. The new regulator not only handles
more power output per pound than previous units, but also maintains more
accurate control. Its weight is 10 pounds compared to 14 for its prede-
cessor, and it has a continuous output of 65 watts compared to 45 for the
previous unit. The new regulator controls the output voltage to within
=+ one percent over the rated load and frequency (= five percent) range;
also, it controls voltage to within == two percent over the rated load and
frequency range. and in a temperature range of from —35 degrees C to
+71 degrees C, from sea level to 65,000 feet. It will handle generators
rated from 20 to 60 kva.

Still another running mate for the brushless generator and the Magamp
voltage regulator is a new transistorized control and protection panel for
parallel a-c aircraft electrical svstems. The control and protection function
are performed by static sensing circuits and logic circuits that provide sig-
nals through transistor amplifiers to open or close a generator control relav,
generator circuit breaker. or bus tie circuit breaker. This unit replaces a
relay package containing several different tvpes of relavs. Elimination of
the multitude of relavs adds considerably more reliability to the unit. The
new panel can be used in three-phase, single-generator or parallel aircraft _
systems, and although designed for use with 30 or 40 kva generators, is
equally suited to other ratings.

In addition to enabling a practical brushless generator, the advent of
silicon power rectifiers has brought other advantages to aircraft systems.
For one, it has made possible much improved transformer-rectifier units
for providing d-c power. Previously. d-c- power could be supplied by one
of two means—a d-c generator. or by a transformer rectifier utlizing
selenium rectifiers. Silicon offers significant advantages over both. Im-
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portantly, it permits higher temperature operation, with a concurrent
reduction in size and weight, ‘

A new line of regulated and non-regulated transformer-rectifier units
has been developed for high-temperature applications. They convert 200
volt, 400 cycle, three-phase power to 27 volts d-c power with 12-phase
output voltage ripple characteristics. Regulated units use 12-phase self-
saturating magnetic amplifiers to regulate the voltage applied to the silicon
rectifiers. One special six-phase regulated design capable of withstanding
40 g’s vibration has been developed for a guided missile. Typical standard
ratings for conventional military or commercial aircraft are 200, 150, 100,
and 50 amperes d-c, either regulated or non-regulated.

The advantages of printed circuits—consistency of manufacture with
little variation from piece to piece, and manufacturing advantages that
produce a more reliable product—have been put to use for improving the
molded units used in aircraft equipment.

A standardized panel has been developed, utilizing a 1/10 inch grid
system. Conductor paths are etched on this laminate panel, and holes for
connecting leads from components are punched from a universal template.
Standardized spacing is employed, so that component leads are prebent in
jigs, and need merely be fitted into place in the proper holes. Dip soldering
techniques are employed.

Compactness necessary for airborne electronic equipment demands small
size, with consequent higher operating temperatures. Components must
be designed accordingly. High-temperature electronic transformer now
uses a new solventless silicone rubber and resin. The outer silicone rubber
coat acts as a container, and the transformer is then impregnated with the
solventless silicone resin.

A compact, tubular heater developed by the Westinghouse Electric
Corporation has proved to be the solution to an icing problem in the Boeing
B-52 tail surface control system.

Less than two feet long and about as thick as a cigar, the Corox element
heater prevents the formation of ice on this vital control mechanism as the
giant plane descends from high altitudes to moist lower altitudes.

The heater fits inside a hollow externally-threaded screw that controls
the action of a hydraulic actuator. This actuator in turn amplifies the force
delivered through the screw and moves the flight control surfaces of the tail
assembly. These control surfaces are used by the aircraft commander or
pilot to maneuver the plane in flight.

While directed and motivated electrically by the pilot from the nose of
the plane, the threaded screw and actuator are located in an unpressurized,
unheated rear section of the fuselage. The heater insures instant operation
of the screw and actuator linkage by keeping these parts always at a tem-
perature above freezing.

Expansion and consolidation of facilities to meet extensive programs
for development and production of equipment for aircraft and airborne
operation also keynoted the 40th year of Westinghouse activity.

Under construction for more laboratory floor space, 70,000 square feet
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will be added to the \Westinghouse Electric Corporation’s air arm division,
Baltimore, Md. The addition will be used for the evaluation of airborne
electronic systems being built for the U. S. Air Force.

Adjacent to the air arm plant, is a multimillion dollar electronics plant
now complete. Occupying more than 210,000 square feet of floor space, this
plant will manufacture radar, fire control and guidance systems. Engineer-
ng laboratories and administrative offices will occupy an additional 140,000
square feet.

A new wing of the Westinghouse research laboratory containing
150,000 square feet of laboratory and office space is now complete. This
.addition represents another forward step in expansion for scientific research
-and development for air national defense.

In full operation now at the Company's air arm division in Baltimore,
Md., is a two-part environmental testing chamber. In a matter of minutes
the temperature can be raised to a sizzling 300 degrees F. Also, the tem-
perature can be reduced to a minus 100 degrees F. In this chamber elec-
tronic systems are ‘‘taken up” to 80,000 feet in 25 minutes, at an initial
rate of 5,000 feet per minute. In the other sections are the humidity rain-
making and salt-spraying devices. )

A key tube is under development at the Elmira, N. Y., plant of the
Westinghouse electronic tube division for the U. S. Air Force's “Cat Eye”
system. The “Cat Eye” is approximately a thousand times more sensitive
than the standard television camera and permits pilots to “see in the dark
with daylight clarity.”

Under contract to ARDC Rome Air Development Center, the West-
inghouse Electric Corporation’s electronics division, Baltimore, Md,, is
operating an over-the-horizon UHF tropospheric scatter transmission
system between locations at Verona, N. Y. and Baltimore, Md. The study
is in the bands of 900 mc and 2.000 mc. )

The data resulting from this study will make it possible to determine
scatter transmission system perfommnce in terms of signal attenuations,
fading limits, and bandwidth capability as well as practical antenna sizes
for maximum gain and diversity considerations.

Another area in which computers have been put to work is in jet
engine design at the Company's aviation gas turbine division, Kansas
City, Mo. Part of this program involves the e'v:aluation of one jet engine
design against another, which means a study of performance over an ex-
treme range of flight speeds and altitudes. It also involves matching studies
of engine to airplane over the full range of anticipated flight conditions.

At present a considerable amount of computer programming has been
accomplished : this has already been used in some calculations, and can be
applied in later design calculations. Development of the Westinghouse-
sponsored axial flow J34-WE-2 turbojet progressed rapidly during the
year, with sea level testing at the aviation gas turbine division and altitude
chamber testing at the Naval Air Turbine Test Center confirming the
engine’s ability to meet all specification guarantees. Using the latest
-aerodynamic, mechanical and metallurgical advancements, Westinghouse
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has designed the J54 to feature unusually low weight and specitic fucl
consumption ratings without sacrificing the reliability and simplicity so
urgently needed for both military and commercial aircraft powerplants. It
has successfully completed two 50-hour flight substantiation tests and one
150-hour endurance test and is now being flight tested by the Westinghouse
flight test department at NAS-Olathe, Kansas.

A special turntable is being developed at the Westinghouse air armn
division for field testing the gyroscopes used in airplanes aboard aircraft
carriers. Periodically, the fire-control gyros must be removed from the
aircraft and checked for accuracy.

Metallurgists at the Westinghouse research laboratories are conducting
tensile tests on metals at temperatures as low as minus 452 degrees Fahren-
heit. The metal specimens are stressed within a specially designed chamber
which has been cooled with liquid helium. Results of these tests will pro-
vide engineers with needed information regarding types of metals that are
best suited for use under extreme temperature ranges. Information of this
sort may well be useful in the design and development of guided missiles

and future supersonic aircraft.
PROPELLER MANUFACTURERS

Aeroproducts Operations
Allison Div.

Aeroproducts turbo propellers were selected by five major United
States airlines for installation on the Lockheed Electra during the year.
With thousands of hours of successful flight operation, these propellers,
with the Allison Prop-jet engine, provide the commercial airlines with
a proven Prop-jet power package.

As a result of the excellent operation of the Aeroproducts turbo pro-
peller on the Allison Turboliner and the Convair YC-131C, both powered
by the Allison T-56 engine, Aeroproducts was awarded the prime produc-
tion contract for propellers for the Lockheed C-130 Hercules Transport.
Production of propellers for the C-130 began in June, 1956, and will reach
peak monthly production in early 1957.

During 1956, the Navy-Convair R3Y Tradewind, equipped with Aero-
products dual rotation turbo propellers, set a new seaplane speed record
from California to Hawaii and return, following its assignment to fleet
operation. Aeroproducts Model A644FN-C2 turbo propellers were selected
for the Stroukoff YC-134 Pantobase airplane, and successful supersonic
turbo propeller flights were demonstrated on the Republic F-8H airplane.
Production of propellers for Douglas AD-4, Fairchild C-119 and North
American T-28 aircraft continued during 1956.

With future requirements in mind, Aeroproducts engaged in propeller
studies and design for application to smaller Prop-jet engines such as the
Lycoming T-53 and General Electric T-58 free turbine engines. Propellers
of this type were supplied to Lycoming for test operation.

Design work also progressed on propellers for turbine engines with
nose-mount rather than shaft-mount configuration of propeller installation.
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Aeroproducts linear hvdraulic actuators, incorporating self-locking,
synchronized features, were supplied for jet engine afterburner control
during the year. Also, linear, hydraulic actuators with pneumatic emer-
gency operation were used to control in-flight wing incidence change on
the supersonic Chance Vought F8U-1 Navy fighter.

Research and development in 1956 produced actuator designs which
incorporate metallic seal configurations that enable afterburner and thrust
reverser actuators to operate in ambient temperaures of 1000° F. Materials
now have been extended to include titanium. Pneumatic actuators are also
being researched to establish compatibility with high temperatures and
modulation requirements.

Aeroproducts was in production of a ram air driven hydraulic pump
for the North American F-100D Super Sabre. Aeroproducts was in pre-
production stages other ram air hydraulic pumps of various powers and
capacities which are of both the ducted and pop-out type units.

Aecroproducts also delivered emergency ram air driven generators to
Douglas Aircraft for installation on the Navy's Douglas A4D Skyhawk and
the F4D Skyray. As with the hydraulic pump, the generator is driven by
a two-bladed variable pitch propeller incorporating a simple governor
which maintains a constant rpm of the generator rotor. The power out-
put of the generator is sufficient to operate flight control surfaces necessary
to fly and land the aircraft, and to electrically operate instruments and
other electrical equipment necessary for flight. Its practicabilitv has been
demonstrated many times in flight testing. Although it was designed to
meet the aircraft industry’s need for a dependable light weight emergency
power source, this generator has also been used for applications such as
high speed tow targets and drones. .

The experience which Aeroproducts has had in research and develop-
ment in the field of aerodynamics and propeller governing svstems has
been directly applicable to the design of ram air driven power units.

Ram air is also utilized to drive a four-bladed feathering drive motor
that is fitted with a standard output pad and shaft adapting it to either elec-
tric generators or hydraulic pumps. It can deliver a minimum of 44 hp at a
constant driveshaft rpm, and for non-operational duty, the blades can be
driven to a self-seeking feather angle which produces minimum drag.

Hamilton Standard Div.
United Aircraft Corp.

Progress and expansion were the kevnotes at Hamilton Standard in
1956. Among the highlights were:

Start of construction of a major addition to the factory, and completion
of a third floor on the office building.

Establishment of an engineering branch in St. Petersburg, Florida, and
purchase of a large tract of land on the outskirts of St. Petersburg as a site
for a possible new engineering and development structure.

Establishment of a new and completely integrated electronics depart-
ment,
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Attainment of a new high in the division’s commercial propeller backlog.

Continued gains in the development and production of specialized
equipment for turbine-powered aircraft.

Purchase of the Aero-Pneumatics Division of Pacific Airmotive Cor-
poration.

Outstanding success of nickel coating as a means of reducing pro-
peller maintenance costs.

Development and production of a radically-new hollow aluminum pro-
peller blade.

Substantial progress in the development and testing of turbine pro-
pellers,

Employment increases which, by the end of the year, had pushed the
total to approximately 10,000, equal to the division's World War II peak.

The factory expansion, intended primarily for the production of jet
engine fuel controls, will provide 316,000 square feet of manufacturing
space and 81,000 square feet of mezzanine office space. The expansion
program will bring Hamilton Standard’s plant facilities in Connecticut to-
1,684,000 square feet.

Hamilton Standard’s operations in Florida started in March with the
leasing of a 30,000-square foot section of a former U. S. Maritime School
on the St. Petersburg waterfront. Products developed there will continue
to be manufactured in the main plant in Windsor Locks, Connecticut.

Hamilton Standard’s new integrated electronics department is central-
ized in the company’s Broad Brook, Connecticut, branch plant where engi-
neering and manufacturing groups have been developing and producing
electronic products for several years. Decision to create the new depart-
ment stemmed from the possibilities for electronics business over and above
the division’s requirements for its fuel controls, temperature controls and
propeller Synchrophasers.

Surprising in the “jet age” was the fact that Hamilton Standard’s.
commercial propeller backlog reached an all-time high during the year. The
situation, reflecting the propeller’s continued strength in the air transport
picture, was due mainly to continuing procurement by major airlines of
piston-powered aircraft to meet the growing demands of air travel.

As a result of these demands, orders for the Douglas DC-6 and DC-7
series aircraft, as well as the Convair 440, extended into 1958. All were:
equipped with Hamilton Standard propellers—43E6G0 reversing Hydro-
matics for the DC-6A’s, DC-6B’s and the 440’s ; 34E60 reversing Hydro-
matics for the DC-7's, DC-7B’s and DC-7C’s. Also in production com-
mercially were 43E60's and 43H60’s for the Lockheed 1049G Super Cou-
stellation; 43H60’s for the Lockheed 1649 Super Constellation; 43E60's
for the Breguet 765: 22D30 feathering Hydromatics for the Beech D-18;
and 3D40 Controllables for the DeHavilland Otter.

During the year the company’s military propeller backlog reversed its
downward trend. Propellers were in production for military versions of’
the Lockheed Constellation ; the R6D and C-118 versions of the DC-6; the-
Boeing KC-97F ; the Fairchild C-123; the North American T-28B and C..
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problem its six-year background of experience in designing and producing
electronic and hydomechanical fuel controls for gas turbine engines. The
nuclear control team had a full-time representative assigned to Pratt &
Whitney Aircraft’s nuclear engine group.

“Armor coating” of propeller blades with a thin layer of nickel has
proved an effective way to protect against damage from stones, debris, or
water spray, Hamilton Standard announced early in the year. The nickel-
coating development had established its.worth as a majer means of reduc-
ing propeller maintenance costs in more than 2.5-million hours of commer-
rial and military operations, it was disclosed.

During the year the CAA granted an approved type certificate to
Hamilton Standard for a new hollow aluminum aircraft propeller blade.
The blade, under development for the past six years, is believed to be one
of the most important steps forward in propeller design in the past ten
years. It has been selected for I.ockheed 1649A Constellations on order by
Trans-World Airlines and Lufthansa of Germany, and L.ockheed propeller-
turbine Electras ordered by KLM of Holland. Flight tests on the 1649A
were started in October.

The new blade is significant, Hamilton Standard says, because it pro-
vides the lightest, strongest structure to do the propeller’s job. Its saving
in weight over conventional solid aluminum alloy blades means that the
propeller’s hubs can be lighter. The end result is a propeller which absorbs
more horsepower per pound of weight than any other propeller in history.

The simplicity of the hlade’s manufacturing process affords maximum
control over blade quality at every stage of its production. Contributing to
the ease of control and dependability of operation is the relatively low
temperature at which aluminum is extruded compared to steel. This factor
provides the added advantage of inflicting little or no damage on the steel
tools used for the manufacturing process and permits almost mirror-like
interior and exterior finishes impossible with steel blades without extensive
additional work.

Hamilton Standard’s development work in the propeller-turbine field
advanced on three fronts:

First, service testing of the A3470 Turbo-Hydromatic on two T-34-
powered YC-121F Constellations was generally satisfactory. One aircraft
logged almost 600 hours of flight time during the year while the other
totaled more than 300. Both aircraft were equipped wtih Synchrophasing,
Hamilton Standard’s electronic device for providing smoother, quieter
flight by keeping propellers “in step” with split-second accuracy.

Second, Hamilton Standard’s huge nose-mounted Turbo-Hydromatic
propeller was brought to the flight test stage after some 2,500 hours of
engine operation in test cells at Hamilton Standard and at Pratt & Whit-
ney Aircraft. Flight testing of this four-bladed propeller, which is in-
tended for installation in large military transports using gas turbines of
high power was being carried out in a Douglas C-124 flying test bed during
early fall.

Finally, at the lower end of the division’s turboprop power range, a
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Hydromatic adapted especially for turbine engine operation was approach-
ing the development test stage. Designated the 54H60, this propeller was
mtended for installation on Lockheed Electras on order for KLM.

The drive for more manpower, which saw Hamilton Standard's total
employment reach 10,000 at the year's end, was necessary to keep pace with
climbing production schedules.

SYSTEMS AND COMPONENTS

Aeronca Manufacturing Corporation of Middletown, Ohio, continu-
ing its program of growth “and development with the aircraft industry,
durmor 1956 achieved a series of new objectives.

A 57_.000 square foot addition to the the main plant at Middletown was
opened August 10, 1956. This was used largely for production of major
sub-assemblies of the Boeing KC 135 and 707 and for a beaching vehicle
for the Martin P6M SealMaster. The Boeing B-47 program having
phased out, other major attention was centered on production of B-532 sub-
assemblies. for Boeing, C-130 assemblies for Lockheed, newly developed
brazed stainless steel honeycomb for Convair. as well as projects for Arma,
Ford, McDonnell, Raytheon, General Electric and other aircraft manu-
facturers.

To more effectively serve the corporation’s customers and simplify the
organization, a major regrouping of activities was undertaken about Oc-
tober 1. This, when completed, will result in strict control of each project
from start to finish.

The Industrial Research Laboratories Division at Baltimore. Maryland,
continued its work in basic and applied electro-mechanical research, broad-
ening the scope of Aeronca’s manufacturing potential by the development
of a “Navigational and Bombing Radar Trainer.” now under test: semi-
automatic inspection equipment for the beer and soft drink bottling indus-
try, a low cost burglar alarm system and many other products. It is also
engaged in the research and development of a series of other electronic
defense mechanisms,

The Aircraft Maintenance Division, organized for the maintenance of
aircraft of the Army Aviation Center at Fort Rucker, Alabama. was dis-
established on June 30, 1956. with the transfer of the contract for this
service.

Aeronca’s backlog of unfilled orders early in November stood at $37,-
250,000 compared with $32,200,000 at the end of 1935. Sales for 1936 were
projected at $22-million compared with $20-million for 1955,

"Research and development projects were greatly expanded, both at the
Middletown and Baltimore plants, with principal emphasis on electronic
and missile research at Baltimore. and development of new metals process
at Middletown. The metal bonding process developed at Middletown was
extremely successful, and the brazed stainless steel honevcombh received
very favorable acceptance in the industry.

Aluminum Company of A.meri,ca. in 19536, announced: start of con-
struction on a 150,000-ton fully integrated smelting plant in the Ohio River
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Valley ; plans for a $45-million alumina plant adjacent to its Point Comfort
(Texas) smelter; installation of the West Coast’s first large hydraulic forg-
ing press; plans for the installation of a second 14,000-ton extrusion press;
an advance in the use of the Air Force’s heavy presses with production of
the world’s largest closed die forging for the Navy’s first multijet seaplane :
and production of aluminum alloy hand forgings with a previously unob-
tainable low level of internal stresses.

Alcoa is building its newest smelter near Evansville (Ind.) at a cost of
approximately $80-million. Power for the new potlines will be generated
by a 375,000 kilowatt coal-fired steam power plant, with first production
scheduled for the fall of 1957. Fully integrated operation of the smelter on
its own power is expected by mid-1958, and employment of the over-all
operation is expected to number about 1200. The new smelter’s output
will boost Alcoa’s production of primary aluminum approximately 19 per-
ce;nltgrg\ger the existing and planned installed capacity announced at the close
) .

At a site adjacent to its Point Comfort (Texas) works, Alcoa is pro-
ceeding with plans to build a 500,000-ton alumina plant to meet the needs
of the Company’s smelters at Point Comfort and Rockdale (Texas). First
production from the new facilities is scheduled for early 1958, and the new
plant will employ a minimum of 650 persons.

To produce large precision aircraft forgings of the close tolerance, low
draft type, Alcoa has installed an 8,000-ton hydraulic forging press at the
company’s Vernon (Calif.) works.

A 14,000-ton extrusion press, twin to the world’s largest, will be in-
stalled by Alcoa at the company’s Lafayette (Ind.) works. The new unit,
ﬁ.nanced entirely by Alcoa, will provide a mate for the 14,000-ton extru-
sion press owned by the U. S. Air Force and operated by Alcoa since 1954
at the Lafayette works. It will be built and installed to meet an unprece-
de.n'ted demand for large, high-strength aluminum alloy extrusions for
miliary and defense needs, primarily in the aircraft and missile fields.

In a further development of the capabilities of the Air Force heavy
presses, Alcoa produced a massive 3,000-pound airframe member on the
giant S0,000_—ton press at the company’s Cleveland (Ohio) works. Measur-
ing 13 feet in length, three feet across at its widest point, and a foot in
thickness, the pace-setting forging was produced for the Martin company
as part of the airframe in the P6M SeaMaster, world’s first multi-jet sea-
plane. Achle\{ement of the king-size forging made possible a substantial
weight reduction and increase in the performance level of the radically de-
signed new plane. The Cleveland works die shop accomplished another
first by sinking the world’s largest dies to make the big forging possible.

Production of aluminum alloy hand forgings with a long sought, low
level of internal stresses was announced in 1956 by Alcoa. The develop-
ment, made possible by a new tempering process, meets a decades-old need
in the aviation industry. The immediate advantages are sharply reduced
machining and straightening time, with resulting economies in production
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costs. Designated T65 temper, the newly perfected treatment has been
applied to hand forgings and rolled rings in Alcoa alloy X7079.

Additional facets of Alcoa’s expansion program announced during 1936
included a seventh potline at Point Comfort works, adding 20,000- tons to
that operation’s present installed capacity. The addition will cost approxi-
mately $11-million, and will provide jobs for about 100 men. At the com-
pany’s Massena (N.Y.) works, two new potlines will be built to replace
older facilities that will become inoperable with the shutdown of generating"
facilities of the St. Lawrence River Power Company, an Alcoa =ub51dTar\
The new lines are scheduled to be in operation by late 1938. s e

eV SR

During the year the B. G. Corporation received approval of. a new:
series of all weather top type spark plugs for use in Pratt and Whitney
Aireraft R-4360, R-2800, R-2000 and R-1830 engines. Approval was also
received for this new type spark plug model BG 340 for use in United
States Air Force and United States Navy aircrait.

During the year the corporation contifnued to manufacture ceramic
terminal sleeves, spark plugs and ignition harness test sets for use in
conjunction with piston engine operations.

In the gas turbine engine field, the B. G. Corporation expanded its
activities in the development of thermocouples and rigid type thermocouple
harnesses for all of the principal aircraft gas turbine engine manufacturers.
Research was also being done for the United States Air Force on resist-
ance-temperature measurement systems for gas turbine engines.

In the field of igniters for gas turbine engines, the B. G. Corporation
concluded research \\orl\ on sem1-conductor< and furnished this type of
igniter in production quantities for use with high energy. low tension
ignition systems.

During 1956 the company completed research on a metal-to-ceramic
sealing process and began production on items such as hermetic seal
terminals for the electromcs industry.

The Cincinnati Division, Bendix Aviation Corporation. in September
of 1956 moved into a new 30,000 square foot plant in the Hyde Park resi-
dential suburb of Cincinnati. The Division is an electronic manufacturer
of instruments for aircraft as well as devices for industrial control.

An industrial model of a nuclear density gage has been modified by the
Cincinnati Division to measure the vapor- hquld ratio in fuel lines. Several
of these instruments were delivered during the year to Wright-Patterson
Air Force Base where an investigation was under way to correlate the indi-
cated reading on the Bendix gage with the ratio calculated from data. t'lken
on fuel pump test stands.

The gage actually measures average density of the vapor and liquid
present in the fuel line, and it can be cahbrated in terms of V/L ratio-if
den51ty of the fuel remams sufficiently constant. The measurement relies
on absorption of gamma rays by contents of the line. A 2Q millicurie
Cesium-137 radioisotope source is mounted on one side of the, line while
an ionization type detector is mounted on the other. Installation is made
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without interrupting the flow or process, and without inserting any sensing
element into the stream.

At Eclipse-Pioneer Division of Bendix Aviation Corporation, 1956 was
the final year of preparation for the coming of jet and turboprop aircraft
to the commercial aviation scene. Much equipment, particularly in the
field of integrated instrumentation and control systems for aircraft of the
new era, had passed the design and development stage and was started on
its way through production.

Significant among this product group was the Division’s PB-20 Auto-
matic Flight Control System. Early in the year, in an announcement that
was hailed as “U.S. commercial aviation’s first decision on an automatic
flight control system for the turbo-prop and turbo-jet age,” the PB-20 was
specified for use on America’s first turbo-prop airliner, the Lockheed
Electra. And during August, the Boeing Airplane Company, in what was
believed to have been the largest commercial order of its kind, called for
$2.5-million worth of PB-20’s for their model 707 Stratoliner and Inter-
continental jet transports. And then in a move that emulated the military’s
“systems concept” for procuring a completely integrated package of co-
functioning systems, both Lockheed and Boeing specified PB-20-matching
Flight Director instrumentation and Compass Systems from Eclipse-
Pioneer. Even as these airplane-tailored systems were placed into produc-
tion, components of PB-20 systems slated for the world’s longest range
commercial plane, the Lockheed 1649A, and the world’s largest turbo-prop-
transport, Douglas’ C-133A for the USAF, were rolling off the line.

Complementing this PB-20 activity, additional versions of the system
were also specified during 1956 for two of Canada’s latest military aircraft.

Developed during 1956 as an alternate to Eclipse-Pioneer’s much pub-
licized Polar Path Compass was a new Continental Compass system. This
utilized the same high accuracy, one-degree random drift directional gyro
transmitter and small magnetic-sensing remote compass transmitter, as
Polar Path. But in lieu of the Polar Path Controller which provided a
means of correcting gyro drift during flight with changes in latitude, the
Continental Compass gyro was factory calibrated for the mean latitude of
intended operational use. The indicator developed for use with the system
combined the functions of an RMI and a master direction indicator, pro-
vided “take-offs” for operating repeaters, an autopilot, or other navigational
equipment, and offered integral VOR-ADF switching in lieu of the usual
remote switching arrangement.

Several new Flight Director systems, based on differing operational con-
cepts of commercial operators, were also developed during 1956. In these
Z-indicator systems, the Flight Path Indicator was of the plan position
type rather than a ground reference indicator similar to previous instru-
ments. It combined compass heading, omni-bearing selection, localizer or
VOR indication, glide slope indication, “TO” and “FROM” indication,
and radio warning flags all in one and thereby served as a replacement for

a Gyro Compass Indicator, an Omni-bearing selector and an ILS or
Course Indicator.
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As new marks for operational speeds and altitudes were achieved dur-
ing 1956 and even greater increases became a matter of just waiting for
tomorrow’s takeoffs, the ever present problem of accurate navigation pre-
sented new complexities for the biologically limited human pilot. Toward
solving these, Eclipse-Pioneer devoted considerable engineering effort to
the development of self-contained dead reckoning navigational computers
for both military and commercial applications. Typical ot these was a com-
bined latitude-longitude and great circle computer all wrapped up in 16
self-contained pounds. From true airspeed and compass heading inputs, it
automatically derived distance flown and continually indicated present
position in terms of latitude and longitude as well as great circle distance
and great circle bearing (rho-theta) to home base, destination or alternate
target.

Eclipse-Pioneer’s 1955-announced concept of a Central Air Data Com-
puter System for military aircraft was brought to a production reality dur-
ing 1956 in a unique and dramatic manner that shattered delivery time for
production equipment from a normal two-year period to nine months after
receipt of an order. The technique employed on the 2700 part, delicately
precise system eliminated the usual development model or engineering pro-
totype and all conventional steps involved therein, and enabled first draft
drawings to be used for production purposes. By this process the very first
model ever produced was actually the first unit of a full production run and
came off the line ready for delivery to the customer. The successful accom-
plishment of that production innovation was a vital step in helping to solve
the external problem of adequate lead time for the development and produc-
tion of complex new equipmnet. By year end. Eclipse-Pioneer Central Air
Data Computers-had been specified for use on most of the Air Force’s new
century series of jet fighters.

In the field of radar, Eclipse-Pioneer during 1956 successfully developed
and produced an airborne weather radar antenna which, at the flick of a
switch, provided either a narrow pencil beam of the type required for spot-
ting storm clouds, or a wide fan (cosecant squared) beam of the type re-
quired for terrain mapping. The design, which promised to set the style
for future radars, was based on the use of a ferrite rotator and a special
type of spoiler which did not require the use of moving parts. The new
antenna was developed for use with the Bendix Radio Division’s RDR-1
airborne weather radar system.

At Friez Instrument Division, engineering and manufacturing activity
was devoted mostly to precision instruments, particularly meteorological
equipment. The Division expanded its products scope to include a category
called “airborne devices’-—which included Vortex Thermometers, Thermis-
tors, Pressure Switches, and Pressure Transducers.

At the Hamilton Division of Bendix Aviation Corporation the year 1956
was highlighted by an expansion of plant facilities and personnel. The Di-
vision continued and augmented its efforts toward the development of new
products and in the field of manufacturing techniques. One example of this
was development and production of precision bellows.
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other aspects of solid-state research were actively investigated including
fundamental studies of semiconductor phenomena.

The Research Laboratories was also engaged in an extensive develop-
ment program concerned with automatic controls for machine tools used in
the manfacture of airframe and jet engine components as well as a variety
of aircraft accessories. The tape control svstem developed by Bendix makes
it possible to control a complete and complex machining process without
requiring the use of expensive and long lead time tooling. This principle
was applied to a cam-milling machine which in actual plant operation
enabled the manufacture of intricate three-dimensional cams in several davs
following engineering release as contrasted with previous lead time of sev-
eral months. Accuracy of .0005 inch or less which is obtained is of course
applicable to a variety of other accessory conponents.

A compact manifolded mounting base for a hydraulic missile guidance
system package in which all external interconnected plumbing lines have
been eliminated was in production at the Pacific Division of Bendix in 1936.
It was designed for the Convair Terrier Missile, and has lateral passage
lines which lie in three different levels. )

A new accurate dnd inexpensive analog-to-digital converter was also
announced by Pacific Division in 1956. )

The purpose of the converter is for accurate long-distance transmission
of data representing voltage. current and power. By converting data from
analog to digital form, it is not subject to varying line conditions. and
resultant inaccuracies of readings. . ]

A new air motor, developed by the division, was ot particular interest
to those engaged in missile engineering and production.

Faced with the problem of locating a prime mover to operate an alterna-
tor and a hydraulic pump for an electro-hyvdraulic supply to power a
missile control system, Bendix-Pacific made a careful evaluation of various
motors. For the application at hand these motors proved to lack the desired
efficiency and were excessive in weight and size. As a result, the Bendix
air motor was developed, tested and produced. and oftered for sale to others
who are in missile work.

Pioneer-Central in 1956 developed a new true mass fuel flow svstem
which applies the angular momentum principle with single turbine. Its
design permits its use to measure flow in either direction.

The Bendix capacitance type liquid oxygen quantity gage systems now
offer dual indication—in the cockpit and at arny desired point on the air-
plane. This was another 1956 development. ) ,

Bendix Products Division at South Bend. Indiana. continued to supply
the major aircraft engine and airframe manutacturers with components and
complete fuel metering engine control and landing gear svstems during the
year. _

This equipment included Stromberg carburetors, fu§1 metering and
engine control systems, for turbojet., turboprop. ram jet, nuclear and
reciprocating engines. Airframe equipment included all sizes and tvpes
of shock ahsorhing struts, including electro-hyvdraulic nose wheel steering
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of an exclusive Bendix design, wheels and brakes with Cerametalix lining
and anti-skid devices.

A three-dimensional flight systems simulator for use in the develop-
ment and evaluation of aircraft control equipment and missile guidance
systems was developed during the year. The device features a large capac-
ity precision d-c analog computer and a high performance, hydraulically
controlled three gimballed flight table. The Computer Division of Bendix
Aviation Corporation assumed the manufacturing responsibility for the
device and is currently producing the third system to be constructed.

During 1956 Scintilla Division of Bendix conducted a forum on ignition
systems for piston and jet type aircraft engines at its plant in Sidney, New
York. This meeting was attended by approximately one hundred repre-
sentatives of foreign and domestic airlines, U.S. and Canadian military
services, CAA, and aircraft engine and spark plug manufacturing com-
panies.

A sizeable plant addition was completed to permit consolidation of all
engineering design, research, and experimental manufacturing facilities in
one area. Also placed in operation during the year were considerably en-
larged plating facilities employing the latest and best equipment available.

New ignition systems were developed for turbo-jet and turbo-prop air-
craft engines and much work was done on miniaturization of ignition sys-
tems for small gas turbine engines. New ignition systems were placed in
service on Pratt and Whitney J57 and J75 engines, the General Electric
J79, and the Allison T56 engines. Ignition systems of smaller envelope
size and less weight were developed for small gas turbine engines. Much
development work was conducted on ignition leads of smaller diameter,
improved firing characteristics for igniter plugs, and ignition leads and
other system components to operate at higher temperatures.

A universal type jet engine ignition tester, the number 11-4700, was
developed to handle the testing of jet engine ignition systems manufactured
not only by Scintilla Division but by other manufacturers as well. With
this tester it is possible to check the functions of each unit in the ignition
system.

To meet the electrical connector requirements of miniaturized electronic
equipment the Pygmy miniature connector was developed. In many
instances the standard AN connector is too large and heavy for suitable
usage on miniaturized electronic equipment. The Pygmy provides the
same standards of performance and dependability as the regular AN
connector but is approximately one third smaller in size and weight than
a comparable AN connector carrying an equal number of contacts.

A new ignition analyzer, the number 11-3398-2, was developed in-
corporating a number of refinements such as printed circuits, edge lighted
front panel, provision for rack and panel mounting, a ruggedized high
intensity 5” scope cathode ray tube, a sealed transformer, silenium recti-
fiers, and the added features of light weight, ease of service, stable circuits,
and the incorporation of all components in one unit. American Airlines
has ordered a large quantity of this new analyzer to provide for installation
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as an airborne instrument on its entire fleet of DC-6's and on DC-7's
presently on order.

As of November 1, 1936, ten major airlines have placed orders with
Bendix Radio Division for RDR-1 Airborne \Weather Radar Systems.
The combined orders totaled 334 individual systems plus spares. In
addition, 122 RDR-1 Systems were sold to operators of executive aircraft,
making a total of 456 units sold. Of these, 400 were X-Band units.

In January, 1956—as part of a general reorganization plan in the
Division—an Aviation Electronic Products Group was created, encom-
passing all activities concerned with the Division's commercial aviation
products.

Bendix Radio delivered the first DFA-70A 14-ATR Automatic
Direction Finder system to Braniff Airways for installation in their new
DC-7C El Dorado aircraft during the year.

Also announced in 1956 were plans for a new short 4-ATR Glide
Slope Receiver designated the GSA-8A. This unit will be in production in
the late summer of 1957.

One of the principal tubes used in Sage early warning system was the
Special Purpose Electron Tube RETMA No. 6888 developed by Bendix
Red Bank division. ] .

During the year the Division supplied power transistors for use in
automotive radio, power supplies and el_ectronic equipment. In 1957 it was
expected that a production rate of 125,000 transistors per month would
be realized.

The Division also initiated development of transistorized power supplies
that replace standard rotary d_vnamo_tors_and inverters. These transistorized
power packages are completely static with no moving parts and are there-
fore hetter able to withstand severe environmental conditions associated
with high performance aircraft and missiles,

Cleveland Pneumatic Tool Company, Cleveland. Ohio, continued
during 1956 to design and manufacture aircraft landing gears and ball-
bearing screw mechanisms for militarv and commercial use by major
airframe companies.

In March, the company purchased the National Water Lift Company
of Kalamazoo, Michigan, a designer and manufacturer of aircraft control
svstems. The addition of their product line provided Cleveland Pneumatic
with valuable further diversification within the aircraft and guided missile
fields.

In September, a missile.s d_ivision was established to design and produce
ground handling and positioning equipment for this industry,

The company’s facilities were further increased by the addition of a
new pressure welder and many new machine tools.

In the first half of 1956, the company received contracts to produce
the landing gear for both the Douglas DC-8 and the Boeing 707. Later in
the year, it received the contract for the Douglas C-132.

During 1956, Flight Refueling. Inc. of Baltimore, Md. continued in
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the design and production of aerial refueling equipment as well as related
fuel system components.

Major production during the year was concentrated on the A-1Z2B-1
Liose reel units for installation in U. S. Air Force KB-50 aircraft which
are capable of refueling three jets simultaneously by the Probe and Drogue
method.

The company also continued to supply U. S. Navy jet fighters and
tankers with probe installations, couplings and hose reels.

The Navy FJ-4 Fury jet ﬁghters are to be used in a “"Buddy S) stem’
developed by this company to enable an IJ-4 tanker to refuel its fighter
counterpart in flight, greatly extending the range or permitting Greater
bomb loads to be carried.

Among the other contracts awarded the company during the year was
one with the U. S. Navy for the development and manufacture of aerial
refueling equipment for Marine Corps helicopters.

The Garrett Corporation, Los Angeles, one of the five largest aircratt
accessory and components manufacturing organizations in the world, ob-
served its twentieth anniversary in 1956 with the most successful year in
its history.

Through its AiResearch Manufacturing divisions in Los Angeles and
Phoenix, the corporation has stepped up its intensive research and develop-
ment activities in addition to maintaining volume production of such items
as cabin air compressors, cabin pressure controls, pneumatic valves and
controls; air cycle, evaporative and mechanical refrigeration systems,
electric actuators, electric motors and generators, heat transfer equipment,
temperature controls, electronic computers and instruments, gas turbine
engines, starter air and gas turbine motors.

AiResearch produced the largest stainless steel unit ever manufactured
for aircraft use in its development of a new heat exchanger for a supersonic
jet military plane, while also developing its smallest heat exchanger (en-
cased in a housing 4 x 3.75 v 2.25 inches) to pressurize and cool the inside
of a pilot’s high altitude suit.

‘A significant advance in air conditioning of high flying aircraft was made
with a precise temperature control system. Each of several zones through-
out the plane will contain its own temperature controller for localized regu-
lation of warmmg air. These operate through a master controller, which
programs the entire operation. The master controller reacts to r_naintain a
constant cabin temperature as pre-set by the flight engineer.

Expenditure of $4,936,561 was made on additions to property, plants
and equipment for the’ fiscal year ending’ June 30, largest single year’s
outlay for this purpose in the company’s history. Enlarged shop, office
and engineering space, plus new, modern production machinery acquired,
did much to increase efficiency and meet demands of growing production
volume,

The AiResearch Manufacturmg Compames in Los Angeles and Phoenix
added more than 90, 000 square feet of factory and office space.

AiResearch Aviation Service Division moved into a new 100,000
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square foot hangar. with administration building adjoining. on a Z3-acre
plot at Los Angeles International Airport. It contains facilities for com-
plete overhaul, maintenance. rebuilding and modification of private, com-
mercial and military aircraft.

A dramatic development in modification of the Douglas DC-3 was
unveiled by AiResearch Aviation Service. Called the “Maximizer Kit,” it
is designed specifically to increase speed. provide substantial and measur-
able margins of safety at high and low speeds and rate of climb, and
also improve payload, economy and revenue with no increase in horsepower.
A gain of 20 mph in speed is guaranteed on the basis of a gross weight of
25,000 pounds at 10,000 feet with 1830-92 Pratt and Whitney engine.

The Garrett organization consists of nine divisions and two subsidiaries.
Newest of the divisions is Rex. activated for the purpose of conducting
advanced research and development in a classified field of aviation and
currently carrying out this program under Government contracts.

Sales for the entire organization attained an all-time high of $138.981.-
762 for the fiscal year, a significantly notable increase of 34 percent over
the previous year's record volume. The manufacturing backlog also jumped
to $145-million. amounting to 48 percent more than the 1933 figure of
$98-million, Approximately 86 percent of this backlog is for military
end use, the remaining 14 percent covering contracts for products destined
for commercial and foreign use. A working capital of $21,876.701 was
existent,

This forward progress by The Garrett Corporation resulted in an
increase of employees to over 10,000 from the former total of 7.600.

A number of new, long-range projects into the uncharted areas of
missile components, nuclear accessory studies and other classified assign-
mernts were embarked upon.

General Laboratory Associates, Ine.., Norwich, New York, continued
the expansion of their research, engineering and production facilities of
high energy ignition systems for turbojet, turbo-prop, rocket and ram-jet
engines. The 1956 program brought forth a new line of lightweight, com-
pact ignition systems for use in all types of small turbine and rocket
engines. Research and development continued through the year in the
high temperature, high altitude and high energy categories. Of these
major improvements, several have found their way into production ignition
systems. Special ignition devices for varied requirements were also engi-
neered and produced to meet the needs of an ever expanding sphere of
activity in the development of turbojet and missile engines.

In 1956, Harvey Aluminum. Torrance. California. announced the re-
sumption of construction for its 54,000 ton aluminum reduction plant at
The Dalles, Oregon. The plant is scheduled for completion in late 1957,
Long term plms announced during the vear include a 13.000 ton annual
increase in primary capacity by 1958 and construction of an 130.000 ton
alumina plant and a second reduction plant of 67,000 ton annual capac1ty
during 1960-1963.
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Expansion at the Torrance, California plant during the year included
the completion of press installations and supporting equipment for the Air
Force Heavy Press Program. Harvey put into operation the huge 8,000
ton hydraulic extrusion press; aluminum alloy extrusions from this press
are being used for airframe and missile structural components. A com-
panion 12,000 ton extrusion press, the largest ever built in this country,
is in the final assembly stages at the Torrance works and is scheduled to
begin extruding at the early part of 1957. Heavy press supporting equip-
ment in operation at Harvey include 80 foot capacity vertical solution heat-
treat furnaces, two hydraulic stretch-straighteners of 1,500,000 and
3,000,000 pounds capacity, new ingot casting facilities, and homogenizing
furnaces.

A battery of new hydraulic forging presses, ranging in size up to 8,000
ton capacity, also went into operation in Torrance during 1956. Supporting
these new forging presses are the newest pre-heating furnaces, trim presses,
straightening presses, and automatic ultrasonic testing equipment. Harvey
continued its leadership in the production of aluminum no-draft forgings
in addition to producing conventional draft forgings and hand forgings
in aluminum and titanium alloys.

In the field of aluminum impact extrusions, Harvey contributed many
new design concepts and fabricating techniques in the production of larger,
more complex, closer tolerance impact extrusions.

Harvey also processes titanium and zirconium.

Keynoting a very heavy emphasis on new development during 1956,
Jack & Heintz doubled its research facilities and recorded several major
firsts in the design and manufacture of electric systems and components
for aircraft and missiles.

With development projects at record levels and showing every tendency
toward even greater volume, Jack & Heintz purchased two plants from
the Universal Wire Spring Company of Bedford Heights, Ohio. The
adjacent plants, covering a floor area of more than 135,000 square feet,
have been integrated and when equipped as a research facility, will double
the size and capacity of the J & H Research and Development Center,
Rate of new project completions (entire systems and special components),
prior to this expansion, was approximately 30-35 per year.

Perhaps the most important 1956 design achievement at Jack & Heintz,
in the opinion of Company engineers, was the development of oil-cooled
generators to the point of placing these machines into production. Jack &
Heintz thus became the first manufacturer to have on its assembly lines a
complete and diversified family of “environment-free” generators. As
the term implies, these generators can deliver full-rated output independent
of aircraft speeds, ambients and altitudes.

In addition to the oil-cooled machines, Jack & Heintz broadened its
lines and production schedules of vapor-cooled and thermal lag generators.
Among the three design types, Jack & Heintz has generators ranging in
ratings from 2.5 kw through 40 kva.

The environment-free capability of the generators is due, as indicated,
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to the cooling systems incorporated in their design. Briefly, these cooling
techniques operate as follows:

Oil-cooled machines utilize engine or hydraulic oil from the existing
systems in an aircraft. Oil enters the generator at the mounting pad, is
circulated through the stator and rotor, and is returned to the mountmg
pad for re- entry into the original system. Heat flow characteristics of this
technique are excellent, eliminating all generator hot spots.

Vapor-cooled machines use water as the coolant. \Water from a reser-
voir is injected under pressure into the generator’'s hollow shaft. Cen-
trifugal force propels the water in spray form, through four ports, scatter-
ing it on the internal surfaces of the machine. As it picks up heat from
these surfaces, the water vaporizes, and the resultant steam escapes through
an exhaust port.

Thermal lag machines require no cooling. They have been specially
designed to deliver their full-rated outputs for specified periods of time
under excessive temperature levels. Presently. these machines are par-
ticularly effective aboard missiles designed for relatively short-duration
flights.

A prime significance of these J & H environment-free developments
lies in their pointing the way toward a standardized approach to electric
system design and procurement.

Among the other notable J & H firsts during 1956 were the G180 a-<c
generator, the G23-5 d- generator and the GC150 power transformer.

Along its development of ancillary system components, J & H intro-
duced new control panel, regulator, circuit breaker, inverter, converter,
relay and special unit designs during 1956. Many of these new designs are
for use with the Companys environment-free generator lines, althouorh
even these are available and adaptable separately to existing system deswns

Total sales for the year were between $20-25-million “and the backloor
of unfilled orders was approximately $19-million. Employment totalled
2,200 and production floor space exceeded 600.000 square feet.

On May 31, 1956, Kaiser Aluminum & Chemical Corporation,
fully-integrated producer of aluminum and aluminum mill products, com-
pleted its first ten years in the aluminum industry. During that ten-year
span, the company’s production of primary aluminum increased from
59,802 tons (1946-47 fiscal year) to 427.26/ tons. Net sales rose from
$45,418,000 to $330,712,000, and net earnings from $5,338,000 to $43.-
293,000.

The company entered its second decade with a major construction
program underway which, when completed, will enlarge its annual capacity
by more than 50 percent.

Principal units in this latest expansion program include an alumina
plant at Gramercy, Louisiana, and a rolling mill and aluminum reduction
plant at Ravenswood, West Virginia.

The Ravenswood mill will enable the company to provide the aircraft
industry with a greater supply of critically needed stress-relieved aluminum
plate.
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The Ravenswood plant will also include modern heat treating facilities
and ultrasonic testing equipment for detection of below-surface flaws in
aluminum alloy plate. Ultrasonic inspection, plus the high quality ingot
resulting from degassing and metal handling techniques developed by the
company’s Department of Metallurgical Research, make aluminum plate
ideally suited to the aircraft industry’s critical requirements.

Another phase of Kaiser Aluminum’s construction program of special
interest to the aircraft industry is the $6.25-million expansion of its Hale-
thorpe, Maryland, extrusion plant. Additional equipment, including four
new extrusion presses, is being installed at Halethorpe which will raise
the plant’s output from 24 million to 46 million pounds of extruded shapes
annually.

The year 1956 saw the commencement of full-scale production from
the two 8,000-ton extrusion presses at the Halethorpe heavy press plant,
which Kaiser Aluminum operates for the U. S. Air Force. The presses
produce hollow and solid shapes up to 17 inches in maximum cross-sectional
dimension and flat sections up to 32 inches wide.

Auxiliary equipment includes one of the nation’s most advanced-design
billet casting stations. Developed by Kaiser Aluminum especially for the
Air Force heavy press program, the units can cast billets 20 inches in
diameter, 24 feet long and weighing more than 6,000 pounds each.

Kollsman Instrument Corporation, subsidiary of Standard Coil
Products Co. Inc., entered a new phase of manufacture in 1956 and made
significant strides in many facets of its operations. Marking the fruition
of an intensive ten-year program in the research and development of
complex automatic navigation and flight control systems, substantial pro-
duction orders were received for the new instrumentation. The trend in
these systems, which are presently designed for manned aircraft, is toward
automation and the diminishing of human participation. They comprise
sensing, measuring, and computing features, and utilize electronic, elec-
trical, mechanical, and optical components.

In general, the activities of the Kollsman Research and Engineering
Laboratories were directed to systems for rapid and accurate navigation
of manned and unmanned aircraft, and to systems for flight control.

During the year production was launched on the new Kollsman auto-
matic astrocompass. Starting with an initial $4.5-million production order
from the Air Force, subsequent contracts amounting to $26-million were
heing negotiated at year’s end. In the field of navigation equipment, the
demand continued for such instruments as periscopic sextants, hand-held
sextants, the sky compass, and other various classified navigational systems.

Furthermore, many types of flight control systems, air data computers,
and special devices, which combine pressure mechanisms with electronic
equipment were produced.

The Kollsman Integrated Flight Instrument System gives. the com-
mercial pilot precise and complete interrelated flight data. Designed by
Kollsman engineers for all high performance transport aircraft, this sys-
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tein is a significant step toward solving of the problems of altitude sepa-
ration, cruise control, and dead reckoning navigation.

Volume production continued on the Kollsman line of sensitive and
high range precision altimeters, Mach airspeed indicators, =ensitive air-
speed indicators, true airspeed indicators, and Mach-meters. Large orders
were filled for cabin pressure control systems, thrustmeters, tachometers,
compasses, vertical speed indicators, pitot and pitot static tubes, and various
types of special flight research units. Also in quantiv producion were
combination differential and absolute pressure instruments, baroswitches.
weather instruments, and precision optical components. Svnchrotel trans-
mitters, pressure switches, and pressure monitors were in wide demand
for guided missile application.

Motor production at Kollsman remained at approximately the 19353
level with concentration on precision induction motors and rate generators.
The overall picture showed an increase in the number of motor units
made for Kollsman end-items.

At the beginning of the vear. the total number of Kollsman employes
was 3,600. By the third quarter, the figure had risen to 4.600 employves.

The trend toward complex instrument systems was emphasized by
the expansion of the Service Engineering Department which added to its
functions a new group to study systems and products during the design
stage in order to ascertain service requirements and techniques in advance
of production. This group is the source for field service specialists
thoroughly skilled and experienced in the installation. maintenance. and

overhaul of each new production item. Another new engineering service

section is the Technical Analvsis and Reliability Group which compiles
data on product reliability and performance in the field. The group main-
tains automatic record syvstem reliability studies and coordinates them with
the Military’s Product Improvement Program and similar programs con-
ducted by commercial aviation.

To expedite the training of Military and Commercial personnel in
the operation and servicing of new instrumentation, Kollsman re-organized
and expanded its Instrument School.

In the fall of the year, a new Kollsman manufacturing facility in Svosset,
Long Island, was completed. Located on nineteen and a half acres of
Kollsman-owned property, the new building is a one-story. fireproof, steel
frame and masonry structure with an area of 157.000 square feet of manu-
facturing space. It has provision for assemblv. machine shop, shipping,
receiving, and other departments, and will accommodate an additional 1.400

-employees.

Orders received during the first ten months of 1936 amounted to $34-
million. A $50-million backlog for unfilled orders was anticipated by the
end of the year, with shipments amounting to about $36-million.

The volume of Kollsman subcontracts to small business grew in pro-
portion to the increase in orders. To help subcontractors meet the Kolls-
man standard of precision, the Company gave assistance on technical

‘manufacturing problems and provided special instrumentation and equip-
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ment wherever necessary. Cooperation with subcontractors extended to the
dissemination of information on quality control techniques and work
scheduling.

In completing its eighth consecutive calendar year, Lear, Inec., esti-
mated shipments of about $62-million and new business of approximately
$70-million for 1956. Backlog at October 1 was $57,682,000. In four years
since 1952, the net worth of the company has approximately doubled. Pay-
roll is about 4,700.

The company built and equipped a 20,000 square-foot laboratory and
office building at Santa Monica to house the western engineering contingent
of its Grand Rapids instrument products division; also added 14,000 feet
of floorspace to its Elyria, Ohio, plant. At the latter location, complete
new facilities were installed for manufacture of electric motors to power the
division’s line of pumps and related airborne devices. Such motors previ-
ously were purchased elsewhere. At year end, architectural plans were
complete for a 170,000 square-foot production facility at Grand Rapids
airport, Michigan, to supplement existing engineering and manufacturing
buildings at that city.

During 1956, development and manufacturing subsidiaries were es-
tablished at Geneva, Switzerland, and Munich, Germany, under the re-
spective corporate names of Lear S. A, and Lear Electronics GmbH.
By year end these activities, with a combined payroll of about 100, mostly
engineers, were active in development and starting production of airborne
instruments and communication equipment to meet European needs.

Licensees in France (Intertechnique, and Societe Generale des Equipe-
ments) and in Italy (Galileo) continued successful application of Lear
products on many European military and commercial airplanes. The
Sud Est Caravelle, commercial jet transport, equipped with a Lear auto-
matic flight control system, went into regular service for Air France
between Paris and Algiers. This was the first American autopilot applied
to a European commercial jet aircraft. The production version of this
autopilot is completely transistorized. Lear’s Grand Rapids Division also
announced application of an automatic flight control system to the Swedish
SAAB delta wing supersonic J-35 fighter, and an automatic stability aug-
mentation system on the Dassault Mystere IV supersonic fighter. Mean-
while a Lear autopilot in production for the Boeing KC-135 transport-
tanker was the first American autopilot ever applied to a jet transport.

At home, the company was able to reveal a substantial increase in the
number of product applications to the nation’s most advanced guided
missiles, and to the new ‘“century series” of supersonic fighters. Among
these products were gyro-stabilized platforms and coordinate converters;
data link equipment; fuel, lube, and air pumps; rocket-engine fueling
nozzles and fuel intake adaptors; and rocket-engine test stands. Also, the
Lockheed X-7 ramjet test vehicle for which Lear has been producing major
components for nearly seven years was disclosed by Air Force spokesmen.

Another dramatic product announcement was an automatic wings-
level bombing system by which the precise and complicated maneuver
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of low-altitude nuclear weapon delivery is accomplished on virtually a
hands-off basis due to a tie-in with the Lear L-10 autopilot. New auto-
matic flight control syvstems and instruments for helicopters were intro-
duced. The company’'s vertical gyro instruments, including advanced
versions, continued to be produced for nearly all high performance air-
craft. An exceptionally lightweight gvro-stabilized compass for all-latitude
navigativn also went into volume production, along with a new line of
miniature rate gyros.

Improved new lines of automatic direction finders, flight instruments
and communication radios were placed in production late in the year at the
LearCal Division, Santa Monica. These include a patented technique called
the Lear Self-Correcting Automatic Navigation system.

The Aircraft Engineering Division. also at Santa Monica, introduced
the Mark II version of its Learstar executive transport. In this conversion
program, present Lodestar owners are enabled to retain existing interiors
and equipment, and buy primarily the structural and aerodynamic altera-
tions by which Lear has greatlv increased the speed and range of the
original airplane. The Mark I model includes modernization and remanu-
facture throughout, including equipment and interior.

Contracts for systems work involved supersonic jet engine air inlets,
and thrust reversers. An outstanding Lear “first” during 1956 was the
application of a tubeless three-axis damping system to the sensationally fast
Lockheed F-104 now entering high priority production. This was the
first three-axis application of the body-axis stabilization principle which
Lear pioneered with rudder-axis dampers on a large proportion of
America’s best known jet fighters.

The Liquidometer Corporation of Long Island City, N. Y., con-
tinued its development and production of liquid quantity gages and posi-
tion indicating systems for aircraft during 1956.

Operations in the West Coast area were expanded as the result of a
newly constructed building in Los Angeles. This new facility, besides
providing sales and engineering services, has the latest equipment for the
overhaul and repair of the company’s line of products for aircraft and
missile use.

One of several Liquidometer developments during the year was a liquid
oxygen quantity gage. This new gage. highly resistant to shock and vibra-
tion, employs a capacitor-type sensing unit in the liquid oxygen container.
A self-balancing bridge network measures and indicates liquid quantity.
The only moving parts are those in the motor driven indicator. The
amplifier section of the self-balancing bridge system can be supplied with
either vacuum tubes or transistors.

Another Liquidometer development in 1956 was a miniature magnetic
amplifier relay that weighs only six ounces and has extremely high sensi-
tivity and vibration resistance. Designed for use in guided missiles, air-
borne computers and circuits emploving photocells, transistors or ther-
mistors, the relay fits in an envelope measuring only 114 inches by 234

183









The AIRCRAFT YEAR BOOK

The company’s military aircraft division located at Chino, Calif., modi-
fied more than 200 F-86 Sabre jet aircraft for the Air Force, as well as
wgﬁkmg on a C-47 aircraft overhaul contract valued at approximately $5.5-
million,

The company’s design and manufacture of specialized test and ground
support equipment for the military services and the aircraft industry in-
creased approximately 30 percent in volume in 1956.

Test stand design and production during 1956 included cabin pressure
regulator test stands, fabric burst testers and stands to test the pilot’s
oxygen demand regulator., An advanced universal hydraulic accessory test
stand capable of testing most aircraft hydraulic fittings, hoses and pumps
were also produced.

In addition to producing test equipment such as hydraulic and fuel
-pump run-in test stands, specific gravity test stands and gas temperature
control stands, PAC developed an electronic governor to prevent overspeed
of hydraulic flow meters. Other electronic devices are being incorporated
by the company into fuel flow and other test stands.

Sales for the nine months ended August 31, 1956 were $14,759,926,
compared with adjusted sales of $14,230,118 for the same period in 1955,

Effective November 1, 1956, Pacific Airmotive purchased from Lear,
Inc., all the outstanding shares of Learcraft Conversions, Inc., renamed
PacAero Engineering Corporation.

With its 75,000 sq. ft. of hangar space and 170,000 sq. ft. of ramp area
on Santa Monica airport, PacAero Engineering can handle any aircraft up
to and including the DC-7 and Super Constellation.

The Tube & Hose Fittings Division of Parker Appliance Company
continued to manufacture and sell tube working tools to the aircraft in-
dustry during 1956. Included were tube cutters, tube flaring machines and
hand flaring tools, hand tube benders and bench mounted tube benders.
A significant portion of the synthetic rubber o-rings produced by the
Rubber Products Division of Parker were sold to the aircraft industry. A
new product of this division—TUnicellular Rubber Floats—had important
applications in the aircraft industry. Both these divisions had increased
production programs resulting from the increased demand for their
products. . o

Rohr Aireraft Corporation, Chula Vista, California, during 1956
added 300,000 square feet to its manufacturing facilities, bringing its total
space to 2,250,000 square feet. It also began construction of a 39,000 square
foot assembly plant at Auburn, Washington, where jet pods for the Boeing
KC-135 will be assembled.

In addition to the production of power packages and pods and other
major assemblies for five commercial and ten military airplanes, Rohr also
has an extensive program for the production of stainless steel honeycomb
sandwich panel structures, metal bonded panels and high strength weld-
ments.

In the commercial field Rohr is manufacturing power packages for the
Boeing 707 jet Stratoliner, the Convair 440 Metropolitan, the Douglas
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DC-7 and the Seven Seas. the Lockheed Super Constellation and the
propjet Electra. Military planes for which the company also builds power
packages and pods include the Boeing B-532 and KC-135, Convair T-29,
C-131, Lockheed P2V and C-130.

Company sales for the year ending July 31 amounted to $90,027.159.
an increase of 9.2 percent over the previous year. As of December 1 the
backlog was $195-million, of which 37 percent was for commercial pro-
duction. Employment on that date was 9.200 and another 1.000 were ex-
pected to be added within six months.

Simmonds Aerocessories, Inc., during 1956, substantially increased
its activity in the research and development of capacitance type fuel meas-
urement and fuel management systems. Keeping pace with industry by
improvements in the transistorized circuitry of fuel gaging equipment,
Simmonds engineers succeeded in increasing accuracy and reliabilitv while
at the same time reducing weight and cost.

A new plastic tank unit (or probe), type M-2, developed to reduce
weight to a minimum and permit disassembly for service proved successful.

Simmonds offered to the aircraft industry, fuel measurement and fuel
management systems in the following configurations:

A three unit, vacuum-tube system, consisting of light weight tank units,
indicator, and amplifier-bridge ; light weight tank unit, with a combined
indicator and vacuum-tube type amplifier-bridge unit ; and light weight tank
unit and combined indicator, housing a transistorized amplifier-bridge.

Numerous installations were made of the Thermistor Liquid Level
Sensing System. This svstem provides reliable, accurate and trouble-free
indication of liquid level, independently of the gaging svstem. The level
sensing system is capable of operating a light to indicate whether the liquid
is above or below a certain level. or can provide control to start and stop
pumps and operate valves to transfer liquid from one tank to another.

A True Weight Gaging System was developed which is based upon new
concepts of gaging accuracy. The relationship between the delectric
constant and the density of a fuel is no longer assumed. These factors are
independently determined and are constantly used in the fuel gage circuit
to continuously correct the basic circuit so as to alwavs indicate true
weight.

Simmonds SU Fuel Injection System successfully passed the 150 hour
CAA qualification tests on both the Lycoming GSO-480 and the Air Cooled
Motors 0-335-5 engines. Prototypes were installed on nine other types of
aircraft engines. SU Fuel Injection is installed on the Lycoming 320
engines used on the Super “V” Bonanza conversion and continues in full
scale production for ordnance vehicles for the Ordnance Department of
the U. S. Army.

Duding the year, the company continued development on SARAH—
Search And Rescue And Homing Equipment—and completed several
applications. o

A new line of heavy duty arctic aircraft latches was also developed.

Research and engineering continued on push-pull controls and an
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cspecially noteworthy application has been completed requiring heavy duty
performance under high temperature in the control of the afterburner
aperture. -

Solar Aircrafi Company, San Diego, during 1956 continued a
diversified production program of small gas turbine engines, jet and
reciprocating engine components, airframe structures, and missile com-
ponents.

A new pod mounted version of the company’s 50 hp Mars gas turbine
engine was introduced. The small engine, mounted in pods beneath the
wing, is being used to supply airborne auxiliary electrical power for the
Convair C-131B flying test laboratory. The units are also being produced
for the KC-97, Douglas C-124C Globemaster, and the Lockheed C-121C
Super Constellation.

Under Air Force contracts, new air bleed compressor versions of the
500 hp Solar Jupiter gas turbine engine were embodied in multi-purpose
vehicles to provide ground support for starting advanced types of jet
engines, and to air condition planes. They are scheduled for use in the
support of the Douglas B-66. The Air Force designation for the new
compressor pack is MA-2.

The manufacture of all-metal honeycomb structures and aluminized
and ceramic coated metals for high temperature and corrosion resistance
continued. New highly specialized brazing techniques for the manufacture
of honeycomb were accomplished through the design and installation of the
Solite furnace—a bell shaped elevator type furnace capable of maintaining
consistent temperatures up to 2150°F.,

Production started on stainless steel nacelle barrels for the ILockheed
1649A and a number of other airframe and missile components.

The company continued production of intricate stainless steel com-
ponents for the Wright-Aero J65, for the J57 for both Pratt & Whitney
and the Ford Aircraft Engine Division, and for the new Allison and
General Electric turboprop and jet engines.

Plant area for the San Diego engineering division was increased 27,000
sq. ft. to house the 50 percent increase in engineering personnel. A new
45,000 sq. ft. Airframe Parts plant was established one block from the
main San Diego plant to accommodate expanded production in this cate-
gory. To handle the increasing volume of gas turbine research and develop-
ment work, a new testing laboratory containing five additional test cells was
completed in San Diego.

Construction began on a 117,000 sq. ft. addition to the Des Moines, Towa
plant which, when completed, will bring the total plant area for both
plants to 1,227,000 sq. ft. ,

Total employment on April 30, 1956 was 5,337, up from 4,653 a year
earlier.

Sales for the year ended April 30, 1956, totaled $51,645,522 and backlog
more than doubled during the year,

To insure its continued ability to meet expanding commitments in an
increasingly complex air world, the Sperry Gyroscope Company in 1956
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Sperry Semiconductor Division, Division of Sperry Rand Corp., Nor-
walk, Conn.—a specialized production laboratory for development of
highest quality transistors required in advanced weapons and supersonic
flight systems.

Continued high emphasis was placed on research and development in
critical aviation equipment and systems, especially in the fields of inertial
guidance, countermeasures, air defense and missile guidance radars, and
automatic check-out equipment for modern weapons.

Manufacturing volume remained high in (1) pulse and continuous
wave radars, (2) bombing-navigation systems, (3) guided missiles, stabili-
zation and guidance systems, (4) automatic fire control systems (5) flight
and engine control systems, (6) advanced aircraft instrumentation, (7)
support equipment for evaluation of weapon performance and (8) spe-
cialized electronic tubes for all types of high-powered radars (see Year-
hook, 1955 edition.)

High among Sperry’s major aviation contributions was development
by its Aeronautical Equipment Division at Great Neck of a revolutionary
electronic system, providing for “hands off” automatic, precision control
of commercial jet airliners.

The system—called the SP-30—represents the first major advance in
the flight control field in a decade. It incorporates many new design con-
cepts and is expected to provide turbo-prop and turbo-jet aircraft with
levels of air safety and passenger comfort, surpassing anything produced
by Sperry in 40 years of automatic pilot development. )

Sperry’s Integrated Instrument System, currently being produced in
volume for a wide variety of conventional airliners, has been integrated
with the SP-30 system,

In 1956, after almost five years of research, incorporating exhaustive
studies in Sperry’s own helicopter, the Aeronautical Equipment Division
began manufacture of a miniaturized flight control system for rotary
aircraft.

The system precisely and automatically stabilizes a helicopter during all
normal flight, hovering, landing and take-off maneuvers, regardless of
adverse wind and weather conditions. It is adaptable to remote-controlled
pilotless flight. . .

The lightweight, transistorized system—which features control stick
steering—can be used for either full or partial automatic control: It is
expected to br_oaden the role of helicopters in military, commercial and
industrial misslor_ls because it provides these comparatively unstable air-
craft with new, high levels of stability, safety and piloting ease.

Sperry’s Aeronautical Equipment Division also maintgined a high
manufacturing volume of flight control systems for other aircraft. Chief
among these were the A-12 system for a wide variety of commercial air-
craft and the A-14 system, designed expressly to meet critical Air Force
requirements for the B-52, for which Sperry also is producing an advanced
K-Bombing navigation system.

USAF also announced that Sperry is a prime developer of a critical
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operational system, contributing to the increased capability of the B-58
Hustler.

The Aeronautical Equipment Division announced development of an
extremely low-drift compass system to insure precise navigation on long
over-water and polar flights. The all-transistorized equipment, called the
C-10 Gyrosyn (R) Compass System, provides a random drift rate of less
than three degrees-per-hour. The system also incorporates automatic
compensation for earth rate drift of the gyro.

Sperry’s large-scale entry into the critically important field of precision
engine controls was announced when the Aeronautical Equipment Division
developed and delivered advanced systems for turbine-powered aircraft.

Widespread adoption by the Air Force of Sperry's electronic engine
analyzers for use in connection with propeller-driven aircraft signaled still
another increased production effort.

Specialized efforts by various Sperry organizations enhanced the
company’s position as a major producer of guided missiles and varied
missile systems. The supersonic Sperry Sparrow I. first air-to-air guided
missile to attain operational status, was produced in volume for the U. S.
Navy, which assigned the weapon for wide defense use by both the
Atlantic and Pacific fleets and the Sixth Fleet in the Mediterranean.

High manufacturing schedules also were achieved in connection with
other Navy weapons: stabilization systems for the Chance Vought Regulus,
surface-to-surface missile, and guidance radars for the Con\'alr Terrler
surface-to-air missile. In all, the company was engaged in 12 missile
projects. Sperry also received large new contracts from USAF for the
development of microwave command guidance svstems for highly-spe-
cialized supersonic drones.

Continued high production of advanced airborne radars was main-
tained with emphasis being placed on the manufacture of Sperry-developed
APN-59 and APN-69 systems for USAF, as well as various fire control
and long-range search radars.

The company’s pioneer efforts in the field of automatic electronic
checkout equipment for complex systems were pointed up late in the vear
when Sperry’s Microwave Electronics Division disclosed development of
RACE (Rapid Automatic Checkout Equipment). First such system to
bring mobile automation to tactical combat areas, RACE—within minutes
—tests and troubleshoots individual components of complex missile systems,
as these weapons are made ready for launching, Other versions of the com-
puting equipment—in appearance, a simple one-man-operated console—
will be used to test complete supersonic aircraft systems and fire control
systems of the Air Force, Army and Navy.

Greater protection against counter radar tactics of a prospective enemy
was assured by Sperry s Electronic Tube Division through the develop—
ment of a new type of traveling wave tube constructed entlrel\ of metal
and ceramics. Far superior to conventional glass predecessors in with-
standing shock, vibration, and hedt, the new metal components bring ad-
ditional important capabilities to advanced radars and missile systems
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being produced at Sperry. The new metal tube is lighter, more compact
in design, and achieves the greater power and versatility needed for
modern electronic systems.

Sperry’s Microwave Electronics Division scored another important first
with the introduction of new control components, called ferrite devices.
Manipulating radar energy magnetically, under precise electrical control,
the new microwave components act as electronic “traffic cops’” by regulating
the amount of energy transmitted and received in the systems in which
they are used. Smaller, more versatile and simpler in design than the
many mechanical components they are replacing, ferrite devices are making

possible many unusual advances in all types of radar systems.

Sundstrand Aviation, a Division of Sundstrand Machine Tool Com-
Pany, Rockford, Illinois, successfully continued production of Constant
Speed Drives in 1956. The hydro-mechanical constant speed drive is the
primary product of Sundstrand Aviation. Other products related to the
drives are field test stands and overhaul test stands for both the military
and industry. Further diversification in aircraft accessories are special
‘gearboxes and a newly introduced line of aircraft hydraulic motors.

In 1956, 12,000 Sundstrand Drives were in use all over the world,
-accumulating 2,104,000 flight hours. Aircraft with the drive included the
B-36,. P5M, B-47, F3H, B-66, F-101, F-102 and F-100. Other new
:applications now flying are the KC-135, B-57D, RB-66, B-47E, F-106A,
XP6M, B-52 and B-58. Sundstrand Aviation received contractual agree-
‘ments for applications on the GZ-17, C-132, Regulus II, Navaho, Snark and
foreign aircraft such as the RCAF CL-28 and CF-100.

The first American jet airliners, the Boeing 707 and Douglas DC-8,
selected the Sundstrand Drive for their electrical systems.

Employment increased from 1,687 employees in October 1955 to
2,053 employees in August 1956. Plant expansion was also prominent.
During 1956 construction was started on a new High Temperature Labor-
atory costing one half million dollars. New additions brought total facilities
to 438,700 square feet.

Sundstrand Aviation—Denver employee growth was from 116 em-
ployees in October of 1955 to 1,057 employees in August of 1956. The
Denver plant has 161,000 square feet, of which 131,000 square feet is
devoted to manufacturing constant speed drives with over $7-million of
special machinery and equipment.

Sales for 1956 reached a new high of $36-million.

The major fields of endeavor in the Research and Development Pro-
gram in 1956 were high temperature lubricants and materials to be used
‘with the higher ambient temperatures required by modern aircraft.

Thompson Products, Inec., of Cleveland, Ohio, through its staff and
divisional organizations, continued in 1956 to expand its research, devel-
-opment and manufacturing facilities in addition to its product areas in the

:aircraft, missile and rocket equipment fields.
The Aircraft New Devices group of Staff Research and Engineering
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was actively engaged in the development and production prototype fabri-
cation of specially designed auxiliary power units, turbo generators and
hydraulic and pneumatic control systems. The company’s Aircraft Fuel
Systems Laboratory, located in Inglewood, California, was engaged by
major aircraft companies in the study of fuel handling problems as they
relate to high altitude and high temperature conditions. Much of the
work of this group required the actual construction of equipment to simu-
late flight conditions to be encountered by the proposed missile and aircraft
fuel systems.

The Gas Turbine Laboratory operated by Thompson Products’ staff
engineers for the U. S. Navy, was officially dedicated on June 1, 1956,
although the facility was completed and shakedown tests were conducted
late in 1955. Additional shakedown operations conducted in the early
months of 1956 included tests on the facility’s high-vacuum heated spin
pit using a multiple thermocouple instrumental jet engine turbine wheel.

The Accessories Division of Thompson Products continued in 1956
to be one of the leading suppliers of aircraft fuel booster pumps. Continued
improvements in pump design resulted in performance improvements in
the order of 10 to 20 percent.

The division’s line of air turbine water injection and afterburner pumps
was improved by a development that protects the unit in event of loss of
fluid at the pump inlet. This device does not affect the efficiency of the unit
at normal operating speeds and does not add additional weight as com-
pared to previous designs. Also a 20,000 rpm engine driven centrifugal type
afterburner pump was developed during 1936. which does not require
de-clutching for non-afterburner use. For use with the foregoing pumps
and control valves, the Accessories Division of Thompson Products has
developed an engine and tested a spill type main nozzle and air atomizing
afterburner spray bar, both of which offer significant improvements in high-
altitude combustion limits.

A continuous laboratory facility building program was carried on by
Accessories Division, during 1956, at the Euclid, Ohio plant. In addition
to the $12-million laboratory facility maintained by the division, an
announcement was made on October 4, 1956 that a new $10-million facility
for testing auxiliary power units and fuel systems for rockets and missiles
was started on a 1,000 acre tract of land near Roanoke, Virginia. This
laboratory facility is scheduled to be completed by 1961.

The Electronic Division of Thompson Products has concentrated its
engineering and production efforts. during 1956. to provide magnetic
amplifiers, frequency discriminators, load sensing units, modulating actu-
ators, current transformers, tachometer and gear box used in an alternator
drive. Advancement was also made in the state of the art of coaxial, wave-
guide, and lobing switches.

The Jet Division of Thompson continued, in 1956, to be the largest
manufacturer of jet engine compressor blades and turbine buckets. High-
lighting the division’s activities during the year was the completion of the
process development laboratory facility which is concerned only with the
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the Spring and continued on the long-hour schedule remainder of 1956.

Highest gain in kind of metal forged in North Grafton, in 1956 over
1955, was titanium. Its production was tripled. Substantial gains were
also recorded in aluminum and magnesium, but the steel total was prac-
ically unchanged.

Wyman-Gordon’s Worcester plant, where jet-engine and missile power
plant parts are forged, underwent an ambitious change in 1956. Involved
were four buildings and eight related departments. Aim of a two-year
study by the company’s own engineers, was to streamline the inspection
and shipping departments to enable the men to handle their work more
efficiently and with greater ease as well as to further strengthen the strict
quality and delivery controls demanded by the company itself, as well as
its customers. The whole streamlining took place over a six month period,
without loss of a minute in production time by close scheduling of machine
moving and installation of new equipment to replace old. Forgings now
enter one end of the inspection department and, travelling in. a straight
line, end up in the shipping department where they belong, without once
retravelling the line.

Zenith Plastics Company, a subsidiary of Minnesota Mining and
Manufacturing Co., during 1956 continued production of more than 50
percent of the reinforced plastics components delivered to the aircraft in-
dustry. The growth pattern established at the company’s inception cgntin—
ued, with an increase of about 15 percent in personnel, required by a similar
increase in dollar volume of product. Current employment was approxi-
mately 1200, with plant area of about 300,000 square feet. o

Zenith’s products include critical electronics parts, such as navigational,
weather, and firecontrol radomes, structural and semi-structural compo-
nents, such as wings, stabilizer fins, missile parts, etc., and non-structural
items (window-frames, chairs, etc.). Jettisonable fuel tanks were under
development, as were parts for high-temperature use, based upon silicone,
epoxy, phenolic, and ceramic compositions.

The Micronics Division of Zenith, devoted to electronics design, devel-
opment, and test, more than doubled its personnel complement during the

ear.

Zenith also, through the 3-M association, acquired plants for aircraft
plastics fabrication at London, Ontario, and Bristol, Pennsylvania. A com-
mercial plant at Bedford Park. Illinois, was also obtained. It was planned
that the first of these new facilities will be in operation during 1957, and
that all of them will be producing during 1958. To improve its facilities at
the Gardena plant, an additional 15 acres was purchased adjacent to the
present area. On this plot, expanded administration, engineering, fabrica-
tion, and testing buildings were planned for early construction. ,

Supplementing their own large developmental research laboratory,
Zenith has available all of the services of the 3-M Central Research Labora-
tory at St. Paul, employing over 1200 scientists and technical personnel
devoted to basic investigations into new and improved materials and
processes.
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CHAPTER TWO

Department of Defense

home and abroad, paralleled by equally dramatic U. S. advances

in supersonic planes, convertiplanes, and a score of other fields,
combined in 1956 to make U. S. military aviation headline news throughout
the year. Behind the news, blanketed by security. work on even more
spectacular projects went steadily forward. ) .

Air power’s vital role in defense was never more dramatically illustrated
than when General Nathan F. Twining, USAF Chief of Staff, visited
Russia in June and returned to report to the Congress and the nation.
Russia, he reported, “is progressively narrowing” this country’s lead in the
air. Soviet emphasis on its air might may conceivably result in Russian
advances ahead of those here, particularly in new designs, General Twining
reported. The Soviets are particularly strong in training technical and
engineering personnel and in research and development, he added.

Despite these warnings, General Twining was careful to point out that
the Russians have not yet outdistanced us. “Nothing,” he said. *“is superior
to the best U. S. aircraft in comparable categories.”

That the U. S. aircraft industry was doing its job well and economically
was confirmed a few weeks later when Rep. F. Edward Hebert (D, La.) re-
ported on findings of his House Armed Services Subcommittee, which
devoted the spring to investigating profits in the industry.

“The Subcommittee concludes, on the evidence. that there has been no
showing that, on the average, the profits allowed are excessive.

“It is our opinion that the Government is getting substantial value.

DRAMATIC EVIDENCE of the importance of air power both at
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“The Subcommittee repeats its observation, often voiced by the members
during the course of the hearings : This is an industry which cannot survive,
on a comparable scale, without military production. The irrefutable evi-
dence is that the moment military orders are either withdrawn or curtailed,
the industry is in the doldrums.

“What we have seen, then, is a national asset in facilities and proven
capabilities for production, both in plants and skills, as a weapon for
defense.

“An examination of these plants and the personnel operating them is a
source of confidence to the members of the Subcommittee who were able to
complete such a tour. It is a plant and a force which we require ‘in being’
for our safety.”

The Twining and the Hebert testimony helped to mold the decision of
Congress early in the summer on appropriations for air power. Final fig-
ures on Congressional aviation appropriations for Fiscal 1957 were con-
sistently ahead of the preceding year. To the Air Force went $16.4-billion
(exclusive of public works), as compared with the 1956 appropriation of

$14.7- billion. For aircraft and procurement Naval aviation got $1.7-billion
as compared to $906-million in 1956, and the National Advisory Com-
mittee for Aeronautics appropriation was up from $60.1-million in 1956 to
$61.9-million in Fiscal 1957.

Another investigating group, a Special Committee of the Senate Armed
Services Committee, under Sen. Stuart Symington (D., Mo.), who as a
former Secretary of the Air Force is a strong advocate of its expansion, also
held highly-publicized hearings beginning in April. These promise to be re-
opened early in 1957.

Production planes, notably in the supersonic regime, continued to break
speed and altitude records during the year. Experimental models gave re-
peated glimpses of the future, especially in the convertiplane field. Heavy
buying of helicopters was also indicated by the Army and the Marines,
while all four air services reported continued progress in rockets and
guided missiles.

Leading in research and development was Project Vanguard, first an-
nounced by President Eisenhower in 1955. In 1956, the satellite experi-
ment progressed to the point where experimental firings of test vehicles
took place in November, with others promised during the winter in anticipa-
tion of the actual satellite launching in mid-1957.

Heavily cloaked in secrecy, another revolutionary project was report-
edly progressing rapidly—an atomic-powered plane. Both the Air Force
and the Navy had contracts out in this field, and the Atomic Energy Com-
mission stated in its annual report that power-plant experiments were
going forward satisfactorily.

By mid-year, the aircraft industry had reached a World War II em-
ployment peak and was the nation’s largest employer, again taking the
lead over the automobile industry. Peak month was August, with 814,000
aircraft workers on the payroll, more than one hundred thousand ahead of
the auto figure of 702,000.
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Thus at all points on the air defense front progress was reported, much
of it promising even more dramatic stories for the year ahead.

Air Force

With the 137-wing U. S. Air Force in sight and some of the most am-
bitious research and development projects of all time under way, the na-
tion's air defenses improved all along the line during 1956.

Work on an atomic-powered plane went forward under the USAF Air
Research and Development Command. Contracts for atomic planes and
engines were awarded to Lockheed Aircraft Corp., for an airframe to be
powered with Pratt & Whitney engines. A second pair of contracts in the
same field went to Convair, a Division of General Dynamics Corporation,
with powerplants by the General Electric Corporation. Reactors were also
airborne for test purposes during the year.

Operation commands continued to demonstrate performances of new
models. Featured among the fighters were the North American F-100
Super Sabre series, replacing North American F-86 Sabres both on this
continent and abroad. It was a star for the Tactical Air Command at the
Labor Day week-end National Air Show in Oklahoma City. F-100C’s
raced for the Bendix Trophy from George Air Force Base, Calif. Trophy
winner was Capt. Manuel J. (Pete) Fernandez, assistant group operations
officer, 413th Fighter Day Group, who flew the 1,120 miles at an average
speed of 666.661 mph. The five other entrants from Tactical Air Command
all beat the old record of 616.208 mph.

Also starring at the Oklahoma show, this time for the Strategic Air
Command, were Boeing B-47 medium jet bombers. Non-stop flights came
in from England and North Africa, and another flight, from Bermuda,
competed for the General Electric Trophy. Winner was SAC’s 22nd
Bomber Wing, March Air Force Base, Riverside, Calif. A crew headed
by Maj. Joseph Schrieber flew a Stratojet 1,900 miles from Kindley AFB,
Bermuda, to Oklahoma City at an average speed of 601.187 mph, a new
record. SAC also demonstrated aerial refueling of B-47’s by KC-97 tankers
at the show.

During the year, SAC began replacing Convair B-36’s with Boeing
B-52 long-range bombers. Ten more wings are being added to the Com-
mand, which plans to reach the 54-wing level by mid-1957. A glimpse of
things to come was revealed late in the year when Convair's B-58 Hustler,
powered by G-E J-79 turbojet engines and notable for its delta wings,
made its first flights.

Operationally, Air Defense Command flew North American F-86 Sa-
bres, Northrop F-89 Scorpions, and Lockheed F-94's. Convair F-102’s be-
gan to go on active duty beginning mid-year.

Firepower in this command and elsewhere was increased. New missiles
are being added to the ADC arsenal, and the planes themselves have im-
proved armament, as witness General Electric’s new 20-mm Vulcan air-
craft cannon installed during the year in F-104’s and F-105’s, as well as
the B-58.
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operation within two hours; a portable-type oxygen facility for use in air
cargo and troop carriers; a new wheels-down warning device and a new
electron tube designed to operate at extremely high frequencies with large
power outputs; a research device which measures the effectiveness of the
three methods used in airborne radar observation: a trainer for radar
operators to help them learn how to guide a plane toward its target; a high
(150.000-ft. altitude) flight simulator: a mobile control tower, a new
lightweight fabric for use in air-support radar shelters. and a monstrous
vehicle—called an aircraft crash pusher—capable of shoveling a 400,000-1b.
crash bomber off a runway in less than 20 minutes. as contrasted with the
former time for such an operation of from five to 13 hours.

Other Air Force researchers manned an expedition to Pike's Peak to
make infra-red radiation measurements, observed sun spots at Sacramento
Peak observatory, New Mexico, and tested meteorological research bal-
loons over Texas.

Naval Aviation

Significant Naval air news in 1956 centered around the Vanguard
satellite project, which the Office of Naval Research spearheaded, further
research and development on an airborne nuclear powerplant. and, at the
operational level, the application of the angled deck to carrier awviation.

Work went steadily forward during the _ﬁrst half of _the year on Van-
guard, the pace accelerating as the deadline neared for launching the
satellite during the International Geophvsical Year, beginning in mid-1957.
The Navy was put in charge of managing the technical aspects of the pro-
gram, working in close cooperation with the Army, Air Force, National
Academy of Sciences, and the National Science foundation. Launchings of
satellites were announced as scheduled for Patrick Air Force Base. Cocoa,
Fla., about June, 1957. . .

Advanced work on Vanguard in 19?6‘ included research by Navy
Rockoons—balloon-supported rockets consisting of a 12-ft. Deacon research
rocket suspended on a Skyhook balloon. The balloons take the rocket to
approximately 80,000 ft., where rockets are fired. Balloons are made by
Winzen Research Corporation of Minneapolis, rockets by the Allegheny
Ballistic Laboratory at Cumberland. Md. ’

How much progress was made during the vear on an airborne nuclear
powerplant for Navy use is cloaked in secrecy, but it is known that work
continued.

Long-heralded and much-debated, the USS air carrier Forrestal con-
tinued on active duty, teamed with six other carriers whose decks have
been angled. Four additional Forrestal-tvpe carriers are authorized, and
money is requested for a fifth. All reports are that the angle deck has
worked out better than anticipated and is one of the most significant devel-
opments in Naval air defense in recent years.

TFour carrier-type planes made headlines at the National Air Show
over Labor Day. The Chance Vought F8U Crusader, piloted by Cmdr.
Robert W. (Duke) Windsor of the Naval Air Test Center, Patuxent
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On the ground, Marine Aviation investigated a new concept in ad-
vanced base shelters which could result in saving millions of dollars. The
dome-shaped buildings, designed by R. Buckminister Fuller, an authority
in the field, promise spectacular savings also in weight and man-hours
required for erection.

Other highlights of Marine Aviation during the year included partici-
pation in Continental Air Defense Command activities in cooperation with
the Navy and Air Force, further field work with the Sperry Sparrow I
air-to-air guided missile, and operational work-outs on the A4D Skyray.
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CHAPTER THREE

Government Agencies in Aviation

Agricultural Research Service

l I . S. DEPARTMENT OF AGRICULTURE researchers moved
ahead during 1956 in research on aerial applhication of insecticides,
fertilizers, seeds, and weed killers and other farm chemicals. They

also continued development studies in aircraft design, equipment, and pest

contro] methods. Growing use of aircraft for international transport of
agricultural products called for increased vigilance by USDA plant and
animal inspectors to prevent entry of foreign insects and diseases.

The important role of aircraft in the battle against insects is shown by
the acreage treated from the air in 1956 under Federal-State contracts.
The total area amounted to more than 8 million acres. Four insects—
grasshoppers, spruce budworms, Mediterranean fruit flies, and gypsy moths
—were targets from the air on more than 7.9 million of those acres.

In the grasshopper control program. some 2 million acres of range-
land in 10 western States were treated. About 1.4 million acres of forest
land in Montana and Idaho were treated to control the spruce budworm.
After the Mediterranean fruit fly struck orchards and vegetable gardens
in a 34-million-acre area in Florida. much of the infested area was sprayed
by planes several times. aggregating over 3% million acres of spray treat-
ments through September. In the gypsy moth control project, about 1

million acres of forests in eight northeastern states and Michigan were
treated from the air.
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Migration studies of pink bollworm moths were made during the
year, using a small plane from the Aircraft and Special Equipment Center
of USDA’s Agricultural Research Service at Beltsville, Md. This air-
plane, equipped with screen-type traps, was used to check the presence of
the moths at several altitudes above land in or near infested areas of the
southwest.

A second plane operated by the Center was used to apply several
insecticides in granular form in control experiments against the Japanese
beetle and white-fringed beetle. A cooperative project was initiated be-
tween the Aircraft Research Center of Texas A & M College and USDA’s
Agricultural Research Service to improve distribution of aerial-applied
granular insecticides for control of soil-inhabiting insects. Work is under-
way to develop a better spreader.

The fuselage of a transport plane donated by the U. S. Air Force
arrived at the Beltsville Center from Smoky Hill Air Force Base, Salina,
Kans. It will be equipped with air-conditioning and used to test new
fumigants developed by USDA chemists. Tests of improved residues and
aerosols will be run in the baggage compartments of the fuselage.

An extremely poisonous and costly weed came under attack from the
air. The trouble-maker—halogeton—has taken a high toll of cattle and
sheep in western states. An area in Nevada received experimental control
treatment with the herbicide 2,4-D in various strengths, formulations and
application rates.

Aerial application of 2,4-D to control sagebrush on western ranges
proved successful during the past year. USDA scientists found that the
herbicide could be effectively applied by airplane or helicopter, in tests over
large areas in California, Wyoming, and Colorado.

During the year, an agreement permitting key agricultural aviation
personnel of the Civil Aeronautics Administration to help USDA’s plant
pest control workers resulted in benefits to contractors and government
agencies. The agreement allows the CAA to assist in inspection of aircraft
and pilot qualifications and to help supervise contract spraying.

The worth of aircraft in the fight against insects also was proved in
remote areas of the world. In the Near East, USDA planes, pilots, and
entomologists helped control one of Libya’s worst locust invasions. With
funds provided by the State Department’s International Cooperation
Administration, the U. S. Regional Insect Control Project also helped
local government agencies fight pests in Pakistan, Iran, Traq, Lebanon,
Afghanistan, Jordan, India, Egypt, and Ethiopia. Using ten small planes,
the five pilots and six entomologists have trained several dozen local pilots
and mechanics in these countries to operate and maintain spray planes.

Livestock exportations by air to foreign countries were heavy during
the year. For the first time in history, more cattle were transported over-
seas by air than by ocean vessel—about 9,000 by air, 5800 by boat.
Aircraft carried 63 percent of all livestock sent overseas, with shipments ta
35 countries, not including Mexico and Canada.

During the same period, USDA’s animal inspection and quarantine
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personnel also inspected 277 separate 1mportat10ns of livestock arriving by
air from overseas. The shipments totaled about 1,000 animals. Today,
more than 75 percent of the horses and 90 percent of the poultry imported
to the U. S. come in by air. These figures do not include livestock ship-
ments from Canada and Mexico.

Nearly 63,000 pounds of prohibited or restricted meats were removed
from foreign aircraft and from airline passenger baggage and destroyed
by incineration by USDA inspectors.

USDA plant quarantine inspectors inspected almost 100.000 airplanes,
84,000 of which arrived from abroad, for compliance with plant quarantine
requirements. About 37,000 airplanes were found with prohibited or
restricted plants and plant products carried in passenger and crew baggage,
stores, or cargo.

Air Coordinating Committee

The Air Coordinating Committee. established in 1946 to coordinate
Federal policy in the field “of aviation, is composed of the iollowing members
of the eleven Government Agencies having an important interest in avia-
tion: Louis S. Rothschild, Under Secretar\ of Commerce for Transporta-
tion, Chairman; Chan Gurne), Member of the Civil Aeronautics Board.
Vice Chairman, succeeded on October 15, 1956 by James R. Durfee, Chair-
man of the Civil Aeronautics Board, as member; Herbert V. Prochnow.
Deputy Under Secretary of State for Economic Affairs: David W. Kendall,
Assistant Secretary of Treasury; E. George Siedle. Assistant Postmaster
General ; George H. Roderick, Assistant Qecretar\ of the Army; Garrison
Norton, ’Assistant Secretary of the Navy for Air: Dudley C. Sharp, Assis-
tant Secretary of the Air Force; Robert E. Lee. Commissioner, Federal
Communications Commission; Percy Rappaport, Assistant Director, Bu-
reau of the Budget (non-voting): George A. Landry, Assistant Director
for Transportation, Office of Defense Mobilization ‘(non-voting). The
Executive Secretary is William E. Neumeyer.

The Committee, during 1956, developed and coordinated the United
States positions for the Tenth Session of the ICAO Assembly. The agenda
for the Tenth Session of the TCAO Assembly contained items covering
technical, economic, legal, and administrative matters. An agenda item
proposed by the United States dealt with review of the policy and program
of ICAO for the provision of air navigation facilities and service to meet
the needs of the jet air age.

A major portion of the activities of the Committee, in the technical field,
is concerned with the work of the International Civil Aviation Organiza-
tion. United States positions for twelve meetings held under the auspices
of ICAO on technical subjects were formulated and finally approved during
1956. Tikewise, there were thirteen actions taken on amendments to the
technical annexes to the Chicago Conventiomn, as follows: 1, Personnel Li-
censing; 2, Rules of the Air: 3, Meteorological Codes; 4. Aeronautical
Charts 6, Operation of A1rcraft: 10, Aeronautical Communications; 11,
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Air Traffic Services; 12, Search and Rescue; 15, Aeronautical Information
Services.

Additionally, in order to improve the inadequate communications over
the North Atlantic, the United States proposed to ICAO the development
of a plan for the utilization of forward scatter propagation techniques. A
meeting of Contracting States will be held early in 1957 to discuss the
technical aspects of the forward scatter project.

Domestically, a major accomplishment of the Committee during the
year was the finalization of a National Search and Rescue Plan to insure
the effective utilization of all available facilities for all types of search and
rescue missions. Activity in this field is continuing as the Committee is
charged with the responsibility for monitoring the implementation of
this Plan,

Under the auspices of the Committee, a joint industry/government
committee was formed for the purpose of resolving the many conflicts
between the radio/TV and aviation industries resulting from the erection
of very tall antenna towers.

In the field of air traffic control and navigation planning, the most im-
portant matter approved by the Committee during 1956 was resolution of
the VOR-TACAN problem. A plan for instrumentation of the Federal
airways with TACAN-compatible distance measuring equipment to supple-
ment VOR, and integration of TACAN into the Common System, was
approved by the Committee on August 30, 1956. This was named the
VORTAC system, to differentiate it from earlier short-range navigation
systems. The Committee endorsed as necessary those items contained in
the CAA F. Y. 1957 Establishment of Air Navigation Facilities Program
and is presently considering the CAA F. Y. 1958 proposed EANF pro-
gram. The CAA plans provide for the most ambitious modernization
program ever undertaken by that agency. The report of Special Working
Group 13, of the Air Traffic Control and Navigation Panel, was being
considered for approval by the Committee at year-end. This report is a
policy guide to implementing agencies and planning groups, and deals with
far- reachmo' improvements and modernization of the Common System of
air traffic control and navigation. A manual establishing single common
standards for flight facility inspection was completed and approved by the
Committee for use by the appropriate Government agencies. Several
recommendations for national application resulted from the Committee-
sponsored high density air traffic study conducted in the Washington, D. C.
area. Appropriate rules will be promulgated by the Civil Aeronautics
Board and implementation of certain features of the recommendations will
be accomplished by the Civil Administration. In support of the current
United States policy on electronic long distance navigation systems, an
approved program was prepared.

The Committee’s efforts in coordinating the use of airspace were
accelerated, considerably, hoth in the number and the nature of the prob-
lems handled. Tt completed an extensive survey of present airspace utiliza-
tion and has outlined the prohlem areas where airspace conflicts may be
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expected in the future. These were preliminary actions which precede an
over-all review that will now be conducted to determine policies with
respect to the use of airspace.

The Committee, in connection with its responsibility of insuring the
most feasible development and utilization of the naton’s airports, has,
among other things, solved the problems involved in finding permanent
bases for military Air Reserve training units at six different locations;
also, has resolved problems in connection with the comstruction of eight
new mlitary and eleven new municipal airports. In addition, three public
hearings and two airport inspections were conducted at the local level.

In the Economic area, the Comumittee has continued to advise the Ex-
port-lmport Bank regarding proposals for financing the sale of aeronautical
equipment exported by United States manutacturers. Coordination was
effected during the year for domestic and foreign civil aviation requirements
for priorities tor the production of civil transport aircrait, four such pro-
grams being approved covering the start of construction oi 651 multi-engine
civil transport aircrait. In the nontransport category, manutacturers planned
production for the year indicated construction of 6,428 aircraft which are
not included under the Defense Materials System. The Committee ap-
proved the transfer, under Public Law 647, 80th Congress, oi certain
meteorological equipment to the Japanese Governmen: and of four Link
trainers to the Government of Germany. In the international field, the
Committee reviewed the North Atlantic Ocean Stations Agreement and
recommended extension of the program through June 30, 1938, in order
that meteorological information, communication services, navigational aid
and search and rescue capabilities required by the United States might
be provided. Seven reports covering serious deficiencies in international
air navigation facilities and services affecting safety and regularity of inter-
national operations in various Regions were submitted to ICAO in order
that appropriate steps might be taken toward elimination of such deficien-
cies,. The Committee considered the economic aspects of providing air
navigation facilities including CONSOL, in the North Atlantic Regions
and prepared the United States position for a Joint Financing Conference
held at (Geneva, Switzerland, during September 1936 for revision of the
existing Danish and Icelandic arrangements. The Committee prepared
the Unnted States position for an international conference on airport charges
held dering November 1956 in Montreal, Canada. Work was continued
toward achievement of greater facilitation of passenger and cargo movement
in intermutional air transport.

In the Legal field, a study was prepared for submission to the ICAQ
Legal Committee on jurisdiction and law to be applied to crimes aboard
aircraft in international flight, and a United States position was prepared
in this area for a meeting of the ICAO Legal Committee. Subcommittee
on Legal Status of Aircraft convened in Geneva, Switzerland, September 3,
1956. A position was also prepared for a meeting of the ICAO Legal
Committee’s Subcommittee on Hire, Charter and Interchange of Aircraft
held in Caracas, June 1956, to consider legal problems involved and need for
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an International Convention. In another area, The Hague Conference for
Amendment of the Warsaw Convention adopted resolutions urging further
study by ICAO of a system of guarantees for the payment of compensation
for liability arising under the Warsaw Convention and of the question
whether rules of procedure in cases arising under the Convention should be
adopted. The latter resolution provides for inclusion of the question of
execution of judgments. Another resolution recommended that inter-
national bodies, interested in private international air law, study problems
relating to uniform interpretation of private air law conventions and inter-
national settlement of disputes under such conventions. A United States
position was prepared for a meeting of an ICAO Legal Committee Sub-
committee at Caracas, Venezuela, in June 1956, to consider these problems.
Among other matters pursued in the legal field, the Committee also ap-
proved proposed legislation to require the painting and lighting of unused
or abandoned radio and television towers.

Civil Aeronautics Administration

The imminence of jet transports on the airways and the impetus given
to air traffic control improvement by a disastrous mid-air collision had im-
portant effect upon the 19506 activities of the Civil Aeronautics Administra-
tion.

At the end of the year, the CAA found itself with the largest appropria-
tion in its history and was moving ahead with its forward-looking program
for modernization of the entire airways system. Before the end of the
year in June 1957, the agency will have committed $75-million for new
facilities and services in the interest of air travel safety, and may know
by that time whether conditions in the busy field of electronics will make
possible the hoped-for completion of the five-year plan in three years.

One move in this big program was a reorganization of the CAA in
which the Office of Airways was divided into the Office of Air Traffic
Control and the Office of Air Navigation Facilities. Thus CAA traffic
control, which began 21 years ago, attains its majority and the added im-
portance which today’s aviation and its anticipated growth justifies.

Plans of the airlines for purchase of jet transports for service beginning
in 1958 and 1959 resulted in continued activity by the CAA. Following
a conference with potential jet operators, manufacturers and city officials,
in January, 1956, the CAA initiated a comprehensive study of the many
problems the jet produces, at airports and in traffic control, to add to the
information it had gathered over several recent years on the design and
performance of various jet planes.

Shortly after the January conference, a Jet Age Planning Group was
established within the CAA to look into all aspects of jet transports as
related to U. S. airways. This group continued the study of several years’
standing of jet planes abroad. Tt arranged for a visit of 13 CAA specialists
to the Boeing factory where they flew the Boeing 707 in actual operating
conditions to observe its adaptability to present air traffic control methods.
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Later, the Air Force loaned two B-57 jet bombers to the CAA for its use
in practical study of the control of traffic at high altitudes.

The collision of two airliners over the Grand Canyon touched off a great
wave of public interest in airways safety. While these planes were not on
airways nor under CAA control at the time, there was general demand for
more traffic control, and general agreement by the CAA that such con-
trol was desirable as soon as necessary facilities and personnel were avail-
able. Congress responded to the demands with a $75-million appropriation
as the beginning of a previously submitted five-year CAA program
estimated to cost upwards of $246-million. Radar was the principal item
in the new equipment. CAA experts had learned that conversation between
pilot and controller could not match the speed of future planes, and long-
range radar, capable of “seeing” enroute planes, was needed.

Solution of the conflict between two systems of air navigation, the
VOR-DME originated by the CAA as a common system of air navigation,
and TACAN, originated by the military, was reached by the Air Coor-
dinating Cominittee during the year in a compromise. The common svstem
for military and civil air navigation will be known as VORTAC, and the
CAA began planning facilities for that system for equipping the airways.

Long range radar was installed at New York where CAA officials hoped
to increase by 50 percent the instrument landings during the winter. The Air
Force and the CAA cooperated in radar studies at the Technical Develop-
ment Center at Indianapolis, using the complex of nearby military and
civilian fields for study and development of better air traffic control methods
and equipment. At Indianapolis also the CAA continued its study of
conditions at various airports through use of an air traffic simulator. It
operated an Airport Operations Evaluation Center there. and continued
work on further automation for air traffic control, the use of automatic
equipment for storing data, transferring it and displaying it to the con-
troller. An important evaluation project of TDC was the radar beacon,
which makes possible quick identification of a plane shown only as a blip
of light on the radar screen. The CAA maintained a small staff at
Lexington, Mass., to study the military SAGE system for its value in
civil use.

Purchase of better performing planes for use in checking airway aids
at altitudes where new transports will be flying was made by the CAA
late in the year. At the same time, a new system of checking airway aids
by flying a north-south, east-west grid system all over the country was
developed. Using special computers, this system will make possible checking
every airway aid on the airways at least once a month, a major im-
provement.

While the CAA was making records in its modernization of the airways
and other services to the industry, the airlines were breaking previous
records by carrying 41,868,000 passengers on domiestic lines as against
38,026,000 in 1955; 3,992,000 in international travel, against 3,415,000 in
1955. A CAA pilot on a routine flight observation ride across the Atlantic
reported that throughout the night he could see position lights of other
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planes along the route, and the airlines reported an average of 86 civil
flights a day during July and August. Landings and takeoffs at airports
where the CAA operates the control towers numbered 20,384,000, an in-
crease of 1,583,000 over fiscal 1955.

Other aspects of aviation continued to grow. The annual aerial blitz
against bugs and pests that attack forests, crops and ranges used 20,000
tons of insecticide to treat 2,600,000 acres. Fix postings, that is, reports
by pilots in flight over designated points, continued to increase in number,
and the CAA reported that 43 percent of the total were military flights.

Washington National Airport became 15 years old, and in the midst of
plans for a second airport for Washington, piled up new records of passen-
gers handled. The airport is operating to capacity, but still more schedules
are sought by airlines, of which four started new services to Washington
during the year adding eight schedules. Another “finger” was under
construction to add four more gate positions, a new baggage room was put
into operation and the airport fuel “farm” was enlarged to care for the
burgeoning business. The airport continued to earn for the treasury more
than it asked Congress to appropriate for its operation.

Other cities reported record use of their airports also. Excluding purely
local use, the ten with the highest volume of air carrier and itinerant
operations for fiscal 1956, were Chicago (Midway), New York (La
Guardia), Washington, Los Angeles, Dallas, Atlanta, Miami, Albuquer-
que, St. Louis and Cleveland in that order.

The CAA was in the second year of its four-year Federal Aid Airport
Program. Federal money totalling $51.8-million was available for the
second year of the period covered by the amendment to the Federal Air-
port Act which made $63-million available for each of four years. The CAA
planned to have a firm airport program ready for announcement early in
1957 for the fiscal year beginning July 1, 1957. This was the culmination
of its aim to give local sponsors as much advance notice as possible, sa
that they could start actual construction as soon as the fiscal year began
and the money became available.

Business flying continued its growth in 1956, and the trend noted before
toward more multi-engined planes for executive travel continued. The
CAA advised special caution on pilots flying the new, light twin-engined
planes because of the flying characteristics of these unusually “clean,” high-
speed planes, and because many pilots with private licenses and moderate
experience are flying them in the transaction of their business affairs.

Training of foreign nationals and technical assistance to friendly gov-
ernments was an important CAA program during 1956. In Fiscal 1956
the number of foreign trainees coming here for special aviation instruction
was 167, In addition, the CAA operated ten permanent international field
offices and a number of special aviation missions.

Again for the fifth year the air carriers of the United States produced
an amazing safety record—{fewer than one passenger fatality per 100-million
passenger miles. Despite the loss of two planeloads of passengers in the
presumed collision over Grand Canyon, the rate for domestic air carriers
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in 1956 is estimated by the Civil Aeronautics Board to be 0.62 to
compare with the 1955 rate of .76 per 100-million passenger miles.

On foreign and overseas lines there was a perfect record. no passengers
killed throughout the vear. The combined accident rate was 0.3.

Fred B. Lee. resigned as Administrator of the Civil Aeronautics Ad-
ministration in December 1955. He was succeeded bv Charles J. Lowen,
who had been his deputy since May 1955. Mr. Lowen’s appointment as
Administrator was confirmed June 6, 1956. He died in Denver Septem-
ber 5 and was succeeded by James T. Pyle as Administrator. In his brief
tenure, Mr. Lowen pushed into action a number of CAA plans which
greatly increased public attention as a result of the crowded condition
of the federal airways.

Civil Aeronautics Board

The Civil Aeronautics Board, in carrving out its route activities under
the Civil Aeronautics Act, has as its primary goals economically sound
routes, subsidy-free operations, and adeqaute service to the public. During
the past year the Board has made substantial progress in this area.

Since July 1, 1955, the Board decided 15 proceedings changing the
operating authority of every domestic trunkline carrier, adding more than
21,000 new route miles and numerous new or additional links between
communities,

In addition to the three major route cases in 1955 (New York-Chicago
Case, Denver Service Case and Southwest-Northeast Service Case) the
Board decided the New York-Florida case in 1956. In this proceeding
Northeast Airlines was authorized to operate the third airline route be-
tween Boston-New York and Florida points, furnishing additional service
on this heavily traveled route to meet more fullv the needs of the traveling
public. The Board also made adjustments and additions to the routes of
other airlines operating in the area.

As a result of these major route cases the Board has increased compe-
tition on the trunkline routes. Today only four of the 30 top U. S. markets
and 12 of the second 50 markets remain noncompetitive, and proposals are
pending for competitive service for these markets. The route grants have
established better balance among the trunkline carriers. and will make pos-
sible the decrease or elimination of subsidy to the few carriers requiring
subsidy.

In the local service airline field the Board began a series of “area cases”
involving applications for new service filed by local service carriers and
cities in the various areas. A comprehensive review of local airline needs
throughout the country will be accomplished at the completion of these
area reviews. Five proceedings are now in progress, and three more are
contemplated.

The local service carriers, in a strikingly expanding market. require less,
year by vear, in subsidy support in relation to the volume of service offered
and traffic carried. The goal of the Board, and the local service carriers,
continues to be the provision of local air services throughout the country
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in response to the public need, accompanied by an absolute decrease in
requirements for federal support.

At present more than two-thirds of the several hundred local service
points are permanently authorized. The carriers since 1950 have increased
their revenue plane-miles flown by approximately &80 percent, and their
revenue passenger-miles by somewhat more than 200 percnt. The average
load on board has almost doubled from 5.6 passengers to nearly 11.

In the field of airline passenger rates, the Board initiated an investiga-
tion into the over-all passenger fare level of the domestic trunkline car-
riers. The purposes of this proceeding are, in general (1) to develop appro-
priate and well-defined standards as to the earnings which are required by
the 12 domestic trunkline carriers for proper development consistent with
the public interest; and (2) based on such standards, to require or permit
such overall decreases or increases in domestic fares as circumstances may
warrant. The Board’s decision, which will be reached after full hearings,
will, of course, be guided by the objectives of the Civil Aeronautics Act
which envisage earnings adequate to assure a sound national air trans-
portation system offering maximum and safe service to the public at the
lowest economical fares.

It is the goal of all concerned—the Congress, the Board, the carriers
and the public—that as each segment of the air transport indusry moves
beyond the developmental stage and can reasonably support itself, the prop
of subsidy will be removed. Steady progress in that direction is being made.

By the close of fiscal 1956 only one domestic trunkline carrier required
subsidy for trunkline services. It is expected that in 1957 even this carrier
will become self-sufficient as the result of route improvements authorized
by the Board. Domestically, only the 13 local service carriers and the three
helicopter carriers are expected to need federal governmental assistance.
Only three of the seven U. S. carriers providing service abroad require
subsidy ; and their subsidy has declined from more than $30-million in
1951 to about $7-million in 1956. The decline in total subsidy, from about
$70-million in 1951 to an estimated $44.590.000 in 1956, has been due in
general to continuing improvement in operations, and a vigorous effort on
the part of the Board to improve carrier route systems and to maintain a
current docket in subsidy rate cases.

In Nov'ember' 1956, the Board members and ton staff officials hegan 2
series of discussions on the safety, economic and operational development
of large turbine-powered passenger transport aircraft with each of the five
U. S. manufacturers now designing or building such aircraft. CAB Chair-
man James R. Durfee said that the airlines have made the largest financial
investment ever made in world aviation for civil transport aircraft, and that
the Board is vitally interested in surveving the current development of this
new equipment in order to assist itself in preparing new jet safety and
economic regulations as required of the Board under the Civil Aeronautics
Act. ‘

Accident fatality rates, surveyed over the ten years since World War 1II,
showed a drop of almost 75 percent, while passenger-miles nearly quad-
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rupled. The rate was 0.6 passenger fatalities per 100-million passenger
miles in calendar 1955 and shows every indication of being less than 1
again in 1956, for the fifth straight year.

Federal Communications Commission

In the aviation field, the Federal Communications Commission is
responsible for the regulation and licensing of all non-Government radio
facilities. These include aeronautical enroute, aeronautical operational
fixed, airdrome control, flight test, flying school, aeronautical advisory,
radio aids to navigation, Civil Air Patrol, and all communications equip-
ment and navigation aids aboard private and commercial aircraft of United
States registry. In addition, the Commission authorizes and regulates non-
Government aeronautical fixed communication circuits between the United
States and overseas terminals.

As of July 30, 1956 there were 49.639 aviation radio authorizations
collectively—34,463 aircraft; 2,471 aeronautical and fixed: 319 aviation
radionavigation land; 190 aviation auxiliary, and 12,196 Civil Air Patrol.

The Commission participated in the work of various interagency co-
ordinating and policy groups during the year as a part of its continuing
effort to find solutions to the many new problems created by the expanding
needs of the user-public, and in order to accommodate its rules and policies
to the rapid technological advances taking place in the field of aviation.
The Air Coordinating Committee (ACC), the International Civil Aviation
Organization (ICAO), and the Radio Technical Commission for Aero-
nautics (RTCA) are examples of these interagency groups.

Fish and Wildlife Service

The Fish and Wildlife Service uses aircraft both in Alaska and the
United States on wildlife and fishery enforcement patrols; waterfow] nest-
ing and population surveys; big game and fur animal inventory surveys;
predator control operations; waterfowl depredation control activities; as
well as agricultural operations on national wildlife refuges which include
spraying for the control of noxious vegetation and the seeding of water-
fowl foods.

During fiscal year 1956 the Service owned and operated 52 aircraft.
The fleet was composed of: 30 Pipers (Supercubs, Pacers, and J3C's)
13 Grumman Gooses; five Grumman Widgeons; one Stinson V77:
two Cessnas (180 and 170) ; and one Twin Beechcraft.

Sixty-eight personnel held letters of flight authority during the fiscal
year. These pilots flew more than 12,000 hours, and the territory covered
included Alaska, Canada, Mexico, Cuba, Puerto Rico. Haiti, and the
Dominican Republic, as well as the United States.

The maintenance and repair of Service aircraft operating in the United
States are handled through commercial shops. In the Territory of Alaska,
however, where 34 Service aircraft were used during the fiscal year, the
Service maintains overhaul and repair shops of its own.
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Forest Service

The Forest Service uses aircraft in connection with the protection and
‘management of 149 national forests, located in 39 states, Alaska, and
Puerto Rico. Chief uses include the transportation of men and supplies
during forest fire emergencies, fire detection and aerial reconnaissance of
going fires, supplying remote and inaccessible stations, aerial survey, re-
seeding or revegetation of burned-over and denuded areas, surveying and
spraying for insect control, and search and rescue.

In May and June of 1956, national forests in New Mexico and
Arizona had their worst fire season on record. More than a score of big,
damaging fires burned over nearly 200,000 acres in California national
forests in the summer of 1955. In the full calendar year of 1955, the
Forest Service fought 8,173 fires in the national forests. A total of 373,918
acres was burned. (Annual averages for the preceding five year period:
10,977 fires, 287,140 acres burned.)

Aircraft figured prominently both as cause and in the control of one of
the worst forest fires of the 1956 season. The crash of an Air Force Super
Sabre Jet on a rough, inaccessible mountain slope in the San Bernardino
National Forest in California on September 21 started a forest fire which
raged for five days before being brought under control, burned 10,250
acres (16 square miles) of high value watershed, timber lands and recrea-
tion area. Several communities in the vicinity of Lake Arrowhead and
Running Springs narrowly escaped destruction. ‘The Forest Service and
cooperating state and local agencies quickly IT}Oblllzed 1,400 men, includ-
ing trained “hot shot” crews and ﬁr; fighting experts from 16 other
National Forests, 250 Indians in organized fire crews flown from Arizona
and New Mexico, employees made available by local citrus fruit growers,
and military personnel from Air Force and Marine bases nearby. Fire
fighting equipment assembled included 150 pumper-tankers and water-
hauling trucks, 25 tractors, 8 air tankers, and 3 helicopters.

One of the actions that helped to control the fire was the use of air
tankers to make water-chemical drops. A converted Torpedo Bomber and
seven Stearman air tankers were used in a low-level bombing type of attack
to retard rapid spread of the fire at key points until ground forces could
establish a control line. During four days of operation, the aerial tankers
made a total of 458 flights, dropping 43,260 gallons of water and water-
borate mixture on the fire. Some 25 tons of sodium calcium horate were
used. Aerial chemical bombing of forest fires is still in an experimental
stage of development. This was the first large-scale use on a going fire
of the experimental techniques so far developed. _ .

The Forest Service in 1956 owned and operated 22 aircraft—14 single-
engine airplanes, 7 twin-engine planes, and 1 helicopter. These planes all
have been equipped for transporting personnel, cargo parachuting, and
smokejumper work, Some of them are also equipped for seeding and
spraying. : . )

Tatest yearly figures (1955) show use of fixed-wing aircraft by the
Forest Service totaled 18743 hours. This included 3,755 flights, totaling
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3,943 hours, by Forest Service airplanes; 10,261 flights, 14.047 hours, by
commercial planes under charter contract; and 21 flights for 173 hours
flown by the armed services for the Forest Service. Use of helicopters
(commercially operated under contract) amounted to 1.236 hours. (Not
included in the above figures is certain contract flving for aerial photog-
raphy and insect control work.)

A total of 18,012 fire-fighters and other passengers were transported by
air during 1955. Cargo transported totaled 1.569.907 pounds. of which
768,480 was air freight (delivered at nearest airport), and 801.427 pounds
was para-cargo dropped by parachute to Forest Service fire camps or back-
country stations.

The Forest Service’s “‘smokejumper” corps of parachute-jumping fire-
fighters, maintained during the fire season for service in national forests of
the western states, totaled 304 men. Smokejumper units were stationed
during the fire-danger season at Missoula. Mont. ; Grangeville, Idaho City,
and McCall. Idaho; Silver City. N. M.: Illinois Valley, Ore.: and
Winthrop, Wash. During the year, the smokejumpers made 1.031 jumps
to 284 fires. They worked a total of 3,723 man-days on “jumper” fires,
plus 1,032 man-days as ground crews on other forest fires. The Forest
Service estimated that they saved a total of some 25.700 acres of forest that
would probably have been lost to fire except for the quick arrival of the
parachute-jumping fire-fighters.

Forest Service planes and rental aircraft were used extensively to
locate and map the occurrence of incipient outbreaks of forest insects and
tree diseases during the year. Approximately 1,500 hours of flying time
were devoted to aerial insect surveys and an additional 300 hours were
used for the scouting of oak wilt and other tree diseases. These aerial pest
surveys covered an estimated 150,000 square miles of forest lands in
various parts of the country.

Research was continued to improve aerial insect survey techniques and
to improve methods for use in aerial insect spraving. The research work
on detection and appraisal surveys included an evaluation of visual esti-
mates, tree counts, viz strip.sampling., and photographic interpretation of
infestation areas. The spray-swath characteristics and height of multi-
engined planes were studied in research on aerial spraving. Approximately
350 hours of flight time were used in both research activities.

During the 1956 season, insecticide was applied by aircraft on control
projects to some 1,372,000 acres of forest lands in Montana, Idaho, New
Mexico, and Colorado to protect and preserve forest resources from
destructive insects. The work was conducted under provisions of the Forest
Pest Control Act of 1947, and included several projects in which State
agencies and private land owners cooperated with the Forest Service,
contributing part of the cost as well as furnishing certain services and
facilities. The control projects required an estimated 4,200 hours of flight
time, supplied almost wholly by rental planes.

Approximately 20,000 acres of range lands in national forests were
treated by aerial spraying of herbicides, during fiscal year 1956, to eliminate
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undesirable plants such as sagebrush and wyethia. About 50 hours of rental
flying time was involved in these projects.

National Advisory Committee for Aeronautics

The major research effort by the National Advisory Committee for
Aeronautics in 1956 was focused upon acquiring information at the earliest
possible moment of information necessary for achievement of two goals:—
(1) airplanes speedy enough to shrink the globe until any two points will
be within a short, day’s journey, and (2) long-range ballistic missiles that
can travel the required distances at the desired velocities without being
destroyed by aerodynamic heating.

The urgency of these needs is so compelling that the NACA effort was
planned to produce information that would be directly useful to the men
in industry charged with the task of designing airplanes and missiles that
would perform the desired missions.

In a time when the Navy was readying a 1,000-mph airplane for carrier
service, and the Air Force was buying fighters to operate in the M-2 range
(1,320 mph at altitude) the aerodynamic heating problem was something
immediate. At sustained flight at these speeds, a temperature rise of as
much as 300° Fahrenheit (about that used by the housewife to roast the
Thanksgiving turkey) was being experienced.

Keeping the pilot, the complex electronic gear, the weapons system, and
the fuel cool under such conditions is difficult enough. Fully as serious
is the parallel problem of learning how to maintain the structural strength
of the airplane. An indication of how the problems grow in size may be
seen from the fact that the temperature due to aerodynamic heating rises
as the square of the velocity.

Before design of aircraft and missiles capable of tomorrow’s high speeds
can be undertaken on a rational basis, a much better understanding of the
mechanics of aerodynamic heating must be gained. The task of designing
equipment that will be useful in conducting the necessary fundamental re-
search has been formidable. The great difficulty has been in learning how to
duplicate in the laboratory the extremely high temperatures and other
conditions of future flight. Only recently have ways been learned how
to design and build the small pilot models with which to demonstrate the
practicability of constructing the radical new tools so necessary for the
rapid expansion of the limits of our knowledge.

Already, NACA scientists have learned much about the processes of
aerodynamic heating at the relatively low speeds envisioned for con-
ventional airplanes (less than M-5, or 3,300 mph). Even here, more in-
formation is urgently needed, and great effort is being exerted on the prob-
lems. Respecting aerodynamic heating at the still higher speeds at which
intercontinental ballistic missiles and such new man-carrying vehicles as
hypersonic (above M-5) gliders may fly. our understanding is still im-
perfect, to say the least.

In essence, aerodynamic heating is the conversion into heat energy
of the kinetic energy of the air through which the airplane or missile is
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When the temperature rise approaches 20,000°F, ionization or elec-
tronic excitation of the atoms and molecules occurs. In the thermodynamic
studies already made, some 40 reactions have been noted as taking place.
Although only a dozen or so of these reactions are believed to be of great
significance, accounting for even these is an enormously complex problem
and useful solutions will require the efforts of many talented workers,
using both theoretical and experimental techniques.

In developing ways of studying heat problems at which airplanes and
short-range missiles may be expected to reach soon—below a Mach num-
ber of 5—~NACA scientists have found it desirable to employ two general
techniques:— (1) Equipment incorporating radiant-heat sources, an ap-
proach especially useful in the study of basic structural heating problems,
and (2) facilities in which both the actual aerodynamic heating and load-
ing experienced by a structure at a specific velocity can be duplicated.

For several years, the NACA has been employing both methods in-
tensively, but the need has become apparent for a much larger supersonic
air jet that will enable extending the second technique to laboratory in-
vestigations on full-scale structural parts. Such a facility was nearing
completion at the NACA’s Langley Aeronautical Laboratory at the end
of 1956. It will have a test section 834 feet by 6 feet, and its test range will
be up to M-3. A heat accumulator holding 600,000 pounds of stainless
steel sheet is required, and temperatures up to 660°F will be provided at
the test section.

When it comes to study of the aerodynamic problems encountered at
the much higher speeds of the ballistic missile, learning how to duplicate
in the laboratory the enormously high temperatures that will be generated
in flight is a task hardly less difficult than solving the heat problem. Only
recently, techniques have been devised sufficiently promising to warrant
construction of small, pilot models to prove their worth. '

One approach is to build apparatus in which aerodynamic heating
can be generated to match that experienced at the high-speed conditions.
Such equipment includes shock tubes, special compressors, and light-gas
guns. In the shock-tube, for example, a shock wave heated to many
thousands of degrees Fahrenheit passes over a model, but the desired
condition can be maintained for only a very small fraction of a second.

At somewhat lower speeds, combustion-products tunnels are proving
useful. They are essentially ram-jet or rocket engines exhausting their
hot jets through supersonic nozzles. Although the chemical composition
of the exhaust gases differs from that of air, these jets are valuable because
they can be used to duplicate the temperatures, velocities, and pressures of
airstreams at speeds up to M-8 (5,000 mph) or higher.

Still another technique, proven only recently in a small, pilot model,
provides both air flow and temperatures that match closely conditions
experienced in actual flight. The vital part of the apparatus is a heat
apparatus made of ceramic material——because it would be virtually im-
possible to build it from even the most heat-resistant of metals—in which
temperatures above 4,000°F can be maintained. The pilot model has been
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so successful that a larger version, with greater capacity, is being con-
structed at the NACA's Langley Aeronautical Laboratory.

Still another technique calls for use ot small, rocket-propelled models
and also of full-size research airplanes. In 1956, the NACA announced
it had fired one of the rocket-powered models to a speed of M-104,
nearly 7,000 mph. Because aerodynamic heating becomes most serious
in the denser air near the earth, use of an “over-the-top™ trajectory is being
made. Models fired in this manner are propelled by four rockets, nred in
sequence. The first two are shot off while the model is still climbing, while
firing of the two remaining rockets is delayed until after the model has
begun to descend. Announcement was also made that a new research air-
plane was built as a part of the joint military services-industry-NACA
program. The X-15 is being constructed by North American under Air
Force sponsorship.

In 1956, the three large, supersonic wind tunnels constructed at NACA
research centers under the Unitary Wind Tunnel Plan came into full
use. These tunnels are especially valuable in providing the large-scale
information essential for design of supersonic airplanes.

One of the major problems faced by designers of supersonic fighters,
which can be studied in these tunnels, is the decrease in directional stability
that occurs as speed increases. \What happens is that conventional surfaces
such as the vertical tail tend to lose their effectiveness as the Mach number
increases. The positive directional stability of an airplane may be dimin-
ished until it becomes unacceptably low, and by moving the tunnel speed
upward, the advent and seriousness of this phenomenon as it affects a
particular design can be studied in detail.

With 1,000-mph tactical airplanes now going into military service,
thoughts of man-carrying aircrait—perhaps rocket gliders—that travel at
speeds five times the velocity of sound appear within the realm of relatively
early attainment. As in other areas of research, those engaged in full-scale
flight studies must look far ahead. They must recognize the fundamental
problems requiring solution before the greater performance desired for
the future can become available.

In considering what difficulties the pilot will face in flight into the high
reaches of the atmosphere at speeds of 3,000 mph and faster, it becomes
apparent that many of his problems will result from the fact that his air-
plane must be capable of maneuverable flight from sea-level take-off to
altitudes where the density of the air has thinned sufficiently to make
possible the desired speed without destructive aerodynamic heating.

Such airplanes will have very thin wings of low aspect ratio. Because
the low-aspect ratio wings are incapable of producing the high lift needed
during landing. It is likely that variable geometry of the lifting surfaces
may be required. During cruise at high altitude, the inertia of the airplane
will be high and the response to the controls will be sluggish. Any dis-
turbance of the airplane will result in oscillations that will be very difficult
to control.

For preliminary studies of the control problems of such very high-
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speed flight, the NACA has constructed a simulator that is capable of
duplicating the vertical motion and pitching motion of almost any possible
airplane. By a preprogramming technique, the pilot can be confronted
with the control problems respecting these two motions that he would face
in a flight from low speed at low altitude to high speed at high altitude and
then return. Work now in progress with such simple research tools has
given valuable information about what piloting problems will be most
serious, and how they may be solved.

In addition to work on high-speed-flight problems, the NACA con-
tinued its research on problems of low-speed flight. Stability and control
programs peculiar to the STOL and VTOL type of aircraft are but a part
of the work in these areas.

The national security demands that the military services, the aircraft
industry, and the NACA, working as partners, accomplish the rapid im-
provement of the performance capabilities of our airplanes and missiles.
The magnitude of the national effort is very great for progress can be no
faster than the acquisition of new knowledge about aerodynamics, struc-
tures, and propulsion.

Post Office Department

There was a continued increase in the use of the domestic airmail service
during the fiscal year which ended June 30, 1956. Use of the Air Parcel
Post Service increased considerably faster than the letter service.

The Post Office Department paid the airline carriers $32,459,000 for
hauling domestic airmail during the fiscal year as compared to $31,304,000
the previous year. This does not include any subsidy payments made by
the Civil Aeronautics Board. During the year 1956 the United States
Certificated air carriers carried 145,293,000 ton miles of airmail as
compared to 131,536,000 ton miles the previous year.

Fifty-eight air routes were operated by air carriers over 236,560 route
miles.

Use of the airlift service also increased during 1956. Twenty-four
carriers served 205 cities in 31 States and the District of Columbia. Air-
lines carried 15,114,000 ton miles of 3 cent mail in 1956 as compared to
13,362,000 ton miles the previous year.

Volume of foreign airmail from the United States, to and from U. S.
possessions and territories (except Alaska) and to and from U. S. Mili-
tary Post Offices in foreign countries, increased 13.7 percent over the
previous fiscal year’s volume for 1955. Total weight for fiscal year 1956 was
30,480,020 pounds. '

United States flag carriers carried 9,341,216 pounds of airmail, an
increase of 14 percent over the previous year. Foreign flag airlines car-
ried 1,273,416 pounds ;— an increase of 12.6 percent over the previous year.
Mail carried to Canada by all carriers increased 33.5 percent—total of
1,649,742 pounds.

Mail to and from U. S. Military post offices increased 28.1 percent
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during the past year over the previous year. Mail poundage for 1956 was
11,457,157 as compared to 8,940,557 pounds a year ago.

U. S. territory and possessions mail increased 9.5 percent from
6,171,107 pounds in 1955 to 6.758.489 pounds in 1956.

On May 14, 1956, three Cargo freight airlines were authorized by
the Civil Aeronautics Board to carry airmail in addition to first class mail.
These three carriers actually began carrying airmail on May 28, 1936.

Radio Technical Commission for Aeronautiecs

The RTCA is a permanent Government-industry advisory body com-
posed of more than 100 aeronautical telecommunications agencies. Illus-
trative of the problems referred to the RTCA for study are: high altitude
grid plan for VOR/DME frequency pairing : minimum performance stand-
ards for airborne electronic equipment for the transition period “common
system;” re-evaluation of VOR lateral separation procedures; helicopter
air navigation, communication and traffic control ; and contmumtJr evaluation
of frequency utilization in the VHF band.

A matter of particular interest to the flving public during fiscal 1936
was the announcement by the CAA that messages such as those requesting
ground transportation and meals from pilots of aircraft in flight would no
longer be accepted by CAA facilities. This action resulted in a strong public
demand for air-to-ground telephone service beyond that presently available
through Aeronautical Public Service radio stations licensed by the FCC.
The problem received consideration by a special committee, established
within the RTCA.

Weather Bureau

The continuous broadcast of recorded aviation weather and NOTAMS
on the Arcola, Virginia, L/MF radio range (reported in the 1954 YEAR
BOOK) received the endorsement of aviation groups and continued in
operation during 1956. A similar broadcast was activated on the L/MF
range at Los Angeles This is a joint CAA and Weather Bureau project
and plans call for 36 additional installations by the end of 1957.

A series of 18 aviation weather articles for pilot consumption was
issued on a monthly basis through 1955 and 1936. Each article is illus-
trated and gives a brief discussion of a particular weather topic. Through
the cooperation of the CAA, a copy of each article printed in poster form
is posted at about 2,500 public airports. The articles are also available in
pamphlet form from the Supermtendent of Documents, U. S. Government
Printing Office. Twenty airports are now equxpped with remote reading
cloud helght and v151b111ty measuring instruments in the approach zone
to the major instrument landing runway. Plans for the next two years
provide for similar installations at an additional 93 airports.

The operatlon of 23 rawinsonde stations was transferred from the
military services.

Additional radar storm detection equlpment was placed in operation,
increasing the total number of stations to S5.
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Four automatic weather stations were activated, bringing the total now
in operation to eight. Plans have been made to install twelve additional
stations within the next 18 months. Components of this equipment can
measure and transmit runway visibility, temperature, dewpoint, wind, alti-
meter setting and precipitation. Field tests of equipment to report cloud
height are now in progress.

The National Hurricane Research Project, started in 1955 under the
sponsorship of the Weather Bureau, progressed according to plan but
encountered some delays in the installation of the special weather-recording
equipment on the three project aircraft. These three planes, two B-50’s and
a B-47, being provided by the Air Weather Service, reconnoitered hurri-
canes and other tropical weather phenomena from their flight bases in
Florida. Much of the information on weather phenomena encountered on
these missions is automatically recorded by digital recording systems and
placed on punch cards in flight. This permits the immediate processing
of the data by electronic computer when the planes return to base. Other
phases of this program include a greatly expanded rawinsonde network
in the West Indies which is rapidly nearing completion; development of
a constant level balloon that will remain in the eye of a hurricane and per-
mit the tracking of the storm by electronic means; photographic reconnais-
sance of hurricanes by rockets and high altitude balloons; and special ob-
serving and recording equipment, including water level recorders at coastal
locations along the Gulf and Atlantic coasts. This project, which was just
getting into full swing at the end of the 1956 hurricane season, will prob-
ably continue for several more years.

A research program was being conducted for the investigation of
tornadoes and other severe local storms. The program includes detailed
studies of tornado damage to obtain information of the structure and be-
havior of tornadoes, continued investigation of the structure and prediction
of squall lines using data from a special severe local storm network in the
Midwest and measurements with a tornado research airplane. The first
flight of the specially instrumented Weather Bureau tornado, research
airplane, an F-51, was made on April 26, 1956. Operating mainly in the
Midwest, this contracted, privately piloted plane is equipped with a vortex
thermometer, an infra-red hygrometer, a velocity-gust-height recorder, a
recording altimeter, an electric field meter, several cameras, a voice re-
corder and necessary associated gear. The objectives of this program are
to obtain observations of the various meteorological elements, particularly
those of temperature and humidity gradients in the vertical and horizontal,
in the vicinity of tornado activity or conditions. As of the end of August
some 100 missions had been made, including test, calibration and reconnais-
sance flights. Data from these flights are being processed, analyzed and
evaluated.
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LEGISLATIVE AND GOVERNMENT EVENTS

Jan. 5

Senator A. S. Mike Monroney (D., Okla.)
accuses Commerce Secretary Weeks and Trans.
portation Under Secretary Rothschild of assum-
ing “Presidential powers” in demanding the
resignation of former CAA Administrator Fred
B. Lee.

Jan. 10

Pentagon lifts ban which blocked release of
information on new aircraft for a year after
theic entry into tactical units.

President FEiscnhower forwards the Federal
tion of new Civil Aeronautics Board member,
G. Joseph Minectti, to the Senate.

Jan. 11

Pentagon announces wide changes in its poli-
cies for creating and maintaining a reservoir of
machine tools and production equipment for
emergency use.

Jan. 17

President Eisenhower in his annual budget
message requests a total of $7,537,900,000 for
aircraft and related equipment by the Navy and
Air Force.

Supreme Court rcfuses to review 2z Jlower
court decision in National Airlines ficht to over-
turn a CAB ordcer limiting issues in the Eastern-
Colonial merger case.

President asks Congress for a record $202.
618,000 appropriation for the Civil Acronautics
Administration,

Jan. 19

President Eiscnhower accepts recommenda-
tion made to the Bureau of Budget br the
Harding Committce for a long-range study of
aviation {acilities.

Jan, 23
CAA announces appointment of Williamn B.
Davis as director of the Office of Aviation
Safety,
Jan. 27

President Eisenhower refuses to make a de-
cision on National Airlines petition to him
charging legal error by the CAB in the Eastern-
Colonial merger case.

Jan. 30

Senator Warren G. Magnuson (D.. Wa:h.) re.
veals he will introduce legislation providing for
Permanent certification for the intra-Alaska,
U.S.-Alaska and Hawaiian airlines,

Representative Dantel J. Flood (D.. Pa.} dis-
closes that the Pentagon promises reforms in
MATS which may save up to S$19.3-million an-
nually,

Jan. 31

President Eisenhower makes the Federal
Communications Commission a full voting mem-~
ber of the Air Coordinating Committee.

Feb. 2

Defense Secretary Charles Wilson announces
he will appoeint a special assistant to cancen-
trate on guided missiles.

Feb. 9

Assistant Air Force Secretary Trevor Gardner
submits resignation in pretest over the Admin-
istration’s research polices.

Feb, 10

CAA discloses that a total of 319 new Fed-
eral-aid-to-airports projects totaling $38.932,.
065 are included in the fiscal 1956 portion of
the Monroney Act.

Feb. 14

Edward P, Curtis accepts

President Eisen-

hower's invitation to be his
for aviation facilities,

The Senate passes by voice vote death penalty
for persons convicted of aircraft sabotage.

Feb. 15

The House Armed Services Committee ap-
proves NACA atmosphere entry simulator to cost
£169,000.

special assistant

Feb, 17
Former Assistant Air Force Secretary Trevor
Gardoner charges that the appropriation re-
quested for the Air Force for fiscal 1957 is
$3.5-billion short of the amount needed.
Feb. 24
Representative Wright Patman (D., Tex.)
tells the House his Small Business Committee
has started investigations of the =zircraft man-
ufacturing industry and the Civil Aeronautics
Board.
Feb. 27
President Eisenhower in a letter urges De-
fense Secrectary Charles E. Wilson to name =z
raided missile Czar quickly te sceeclerste bal-
listic missile program.
Feb. 29
McDonnell Aircraft Cerp. offers Hebert Sab-
commitiee the alternatives of permting indus-
try to make “ressonable earnings.” or face
~ocialization with Government-furnished facili-
ties.
Mar. 1
Douglas Aireraft Cerp. tells the Hebert Sub-
committee it probably has the largest capital
investment in company-owned property in the
airframe industry.
Mar. 2
Senate approves the neminstien of CAB
Chairman Ress Rixley a: Federal Judge for the
western district of Oklakems.
Mar. 16
Commerre Secretary Sinclair Weeks ealls for
a two-year extemsion of the Defensze Production
Act. and asks Comgress te strike out a section
requiring persons whe serve the government
without compensation to report on their finan-
cinl interests.
Mar. 21
Assistant Air Foree Seeretary Dudley C.
Sharp tells Hebert Snbcommittee that aireraft
industry profits are “ressonable and adequaie
now,” and “ne new T are ded” 1o
boost thegindustry’s profits for future growth
and stabilirs.

Mar. 23
Prsideat Eisenlawer nominates James R.
Durfee to replace Ross Rizley on the Civil

Aeronautics Beard.

Admiral Arleigh Burke, Chief of Naval Op-
erations, tells the Senate Armed Services Com-
mittee the Navy is workine on a supersonic
seaplune, an advameed version of the Martin
P6M Seamaster.

Mar. 26
House Appropriations Committee releases
400-page report, describing major militare
procurement as rife with “waste,” “delay,”

“duplication.” and “chaos.”

Mar.

Senater Warrem Magnuson (D., Wash.) indi-

cates his Interstate amd Foreign Commerce Com-

mittee would act promptly on legislation aun-

thorixing permanent certification of intra-
Alaskan and intra-Hawaiian airlines.
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President Eisenhower names Thomas Cogge-
shall chairman of the Rencgotiation Board.

Defense Secretary Charles E. Wilson an-
nounces the appointment of Eger V. Murphee,
president of Esso Rescarch and Engincering Co.,
as his missile czar to coordinate the nation’s
guided missile program.

Mar. 28

Representative Carl Hinshaw (R., Calif.) in-
troduces legislation authorizing Federal partici-
pation in the design and development of proto-
type aircraft for local scrvice airline needs.

Mar. 29

J. Gordon Bennett takes oath as executive as«
sistant to Edward P. Curtis, Special Precsiden-
tial Assistant for Aviation Facilities.

Mar. 30

Air Force Sccretary Quarles and Chief of
Staff General Nathan F. Twining warn Con-
zress that the fiscal 1958 budget will have to
be raised over 1957’s.

Ramsay D. Potts, Jr., president and genecral
counsel of the Independent Military Air Trans-
port Association, announces his resignation to
become associate counsel of the special Senate
Armed Services Subcommittee to investigate
U. S. airpower.

The Senate passes legislation repealing trans-
portation taxes on travel between the U.S. and
much of North and Central America.

Apr. 30

Possibility that guided missiles, which ac-
count for 20.3 percent of the Air Force's fiscal
1957 request for aircraft and reclated procure-
ment, will climb to 35 percent by fiscal 1959 is
voiced before a House subcommittee.

May 7

CAA policy prohibiting the use of Federal
aid to airport buildings having segregated fa-
cilities is revealed.

May 8

President Eisenhower reports that the U.S.
has shipped more than $12.4-billion in mili-
tary equipment to free world countries during
the past six years.

House passes legislation authorizing severe
new penalties for aircraft sabotage.

May 11

House rejects efforts to hoost Air Force ap-

propriations for more B-52’s by 8$1-billion.
May 16

Senate Commerce Committee concludes hear-
ings on the nomination of CAA Administrator
Charles J. Lowen. .

May 17

CAB endorses a low-cost transatlantic air
service proposed by Pan American World Air-
ways.

May 23

Representative F. Edward Hebert (D., La.)
states the aircraft industry is doing ““a hell of
a good job.”

National Advisory Committee for Aeronautics
unveils a new $32.856,000 unitary plan wind
tunnel at Lewis Flight Propulsion Laboratories,
Cleveland.

May 24

Senate Commerce Committee approves the
nominations of G. Joseph Minctti as CAB Mem-
ber and Charles J. Lowen as CAA Administrator.

Special Presidential Aide Edward P, Curtis
retains J, L. Anast as his full-time systems plan-
ning advisor.

May 29
President Ejsenhower accepts the resignation
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of James Smith, Assistant Secrctary of the Navy

for Air, and nominates Garrison Norton, former

Assistant Secretary of State, to replace him.
June 4

CAB Chairman James R. Durfee discloses that
the Board’s Office of Compliance is investigating
charges of ‘“‘overbooking’ by airlines and faulty
flizht information to the public.

The Senate passes a bill appropriating $1.4-
billion to run the Commerce Department and
jts related agencies, including CAA and CAB.

June 5

A joint Senate-House Committee recommends
a two-year extension of the Renegotiation Act
—with liberalized provisions.

June 7

Acting Administrator Charles J. Lowen, Jr.,

is confirmed on June 6 by the Senate.
June 8

The Senate Armed Services Committee ap-
proves Garrison Norton as the Navy’s Assistant
Secretary for Air.

June 11

CAB grants Helicopter Air Service a seven-
year certificate to fly passengers by helicopter
in the general Chicago area.

June 11

G. Joseph Minetti is sworn in as a CAB

member in ccremony at the White House.
June 12

CAB orders an investization of the proposal
Hughes Tool Co. to build and sell jet trans-
ports to Trans World Airlines and other car-
riers. .

The Commerce Department announces the
second installment of the four-year $232-mil-
lion airport proegram.

Air Coordinating Committee’s poliey guaran.
teciny the use of YVOR at least through 1965 is
upheld.

June 15

Congress approves a compromise $1,416,-
732,000 appropriation to finance the Commerce
Department for the fiscal year beginning July 1.

June 25

Garrison Norton is confirmed by the Senate

as the mew Assistant Navy Secretary for Air.
June 27

The Senate votes to inerease fiscal 1957 Aijr
Force budget by more than $900-million over
Administration rcquests.

The Senate Armed Services Committee rejects
Air Force requests for funds to set up four
Talos-equipped anti-aircraft bases and approves
Army plans for ecxpanding its Nike anti-aireraft
missile system.

Clarence N. Sayen, president of the Air Line
Pilots Association, advocates abolishing the Air
Coordinating Committee and calls for creation
of an independent CAA to solve aviation facili-
ties problems.

July 2

The House and Senate approve a compromise
Defense Appropriation Bill providing about
8900-million in Air Force funds over Adminis-
tration requests.

President Eisenhower signs the fiscal 1957
Defense Appropriations Act, allocating $34,.
656,727,000, about a half a billion more than
the Administration asked for.

July 9

Senator Warren Magnuson (D., Wash,),
chairman of the Senate Commerce Committee,
predicts his group will recommend that radar
be installed in all commercial passenger air-
craft,
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The House Appropriations Committee urges
Defense Secretary Wilson to end disputes be-
tween the Air Forece and Army over the

merits of the Talos and Nike air defense mis-
siles.
July 11
CAA reports it expects to take delivery this
month of an Air Forece B-57 as part of its air
traffic control study program for the jet age.
July 13
Commerce Under Sceretars Louis 8. Roths-
child <ays he will resign if AAC, of which he is
chairinan, fails to arrive at a clear-cut decision
on the short-range navigation controversy after
receiving the NAY Panel reporte.
July 16
Former Air Force Assistant Secrctary Trevor
Gardner tells a House Subcommittee that over-
classification of scientific and technical infor-
mation by the Defense Department and the
AEC is scriously holding back U.S. progress in
weapons development.
July 17
The House passes and sends to the Senate a
two-vear extension of the Renegotiation Act.
General Nathan Twining in testimonvy to the
:gi-nalc Armed Services Committee savs the twins
jet Blowlamp supersonic licht bomber is the
most important aireraft he observed on his re-
cent visit to Russia.
. J. M. Carmichael, president of Capital Air-
lines, is named chairman of the Commerce Do
partment’s newly-anpointed Transportation and
Communications Committee for 1936-57.

July 18

President FEisenhower signs legizlation in-
creasing penalties for aireraft sabotage. New
Iaw will permit death senten~c in cascc where
loss of life resulted from damage to an air-

plane,
Commerce Department census of the Aireraft
Propeller Industry shows 16 companies in 1934
grossed $108.4-million.
July 20
The Senate passes by voice vote lemi:lation
extending the Renegotiation Act of 1951 for
two more years.
July 23
President Eiscnhower signs a bill (S, 3163),
u_ulhnrizing permanent certification of air car-
riers operating within Alaska and Hawaif and
lerislation (S. 3.112) extending the provisions
of the Civil Aeronautics Act relating

| h to war
risk insurance.

House Armed Services Investizations Sub-
committee, headed by F. Edward Hebert (D..
La.), asserts that *the Government is getting

substantial value” from
tary airframes.”

“its investment in mili-

July 23
The Senate approves and sends 1o the Proesi-
d.ent legislation (S. 3149) authorizing all air-
lines to offer free or reduced rate air trans-
portation to clergymen space-available
basis,

on a

July 26
The Scnate Appropriation Committee recom-
mends granting of the full Administration re-
quest for $68,013,000 for CAA expansion of
the Federal Airways System.
The House passes a bill to prohibit alcohalic
drinks aboard airliners.
July 30
The House kills the Airline Capital Gains
Bill (H.R, 8902) after angry debate, led by one

NCIES IN AVIATION

of the Dbill’s chief opponents, Representative
John Heselton (R., Mass.).
Aug, 1

Admiral Arthur Radford, Chairman of the
Joint Chiefs of Staff, in testimony before Sena-
tor Stuart Symington’s Airpower Subcommittee,
urges the Air Force to perfect a new and bet-
ter bomber.

Aug. 2

The President signs bills (H.R. 119471).
extending the Renegotiation Act for two more
years; (S. 3149), authorizing airlines to pro-
vide free or reduced rate air transportation to
ministers on a space-available basis, and (H.R.
5738), aunthorizing the Army. Navy and Air
Force to contract for flight instroction up to
35 hours per cadet at institutions with ROTC
units,

Aug. 3
Special Presidential Aide Edward P. Caurtis

appoints an eight-man sy~tems encineering team

to develop a master plan for the f{uture air
traffic control system.
Aug. 7
Represcentative Carl Hinshaw (R.. Calif.),

aviation policy leader in the House of Repre-
sentatives. dies.
Aug. 8

House-Senate conferces reduce the Adminis-
tration’s request for a supnlemental appropria-
tion of £68,043,000 to S45-million for new air
naviration facilities and CAA  operating ex-
penses in connection with expansion of the
Federal Airways system.

Augz. 10

New CAB procedure, desizned to eliminate
“Jeaks,” will announce decisions through press
relea~es, followed up by official board orders.

Ang. 15

Defense Secretars Charles Wilson sets up a
special Pentazon committee to study the prob-
lem of protecting military information,

Aug. 29

A special House Armed Services Subeommit-
tee annonnces changes in Defense Department
rules, making it mandatory to notify any econ-
tractor placed under investigation on suspicion
of fraund.

The National Business Aircraft Association
officially notifies the Air Coordinating Commit-
tee that it **cannot arcept” recommendations of
the NAY Panel. calling for a TACAN/compati-
ble DME system.

Aug. 30

CAA :afety director W. B. Davis goes on rec-
ord opposing CAB’s proposed economic regula-
tion requiring 75 percent on-time schednling
by airlines.

Aung. 31

The ACC reaches a unanimous decision on the
new commen short range navigation system
which calls for eliminating the civil DME. re-
tainine VOR. and implementing TACAN/DME
inte an azimuth-distance system to be called
VORTAC.

Sept. 5

CAA announces a reorganization encompass-
ing three principal changes: establishment of
six program offices; streamlining of the Ad-
minis*rater’s  office; and  establishment of
“readilv identifiable’” counterparts of the pro-
rram offices in the regions.

CAA Admiinstrator Charles J. Lowen, 41, dies

of cancer.
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Sept. 6
& Pilots Associntion gives

ACC VORTAC

Aircraft Owners
qualified endorsement to the
plan.

Sept. 11

The Atomic Enecrgy Commission discloses that
two of its laboratories are studying the possi-
bilities of nuclear propulsion for rocket engines.

Sept. 20

The first of two B-57's being loaned to CAA
by the Air Force is accepted by acting admin-
istrator James Pyle.

Oct. 1

ODM Director Arthur S. Flemming establishes
a special committce to handle the problems of
titanium production and utilization.

A new two-stage high-altitude rescarch rocket
called the “Terrapin® soars to a height of 80
miles from the NACA proving ground at Wal-
lops Island, Va.

NACA awards its Distinguished Service Medal
to Richard T. Whitcomb, developer of the area
rule concept for supersonic aircraft.

Oct. 3
The State Department announces it will hold

a top-level international aviation meeting in
Washington in November.
Oct. 8

Representative John E. Moss (D., Calif.),
chairman of the House Government Operations
Subcommittee, ansks Defense Secretary Wilson
for a report on the functions of a committee
Wilson set up to plug “leaks’” of miiltary in-
formation.

Oct. 11

NACA discloses that four.stage research rock-
ets, fired in connection with development of
the ICBM and the North American X-15, have
hit speeds of 6864 mph, or Mach 10.4.

Oct. 15

Defense Secretary Charles Wilson asserts that
military spending next year will rise probably
“something like” four percent to six percent.

Commerce Department announces three more
contract awards totaling $750,000 for CAA’s
fiscal 1957 airway program.

Oct. 18

James H. Doolittle is named chairman of
NACA, succeeding Dr. Jerome C. Hunsaker.

Defense Department cancels its quota sys-
tem for controlling consumption of critical
materials in jet engine manufacture.

Oct. 19

CAB estimates the U.S. airline industry’s snb-
sidy bill for the current fiscal year will be the
highest of the four-year period 1955 through
1958,

NACA awards Distinguished Service Medals
to John W, Moise and Charles W. Littleton for
“outstanding bravery beyond the call of duty”
following a high-altitude explosion in the
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rocket-propelled X-1A research plane in August,
1955.
Oct. 25

Senator Harry Byrd (D., Va.) urges the
Government to hold up action on 2all industry
bids to become eligible for fast writeoffs until
a Congressional study of thc program is com-
pleted.

Commerce Under Seccretary Louis Rothschild
reports that CAA obligated $15-million in the
first quarter of fiscal 1957 for new airway
cquipment.

Oct. 26

CAA control towers report a total of 20,384,-
000 aircraft operations in the year ended June
30.

Nov. 5

Sen. George A. Smathers (D., Fla.) urges
ratification of the Hague Protocol to the War-
saw Convention by the U. S. and other leading
air transport nations,

Nov. 8

Sen. A, S. Mike Monroney (D., Okla.) re-
news call for a ‘“declaration of independence"”
for CAA, breaking it away from ‘‘demination”
by the Commerce Department.

Nov. 9

Harold A. Jones resigns as U.S. representa-
tive on the Council of the International Civil
Aviation Organization.

Nov. 15

Defense Secretary Charles Wilson designates
threc-man committeec to review and implement
the Coolidge recommendations for protecting
classified information.

Nov. 19

Branding the proposal as *“shocking,” Rep.
John E. Moss (D., Calif.) urges Defense Secre-
tary Wilson to reject a recommendation of the
Coolidge committee that ncwsmen refusing to
disclose sources of ‘“leaks” be taken before
grand juries.

CAA announces it will conduct a major eval-
uation of three experimental runway lighting
systems, in anticipation of developing new U.S.
civil /military standards for an improved system.

Nov. 27

Defense Secretary Charles Wilson issues
document giving Air Force sole responsibility
for all land-based Intermediate Range RBallistic
Missiles, and Navy the responsibility for ship-
launched IRBM, dashing Army’s hopes for ma-
jor role in military aviation and long-range mis-
siles.

Dec. 4

Bureau of Labor reports that aireraft employ-
ment in September reached new peacetime peak
of 825,000.

Dec. 13

Atomic Energy Commission confirms reports
that it more than doubled expenditures for the
atomic-powered aireraft project in fiscal 1956.



MANPOWER

CHAPTER FOUR

Manpower

Twining returned from Russia to report that training of technical

personnel in the Soviet was gaining alarmingly over parallel U. S.
efforts, plans and programs were in operation in this country to offset the
Russian gains, streamline recruitment and training, and coordinate ac-
tivities between the services and industry.

Leading in this work was the aircraft industry, leaders of which in May
met with Carter L. Burgess, Assistant Secretary of Defense for Manpower
and Reserves, to go over mutual problems. Result was a comprehensive
survey and report by the Aircraft Industries Association’s Industrial Re-
lations Advisory Committee. This report revealed for the first time the
widespread training and educational work done by the aircraft industry and
projected efforts to be made in the future toward winning the technological
cold war,

It showed that aviation is, and has for some time been offering assist-
ants to the nation’s school structure at all levels, has perhaps the most
advanced training program in industry. and is tailoring its recruiting prac-
tices to accommodate recruiting and personnel problems of the military.

The survey showed that during the academic year 1955-56, representa-
tive companies in the aircraft industry spent more than $280,000 in schol-
arships for more than four hundred students at the undergraduate level,
including 218 for engineers, 10 in physics and chemistry. 61 in business
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administration, and 115 open. Plans call for virtually doubling this pro-
gram during the 1956-57 school year. Additional funds are being budgeted
for graduate scholarships, also. Last year, the average grant to graduate
students was more than $2,300 annually, some 891 scholarships were
awarded, and total expenditures reached $1.6-million.

During the year, aviation concerns also participated widely in sponsor-
ing interest in scientific subjects, giving field trips to plants, providing
teaching aids in technical courses, and giving summer employment to high
school seniors. Community work toward fostering interest in the techno-
logical needs of the nation was expanded.

A summer employment program also expanded throughout the indus-
try for teachers, backed by a concerted effort to place the instructors in
occupations specifically related to their field of teaching. Conversely, hun-
dreds of company employes served as instructors in schools after their
normal working hours, others getting leave to take classes during com-
pany time.

Within plants, paid-time training, tuition refund plans, and company-
sponsored after-hour training programs expanded. In five companies sur-
veyed, some 1,500 courses were given, taken by more than 200,000 em-
ployees representing more than 6.3-million manhours of training, or an
average of approximately 32 hours of technical per employe-student. Cost
of the courses is estimated by ATA at $13-million.

Commenting on the report and the programs, Assistant Secreary Bur-
gess stated:

“I was truly impressed with the wide range of measures being taken by
various firms in the industry to motivate, encourage, and in many cases
finance young people of talent to pursue higher education in engineering
and the sciences; by the ways in which assistance is being furnished to
teachers and educational institutions ; and by the extensive in-plant training
programs. The report puts together for the first time a listing of the vari-
ous constructive measures in very specific and concrete terms, and it indi-
cates the degree to which they are being used throughout the industry.”

Meantime, figures indicated during the year that the shortages of tech-
nical talent at all levels would continue and become aggravated with the in-
crease in demands. Burgeoning of the industry to national leadership,
with upwards of 800,000 workers on the payrolls, plus increased demands
for a higher number of trained personnel, especially at the engineering level,
gave promise of further difficulties during the coming year.

Accelerated recruitment and training at all levels seemed the only an-
swer to the problem, and there was every indication at year-end that the
aircraft industry would go into the new year with greatly expanded
programs.
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CHAPTER FIVE

Research and Development

ISCAL YEAR 1957 (July 1, 1956—June 30. 1957) saw Congress
Fappropriating $1.6-billion to the militarv services for research and

development activities. This moneyv. which will be painting the
picture of weapons that will be under test in the early 1960's and that will
be in combat inventories within the decade, is largely devoted to top
priority projects, which are in part being financed by the aircraft industry—
work on intercontinental and intermediate range ballistic missiles and
nucleared powered aircraft, studies of advanced propulsion systems and
new types of aircraft, solutions to the thermal and consequent metallurgical
problems induced by supersonic and expected hypersonic speeds of aircraft
and missiles, and development of advanced electronic and analog computing
systems.

Military R&D Expenditures (In Millions of Dollars)

1954 1955 1956 1957

Actual Actual Estimated Estimated
Air Force ... $ 513 § 524 $ 632 $ 650
Army 396 400 410 420
Navy 476 467 449 485
Total $1.383 $1,391 $1,491 $1,555
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During the height of the World War 1I period, 1940-4, annual military
expenditures averaged about $245-million. At this time, research and
development suffered in favor of an all-out production of the weapons
needed for victory. It was fortunate that the United States required only
several radically new weapon systems for this event. Despite almost com-
plete military demobilization of the United States at the end of World War
II, the grave need for accelerated research and development was recog-
nized : the average expenditure level for the next five years, through 1949,
more than doubled over the preceding period, reaching about $549-million
annually. Another technical spurt came with the Korean War, which
carried in its wake a tremendous increase in appropriations by Congress
for research and development along- the entire technical perimeter. In this
area, defense expenditures in fiscal 1956 were more than double the $650-
million in 1950.

The government is planning to allocate 49 percent of its fiscal 1957
research and development funds to industrial contractors. That such funds
are vital to keep this country’s technological advantages is patent: per-
formance requirements for modern military fighter aircraft demand design-
ing more than 314 times as many parts as did World War II fighters. Pre-
liminary design studies of the less complex World War IT bomber took only
about a year; preliminary design studies of one of today’s heavy bombers
(for example) took over five years. It is held that the vastly superior
performance demanded for modern aircraft will continue to call for design
studies whose cost and lead time will be correspondingly high.

Army

The research and development work for the Army is accomplished
through its seven Technical Services: Chemical, Engineers, Ordnance,
Quartermaster, Signal, Transportation and Medical. These services have
assigned spheres of interest, compatible with their roles in support of the
combat forces. They are responsible for research and development projects
falling within their assigned spheres of interest. Through their agencies
they solicit and receive proposals from individuals or organizations who
wish to participate in research and development. The agencies’ activities
cover all phases of research and development, from the initial steps of basic
or applied research through to the production of a prototype model suitable
for user test by the component of the Army concerned. They negotiate and
award contracts for such work whether it is performed in a military or
civilian agency.

About 30 percent, or $108-million, of Army expenditures for research
and development is devoted to missiles, either the surface-to-surface type
or the surface-to-air type. In the field of surface-to-surface missiles, Army
developments are emphasizing the hallistic rather than the more vulnerable
cruise-type air-supported missiles. Efforts are aimed towards weapons
required by the Army commander in the field. In the category of surface-
to-air, the Army is concerned with its basic responsibilities for air defense,
which include not only the field army and vital installations overseas but
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also the provision for Army antiaircraft units for defense of the United
States.

Research and development for novel types of aircrait increased during
1956 as a result of the Army’s demands for mobility and agility within the
battle ‘area, which has made aircraft an integral part of Army equipment.
Aircraft that can move troops and critical combat supplies within the battle
area, that can provide the battlefield surveillance essential to the effective
use of the new long-range weapons are said to be vital. Primary emphasis
was directed towards the helicopter, which proved itself as an Army
battlefield item in Korea, and the short or vertical takeoff and landing air-
craft that can move key personnel or supplies about the battlefield. The
scope of the Army's current research and development work may be seen
in terms of the following projects: i o

Early in Spring, 1956, the Army announced development of the Missile
Master, the country’s first electronic system designed specifically for con-
trolling and coordinating the use of Nike antiaircraft missile batteries.
Martin Company of Baltimore was named principal contractor, aided by the
Airborne Instruments Laboratory, Mineola, New York, and the American
Machine & Foundry Company, New York. The systems will be located at
key antiaircraft installations in the United States. Each system operates
independently, and can also operate in conjunction with units of the Air
Force’s semi-automatic ground-environment area defense system, known as
Sage. The Missile Master collects information about the l.oca'.tion of air-
craft and their identity, presents this information on electronic displays, and
distributes these data to the missile firing batteries. In this way, each Nike
battery receives a continuous flow of fresh data about all aircraft within
the defense area, as well as about the activities of the other batteries; and
each Nike battery commander is provided with all the information needed
to enable him to make a proper selection of a target.

A television system using an aerial drone as its vehicle and designed
to aid combat commanders obtain immediate ground evaluation was dem-
onstrated by the Army at Bolling Air Force Base on May 19 and 20, 1936.
The pilotless system consists of an L-17 modified for drone operation, an
autopilot which provides effective remote control by on-off type radio
signals, and a ground control station that can be carried in a jeep. Signals
transmitted from the ground station to the airplane's 42-pound autopilot
regulate stability, altitude and air speed. Complying with remote com-
mands, the aircraft can maneuver, climb or glide. Special control provisions
prevent stalls, over speeding, excessive loss of altitude, and other hazardous
conditions. Upon completion of the drone's mission, the ground controller
flicks an “approach” switch, which automatically positions landing gear,
flaps, propeller pitch, and power in proper sequence for landing run.

The Army is awarding almost $2-million to Melpar, Inc., Falls Church,
Virginia, to develop a helicopter flight simulator. Scheduled for 1958
completion, the new flight simulator will incorporate the cockpit of Sikor-
sky’s H-37A. The device is to be used to train Army helicopter pilots in
all phases of operation including engine starting, take-off, hovering, transi-
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tion to forward flight, blade stall, autorotation and Hare-out for landing.
Other simulations are cockpit motion and effects of rough air. Develop-
ment of the simulator is expected to reduce substantially the cost of training
cargo helicopter pilots and provide a device that will aid materially in
advancing helicopter instrument flying.

The Office of Naval Research is administrating a $700,000 Army con-
tract awarded to the Ryan Aeronautical Company, San Diego, for the
design and development of a flying test-bed, deflected slipstream, turbine-
powered aircraft. (Flying test beds are flying “mock ups” intended to
simulate the essential design and performance characteristics of new design
concepts.) The new craft is called the Fertiplane, and has mounted large
propellers and double retractable flaps located in a manner that the pro-
peller slipstream is deflected 90 degrees downward during take-off, hover-
ing and landing. For transition into horizontal flight, the flaps are re-
tracted as the craft picks up forward speed. Using the flying test-bed ap-
proach in designing VTOL and STOL aircraft permits the characteristics
of an aircraft to be explored with relatively inexpensive models in a matter
of months rather than years.

A rapid-firing 20-mm weapon, one of the first specifically designed for
present supersonic jet aircraft, was unveiled on August 28, 1956 at Aber-
deen Proving Ground, Maryland, by the Army and Air Force. Named
after Vulcan, ancient Roman God of Fire, the new weapon was developed
by General Electric’s Aeronautics and Ordnance Department under the
sponsorship of Army Ordnance. Development of the new cannon was
prompted by the tremendous increase in speed of modern jet aircraft. Two
design features from the original Gatling gun, patented in 1862, were
“horrowed.” Each gun has a rotating multi-barreled cluster, and each is
externally driven. External power for the Gatling gun comes from human
energy as the operator turns the crank. The Vulca_n gun is exter_nally pow-
ered, either electrically or hydraulically. According to its designers, the
Vulcan gun is simple to operate and maintain, and can be field stripped and
re-assembled in less than 30 minutes.

Air Force

The Air Research and Development Command (ARDC) went full
steam ahead on its Weapon Systems concept established in the fall of 1955.
First order of business pursued during 1956 was to let industry in on some
of ARDC’s trade secrets and thinking. The Command increased the flow
of technical data to qualified contractors, sketched the Systems concept so
contractors would know what technical avenues are likely to be followed,
encouraged contractors to invest their own money in research and develop-
ment, and were open to advice in terms of hardware as a result of con-
tractors’ studies.

In its less than six years of being, the Command has pulled together
the scattered research and development facilities of the Air Force into
a sturdy cohesive body under Lt. Gen. T. S. Power. Located today in
downtown Baltimore, ARDC will soon be moving to Washington, D. C.
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usual resistance to demagnetization. The magnets are said to be at least
ten times better in this respect than most commercial magnets. This resist-
ance suggests many advantages: such magnets would not be affected
adversely by external magnetic flelds; this would make the magnets es-
pecially promising for use in electric meters, where “stray” magnetism
from large electrical equipment is likely to be met. The high coercive force
of pure manganese-bismuth could also result in a new assortment of perma-
nent magnets having novel shapes and uses.

With plans completed and construction scheduled for spring, 1957, the
ARDC will be supervising a special multi-million dollar facility for testing
electronic components that will comprise the super high-power radar
systems of the future. The facility will be located at the Rome Air De- .
velopment Center and will be used by Air Force engineers and industrial
contractors engaged in developing radar components such as transmitters,
tubes, deplexers, and wave guides. The need for super high-powered de-
tection systems is critical in the ground environment of a defense against
intercontinental ballistic missiles. The special facility, serving as a proving
ground for radar components, may help achieve the desired powers under
controlled laboratory conditions. The facility will look like the combination
of a large commercial power plant and a TV station, with its complex of
transmitters and other electronic equipment. Building specifications call for
about 40,000 square feet of floor space.

A breakthrough made in releasing some of the sun’s energy may lead
to more effective communications on earth. An Aerobee rocket equipped to
exhaust nitric oxide gas under high pressure was sent to an altitude of
60 miles above the desert sands of Holloman Air Development Center,
New Mexico, on March 14, 1956, and effected a phenomenon that has
been the subject of speculation by geophysicists for the past ten years—re-
leasing the energy chemically stored by the sun in the upper atmosphere.
When the nitric oxide gas was automatically released, observers saw what
first appeared to be the formation of a new star, nearly twice the brightness
of the planet Venus. The light was reported seen by observers more than
60 miles away from the ARDC launching site. In less than ten minutes the
“star” had grown to a size that appeared to a ground observer to be about
four times the moon’s diameter. By increasing the natural amount of nitric
oxide in the atmosphere by a factor of several billion, the rocket-released
gas was able to unlock chemically-stored sunlight in vast quantities. This
action produced the spot of light in the upper atmosphere which spread to
a width of about three miles before the gas thinned out and reduced the
light’s brightness. During the experiment, scientists “bounced” radio
signals from the charged cloud in the same way that light is reflected from
a mirror. They feel that man-made ionspheric clouds produced in a series
may pave the way for increasingly effective long-range communications.

The Fairchild Camera and Instrument Corporation, Syosett, New York,
developed a motion-picture gun camera which automatically adjusts itself to
varying light conditions much like the human eye. Known as the KB-5
camera, it will be used to record the effects of gunfire and the maneuvers
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Additional facilities for use in the Air Force’s Aircraft Nuclear Pro-
pulsion Program were made available in late summer through a contract
between the USAF and the Atomic Energy Commission. The contract
made the nuclear shielding facility at the AEC’s Brookhaven National
Laboratory in Long Island available for a long-term research program.
Other nuclear developments included plans to build a nuclear reactor
facility at the Wright Air Development Center. This 10-megawatt facility,
to be known as the Air Force Nuclear Engineering Test Facility, will be
used to test aircraft materials, components, and systems under development
for the Air Force’s nuclear-powered aircraft.

Tunnel Hotshot, styled by the Arnold Engineering and Development
Center, Tullahoma, Tennesse, for the ARDC, took its place during the
year as one of the newest instruments for simulating hypersonic flight of
ballistic missiles. Especially useful for helping solve the re-entry problems
of missiles as they glide in from the higher altitudes into the denser at-
mesphere, Tunnel Hotshot can develop speeds up to 11,000 miles per hour
and temperatures up to 15,000° F. Because it is a blowdown-type tunnel,
a single run can last up to one-hundredth of a second. This is unlike the
shock-tube tunnels where testing time for hypersonic runs lasts only a few
millionths of a second. Researchers say that they expect to achieve still
greater than the announced speeds and temperatures with this new tunnel.

To aid manufacturers of navigational equipment for aircraft, missiles,
and‘p0551bly satellites, a world-circling Air Force scientific expedition toolk
off in a Boeing KC-97 from Hanscom Field, Massachusetts, late in Sep-
tember to survey the shape of the earth’s magnetic field. Joining in the
undertaking with the ARDC was the Strategic Air Command (SAC), and
the University of Chicago. Used in the survey was a 1500-pound cosmic
ray meter which the KC-97 airlifted on a 90,000-mile world trip.

At a site at about the 9000-foot level in the Sacramento Mountains
near the.Holloman Air Development Center in New Mexico, the Air Force
1s planning to design and construct a large solar furnace. Design proposals
were received from qualified contractors during the latter part of 1956.
This solar furnace—which is a system of mirrors capable of concentrating
the sun’s energy on a single spot—may, under ideal conditions, attain radia-
tion temperatures of 7000° F. to 8000° F. over a substantially larger area
than any furnace known to exist in the world today. The furnace will he
used by the ARDC for high-temperature research and for testing materials
and weapon components; for duplicating, insofar as possible, the thermal
effects of nuclear weapons on various materials; and for high-temperature
research in chemical reactions.

A research rocket that reaches several times the speed of sound in just
two seconds was developed by Curtiss-Wright’s Aerophysics Development
Corporation, Santa Monica, California, in conjunction with the ARDC.
Called the Hypersonic Test Vehicle (HTV), it was designed as a free-
flight research tool to gather data at hypersonic speeds. Twenty experi-
mental models were fired and tested by late 1956 at Holloman Air Develop-
ment Center, Alamagordo, New Mexico. The HTV is a two-stage solid-
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propellant rocket vehicle. The first stage is a booster which raises the sec-
ond stage to supersonic velocity. \When the first stage burns out, it falls
away and the second stage ignites and reaches the maximum velocity. It is
with this stage that the hypersonic data are gathered. These data include -
information on aerodynamic heating. aerodvnamic shapes, and air pres-
sures and densities,.

At what point the research and development etforts of the United States
can be relaxed has not been set, chieflv because there i1s no way to know
when scientific breakthroughs will occur. All that is known is that such:
breakthrough will not occur unless a vigorous research and development
program is pursued. “Through such a program.” reasons the Department
of Defense and the aircraft industry, “the technological lead of the United
States can be maintained ; and this lead is the decisive factor in the future
security of the nation.”

Navy

The “Weapon Systems Concept™ lay in back of the August 135, 1956
reorganization of the Research and Development department of the Navy's
Bureau of Aeronautics.

This concept, which treats weapons only as parts of overall systems, was
evolved through the Bureau's past struggles with the enormous com-
plexities of today’s aircraft. Because of the stepped-up interdependence
of component parts in a given system. the design is approached as an
integrated whole, starting from the initial concept. According to the
Department of Defense, “It is no longer possible to design component parts
of an air weapon separately and then fit them into a completely satisfactory
system.”

The new system places greater emphasis on the research and develop-
ment planning phases, strengthens project management for air weapon
systems, and provides more efficiency and economy through centralization,
Realignment of functions and talent resulting from the reorganization re-
mains under the direction of the Assistant Chief of the Bureau for Research
and Development.

The department structure now comprises line and staff divisions re-
porting directly to the Assistant Chief through special officers for groups
of related divisions. The line engineering divisions, covering individual
product areas, are: Guided Missiles, and Aircraft and Aircraft Nuclear
Propulsion, under 2 Weapon Systems Officer ; Power Plants, Avionics, and
Airborne Equipment, under a Component Development Officer: and Ship
Installations, under a Support Equipment Officer.

Rounding out the department are staff divisions for Research. Evalua-
tion, and Airframe Design, all under a Research and Analysis Officer.
Managerial functions such as planning and progress reporting, program
planning and budgeting, and administrative services, are under their re-
spective senior officers.

In developing an air weapon system, from planning to delivery, each
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division contributes the developmental engineering necessary for its as-
signed part of the system; and the whole is coordinated and phased together
by the Weapons System Officer.

Significant changes under the new arrangement include realigning the
functions of some of the previous research and development divisions.
consolidating or eliminating others, and grouping homogeneous functions in
order to eliminate parallel functions or responsibilities.

One major change was combining the Electronics and Armaments
Divisions with the Navigation Branch of the Airborne Equipment Division,
out of which emerged the new Avionics Division. Through centralization,
this division has more effective control of responsibilities in developing
radar fire-control systems, and infrared and electronic weapon release
systems. It will operate on a budget of about $50-million for fiscal 1957.
Changes such as this are examples of the strong effort the Navy is making
to conform with the “Weapon Systems Concept,” whose outline can be
seen in the following list of research and development projects that in-
vulved the Navy during 1956:

The Office of Naval Research (ONR) directed Douglas Aircraft
Company in the development of a standard ejectable cockpit capsule. Able
to be produced in either one- or two-place units, this new capsule is said
to provide a recoverable escape device for the pilot and for the plane’s
electronic equipment as well as being interchangeable in other aircraft.
Through standardizing the cockpit, the designers are able to use a large
number of identical parts with a resulting lowering of the basic cost of
manufacture and repair. Cockpit design-time for various types of new
aircraft can also be reduced. For atomic-powered aircraft, a strong ad-
vantage for this capsule arises because cockpits may be removed and stored
separately from the powerplant to avoid contamination. Jettisoning of the
capsule is by manual or automatic means. Stabilizing fins extend when
separation occurs, and a drag shute is used. Upon reaching the proper
speed, the main parachute system is activated by the drag chute. Tt is
believed by ONR that this cockpit capsule “will standardize the modern
aircraft cockpit to meet basic requirement for efficient operatior, escape
and survival, and provide wide mission capabilities and economy.”

The Navy was allowed $15-million in its fiscal 1956 budget to establish
a new facility for testing and evaluating aircraft-carrier launching and
recovery systems at the Naval Air Station, Lakehurst, New Jersey. Con-
struction began in February, 1956, and is to be completed in two years.
The facility will be used by contractors to test catapult and arresting gear
equipment ; and by engineers in the Bureau of Aeronautics to evaluate these
developments. Conditions will closely simulate those aboard an aircraft
carrier, with the latest high-performance jet aircraft being used.

Development of a remotely controlled helicopter that can perform a
wide range of military missions was announced on June 28, 1956 by the
Navy, the Army, and Kaman Aircraft Corporation, Bloomfield, Connecti-
cut. Uses for such helicopters are claimed to include battlefield surveillance,
mine and wire laying, cargo carrying, and use as an offensive vehicle against
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land weapons such as tanks. The first remotely controlled flights were made
in May, 1953, and the vehicle had its first demonstration before Navy
personnel in September of that year. This first machine was flown from
the ground-control station by a helicopter pilot. It is said that today this
helicopter can be "flown” from a ground station by men with no flight
training at all. Control can also be switched back and forth between air-
borne and ground-control stations. It is also possible to have the heli-
copter fly a memory course fed into the control station. By this method,
one ground control station can operate simultaneously a number of remotely
controlled helicopters. The Department of Defense says that “The signifi-
cance of remotely controlled helicopters, in addition to eliminating per-
sonnel from hazardous operations, lies in simplicity and light weight. All
the safety devices and a structural strength necessary in manned helicopters
to provide the utmost in safety for crewmen can be eliminated in remotely
controlled helicopters.” The Department also points out that “compact
remotely controlled rotary-wing units carrying the special equipment re-
quired for any particular mission can be more easily produced than can
man-carrying helicopters.”

A new-type early-warning research airplane completed a one-hour flight
test on August 8, 1956 at Edwards Air Force Base, Muroc, California. De-
veloped by Lockheed Aircraft, the airplane was designed as a flying labora-
tory for testing Navy early-warning devices. It comprises a Navy WV-2
type Super Constellation airplane and a 30-foot. disc-shaped, radar-contain-
ing structure, which spreads over the airplane like a parasol.

At the 1956 mid-summer point, two naval observers completed a high-
altitude meterological experiment while on a Skyhook plastic-balloon flight.
The research involved short-range photography of vapor trails produced by
jet aircraft. This is Phase One under Project Stratolab, aimed to conduct
research from a manned high-altitude laboratory. The observers rose to an
altitude of 40,000 feet in an open fibreglas gondola suspended by the balloon
built and launched by General Mills, Inc., Minneapolis, Minn. For flights
to higher altitudes, observers will use a pressurized aluminum gondola.
The Stratolab system affords a unique opportunity to make physical
measurements of the atmosphere, and to conduct astronomical observations
not possible by ground observers. In addition, the system provides a
laboratory for obtaining basic data in aeromedicine, upper atmosphere
physics, and many other scientific areas.

The world’s first seaplane tanker capable of simultaneously refueling
four fighter aircraft, the Convair R3Y-2 Tradewind, successfully accom-
plished this operation in a September, 1956 flight off the coast of Southern
California. Four Grumman F9F-8 Cougar jet fighters were refueled in less
than five minutes from the R3Y’s four wing tanks. The aircraft rendez-
voused off La Jolla, California, and were refueled ten miles off the coast at
10,000 feet altitude. The four-engine turboprop Tradewind can carry
enough fuel to service eight fighter planes. It was designed as a dual pur-
pose tanker-transport, and is one of eleven such aircraft built by Convair
for the Navy.
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The first controlled release of atomic energy in the nation’s capital was
achieved September 17, 1956 when scientists started the Naval Research
Laboratory’s new atomic reactor. Calibration and checkout of the reactor
continued until the end of the year at which time the unit was officially
placed into regular operation. In addition to being in the Washington area,
this nuclear reactor is the first research reactor to be constructed, owned,
and operated by an agency of the Department of Defense. The reactor,
which is of the “pool” type, is being used as a new research facility for the
laboratory’s investigations in physics, chemistry, metallurgy, and other
scientific fields, including problems in reactor technology. The reactor
and its associated facilities for research are unclassified.

A tiny transmitter, developed by scientists at the Naval Research
Laboratory for use in sending signals from the scientific earth satellite to
radio tracking stations located on the ground, weighs only 13 ounces.
Called Minitrack, the transmitter has a 10-milliwatt output and operates
on a fixed frequency of 108 megacycles. Quartz-crystal controlled, the
Minitrack oscillator is fully transistorized. It is powered by seven 1.2-volt
Mallory mercury batteries. The transistors used in the little satellite broad-
casting station were developed by the Western Electric Company and the
Philco Corporation.
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CHAPTER SIX
Guided Missiles

midyear by the Department of Defense. Although missiles ad-
ditional to the ones announced were known to be in research and de-
velopment stages, the Department’s official release recognized only the
following ones, grouped according to service.
The Army released information on four guided missiles, the first two
of which are operational:

A SUMMARY FACT SHEET on guided missiles was issued at

NIKE Surface to Air

COPORAL ____ — Surface to Surface
REDSTONE Surface to Surface
JUPITER Surface to Surface

Tht Navy released information on six guided missiles, the first four
of which are operational:

PETREL Air to Surface
SPARROW Air to Air
REGULUS Surface to Surface
TERRIER Surface to Air
TALOS Surface to Air
TARTAR Surface to Air

TheAir Force released information on nine guided missiles, the first
two of which are operational:

MATADOR Surface to Surface
FALCON Air to Air
SNARK Surface to Surface
NAVAHO . Surface to Surface
RASCAL Air to Surface
BOMARC __ __Surface to Air
ATLAS ICBM Surface to Surface
TITAN ICBM Surface to Surface
THOR ICBM Surface to Surface
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Army
When the war against Hitler Germany was drawing to a close, the
United States Army raced the Soviet Union for possession of Germany’s
rocket and missile laboratories. Although the Soviet is said to have come
out ahead in this trial, the American troops rounded up 120 German
scientists and 100 V-2 rockets for evacuation to the United States. On
April 16, 1946, the first American-fired V-2 rocket roared into the sky
above the New Mexico desert at the Army’s White Sands Proving Ground.
This flight initiated the practical phases of an intensive Army program in

the field of rockets and guided missiles.

NIKE named after the Greek goddess of victory, is the Army’s first
supersonic antiaircraft guided missile designed to intercept and destroy the
enemy target regardless of evasive action. Developed by Douglas Aircraft
Co., liquid-fueled, and bearing two sets of fins for guidance and steering,
the missile is about 20 feet long and one foot in diameter. Missile and
booster weigh more than one ton. Speed, range, altitude and lethality of
NIKE are classified. Fired from an almost vertical position, NIKE can
meet an attack from any direction and its kill potential is reported to ex-
ceed design expectations. There are eight launchers in each NIKE battery,
which is operated by approximately 100 officers and men. Personnel are
trained at the Antiaircraft and Guided Missile School, Fort Bliss, Texas.

NIKE guided missile installations are now .deployed throughout the
United States as an inner ring of defense for industrial, highly populated,
and strategic areas. When sufficient NIKE missiles are available it is ex-
pected that they will replace many of the conventional guns, and that some
of the batteries will be manned by National Guard units. Newest site for a
NIKE installation is Okinawa. In improving NIKE, the Army is antici-
pating the capabilities of higher performance aircraft. A new version may
carry a nuclear warhead. If it does, then one missile will be able to destroy
an entire attacking air fleet, according to the Army. Coordinating the work
of NIKE batteries will be the Missile Master System, developed by the
Army and the Martin Company of Baltimore. The system, described in
the Research & Development chapter, collects information about approach-
ing aircraft and presents these data on electronic displays.

The CORPORAL, designed by the Firestone Tire & Rubber Co., is
able to engage tactical targets far beyond the range of artillery or the new
280-mm gun. The missile can be equipped with either a nuclear or con-
ventional type warhead. In this way, the field commander is given great
fire-power, enabling him to strike hard at selected targets deep in enemy
territory. The missile follows a ballistic trajectory in its flight to target. Its
range of 50-75 miles and its ability to be used despite weather or visibility
conditions, makes the CORPORAL a highly lethal weapon. Powered by a
high-thrust rocket motor, the missile travels through the atmosphere at a
speed several times that of sound. The CORPORAL is 46 feet long, 2.5
feet in diameter, and has about a 5-ton take-off weight. A CORPORAL
battalion comprises three launchers and 250 men. Each battalion has two
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the missile was announced by the Secretary of the Army on March 14,
1956. Designated the 217th Field Artillery Missile Battalion, the unit was
formed at Redstone Arsenal.

The JUPITER missile, an intermediate range ballistic missile capable
of being launched from land or ship, is being developed under the new
Army Ballistic Missile Agency, which was set up under high priority for
such work early in 1956. Designed for a 1500-mile range, JUPITER is
being developed under a $3-million engineering and production contract by
Chrysler Corporation. Able to be ground-launched by the Army, and ship
and submarine launched by the Navy, JUPITER is an outgrowth of the
shorter range REDSTONE. In a recent change-around of names, JU-
PITER A has been given to the REDSTONE missile, JUPITER C to
the 1500-mile IRBM and JUPITER B may be the name of a solid-propel-
lant version of JUPITER C.

Navy

PETREL was developed by the National Bureau of Standards under
the technical direction of the Bureau of Ordnance. ITaunched by patrol
aircraft well outside the range of the target’s air defense, the missile attacks
at high speed, saving the plane pilot from the antiaircraft hazards experi-
enced during World War II. Produced by the Guided Missiles Division
of Fairchild Engine & Airplane Corp., the PETREL consists essentially of
a winged Mark 13 torpedo powered by a J-44 turbojet engine, which de-
livers 1000 pounds thrust, The missile is about 24 feet long, 2 feet in diam-
eter, and has a wing span of 13 feet; launching weight is 3800 pounds. A
number of patrol-type aircraft are equipped with PETREL including the
Navy’s P2V-6B, manufactured by Lockheed Aircraft.

SPARROW 1, a supersonic air-to-air missile, was developed by the
Bureau of Aeronautics and the Sperry Gyroscope Company. Described as
a powerful deterrent against attack by jet bombers and fighters, it is about
12 feet Jong, weighs about 300 pounds, and is powered by an Aerojet-
General solid propellant rocket motor. Speed is estimated at more than
1500 mph. Guidance signals from launching aircraft deflect the missile’s
wings, and direct the missile to its target, even though the target may use
evasive actions. The SPARROW T weapons system is versatile, permitting
effective attacks against high and low altitude targets, flying singly or in
groups. The missile is in production at the Sperry Farragut Co. in Bristol.
Tennessee. SPARROW T is operational in the Fleet and in shore-based
aircraft.

REGULUS 1, which resembles a conventional swept-wing jet fighter
about 30 feet long, was developed hy the Chance Vought Aircraft Co. under
the sponsorship of the Bureau of Aeronautics. The missile tracks at sonic
speed and has about a 500-mile range. Tt was designed for launching from
submarines, surface ships and shore hases. The launching equipment can
be installed in a short period of time at relatively low cost, with only slight
modification to the ship itself. Tactically, REGULUS I can be used against
appropriate Jand targets. In amphibious warfare, the missile will be used
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... TALOS, a ramjet-propelled surface-to-air supersonic guided missile,
was developed by the Applied Physics Laboratory of Johns Hopkins Uni-
versity and is being produced by Bendix Aviation (prime contractor),
McDonnell Aircraft (airframe), and Farnsworth Div. of IT&T (guid-
ance). The missile will be used by the Navy aboard ship and by the Con-
tinental Air Defense Command. An outgrowth of the 1944 BUMBLEBEE
project, TALOS is accelerated by a solid propellant booster rocket. During
ramjet operation, the missile’s speed exceeds Mach 2. TALOS, though
similar to TERRIER, is larger and has a longer range. It will soon be in-
stalled on the USS GALVESTON and other light cruisers.

The TARTAR, a surface-to-air missile powered by a solid-propellant
single-stage rocket, is being developed by Convair to replace five-inch naval
gun batteries. It is smaller than TERRIER but has a similar design. Dur-
ing a press conference on March 13, 1956, aboard the guided missile cruiser
USS BOSTON, Rear Admiral John H. Sides, answering direct press
queries, said: “TARTAR will be small enough to go into destroyers and
(into) the secondary batteries of large ships, (and) yet have more per-
formance than the original TERRIER.” Admiral A. A. Burke, Chief of
Naval Operations, said: “TARTAR should be cheaper than TERRIER."
No other information has been released.

Air Force

The MATADOR (TM-61A), tactical missile of subsonic speed, is
manufactured by the Martin Company of Baltimore. It received its first
flight in December 1950 and was operational March 1954. It has a wing-
span of 28.7 feet, length of 39.6 feet, and diameter of 54 inches. The
MATADOR can exceed 650 mph and an altitude of of 35,000 feet. Ground
launched from a roadable launcher by a T50 solid propellant booster, the
missile is powered by an Allison jet engine (J-33-A-37), controlled elec-
tronically in flight by ground personnel, and is capable of delivering con-
ventional or nuclear weapons several hundred miles. MATADOR squad-
rons are already stationed in Germany and Orlando, Florida. A later ver-
sion, the TM-61B, is longer and faster than the TM-61A and has greater
range and improved guidance. It has been tested in successful launchings
at Holloman Air Development Center, New Mexico.

The FALCON (GAR-1) is a guided aircraft rocket of supersonic
speed, manufactured by Hughes Aircraft Company. Under development
since 1947, the missile was test fired in 1950. Production was ordered in
1955, and the FALLCON became operational in March 1956. The missile
weighs slightly over 100 pounds and is about six feet long. Electronically
fired and guided, it is powered by a solid-propellant rocket. The missile can
be carried in quantity by interceptor aircraft, which mount the FALCONS
under wing or in pod installations. The FALCON is launched miles from
target, upon which it automatically homes. During tests, destructive hits
by unarmed FALCONS were made on target aircraft. The GAR-1’s are
operational on SCORPION F-89H’s, which carry the missiles in wing tip
pods. Soon, FALCONS will be installed in McDonnell’s F-101 jet inter-
ceptors,
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RASCAL (TAM-63). long-range guided missile under development by
Bell Aircraft, is a rocket-powered pilotless l)onﬂ)_m- designed to be carried
by strategic bombers and released miles from objective to proceed at high
speed to target. Its guidance system is being developed by the Federal
Telecommunications Lab. Nutlev, New Jersey.

BOMARC (IM-99). long-range interceptor guided missile of super-
sonic speed, is under development l)_\'B(}(‘lng ._'\n'pl;nu- Company. Reports
indicate that the missile is now in its “production readyv’™ stage. Successful
experimental Jaunchings at Patrick AFB were a regular part of the devel-
opment program. A pilotless guided missile powered by 2 Marquardt
ramjet engine, the BOMARC is ]:umched‘frrm} the ground. The missile is
designed to seek out and destroy enemy aircrait at great distances from its
launching site. The BOMARC's present range of 200 miles is expected to
be boosted to 300 miles. Boeing Seattle will initiate production, which later
will be taken over by Boeing Wichita.

Intercontinental hallistic missiles include the NTLLAS TCBN (SM-63)
and the TITAN ICBM. Convair holds a development contract for air-
frame and airframe components for the ATILLAS, A\ scecond development
contract for airframe and airframe components for the TITAN (two-
stage rocket) is held by Martin of Denver.  Separate contracts were
awarded to prime contractors for sub-components such as guidance sys-
tem, propulsion, and other sub-systems. Manyv of the major components
and sub-systems will be identical for the TCBA-TRPAI, Such standardiza-
tion is expected to accelerate development of the missiles and to reduce
greatly the overall cost of the program.

The intermediate range ballistic missile THOR (WS-315\) . scheduled
for first firing in 1957, is a single-stage weapon being developed under
contract hy Douglas Aircraft. Subcontractors are: General T<lectric, war-
head ; North American, rocket motor : and AC Sparkplug, Guidance.

Other Missiles

Still more missiles made news in 1956

On June 29, Aerojet-General's AEROBICIE-HT climbed to 163 miles
above the White Sands, New Mexico desert, to set a new altitude record
for an American-built, boosted rocket.

The Navy’s solid-propellant research rocket AST attained an altitude
of 30 miles. Reaching a speed of 3500 mph, the single-stage rocket used the
same propellant combination as will Stage 3 of the VANGUARD pro-
jectile. ASP measures 12 feet by 614 inches. _

Radioplane’s CROSSBOW, an air-to-surface subsonic missile, is un-
dergoing flight tests.

The antitank missile DART, designed by Aecrophvsics (Studebaker-
Packard subsidiary), was revealed as a wire-controlled, solid-propellant
rocket launched from land vehicles. Ahout six feet long. the DART will
be manufactured under a $16-million contract by another Studebaker-

Packard subsidiary, the Utica-Bend Corp.
Designed to hold 2 nuclear warhead, the new missile DING DONG is
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duction at Martin, Baltimore, the new surface-to-surface guided missile
LACROSSE will be used for close support operations on the battlefield.

The University of Maryland and Republic Aviation Corp. announced on
September 30 the first flight of a lightweight, high-altitude research missile,
which reached 80 miles’ altitude. Here it relayed measurements of primary
cosmic radiation, temperatures and spin of the rocket, and accelerations ex-
perienced by the internal equipment. Dubbed TERRAPIN after the Uni-
versity of Maryland’s mascot, the two-stage rocket is less than 15 feet long,
614 inches in diameter, and weighs 224 pounds.

The 10-ton TRITON missile, developed by the Applied Physics Lab-
oratory of Johns Hopkins University for the Navy, measures 45 feet by
5 feet, and is designed for Mach 2.5.

Project Vanguard

The VANGUARD vehicle, the first three-stage rocket to be developed
in the United States, is about 72 feet long with a diameter of 45 inches for
the first stage, and 32 inches for the second stage. When fueled for take-off,
the VANGUARD vehicle will weigh about 11 tons. Protected by the
streamlining of the second-stage rocket will be the 20-inch 21%-pound sci-
entific earth-satellite being developed hy the Naval Research Laboratory
for PROJECT VANGUARD, a part of the United States participation in
the International Geophysical Year, from July 1, 1957, to the end of 1958.

Martin Company, Baltimore, is the prime contractor for PROJECT
VANGUARD, a Department of Defense responsibility, under the over-all
management of the Chief of Naval Operations.

The first-stage vehicle js slightly longer than the Martin VIKING
rocket, but will have a much simpler structure. First-stage propulsion is
provided by a newly developed General Electric liquid-propellant rocket
engine, wh.ich produces 27,000 pounds of thrust at sea level.

A portion of the second stage, including the engine thrust chamber, the
tanks and associated plumbing, is being designed and manufactured by
Aerojet-General Corp.

The third stage is a solid-propellant rocket, to be furnished through a
paralle]l development by the Grand Central Rocket Company and the Alle-
gany Ballistics Laboratory. The spherical hollow magnesium satellite is
attached by a release mechanism to the forward end of this third stage
rocket. The satellite fabricator is the Detroit concern Brooks & Perkins.
The third-stage rocket carries no guidance system, has no autopilot or any
other means of control. It will be set upon its course by the second stage
at the end of its coasting flight, at an altitude of 300 miles.

. The Controls System uses a three-axis gyro reference system being de-
signed and built by the Minneapolis-Honeywell Regulator Company. This
reference system continuously indicates the VANGUARD vehicle’s posi-
tion with respect to pitch, yaw and roll.
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CHAPTER SEVEN

The Airlines

their 300,000,000th passenger. It was a statistic that illustrated
graphically the increased usefulness to—and use by—the American
people of the scheduled airlines, ) i

It also brought out the fact that it required 24 years to count the first
-100-million scheduled airline passengers, four years to count the second
100-million and two years to count the third 100-million.

The airlines started the 24-year period—in 1926—with only the nu-
cleus of a fleet of airplanes. (In 1928 —the first vear for which figures are
available—the airlines had 268 airplanes, many of which were single-engine
mailplanes.) They started the four-year period with about 960 airplanes,
and they started the two-year period with about 1100 airplanes. Today.
the total scheduled airline fleet comes to about 1500 airplanes.

Regulated competition, inaugurated in 1938 when the Civil Aeronautics
Act brought regulation to the scheduled airlines, has played a great part in
this growth for during the first 17 years of the Act the industry showed an
almost 4,000 percent increase in the service performed. During the same
period no other major industry in the nation came even close to matching
the growth of the scheduled airline industry.

In terms of revenue ton-miles, the domestic scheduled airlines increased
their service from the 1938 figure of 58,112,000 to 1,903,183,000 in 1954,
an almost phenomenal rise of 3,173 percent. In terms of passenger miles,
the domestic and international scheduled airlines increased from 533.-
052,000 in 1938 to 20,512,894,000 in 1934 for a rise of 3.748 percent.

l N JULY OF 1956, the scheduled airlines of the United States carried
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Next to the 3,175 percent increase in the revenue ton-miles flown by
domestic scheduled airlines is the 462 percent increase in ton-miles run by
the trucking industry.

To go down the line through the growth of some other industries since
1938, freight ton-miles on the railroads went up 88 percent; passenger
miles on the railroads went up 35 percent; passenger miles on intercity
buses went up 116 percent; registration of privately owned automobiles,
trucks, and buses went up 97 percent; tons of cast and ingot steel went up
82 percent; and the number of telephones in service went up 165 percent.

In the decade that followed World War II the scheduled airlines had
two equipment revolutions and are now starting a third one which is usher-
ing in the age of jet transportation. For the scheduled airline industry
placed its first turbo-prop airliners in service in 1955 and ordered other
new and advanced types of equipment to the amount of well over a billion
and a half dollars. And by October of 1956, the industry had on order 441
jet air transports. Of these 279 were turbine-powered gaint air transports
with a range of as much as 4,000 miles, cruising altitude of between 30,000
and 40,000 feet and cruising speeds of 550 to 610 miles per hour. Seating
ca,pacity will range from 80 in one first class configuration to as much as
145 in tourist versions. The remaining 162 were medinm-range turbine-
powered air transports,

The value of these planes is well over $2-billion and there were indica-
tions that in the next decade the total expenditures of this equipment revo-
lution might top three and a half billion dollars.

The year 1956 saw the Russians fly their jetliner, Tupolev 104, to
London where for the first time people of the free world could see it. In
pointing out that the question “Who will pay for the Russian jet trans-
ports?” was of interest to Americans Milton W. Arnold, Vice President-
Operations and Engineering, of the Air Transport Association said, “And
the fact that Russia is in a program of civil jet transports is a demonstra-
tion of the foresight and the necessity of the American air transport indus-
try’s action in moving boldly and on its own initiative into the jet age.

“There are probably few Russian people,” said Mr, Arnold, “who can
afford the luxury or who will be permitted the privilege of flying in a Tu-
104. This only serves to emphasize the difference in how the two countries
are to be provided with their civil jet fleets, for the charge of creating
Russia’s expensive new fleet will be borne by the Soviet taxpayer.

“But in our country, as far as the taxpayer is concerned, this new air-
power will be provided free. The domestic trunklines as a group have not
only made themselves free of subsidy, but are going to use private capital
to equip this country with jet airliners. In the case of the U, S. international
carriers, the proportion -af subsidy of their total revenues is becoming so
small-—less than two per cent projected for fiscal 1956—that every pros-
pect is that the aperators through private financing will pay the whole bil]
fpr the jetliners that will carry the American flag from continent to con-
tinent,” ' -

During 1956 the final report of the Air Transport Association’s commit-
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tee on Rotorcraft was issued. The report outlined recommendations and
operational procedures for two types of multi-engine transport rotorcraft
to meet the anticipated requiremens of scheduled air transportation. It also
contained a section on heliport design and location.

One of the types of rotorcraft needed, according to the report, would be
for serving large metropolitan centers to supplement present ground means
of transportation. This rotorcraft, with a capacity of 25 passengers plus
baggage, would serve a radial route svstem, generally less than 75 miles,
from a large central city to surrounding communities.

The second type of rotorcraft, with a 35 to 50 passenger and baggage
capacity, would be for scheduled air transportation or intercity or local
service routes, which require such service but do not have the facilities to
permit safe operation of fixed wing aircraft.

During the year the scheduled airlines began negotiations with Collins
Radio for an aircraft proximity warning indicator. Towards the end of the
year contracts were being signed by individual airlines with Collins.

In 1956 a “No-show” control program designed to improve the service
rendered the traveling public was instituted by the scheduled airlines. The
plan calls for a passenger who makes an advance registration to pick up his
confirmed ticket, indicating positive reservation of a seat, at a time that is
agreed to by the passenger and the airline. If the passenger fails to comply
his reservation is cancelled.

Allegheny Airlines

Allegheny Airlines traffic during the first 9 months of 1956 continued
to establish new records. For the period January through September,
Allegheny flew 49-million passenger miles for an increase of 16 percent
over the corresponding period of 195353,

Express and mail loads similarly increased substantially. In addition,
at the beginning of 1956, Allegheny began air freight service on its system.
During the first nine months. freight traffic totalled 600-thousand pounds.

The Company increased its equipment to a total of 5 Martin Executive
40-passenger aircraft and 14 DC-3's (24-26 passengers). with an addi-
tional DC-3 on lease. o

The Civil Aeronautics Board granted Allegheny permanent certiication
over its present route system. This action marked a milestone in the de-
velopment of the carrier. .

During the summer season, non-stop flights were again operated be-
tween Pittsburgh and Atlantic City with Martin Executive aircraft. Local
traffic between these points, combined with connecting travel from western
points, was sufficient to warrant two daily round trips.

Allegheny was granted permission by the Civil Aeronautics Board
to operate direct services to Detroit, Michigan, by way of Erie, Pennsyl-
vania, and eight other industrial centers in New York and Pennsylvania.
The Company thereby added service to another strong western terminal
having an important community of interest with other points on the
existing system. Service was begun on December 1, 1936.

French hostesses were added in the spring of 1956 to Allegheny’s
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Executive service. By special arrangement with Air France 15 girls are
providing a continental touch to Allegheny’s service in the Middle Atlantic
area,

The companyv was again awarded the Aviation Safety Award of the
National Safety Council. Through September 1956, Allegheny has flown
268-thousand passenger miles without an accident.

American Airlines

American Airlines expected to fly more than 7.5 million passengers 11
1956. In 1955, American became the first airline in the world to carry
more than seven million passengers in a single year. The 7;3003900 pas-
sengers carried was more than twice the toial carried in 1950. The total
represented an increase over 1954 of 2+.3 per cent. _

In June, 1956, the company set another record Dby flying a total of
189,668,000 passenger miles in the 30-day period. A tlnrd record was
established on August 31, 1956, when American flew 26,750 passengers a
wotal of 18,282,000 passenger miles. . .

On August 18, 1956, the company transferred the world's largest air-
line reservations office from LaGuardia Airport to Manhattan's West Side
Terminal. .

Establishment of the new facility represented more than three years of
planning, the shift of 500 reservations personnel, and the installation of
enough communicaions wire to stretch from New York to Los Angeles and
halfway back. The facility occupies 30,000 square feet of' space, has the
largest private telephone system used by any airline, an improved Mag-
netronic Reservisor that reduces reservations handling time to less than a
second, and provides airline supervisory personnel with an instant up-to-
the-minute view of the volume of traffic.

Amierican announced during the year it had placed an order with Boeing
Aircraft Company for the delivery of 30 model 707 turbo-jet aircraft. -

The first 707 jet will be delivered to the company in early 1959. Amer-
ican plans to place the 550-mile-an-hour plane in service in June, making it
the first airline to fly jets in transcontinental service. The first flights of
the 707 have been completely reserved. AA also has an order for 1958
delivery 35 Lockheed Electra turbo-prop airplanes.

Demand created by the announcement of the introduction of “The Royal
Coachman,” a nonstop, coast-to-coast DC-7 aircoach flight, was so great
prior to the inaugural flight on May 20 that American had to schedule two

roundtrip flights daily, instead of the one originally planned.

In conjunction with 18 other major and local service airlines in the
United States and South America, American Airlines introduced a simpli-
fied, single form, world-wide “Go-Now-Pay-Later” credit plan for air
travel on August 27, 1956. It was designed specifically for travel agents.
Features of the new plan were: only one form, snap-out form, quick ref-
erence chart, “high credit’” approval, faster service, broad coverage, and
automatic insurance.

Last July the company announced it would build a $1-million school at
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Fort Worth to train 1,000 stewardesses vearly to be ready for occupancy by
August, 1957,

In June. American introduced “To-Your-Door-Baggage™ service at
New York and Los Angeles. For a modest charge passengers may check
their baggage prior to departure and have it delivered to the designated
address at destination, or they can make the arrangements when they
arrive at destination airport.

American Airlines now has more than 230 modern planes in scheduled
service from coast to coast. All hut 74 of the planes are of the four-engined,
long range type.

On October 22, 1956, American Airlines reported net earnings of
515,761,000, exclusive of profit on sale of aircraft, for the nine months
ende( September 30, 1956. This is equivalent, after preferred dividends. to
:$1.98 per share on the average number of shares of common stock outstand-
ing during the period. In addition. there was a profit (net of tax) of
$1.317,000 from sale of aircraft. Total earnings, including profit on the
sale of aircraft, aggregated $17,078000. or S2.15 per zhare of common
stock, )

Net earnings for like period of 1933 were 514.337._000 which was
equivalent, after preferred dividends, to $1.88 per share of common stock.

Revenues for the first nine months of 1936 were _S217,2Q!.000. an in-
crease of 11.5 percent over the $19+4.893.000 reported for the ke period of
1955,

During the first nine months of 1936, American Airlines carried
5,856,721\1)a55611gers—a total of 3.697.054.000 revenue passenger miles,
This represents an increase of about 13.1 percent over the 3.267 465,000
revenue passenger miles flown for the same periO(_i Iast vear.

American Airlines carried 31.787,000 ton miles of arrfreight for the
first nine months of 1936—an increase of +.3 percent over the same
period last vear.

’ Braniff International Airways

The inauguration of Braniff International Airwavs' service hetween
Texas points, the Mid-South, Washingron an(_i New York on February 15,
culminating twelve vears of effort by the airline to extend its domestic
routes to the 1Zast Coast, highlichted the activities of Braniff during 1956,
a year which also witnessed the Texas-based airline engaging in the greatest
€Xpansion program in its 28-vear history.

The vear also marked the initial mmplementation of Braniff’s extensive
hew equipment program. The first of Braniff's El Dorado DC-7C aircraft,
purchased under an $33-million new a‘reraft program avthorized in 1935,
was delivered to the airline in September and placed on schedules late in
Octoher.

On February 15, Braniff began DC-6 service on its newlvy awarded
1.050-mile route segment between San Antonio, Fort Worth, Dallas,
Nashville, Tenn., Washington and New York. and in October an additional
round-trip daily DC-6 flight between Texas and New York via Memphis
and Chattanooga, Tenu., was initiated.
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Coincident with the start of the New York service, Braniff also in-
augurated its “Silver Service”, a new concept of luxurious in-flight service
including deluxe cuisine and special passenger comfort appointments.

The schedule pattern on the new route segment was further improved
in October as Braniff placed the first of its new El Dorado aircraft in
service between Texas cities and New York as well as Texas and Chicago.
Special cabin arrangements of the 73-passenger, 360-mile-an-hour El
Dorado provide both first class and tourist service on the same schedule.

Braniff has ordered a fleet of seven of the new DC-7Cs, four of which
were delivered during 1956 and the balance to follow in the spring of 1957.

Another step in Braniff’s fleet expansion program was taken early in
1956 when the airline ordered five Convair 440 Metropolitan airliners at a
cost of approximately $4-million. Delivery of the 44-passenger transports
began in November and will be completed during January, 1957.

Modification of Braniff’s Douglas DC-6 fleet continued during 1956
and it was contemplated that the entire $1.2-million program will be com-
pleted by mid-summer of 1957. More powerful water-injection engines.
increasing the plane’s speed to 325 mlles.per hour, were installed, and
passenger cabin interiors completely refurb_lshed. In addition, gross take-
off and landing weights were increased, with a resultant increase in pas-
senger-carrying capacity of approximately 2,000 pounds.

“Additional moves to improve the airline’s ground facilities were made in
1956, including the announcement in January of plans for a new ten-story
Braniff Airways building in Dallas. Plans call for occupancy of the new
administrative offices in July, 1957, and it was anticipated that the mainte-
nance and operations facilities will be completed early in 1958.

To house its rapidly expanding staff in Washington, D. C., resulting
from the extension of its routes to the East Coast, Braniff also opened new
sales and administrative offices in June.

During 1956 work progressed on the installation of Braniff’s new
electronic reservations system which is expected to be in operation by
February, 1957. The electronics unit will be tied in with Braniff’s entire
communications facilities and will keep track of all seats on all flights
throughout the airline’s complete system 31 days in advance and auto-
matically notify all Braniff stations and sales offices of seat availabilities.

. During the year, Braniff management completed a financing plan to
support the aircraft, equipment and facilities improvements planned for the
airline through 1960, including the purchase of nine T.ockheed Electra
turbo-prop and five Boeing 707 jet aircraft, deliveries of which will com-
mence in 1959. The financing plan includes additional equity capital and
Jong-term loans to supplement its cash estimated to result from depreciation
and retained earnings.

Route development and modification activities during 1956 included the
Dallas to the West Coast Case, in which Braniff has an application to
provide air service between major cities in Texas and the co-terminals of:
San Francisco and Oakland via Albuquerque, Phoenix and Los Angeles.
Texas cities included are Lubbock, Wichita Falls, Fort Worth, Dallas;,
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July 26th marked the first anniversary of Viscount service which was
inaugurated on the highly competitive Washington-Chicago market. Today
Viscounts cover hetter than 50 percent of the Capital system connecting
such major cities as Washington, New York, Detroit, Minneapolis, Cleve-
land, Buffalo, Rochester, Philadelphia, Norfolk, Atlanta, Birmingham, Mo-
bile, New Orleans and countless smaller cities between.

A quick check of traffic and operations figures revealed that the jet-prop
planes had increased load factors on the \Washington-Chicago market by
199 percent at the end of a full year of operation.” A similar rise was noted
for several other large market areas. _

The rugged depen(lal)ility of the Viscount's four Dart 510 engines,
which now have a total fleet engine time of nearly 100,000 hours without a
single engine failure in the air, exceeded the company’s best estimates.

With an ear to the public demand for more jet-prop service and an eye
on the outstanding operational figures Capital promptly increased its origi-
nal Viscount order to a total of 75. The airline now has a total of 50
Viscounts in service and at the current delivery rate of four a month ex-
pects to have its full Viscount fleet by mid-summer of 1957.

The first airline to offer jet type flight in this country, Capital was quick
to consolidate the competitive lead provided by the Viscount, by announc-
ing the purchase of 14 Comet jetliners on July 24th, The $53-million
decision was hased on an exhaustive study of the Comet similar to that em-
ployed prior to the Viscount purchase.

Four of the Comets, manufactured by the DeHavilland Co., will be the
Model 4, while the remaining 10 will be Model 4A. Delivery is expected to
begin in the last half of 1958. with scheduled service planned for early 1959.

Powered by four Avon R.29 jet engines, manufactured by Rolls-Royce.
which also builds the jet-prop engines for the Viscount, the Comet will
carry 76 passengers at altitudes up to 42,000 feet at a cruising speed of
550 miles per hour.

Capital’s present fleet consists of 12 Constellations: 19 DC-3s: 14 DC-
4s and 48 Viscounts.

The companv's advertising program has heen intensified to further
educate the traveline public to jet-nrop Viscount flight. Full use was made
of all news media such as newspapers, radio, television, magazines, trade
journals, films on Viscornt flicht and Canital's operations and a particu-
larly effective direct mail campaign which has won the company a total of
seven national awards.

An unusual part of this educational program is a 45-foot tractor-
trailer housing a Viscount display with a cut-away model of a Rolls-Royce
engine, which is still touring the country. i

Several new safetv modificatinns are now being installed on the Vis-
connt fleet. the most immnrtant of which are weather radar, air-stair doors
and special fuel dump chutes.

] Bendix RDR-1 Airhorn= Weather Radar sets were ordered and will be
installed in special nosz housings of all Viscounts, enabling pilots to
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locate “corridors™ or relatively calm air through storms at ranges of up to
150 miles.

The air-stair doorways counsist of a three part stairway which folds into
the front of the aircraft. These hvdraulic units are push button controiled
from the plane's interior by the hostess and will eventually replace the old
type mobile loading ramps.

Greater safety m event of emergency landings is provided by new fuel
dump chutes located on the trailing edges of the Viscount’s wings.

Operating revenue for the first nine months of 1956 was $43,514.822 as
compared to $38,043.463 for the small period of one year. However, the
worst first quarter flying weather experienced in eight vears, along with
the July steel strike and the depressed air traffic following the Grand Can-
von disaster, combined with additional expansion costs, had a direct bear-
ing on the $1.571,215 operational loss recorded by Capital for the first nine
months of 1936.

A total of 2,180,588 passengers were carried during the first three
quarters as compared to 1.946.229 for the nine month period of 1935, Pas-
senger miles flown for the same period last year totaled 731,988,926 a5
compared to 603.116,431 for the same period in 1933,

Continental Air Lines

Continental Air lLines of Denver received delivery early in 1936 of
three Convair 440 aircraft and on April 1 scheduled these aircraft on
flights along its svstem. The addition of these aircrait to its six Convair
340s enabled the scheduling of Convair service along major routes in
Texas and New MMexico, formerly a part of Pioneer Air Lines before that
airline was purchased by Continental. Continental's entire fleet of Convairs
have been equipped with R. C. A. electronic weather avoidance radar.

The addition of the Convair +40s replaced certain DC-3 flights and
gave the airline a total of 29 aircraft; 3 Douglas DC-6Bs. 3 Convair
+40s, 6 Convair 340s and 15 DC-3s. One DC-6 is leased from American
Airlines and one from United Air Lines in connecti_on with Continental
interchanges from Houston-San Antonio-El Paso-West Coast and from
Tulsa-Wichita-Denver-Pacific Northwest.

Late in 1955, Continental announced a new equipment program for
the purchase of 5 Douglas DC-7Bs. 15 Viscount 810D-840s turbo-prop
and 4 Boeing 707 jet airliners at a cost of more than $63-million including
ground equipment, spare parts and preoperating expenses. The DC.7R
aircraft will be used to inaugurate service on April 23, 1937 to Chicago
and Los Angeles along the Chicago-Kansas -City-Denver-Los Angeles
routes. Continental was awarded the extensions to Chicago and os
Angeles late in 1955 in the “*Service to Denver” case.

In April, 1956, Continental joined Trans-World Airlines, United
Air Lines, American Airlines, and other private industry in the under-
writing of a $150-thousand program for solar-terrestrial research by Dr,
Walter Orr Roberts at the University of Colorado.

Also in April, 1956, Continental announced plans for the construction
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at Los Angeles of a $2.5-million jet maintenance base at Los Angeles
[nternational Airport. It is expected that construction will begin sometime
in the autumn of 1956. Continental was actively pushing new route cases,
chiefly a new route nonstop Denver-Phoenix also with service to Palm
Springs and San Diego as part of its new Chicago-Los Angeles route;
and for new routes between Dallas-Fort Worth and Los Angeles and San
Francisco both on a nonstop basis and via major cities.

From June through November, 1956, Continental was actively promot-
ing its future Viscount turbo-prop fleet with a large $75-thousand mobile
display. This display visited 23 cities and traveled over 6,000 miles along
the Continental system and was a feature at major shows and important
events.

During the first six months of 1956, Continental Air I.ines through
substantial increases in passenger and cargo revenues, along with reduced
operating costs made a net profit of $493,218, equal to $1.04 per share
and a 212 percent increase over net income for the first six months of
1955 of $157,869, which was equal to 33 cents per share on a slightly
lesser number of shares outstanding.

Passenger revenue for the first six months of 1956 was $7,767,575, a
23 percent increase over the $6,327,123 for the first six months, 1955.
Mail revenue was $204,207, a 19 percent increase over the $172,286
mail revenue for the first six months of 1955. Freight was $212,830,
a 13 percent increase over the $188,924 revenue for the first six months
of 1955. Express revenue was $71,914, a 16 percent increase over the
$61,752 for the first six months of 1955.

The airline celebrated its 22nd birthday on July 15, 1956, together
with a record of safe flight throughout its history. On that date the
airline had carried approximately 3,600,000 passengers 1,345,000,000
passenger miles without fatality, and the record continues.

For the first time in its history, Continental Air Lines’ passenger
revenue for a single month passed the $1.5 million mark in August, 1956.

Delta Air Lines

Passengers carried by Delta during the first ten months of the year
totaled 2,244,607 (estimated), a 15 percent increase over the 1,933,559
passengers carried during the first ten months of 1955. Revenue passenger
miles also increased 15 percent over 1955, from 850,216,154 to 983,423,889
(estimated). Through October 1956 the airline transported 12,040,568
pounds of air express (estimated), an 11 percent increase over the 10,749,-
204 pounds carried during the corresponding period in 1955. For the first
10 months of 1956 airfreight totalled 23,393,460 pounds (estimated), a 3
percent increase over the 22,640,184 pounds carried during the first ten
months of 1955.

Shorly after Delta inaugurated service to New York the airline an-
nounced that free helicopter transfer service between Newark Airport and
La Guardia or Idlewild Airports would be available for connecting air pas-
sengers using Delta’s first-class service between New York-Atlanta or
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points beyond. The service is via New York Airways, a scheduled heli-
copter airline.

Luxury on a budget in Miami Beach and the Caribbean was offered
in Delta’s low-cost all-expense vacations which were available this vear
for the tenth consecutive summer. Delta, who pioneered the packaged vaca-
tions in 1947, offered a new theater tour this yvear to New York and planned
additional package vacations to \Washington, New York. Mexico, Ft.
Lauderdale, New Orleans, etc. A convenient easy-pay installment plan was
available.

Eastern Air Lines

The completion of the $422-million equipment program, which got
underway in the fall of 1955 and will continue through 1960, and the
merger and integration of Eastern’s routes with those of smaller Colonial
Alrlines were the highlights of Eastern Air Lines operations in 1956.

Eastern’s equipment programs include two fleets of piston-driven air-
craft in its “pre-jet stage” and two fleets of jer transports including both
turbo-prop and straight jet.

Deliveries commencing in late summer and ending early December
added 18 more luxurious Golden Falcons to the Eastern ﬁeet——Douglas
DC-7B’s and 10 Super G Constellations, all equipped with radar and
newest fully automatic flight control systems. ;

These airliners along with the 12 DC-7B’s delivered in 1955 put Eastern
into a position to handle what all forecasters predicted would be the greatest
fall and winter vacation travel between the north and Florida. .

In addition to the Golden Falcons, Eastern contracted for 20 Convair
Metropolitan 440 Silver Falcons to supplement its fieet of 60 Martin 404’s
and to enable the retirement of DC-3 and DC-4 aircraft over Colonial's
former routes. L.

Jet plans call for the delivery of 40 Lockheed Electras commencing in
August 1958 and running through August 1939. The third and final step
in the jet transition program entails the purchase of 20 giant Douglas DC-8
straight jet airliners at a cost of $133 million. Deliveries of these jets are
slated to commence in November 1959 and continue through 1961. I?aste_rn
decided after extensive study and research to equip all of its DC-8's with
the larger and more powerful J-73 engines which will do away with the
necessity of water injection used on take-off. - ]

Following authorization of both the President and the Civil Aeronautics
Board, Eastern formally acquired the routes and assets of Colonial Airlines
on June lst by swapping one share of its common stock for each two
shares of Colonial outstanding.

Constellation service was added to schedules berween Montreal and
New York and New York and Bermuda by October. and the company
planned to retire the obsolescent DC-3 and DC-4 aircrait over all the routes
in favor of modern pressurized airliners by the spring of 1957.

With the acquisition of some 800 former Colonial employees and a
normal increase system wide, the companv's emplovment figure rose from
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nealrgl)s' 12,000 employees at the end of 1955 to some 14,000 at year's end
in 1956.

The airline continued to progress in its long range program to evercome
the traditional summer slump in travel to Florida and other summer resorts.
By mid-October Eastern had sold over 60,000 of its Happy Holidays all
expense vacations, an increase of nearly 34 percent over those sold for the
same period in 1955,

Both traffic and earnings reached new records at the end of the third
quarter of 1956. Eastern had boarded 5,754,687 passengers, an increase
of 14.1 percent over the 5,042,907 carried during the first 9 mouths of 1955.
Passenger miles were up 15.8% to 3,224,471,490 over 2,783,672,915 in
1955. Seat miles increased approximately 15% to 5.159,195,905 from
+4,485,038.556. The load factor at the end of the 9 months period was
02.4 percent as compared with the @ months load factor of 62.0 percent
during the corresponding period in 1955.

For the first 9 months of 1956, Eastern Air Lines recorded a net profit
of $8,135,000 or $2.92 a share as compared with $4,748,000 or $1.90 a
share for the corresponding period in 1955. Gross operating revenues for
the 9 months totaled $172,485,000 compared with $148,483.000 ;- operating
expenses were $151,128,000 against $129,685,000.

Lake Central Airlines

Lake Central Airlines, the world's only employee-owned airline, during
1956 continued to increase its operating efficiency to levels heyvond even
‘he records the airline established in 1955.

Lake Central in 1955 carried a total of 113,352 revenue passengers,
and flew 16,733,000 revenue passenger miles. During the first nine
months of 1956, traffic was substantially ahead of last year for the same
period. Through September, 1956 Lake Central carried 102,074 revenue
passengers and revenue passenger miles totaled 15,520,000.

On September 28, 1956, Lake Central realized a new peak day in
passenger sales when 619 passengers were hoarded over the airline's
five-state system. System-wide load factor., or the percentage of seats
occupied on all flights, reached an all time high of 48.26 percent in June,
1956.

T.ake Central employs a staff of over 300 stationed in 27 cities in
the five states of Indiana, Ohio, Illinois, Michigan and Pennsylvania.
Route mileage has heen extended to more than 1500 miles with the addition
of Marion, Indiana on September 1, 1956. Thirty-five new cities were
applied for during 1956 by Lake Central in the Great Iakes Local Service
Investigation to be held by the Civil Aeronautics Board. These new cities
are located in the states of: Indiana, Ohio, Michigan, West Virginia,
District of Columbia, New York, Pennslyvania, Kentucky, Missouri and
Wisconsin. These routes, if granted to l.ake Central, would more than
double the airline’s mileage and points of service.

Since the employees took over the airline in 1955, the line's dperating
results have shown steady improvement. Lake Central has been able to
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increase non-mail revenue and substantially reduce total operating expenses
and breakeven mail payv need. '

The company has a fleet of 10 DC-3's and is presently fitting each air-
craft with a new interior that includes seating for 26 persons and a carry-
on baggage rack. A\ $104-thousand electrical and radio conversion of the
present Lake Central fleet is nearly completed.

Mohawk Airlines

In 1956 Mohawk Airlines reached a milestone in passenger traffic,
added substantial tlight equipment. embarked on an ambitious building
program, and recel\'ed important route extensions.

Early in the vear Mohawk achieved a passenger milestone by boarding
its one millionth passenger.

After the worst operating winter in the history of the company had
prevented substantial traffic gains early in the vear, revenue boardings
surged upward to carry Mohawk to the best vear in its history. At the end
of nine months, Mohawk was experiencing an increase of 243 percent over
the corresponding period of 1955, by having carried 236,000 passengers.

The company established a new monthly record in October, high-
lighted by a daily record of 2,201, and expected to carry a total of 330 ,000
b_\ vear's end.

Again this vear, Mohawk received the National Safety Council’s 1955
Award of Honor for the operation of 138.636,000 passenger miles without
fatality to passenger or crew member. lohawk flew approximately
60,000.000 passenger miles in 1936, a tigure 20 percent above that recorded
in 1955.

On March 12, 1956, Mohawk entered into an agreement with Swissair
to purchase its fleet of seven Convair 240s and a large spare parts inventory,
The equipment purchase increased the size of the \Iohawl\ fleet to 11
Convairs and 11 DC-3s and more than doubled the company’s investment
in flight equipment,

Late this vear, Mohawk began a program to modify the Convairs to
46-seat transports, first by the installation of a two-seat lounge in the rear
of the cabin. then by the installation of a row of four seats in the forward
portion of the cabin.

Mohawk this year also instituted a maintenance training program
whereby all maintenance personnel first receive a three-w eek training
course mdudmo both Convair and DC-3 operation, then receive monthly
follow- -ups and tests to record their pronmencv The program is divided
into units comprising all aircraft and engine systems and includes both
theoretical and practical experience.

On September 5. Mohawk inaugurated first east-west service to Glens
Falls, N. Y. Just prior to that, the CAB announced its decision to extend
the Mohawk route system beyvond Buffalo to Erie, Pa.. and Detroit, Mich.,
thus providing the airline with its most 1mportant extension since Boston
and other New England points were added in 1933.

During 1956 the airline announced plans for the construction of a new
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headquarters and maintenance facility, and on August 3 the Mohawk board
of directors anounced the relocation of the airline headquarters from Ithaca,
N. Y., to Oneida County Airport midway between Utica and Rome, N. Y.
Construction of the building, to cost approximately $2.5-million began this
year.,

Another step forward to improve passenger service was taken early
this year when a completely automatic telephone was put into operation at
the West Side Airlines Terminal in New York in the Mohawk-Allegheny
joint operation there. Marking the first use of the unit in the airline in-
dustry, the system provides for the automatic routing of incoming calls
without the need for switchboard operators.

In electronics, Mohawk currently leases one DC-3 to the General Elec-
tric Company and another to General Precision Laboratories, Inc., for use
as flying test beds in experiments with electronic equipment.

National Airlines

In 1956 National Airlines not only set a new high in net profit equal to
$4.14 per share but it also embarked on an expansion program of over
$112-million in an effort to continue bringing the finest in air travel to
Florida residents and visitors.

With over $108-million of the expansion program total earmarked for
new aircraft, National has placed orders with various aircraft companies
for the delivery of six Convair 440’s which were received this summer;
four Douglas DC-7B’s, scheduled for delivery in 1957; four Lockheed
Super H Constellations, also scheduled to be received in 1957; twenty-
three Lockheed Electra 400-mile-an-hour turbo-prop airliners and six
Douglas DC-8 jet aircraft, which will fly at 600 miles an hour. These air-
craft are all scheduled for delivery to the Florida based airline in 1959 and
1960.

All of NAL’s new aircraft on order, including the Convair 440’s deliv-
ered in 1956, will be equipped with airborne radar for inflight weather
detection. This device is currently installed on National's entire four-engine
fleet.

Current plans call for operating the Iockheed Electra’s on NAL's
routes between New York, Philadelphia, Washington, New Orleans,
Houston and practically all the cities in Florida and Havana, Cuba.

When the first DC-8 jet airliner is scheduled between Miami and New
York the flying time between these two cities will be cut to two hours and
20 minutes and each flight will carry as many as 130 passengers at 600
miles hour.

National is also increasing its investment in Florida with a construction
program in excess of $3.5-million. This program, currently under con-
struction, and scheduled for completion in the Fall of 1957, includes a
$1.5-million general office at Miami International Airport and a nose and
maintenance hangar to cost over $2-million.

The general office building, scheduled for completion in the Spring of
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1957, will be completely air-conditioned and heated and will contain more
than 88,000 square feet. :

New ideas 1n construction design are being incorporated in the nose and
maintenance hangar, also under construction at Miami's International Air-
port. Featuring a seli-supporting cantilever design made of thin-shelled
corrugated concrete slabs, the structure measures 430 feet in length and the
width of 260 feet includes 105-foot cantilevers on each side of a 30-foot
center section.

Planned for the fast approaching jet age, this hangar will enable NAT.
mechanics and engineers to service six DC-8 jet aircrait at the same time.
These aircraft have a wingspan of 139 feet and are 148 feet long.

Recent Civil Aeronautics Board decisions have enabled National to
broaden its service with awards of service to Houston. Boston, Provi-
dence, Fayetteville, Winston/Salem and Greensboro/High Point.

Houston service was inaugurated November 20 when NAL scheduled
three flights daily from Miami, two flights a day irom both Tampa and
Jacksonville and five flights from New Orleans to Houston. Daily service
to the Texas metropolis is also provided from Tallahassee, Pensacola, Pana-
ma City and Mobile.

Direct service between Boston and Providence and South Florida was
inaugurated December 14 when National's winter schedules went into
effect. At that time N AL also started service to Fayerteville, N. C.

New York Airways

As of November 1, 1956, New York Airways had flown 43,000 pas-
sengers; air express amounted to 2.008.000 lbs: mail poundage totaled
1,079,000 and air freight transportation reached the 388,000 lbs. figure.
The 1956 figures represent a growth of 75 percent in passenger transporta-
tion over 1955,

New York Airways was the recipient of the National Safety Council
Award of Honor "in recognition of its contribution to safe air transporta-
tion, having operated two years, and. as of December 1933. 737.000
passenger miles without a passenger or crew fatality in scheduled passenger
carrying operation.” This is the first time a helicopter airline was so
recognized by the National Safety Council. Up until November 1, 1956
New York Airways has flown 4+1.000 scheduled miles and maintained its
laudable record.

New York Airways announced joint fare agreements with al] major
national and international airlines, _\\'hich means ‘all the wav by air’ between
passenger points on New York Airways’ routes and those of participating
fixed-wing carriers. N ®

The addition of three Sikorsky S—;S’s, plus a Bell 47-H Bellairus
swelled New York Airways fleet to nine aircraft. The equipment now
consists of five S-55’s, three S-38's and the Bellairys, The latter is used

.extensively for charter duty and during the recent elections was used by

members of both parties seeking office.
The purchase represents an investment of more than $2-million and will
be advantageous in these ways:
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Increased passenger capacity from five to twelve:

Increased cruising speed from 83 miles per hour to 105 miles per hour ;

Increased lifting power from 1,200 pounds to 3,600 pounds:

Increased the engine power from the 5-55 Pratt and Whitney R-1340
600 horsepower to a Wright R-1820 1525 horsepower engine.

As a direct result inter-airport service schedules were changed from
hourly to a three-quarter hourly basis.

The joint fare agreements arranged with major national and interna-
tional airlines also marked a big step in the growth and development of
New York Airways. Such growth and development and the increased faith
in helicopter transportation has heen demonstrated by the construction of
heliports in and near the metropolitan area, the most recent at Stamford,
Comecticut.

Northwest Orient Airlines

Northwest Orient Airlines, which began operations the same year
Congress passed the Air Commerce Act creating the aeronautical branch
of the Department of Commerce, celebrated its 30th Anniversary this fall.

As 1956 closed, Northwest was arranging the final steps in another
long range flight equipment program w hich would take it well into the jet
era. Early in 1956 Northwest purchased a number of J-75 jet engines to
power its jet fleet. IEvaluation of the available jet aircraft was uearing
completion and orders were expected in the near future.

Northwest also increased its order for new piston-engined equipment
during the year. The company had on order 26 new type DC-6B and
DC-7C aircraft and parts valued at over $63-million. Delivery of this
equipment began late in 1956 and continued through 1957 and 1958.

The year also marked another milestone in Northwest's history with
the completion of arrangements with the Minneapolis/St. Paul Metro-
politan Airports Commission for the construction of a $15-million over-
haul base and general office.

Northwest increased its Orient operation, providing a sixth transpacific
passenger frequently during 1956. In addition. Constellation equipment
was introduced n its local intra-Orient operations.

The year’s total passenger business, based on actual figures up to
September and projection to the end of the year, was 1,420,000 passengers
compared to 1,343,000 in 1955.

Domestic revenue passenger miles were 894-million compared to
823-million in 1955. On the domestic system freight ton miles were

7,950,000 compared with 6,582,000 during 1955.

On the international route, Northwest carried 108,000 passengers in
1956 compared to 93,000 passengers in 1955. Mail ton miles in 1956 were
10,000,000 comipared to 6,900,000 in 1955,

In addition to its fleet expansion program, Northwest is installing
airborne radar equipment in all of its DC-6B, DC-7C, and Boeing Strato-
cruisers.

Northwest currently operates 6 DC-3's, DC-4's, 10 DC-6B’s, 9 B-377’s
and 4 1049-G aircraft, giving a total of 47 aircraft.
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Ozark Air Lines

During the past fiscal year Ozark Air Lines increased its passenger
traffic by 49 percent, carrying 288,578 passengers compared to 193,876
passengers in the preceding year. Air Express volume increased 66 percent
to 188,751 ton nules. Air mail volume increased by 53 percent to 99.290
ton miles. Revenue passenger miles flown increased 41 percent or by 12.3
million passenger miles. while revenue plane miles flown were expanded
1.5 million or 43.6 percent. The revenue passenger load factor for the
vear averaged 43.21 percent, approximately the same level as the prior
year, but actually representing a large increase due to the substantial
additional revenue plane miles flown.

In the latter part of the fiscal vear Ozark inaugurated air freight service
to all the cities Ozark serves. The air freight volume grew from about
3,900 ton miles in April, 1956 to over 9.000 ton miles in the month ended
June 30, 1936.

During the year Ozark inaugurated service over several oew routes,
Ozark’s present system has 3756 route miles and serves 43 cities in eight
states. Applications are now pending before the Civil Aeronaurics Board
for a number of additional routes.

Ozark was awarded the National Safety Council’s Merit Award for the
fifth consecutive vear, having had a perfect record of safery since the
beginning of its operations on September 26, 1930.

Ozark owns 17 DC-3 aircraft and acquired three additional DC-3 air-
craft from the United States Navy on long-term leases. Ozark 1s the first
scheduled airline in the United States to adopt Hi-Per Ozark DC-3's.
During 1956, Ozark and Pan American Airways developed a moderniza-
tion program of the DC-3 aircraft by installing siream-lined wheel-well
doors, new oil coolers: utilizing flush-mounted automatic direction-finder
loops and a new type exhaust stack; fairing-in the ailerion gap and re-
placing the present wing fillets with fillets that fit closer o the aircraft
fuselage.

Ozark constructed additional office facilities at 1ts general headquarters
in St. Louis and enlarged the apron adjacent to itz hanger to provide
greater aircraft parking and working areas.

Pan American-Grace Airways

A general step-up in its operations marked Panagra’s performance in
1956, as flight frequencies were increased. facilities expanded. services
improved and traffic continued to rise.

One of the reasons for the rise in traffic was the new group excursion
fares, which went into effect on April 23rd and have since been extended
through March 1958. These lower fares reducq by 30 percent the cost of
a round trip fare on all tourist or first class flights from any city in the
United States and Canada to Lima or points south with stopover privileges
during a 30 day period. .

To keep pace with the increased demand for space generated by the
new fares, the company provided more than 46,000 tourist and first class

27y



T/e AIRCRAFT YEAR BOOK

seats to South America on its fourteen weekly DC-6B and DC-7B flights
from New York.

Reflecting the general increase in the company’s operations, inter-
continental air cargo shipments between the United States and South
America continued the fast upward trend in the first half of 1956, with
an increase of 45 percent over the same period in 1955.

The airline flew 1,006,620 ton miles between the United States and -
South American points during the first three months as compared with
645,488 ton miles carried in the first quarter of 1955. To keep pace with
the rapid expansion of the cargo business, Panagra equipped two DC-4’s
with special double doors to facilitate loading bulky cargo. Panagra also
replaced DC-3’s with bigger and faster four-engine DC-4’s on the route
from Lima, Peru to I.a Paz, Bolivia, and the free port of Arica, Chile.

Following a thorough evaluation of jet transport equipment, Panagra
ordered four DC-8 jet airliners from the Douglas Aircraft Company with
an option to purchase two more. The Panagra DC-8s will be powered
with the J-75 Pratt and Whitney jet turbine engines and will be able to
carry more than 100 passengers. Delivery of the planes will begin in early
1960. ‘

In preparation for the coming jet age and to meet the demands of the
increasing number of tourists and travelers to that continent, Panagra has
undertaken a program to assist local governments in the expansion and
improvement of the airport facilities in South America.

An electronic system to reduce noise and vibration aboard multi-
engine aircraft was installed and tested by Panagra on one of its DC-7B’s
in regular operation between New York and Buenos Aires, Argentina.
Manufactured by the Hamilton Standard Propeller Co., the device, known
as the Synchrophaser, was designed to keep the propellers in step with
split-second accuracy and thus reduce the noise level caused by the propel-
lers coming in and out of synchronization. The Synchrophaser is equivalent
to 800 pounds of additional sound-proofing material.

First U. S. airline to use airborne radar in regular operation on a
DC-6B in April of 1954, Panagra, which had equipped its new fleet of
DC-7B’s with X-band radar last year, ordered installation of similar
electronic equipment on the rest of its fleet of DC-6B’s in tourist service.

New flight records were established all along the Panagra routes in
South America as DC-7B flights were added to the schedule. Typical of
these was the record established when a Panagra DC-7B, aided by strong
tail winds, crossed the Andes between Santiago, Chile, and Buenos Aires,
Argentina, in one hour and 55 minutes, cutting 35 minutes from the
schedule. This was the 22,976th crossing of the Andes by Panagra since
it began operating 27 years ago.

For its perfect safety record in 1955, Panagra was presented the Inter
American Safety Council Aviation Award and the National Safety Council
Award of Honor. It was the 12th consecutive year that the airline, which
operates a network of more than 8000 miles of routes to seven Latin
American countries, has received these awards. During the twelve years
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Pan American also intensified its preparations for the receipt of its
jet transport fleet of 48 Douglas DC-8s and Boeing 707s, the first of which
is scheduled to be received in December, 1958.

An order was placed with Curtiss-\Vright for two flight simulators,
one each for the DC-8 and 707, and an option taken on two additional DC-8
simulators and three more 707 trainers. The first two simulators will be
delivered 6 months in advance of the delivery date of the jets, thus enabling
Pan American to train crews in advance.

Pan American introduced to Puerto Rico on June 20 the first three-
class air service. The new program provides a third fare which cuts
previous tourist fares by about 20 percent.

Pan American also proposed to operate three classes of service over the
Atlantic, including a new class of service priced 15 to 20 percent below
present tourist fares. The International Air Transport Association traffic
conference, held last summer, voted to accept the Pan American proposal -
effective April, 1958.

During the year Pan American began a technical aid program with
Thailand to help expand and develop its air transport system. Twenty-five
airline technicians were sent to help Thai Airways. The three-year project,
worked out with the International Cooperation Administration, is similar
to programs already underway in Turkey and Pakistan.

Pan American instituted two programs to facilitate arrangements for
air travel.

To speed up its reservations procedures, the airline installed an
electronic system in its ticket offices in the New York area and will ex-
tend it nation-wide.

In a move designed to reduce the paper work in its installment-plan
system for purchasing tickets, Pan American, first airline to put in a Pay
Later Plan, joined with 17 other national and international airlines in an
arrangement known as the “World-Wide Plan—Go Now Pay Tater.”

Southern Airways, Inc.

From a small route serving only eighteen cities in 1949. Southern Air-
ways has extended its service to include thirty cities in eight southeastern
states, and flies over 10,000 plane miles per day. In 1956, Southern ex-
pected to fly in excess of 30-thousand passenger miles and attain a load
factor of 45 percent.

Several new records were set during this year: During the month of
April, the carrier attained an all-time high load factor of 47.8 percent. In
August, a new high of over 17,000 passengers for one month was reached,
and a new record of 818 passengers in a single day was recorded on
August 31.

During the first six months of 1956, Southern's revenue from excess
baggage reached an all-time high of $7.605, up 80 percent over the same
period in 1955. First class mail revenues topped all previous records with
a total of $1,184 for the same period, and air express revenues were up 15
percent over the first six months of 1955.
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On June 29, 1956, Southern started service over its new route between
Atlanta, Georgia, and Panama Cityv. Florida, with stops in Columbus,
Georgia, and Dothan, Alabama.

During the vear. Southern Airwavs purchased two additional DC-3
airplanes, bringing the total fleet to thirteen such aircraft. All aircraft were
completely modernized during 1936, and now include twenty-six new-type
seats and carrv-on baggage racks.

During 1936, the Airways, through use of its sales department person-
nel and its stewardesses, assisted in Telethons sponsored by the local
Cerebral Palsy chapters in the cities it serves.

Southern Airways concentrates a great deal of selling effort on its
charter operations, which are an excellent source of supplemental revenue,
Through October 15, Southern had completed over 66,000 miles of flying
in connection with these operations and expected to fiv in excess of 75,000
miles during the vear.

TPA Aloha Airline

TPA Aloha Airline, an Hawailan corporation with 2,800 stockholders,
celebrated the completion of its first decade of operations July 26, 1936.
[he month also marked a decade of perfect safetv, TPA Aloha Airline
never having had a passenger or crew fatality in its history.

[1n the same month of July, TPA Aloha Airline received its permanent
Certificate of Public Convenience and Necessity as a scheduled airline. The
airline liad previously been operating as a scheduled air carrier under a fve-
vear temporary Certificate.

TPA Aloha Airline operates eight Douglas DC3 aircraft in daily flights
to all of the major Hawaiian Islands.

The airline’s aircraft were being converted in 1936 to luxury VISTA-
[LINERS with 32 seats. a facing-seat arrangement opposite five-foot wide
panoramic windows and a forward Aloha Lounge. All eight aircraft fea-
ture speciallv-designed camera windows for photog-ra,ph_\- enthusiasts.

Trans World Airlines

Record-breaking passenger volumes coupled with ereat technological
advances highlighted 1956 for Trans World Airlines. For 1957, the global
airline predicts an even greater vear ot passenger volume with the intro-
duction of its new. long-range Lockheed 1649A. With this huge aircraft.
24 of which have been ordered. T\WA will have a luxury airliner capable
of flying 6,400 miles non-stop at speeds of more than 300 miles per hour.

In line with the ever-growing passenger volume. TWA in 1936 inaugu-
rated a new Passenger Service Department. The department is responsible
for every service to the airline passenger from first phone call to final
destination.

TWA, which has heen in the forefront of inexpensive, mass air travel
for many vears, took two more steps in this direction in 1956. First,
TWA’s proposal for reduced tourist fares across the Atlantic was accepted
by IATA, and Oct. 1 saw the first group of passengers leave for Europe
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under the new 17-day discount fare, a fare $97 lower than the regular Sky
Tourist fare on trans-oceanic flights.

On Oct. 15, TWA in conjunction with American Export Lines, started
a unique new travel service called Sea Air Cruises. These travel packages
of 2, 3 and 5 weeks combine the leisure of a ship cruise, sightseeing in
Europe and fast flights back to the U.S. aboard TWA Constellations for
very low cost.

In Kansas City, Mo., a huge new $5-million office building, topped by a
30-foot red and white rocket model, was dedicated. By the year’s end
nearly 700 executives and clerical employees had moved into the modern,
air-conditioned structure, consolidating a great part of TWA’s administra-
tive operation in that mid-west city.

Imporant progress was made at the $25-million Maintenance and Over-
haul Base outside Kansas City. At this base 5 engine test cells costing
$1.5-million went into operation. The major technological advance was the
fact that for the first time in the history of American aviation, dynamome-
ters were used for engine testing. This marked the end of wooden pro-
pellers in test cells. Noise outsigle the test cells is cut to conversation level
by the 11-inch-thick walls, massive double doors and an intriguing series of
scientifically designed and spaced mufflers in the cell stacks.

Another TWA “first” in 1956 was the direct flights offered between
Egypt and Spain and Portugal. Also, in response to an increasing de-
mand for travel space to the Iberian Peninsula, TWA expanded its fre-
quencies on the south Atlantic route segment to the Azores, Lisbon and
Madrid from four to seven in each direction. Over 88 percent of these
were low fare Sky Tourist seats.

Domestic route expansion in 1956 saw inauguration of flights to Denver,
Tulsa, Oklahoma City and Tucson. CAB approval for service to Boston
and Hartford was also given during the year.

The year was marked also by an increase in non-stop flights from New
York to the West Coast and Washington to San Francisco.

In the United States, TWA'’s coast-to-coast routes in 1956 accounted
{or an estimated 3,357,835,000 passenger miles, an increase of 17.1 percent
over 1955. On the international runs, passenger miles were up 11.5 per-
cent at 680,833,000.

Sky Tourist service by TWA again showed great gains during 1956.
This service was up 23.9 percent on domestic flights and 13.3 percent on
international flights. Domestic air express and freight also recorded gains
during 1956. Express was up to 9,300,000 ton miles, an increase of 10.6
percent over 1955, and international air cargo was up 2.1 percent.

Another TWA development in the Air Cargo field was the airlines’
inauguration of clearing house service for its air freight customers. The
first clearing house TWA joined was in Los Angeles. Throughout the year
TWA joined groups in nearly all the major cities in the country.

Also in 1956 TWA began installation of its coast-to-coast electronic
reservations network called the Magnetronic Reservisor. This system will
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slash the time needed to make a plane seat reservation as well as eliminate
much of the duplicate paper work now involved in this system.

TW.A prepared for the jet age with preliminary orders of 8 Boeing
707's and 30 Convair 880's. The first Convair 80 will be delivered to
TWA in November of 1939. TW A on its international and domestic routes
operated the following aircraft: 28 Super-G Constellations, nine 1049 Con-
stellations, twenty-seven 749A Constellations, twelve 749 Consteilations,
thirty-two 032 Constellations. 38 Martin 404s. 11 Martin 202s, 8 DC-4
Cargo, 2 DC-4 passenger, 3 DC-3s, one Fairchild C-82 for a fleet total of
173.

United Air Lines

United Air Lines, approaching the jet age, topped all previous years’
operations in 1936, flying an estimated 4.575,000,000 revenue passenger
miles and carrying 6.300.000 passengers. The figures, quoted on nine
months’ actual operation and an estimate of fourth quarter activity, are
respectively 15 and 13 percent higher than 1935 passenger volume.

Air cargo transportation produced an estimated 93.300.000 revenue ton
miles, up 17 percent from the previous year. The cargo total was com-
prised of 51,200,000 ton miles of air freight. up 27 percent: 28,700,000 ton
miles of air mail, an increase of 8 percent. and 13,400,000 ton miles of air
express, a gain of 6 percent. .

The peak travel day was reached on June 21. when 23,190 passengers
were carried, and the company’s fleet flew 17,542,000 revenue passenger
miles.

Approximately 98,000 flights were operated during the vear. according
to estimated figures. During the summer United flew more than 20.000,000
seat miles daily—a capacity sufficient to carry 100 persons coast-to-coast
every 18 minutes day and night. The fleet flew more than 375,000 miles
every 24 hours during the summer season. ' )

United added 18 planes in 1956. The fleet near vear’s end included 26
DC-7s, 30 DC-6Bs, 42 DC-6s, five DC-6As, 35 Convairs and 12 DC-4s,
The company has 27 aircraft on order for 1957. ‘

Five new DC-6A all-cargo aircraft began scheduled service in April be-
tween New York, Chicago and San Francisco. to significantly reduce ship-
ping time coast-to-coast on the Mainliner system. The DC-64, carrying
more than 30,000 pounds of air mail, express and freight. crosses the
country in less than half a dav at a speed of ;)9(2 miles an hour. with an en
route stop. The five DC-6As cost a total of $5.5-mullion.

Preparing for future jet service. United was the arst airline to order a
DC-8 electronic flight simulator. It will be manufactured by Link Avia-
tion, Inc. . .

The DC-8 simulator. to cost $800.000. will be installed at the com-
pany’s flight training center at Denver in 1938, a vear before delivery be-
gins on 30 DC-8 jet aircraft. Two Curtiss-Wright simulators were added
at Denver during the year, supplementing two in service there. and twa op-
erating at Chicago.
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The airline completed installation of C-band radar on all of its Convau
aircraft during the year, and continued the project to place similar equip-
ment aboard DC-7s, DC-6Bs and DC-6s. Fleet-wide installation, to be com-
pleted in 193/, w.li cost $+.9-million.

To further increase safety in the air, United ordered 250 airborne
proximity indicators for installation on every plane in the fleet. Under
development and manufacture by a leading producer in the field, deliveries
of the device will begin early in 1938, .

A new cabin design created for United by Raymond Loewy Associates
made its debut early in the year.

Mainliner service to Pittsburgh and Kansas City was inaugurated in
1956 by United, bringing the total of cities linked by the company's 14,000-
mile system to 80.

The Civil Aeronautics Board on September 28, 1956, granted authority
for United to operate flights between Washington and Baltimore, New
York-Newark and Boston, via the intermediate cities of Philadelphia and
Hartford-Springfield. The flights must originate or terminate at or west of
Toledo.

Coach service on DC-6B Mainliners hetween California and Hawaii,
instituted in February, set new standards for budget travel. In the over-
water coach version, the four-engine DC-6B carries 75 passengers.

United's 20,000th crossing of the Pacific between California and Hawaii
occurred before mid-year. The company has completed 50,000,000 miles
of transpacific flying since its military contract operations hegan in 1942,
and has carried about 435,000 passengers on Pacific flights since starting
commercial service in 1947.

Transportation history was made in the fall with announcement of a
plan enabling the Southern Pacific to sell United Air Lines tickets, first
such cooperative arrangement between an airline and a railway firm,

Many other improvements in passenger service were made in the year.

Interline agreements were signed by United with B.K.S. Air Transport,
South Pacific Air Lines, Braathens South American & Far East Airtrans-
port, Cambrian Air Services, Union of Burma Airways, Gibraltar Airways,
Chicago Helicopter Airways, Mackey Airlines, Kuwait Airways, Syrian
Airways, Maritime Central Airways, Sudan Airways, Eagle Airways, and
Aero Transportes. More than 150 such agreements providing for passenger
and cargo transport on both airlines upon issuance of a single ticket are
now in force.

United Air Lines now has almost 19,500 employees.
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CHAPTER EIGHT

Utility Aircraft

conservative estimates and achieved record sales totaling close to
$125-million in 1956, delivering over 6.000 new single and light
twin-engine aircraft. Sales showed the sharpest increase in historv by
topping 1955's record by over 830-million and 2,000 units delivered. =~

As 1956 drew to a close, the business fleet was estiniated at about
25,000 aircraft, logging about 4.8-million hours.

Cessna, Aero Design, Beech and Piper manufactured 1.000 new twins
during the year, bringing the total number in service in the U.S. to over
1,800. The growing popularity of the small twin reflected business’ growing
dependence on the airplane and the subsequent desire for greater speed,
range and all-weather flying capability.

Single-engine aircraft delivered during the vear were in the main
tricycle gear, higher speed than the old nut-put of the immediate postwar
years. Sales emphasis and engineering design provided a large segment of
the flying public with simplicity of flving. B )

IIGHTPLAXE MANUFACTURERS burst the bounds of previous
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New developments announced during the year were aimed at providing
general aviation with new plane types to fill every need from the high-speed
single engine type to larger multi-engine types:

Cessna Aircraft Co. flew the prototype of its Model 620, a four-engine,
3-10 place pressurized executive transport and announced 1957 production
plans. The 620 will give Cessna a complete range of aircraft, being added
to its Models 172 and 182, single engine tricycle gear aircraft featuring
the patented “Land O Matic” gear, introduced earlier in 1956. The con-
ventional Model 180 continued in production, offering a complete line
of four-place utility aircraft. Rounding out the line was the Cessna
Model 310, high speed twin-engine five-place executive transport.

Beech announced the first flight of a low-cost twin-engine four-place
executive, dubbed the Beechcraft Travel Air, to be added to its high-
performance single-engine four-place Bonanza; four-five place, 200 mph
Twin Bonanza and Super Beechcraft, larger eight place twin-engine ex-
ccutive,

Piper was readying its new all-metal, high-performance Comanche for
early 1957 deliveries to round out its line which continues the Super Cub,
four-place single-engine Pacer and Tri-Pacer series and its twin-engine,
four-five place Apache.

Aero Design and Engineering Co. continued to offer its standard Model
560 A Aero Commander and its newest supercharged twin engine Model
680 which has a top speed of close to 230 mph.

The tremendous impact of business flying on the lightplane manufac-
turer’s new prosperity seemed to rub off on the larger transport manufac-
turers. Large corporations, long dependent on the old workhorse, the DC-3
and converted bombers to meet their particular requirements for airline-
type transports, were becoming good customers for the airline transport
manufacturers. While still the backbone of the used and surplus aircraft
market and the conversion and modification bases, the corporations were
also looking to the new aircraft.

Operating an estimated 2200 multi-engine transports, the business and
industrial corporation executives wanted more speed and pressurization.
There was a growing acknowledgment that to achieve most effective use of
business aircraft, this spec1ahzed group must keep pace with the airlines.

Convair in 1956 had orders or made delivery on over 30 of its trans-
ports: seven Convair 240’s; about 14 Convair 340’s and 11 Convair 440’s.
The first 440 off the line was delivered to Cities Service for executive
travel. At year-end, Convair was showing a new interest in a turboprop
conversion engineered by Napier with its Eland engine based particularly
on business flying requests.

Turboprops were starting to make their bow and Fairchild, expecting
to malke deliveries on the U.S. built Fokker F-27 turboprop, was actively
courting the corporate user along with the local service carriers. It was re-
ported that the company had orders for sixty of the aircraft from corpora-
tions early in its sales campaign.

280






The AIRCRAFT YEAR BOOK

Continental Can Company jumped the gun on the jet age by placing an
order for the Fairchild M-185, four-engine jet transport expected to fly
early in 1958 for the first time. The competition further sparked such cor-
porations as Lockheed, heretofore disinterested in business aviation mar-
wet. Tockheed told the Air Force it would fly a prototype light jet transport
in late 1957. Beech Aireraft Company, with an option to build the French
Morane Saulnier MS-760 four-place twin-jet executive, was given a new
outlook on its sales market.

The growth of business flying during the year had the prognosticators
revising predictions for the future. Commerce Departiment envisioned a
fleet of 80,000 aircraft by 1965 which will log close to 10-million hours.

This too may he conservative hut portends a tremendous future for all
of genceral aviation (private flying. aaricultural aviation, charter. air taxi,
as well as husiness flying) which already claims a total of 80.000 certifi-
cated aircraft logging nine-million hours annually.

While business aviation accounted for the really spectacular increases.
other segments of general aviation were moving ahead, although at a slower
pace :

Alr taxi operators flew about 3-million passengar revenue miles, repre-
senting a 23 percent increase over 1955,

Agricultural flying, representing dusting, spraving and similar activi-
ties, totaled about 800,000 hours throughout the country.

Pleasure flying also was on an upsurge and crept close to passing the
Z-million hour mark, about a 10 percent increase over the previous year.

Riding on the coattails of the business aircraft industrv's prosperity
were the accessory and parts manufacturers. Electronic and radio equip-
ment manufacturers sold a total of abort $10-million worth of new radio
and navaids to the business aircraft operators, classed by CAA as the hest
equipped of all air transport, ahove the airlines and the military.
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CHAPTER NINE

Helicopters

HILE THE EXPERTS were predicting mass use of heli-

copters starting in 1960, a demand for commercial helicopters

was developing in 1956. The demand was faced with a shortage.
Loaded down with military orders, the helicopter manufacturers found
themselves chided by commercial helicopter operators for not “raising
their sights above purely military use of helicopters.”

New York Airways, one of the three certificated scheduled helicopter
carriers in the country, was threatening to go abroad for appropriate
equipment for its operations. Cleveland Air Taxi. which handles about
1,000 helicopter passengers a month, found that it “can never hope to be
financially successful until new, more economical equipment substantially
reduces the per-seat mile cost. We are all aware.” one of its executives
stated, ‘‘that the present economy of a helicopter passenger operation
cannot justify its existence logically until a low-price. cheaper-to-operate
helicopter comes on the commercial market.”

More demands for commercially applicable helicopters seemed certain
in the next couple of years. Chicago Helicopter Service began passenger
operations between O"Hare and Midway airports: Los Angeles Airways
passenger and mail service were stepped up as it increased it< mail fleet
to six S-55's. New York Airways was getting set to start passenger service
to downtown Manhattan to mark the debut of such service eventually ex-
pected to be commonplace.

While the demand grew for commercial equipment, the airlines were
assimilating their requirements. The Air Transport Association rotorcraft
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committee made design recommendations, including a request for carry-on
baggage arrangements; external noise level not to exceed 75 decibels;
fuselage width of about 108 inches at inside window level to provide four-
abreast seating and a minimum aisle width of 18 inches.

The International Air Transport Association came up with a require-
ment for two configurations, both multi-engine: a 25-passenger machine,
and a 40-50 passenger craft. The smaller helicopter should have a cruising
speed of 100-125 mph and a 100 mile range, and both types should be able
to operate safely and economically from a landing area of 200 by 400 feet
in city centers.

Civil developments actually were not at a standstill. Bell Helicopters
was concentrating on civil markets with two utility models, one two-place
and one-four place, aimed at business flying, ambulance service, cargo and
other general aviation requirements.

CAA records showed about 140 helicopters certificated for general
aviation, flying about 45,000 hours, primarily for patrol and survey work.

But generally the industry was marking time and planning for that
magic 1960 date. One study, undertaken by Stanford Research Institute
for Bendix Aviation to determine navigation requirements, found that:
(1) The helicopter will not come into its own until 1960 when multi-engine
equipment is available in production quantities; (2) total national air
traffic potential will require about 560 multi-engine rotary wing aircraft
in the next decade. The study further estimated that helicopter carrier
operations would probably be limited to altitudes of less than 2,500 feet
and that minimum enroute altitudes would be at least 300 to 500 feet above
terrain.

The Civil Aeronautics Administration and Civil Aeronautics Board
were moving toward establishing regulations. Draft releases were under
consideration to create a new CAR Part 46 to cover pilot requirements,
but it was the general opinion of industry that some of the proposals were
premature.

CAA toward the end of the year was hoping to work with the Navy
on an educational test program to study navaids, communications and traffic
control problems for intercity operations, based on Navy helicopter ex-
perience. To be studied were (1) peculiar problems which may be en-
countered in helicopter traffic control; (2) effectiveness of present airway
aids; (3) need for developing new aids; (4) adequacy of present communi-
cation system; (5) additional h.eliport requirements for instrument flight;
and (6) pilot standards for helicopter instrument ratings.

Obviously the main efforts of commercial helicopters were aimed at
development of the large multi-engine type. But there appeared a.clear
requirement for smaller equipment for air taxi, agricultural, and similar
operations. Production was not keeping up with demand. Whether or
not the manufacturers would be able to meet this requirement as well as
the heavy military orders was indeterminate at year-end.

284



PLANES IN PRODUCTION

CHAPTER TEN

Planes in Production

ued to account for 80 to 90 percent of the industry's production,

but signs of a partial future shift in emiphasis were evident in
1956. The industry’s total backlog of unfilled orders, which had been
$13.9-billion at the end of the third quarter of 1955, had risen to $18.4-
billion a year later. But the military portion rose from $11.1-billion to
$12.8-billion, while the civil component climbed more rapidly from $1.3-
billion to $3.5-billion during the same period.

Output of utility aircraft again reached an all-time high in 1956. Pro-
duction of these types, many of them twin-engine models, rose from 3.071
valued at $58-million in 1954 to 4,434 worth $38-million in 1955 and again
to about 6,500 units valued at $125-million in 1956,

Deliveries of piston-powered air transport planes to airlines continued
at a high level during 1956, but manufacturers invested substantial sums in
the continued research and tooling necessary to insure production of the
first jet and turboprop transports in 1958 and 1959,

])OLLAR\VISE. MILITARY AIRCRAFT and missiles contin-
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CHAPTER ELEVEN

Engines 1n Production

The following list of aircraft engines includes only those in production
during the year. Unless otherwise noted the specifications are the manu-

facturers’.

AEROJET-GENERAL CORP.
Azusa, Calif.

MODEL: 15KS-1000 Aircraft Rock-
et Engine.
DATA
TYPE: Solid-propellant rocket.

SPECS
DIAMETER: 10.30 in. LENGTH: 33.45 in.
EMPTY WEIGHT: 72 1b, LOADED WEIGHT:
144 1b.
PERFORMNANCE
RATING: 1,000 Ib. thrust, or 400 horse-
power, for 15 seconds.

EQUIPMENT
The engine consists of a steel cylinder closed
on the fore end. The igniter is on the fore end,
and the exhaust nozzle and pressure release
diaphragm are on the aft e¢nd. Thrust is trans-
mitted to the aircraft attachment fittings
through two mounting lugs welded on the
cylinder.
REMARKS
The 15KS-1000 aircraft rocket engine was
originally developed as a smokeless JATO (jet-
assisted takeoff unit) for the United States Navy,
Bureau of Aeronautics. It is currently the only
rocket engine certificated by the CAA.

MODEL: 5KS-4500 Jet-Assisted

Takeoff (JATO) Unit Motor.
DATA
TYPE: Solid-propelant rocket.
SPECS

DIAMETER: 9.38 in. LENGTH: 54.31 in,
EMPTY WEIGHT: 111 lb. LOADED WEIGHT:
225 1b. )

PERFORMANCE
RATING: 4,500 lb. thrust for 5 seconds.
EQUIPMENT

The engine consists of a steel cylinder closed
on the fore end. The igniter is on the fore
end, and the canted exhaunst nozzle and the
pressure release diaphragm are on the aft end.
Thrust is transmitted to the aircraft attachment
fittings by two mounting lugs welded on the
cylinder.

REMARKS

5KS-4500 units are used for the assisted
takeoff of carrier-based aircraft, or whenever
high thrust is required for short duration. These
engines are also employed to propel high-
velocity deceleration sleds.
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MODEL: AJ10-24 Booster rocket
engine.
DATA
TYPE: Liquid bi-propellant rocket, gas or
chemically pressurized.
SPECS
DIAMETER: 15 in. LENGTIH: 130 in.

EQU